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WO 2005/ 030964 PCT/ GB2004/ 004038 1 HI V Phar macci nes
FI ELD OF THE | NVENTION 5 The invention relates to

wW@eiogoaPtd des conprising H 'V antigens, in partPCUGRRO0MD04038

pol ypepti des conprising nutated H V sequences, said
nmut at ed sequences retaining their naturally occurring
CD8+ epitopes. Furthernore, the invention relates to
nmutated HIV sequences into which extra T hel per
epi topes have been int Y matBinBACKGROUND TO THE
INVENTION HV is a pathogenic virus leading to
debilitating and fatal imune deficiencies such as

are certain therapies for
ﬁﬁ#ﬁﬁ@ﬁ%ﬁﬂ?ﬂggﬁNEES&IDs which can prolong life
expectancy and increase quality of life for affected

i ndividuals, the disease 15 is usually term nal. .
Ehd rirveatipmgelotes donpolypéntidgs taeeprisings W #tigensfiacpagicular to

BpopRs [l Wi KE TR s L BN Bgthly reaiin

1564 RERFAE dRYurSiag CD8S&itebé MaurtéahoRsthevsichticatdas ©fmutated
sexual behavi our and/ormareater take up of sterile

B eequenass i whichrextist] keipocpitapes hasebeasniradigréal
prevention of H'V infection remains a high priority
area of research. There is a need for effective HV
BACK GROUND TOITHE 8§VENTION Even when i mmune responses
are nounted against certain elenent(s) of an HV
particle, there are problens of inmunodonm nance, viral
??gﬁﬂ(%eﬁfcgﬁﬁg ﬁ@aﬁi o‘afeblh‘(altfn% anfl rfé)cﬁlel'rrﬁﬁuﬁ@fﬁeﬁ&eﬁél@s such as
loration the response. Cearly, it
Id])S enﬁdﬂyoug}h tear deusrhm therageas fhit Yorphitidrisciuels aé G’IHDSs‘ehlch can

nes. Furthernore, 0 r.ot 30,.1
W1 BPeHEBOBHn R e lDolUE BB PV A fEg iscase
RruehfiyiemilaMe undesirable effects. Furthernore, the
protei'ns may thensel ves have WD 2005/ 030964 2
PCT/ GB2004/ 004038 [ rmunosuppr essive qualities and/or

Kk f
B o2 e RS B FRLASRGR | Bpem

pr ovoked.

Prevention of infection with HIV is a problem which has thus far been mostly
countered by social solutions such as modification of sexual behaviour and/or greater

take up of sterile practices for users of hypodermic needles.

Medical prevention of HIV infection remains a high priority area of research. There 1s

a need for effective HIV vaccination strategies.

Even when immune responses are mounted against certain element(s) of an HIWV
particle, there are problems of immunodominance, viral escape and presentation of
viral proteins which can lead to amelioration of the response. Clearly, it is extremely
hazardous to render HIV particles for use in vaccines. Furthermore, use of proteins
identical to natural proteins may itself be problematic if these proteins have

undesirable effects. Furthermore, the proteins may themselves have



10

15

20

25

30

Viral escape by nutation of CD8+ T cell epitopes,
especial ly i mmunodom nant CD8+ 5 T cell epitopes, is

wW@2®5081964 cant problemin viral vaccination. BExCEGBR@4/004038

vacci nes can exhi bit poor recruitnment of T hel per

cell s and hence produce a nanr ow and/ or weak i nmune

response. Natural viral sequénces, subject to

evolutlonary pressures in vivo, nmay possess

i Lﬁ'Lsﬁ( ré(sst% daﬁH@H‘%ﬂd?&’ Icﬁ‘?i‘ir lléﬁkséugﬂéléﬂtc@])g—l-epb&l@@ﬁﬁ@pes for a

Fur t rmuno om nan fects can skew the

suitahsijyrs&bng mplnrbudmmaunﬂ respmsaiobe@dBvokedcel | 10 epit opes

and focus the response (if any) on these. Cearly,

this serves to accentuate inmunodom nance probl ens,

‘l‘fﬂaﬁl &éé}JEnJyemhﬁﬁ&h BECDBJrSlU@elISﬁJn%Féd @ﬁpe@fall‘y?hﬁ]ﬁiunbﬂ&ﬁﬁlant CD8+
mutate at this epitope, leading to potentially

T &Blélepvopfal ises sigpidicprigproblem Bavie dﬁc@ﬂatlﬂn Epighipg vaccines can

N e N -

1ﬁﬁﬁﬁmsﬁspdﬁ@y nmamalcmfay séquen@sgubject tdrmmmtmfarppresmes in vivo,
parti cular, g%, focus on m)dlflcatlon of

.—A

Ry CRES§IsaL nelﬁﬁw fav, Inpanodngically| epifiganty cpitipss.r y Fpgthermore,
&l &?dd%gnga%}t E\ﬁg:c{an Hh M ERY- ch'r:dé% S¥nEe cﬁ‘ ARG ED8+ T cell
ae 1 ons eavage SI te, geni C donal n, and

GReped gndfoche feadspape Qj:f $n§[) ann theRe.a |C&ea1ﬂys thipsemtes to accentuate

m&@%&ﬂg y&{?z DN@ égg }eogg.lg Egﬁ%rf %vnacmmes which
ﬁHa@\%gtdtPgs itoPE 1828 PR %eérﬁﬁtﬂ&%t'aﬂm‘r'ﬂ' 38dpeqRg. sEBBRYIA et al.

43 I's concerned wth the disclosure of

Vst 4315383850s |isted in table 1 and the clains of
W02/ 32943. Al so clainmed are " anal ogs' of various

parts of these plasm ds, and segnents having at | east

ﬁﬁ%ﬁm@ NREbéIdRNH Y} m@cﬂsie%odliﬂcﬁioﬁe SPHTVUEY| GASG afid POL
25 such as |mta§| on of MHC class | and/or CD4

‘@xgﬂ@gg@ gnmunogmg:ztyg@)gzggnetpomﬁ@umm;pgt i Bpatfigylar, they focus on
I ntfl{,fo gﬁ%ﬁ g]gg yco t]t%ﬁe @I%gn 519 Hﬁﬁé&/ a%ldpé@%trug y%ﬁcodmg delta

G UF AhgE sequence
EFRmIVe BB)V. athrﬂﬁnﬁ@%L tsheific déleﬁdmﬂsabf (EW ch’aua;ge site cfanogenic

be seen that the nutations_ of W)02/3 943 destroy . .

demainaind spaeing of herjadispeah éend 2 gy digslaseg) gm&\w%aoaé‘flﬁl DNA
t r

U b G 20, AR lgpincRngk il romis bin

Bleged. fortthe lRaghol plesmhidrimtamisatien. | Tsbulisiof WQ02/32943 isegncerned

epi t ope WI h referenc. Ex er ef.ore the

Hathuflg |d§'sc BECuP 'sf%c}gﬁ ]388@ LWE‘? tai)éeegl raé]flalﬂ}?e(fli]alms of

g\f’b@ﬂ'}@éﬁod' ifidoeiaiNedd SiRNenaib Qﬁn@irfou@ Sﬁny\@f these plasmids, and
005/ 030964 PCT/ GB2004/ 004038 3 VRC 43 VRC 43009,

mmww L1 D5%/Rauaseidentidy dienstparlocdisipt fistigns of Nef
such as limitation of MHC class I and/or CD4 expression in W002/32943, point

mutations were introduced into the Nef gene from HIV-1 PV22, PV22 corresponds
with the HXB2 reference sequence (see example 8) at the positions of mutations. Thus
it can be seen that the mutations of W002/32943 destroy naturally occurring epitopes.
For example, amino acid substitutions in the Nef polypeptide of construct VRC4301
are: P69A, P72A, P75A, P78A, D174A and D175A. Each of the 6 mutations lies
within a defined epitope with reference to Example 8, and therefore the naturally

occurring epitopes have not been retained in this modified Nef gene. In constructs
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W02/ 32943, the reverse transcriptase nmutati on nmade
(D7r71H) falls within the YMDD notif (shown in epitope

wWOorepsa309eRl 183- 186) which is an area with a nuprdEGB2@f/004038

recorded epitopes. Thus these epitopes have not been

retained in these prior art constructs. Furthernore,

synt heti c gag/ pol / nef genes scl osed i n W02/ 32943

have been nade by truncating fusions such as

@?ef?é AN r43§éé§f§§14%1@“9’1{@ M1l 2R ISE SlELimilaV¥dditruacts in
erence to the synthetlc gag gene was

WQ62/82943) the ameersanittahscsiptpse noetstiem goaten DY Ellscwithin the

t 51 del f 77
OSLoEERE) Bt e G LI ST B S i
%f r&ordRff efifdp¥diTahs ttﬁ&esépﬁﬁpésohzﬁ/@m be8s rétalnel 86 -these prior art

hese truncati ons of nef result in | oss of

emstlmpgs Euthemore t mma@ lgag/pbmfcgﬁm& dlﬁ@om noye92133943 have

ot bhe et.al ned terns a/ [ nef
Bt S50y Blsautns Piulactugh g esortePl bl REOUBEL TR simitar
U&thlfubféatWQH sefefentd t¥l meﬂﬁ’oﬂhe 3NEth&eS gag é&lem ligated in frame

princi pal nodifications descri bed are codon ..

@pthn sAquenrdes sesfdingheynthgtic 1eé|2enmh thaket a@e\ﬁ@f@ defgied &omsS; 77 aa
e T e e L

]:6’dcﬁ1‘ Wil 026622 Feseraseiids ofgol anbnefmetidt irohss of efitopes and so

Pol proteln ni.ne poi nt tatio s are sented, th
e TR PEOTIRE SPIRRs BRyeelgth Dgn FHaEd ay Eams of "R length

LaNsHhdikAse, RNAse and integrase regions of the 20
%%?e% %k [east the D112A, D187A, D188A, D445A and

D500A mutations of H V-1 Pol are within hunman

SPhIREL AL MemE ke Fit, ePoRs ppicafore b Hil g pghand Net
'T‘HE ineipal ﬂBdlEiE%ohs @@&ﬂb&/’aﬂe MNRIbn OpBmidali6A Df the'—@@é@ol and Nef

doubl e mutant) are within human epitopes and therefore
ighieesn afheraisi np me@mqfnguta@m o%ﬁég Phlpeptisist oplyegdon optimisation
@gd%, 8]31%5:'52 a%h Sheadth t at d ]Li\leamslﬁ YPEP (}V%z/o%éoso presents various

SC OSG varl ou ere gad

@aNSidndcdfSthe PoHpRts, MBO Hohd nlitﬁﬁtlcﬁiﬁ chre pﬁ&seﬂedl,ethree of which are
constructs. The nef gene constructs appear. to be

deqahees gne@c@nﬁﬁ,thqgreggis? drspecripfasg RN Nngiemﬁﬁgfﬂg;g ggions of the
B t5in] 161980083580 BKD HCHIsBRASALs Rlq BI0B pilhftE bt irv-1

resent "1 nvention éee
®ok Emeomfhmdmman fepitbpes pnd lﬂheeef()ﬂe) the mamwi]syemi:cua'hxg\@ltom have not

PRRERHIOR. At least the "LIARY Tiitations oF FLVAY and TRV-1 Nef (ie. L164A,

L165A double mutant) are within human epitopes and therefore the naturally occurring

epitopes have not been retained in this mutated Nef polypeptide.

WO003/025003 discloses various altered gag gene constructs, and also mention nef and
pol gene constructs. The nef gene constructs appear to be truncated removing epitopes

from the N-terminus of nef. The gag gene constructs appear not to be mutated.

The present invention seeks, inter alia, to overcome some of the problem(s) discussed

above.
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The present invention is based on the design of
particularly effective presentation of HV derived

w@DBs/03096£l | epitopes. In this way, the strongkSL/GRR@4/004038

broadest imune 5 response can be produced. This is
acconplished by altering the context of the

pol ypepti de on which the epitbpes are carried. In
this way, the natural biological function(s) of the

it Al j e destroyed, advantageously
Sgﬁggﬁgﬁg&?ﬁgﬁggg?gﬁggpbgaccination use, whil st
carefully 10 preserving naturally occurring epitopes
St crdo s BEnL UES AL KU Loty SSRLERY prcbShtation of
ﬁ?V'dég%H I PCEHTitBss. TnNBlsPeLy, BRI §iRRRSst MHSHreddRe immune
I'ntroduced into the antigenic polypeptides, thereby
edpanst agebeptogucds st rengt heni ng and broadeni ng t he
I mmune response. Thus, in one aspect the invention
provi des a reconbi nant pol ypeptide conprising amno
8hisds SQDURMEEISY hiv@hef the Bbmkxt EraBE poIRBeide (on)wikibh HleVepitopes
gag gene product; 20 (ii) an H'V pol gene product; or
ici Gajricsln Ipiithis may, @emetupal@mlegl,calﬁn@o@@g @é theevingd polypeptides can
t.ated w t.h respe o, L. I f
BByl EERESY b Riebilg i YR o BHERER e, SR carctutly
st hahtyyabdcudiing RBpitsyak uwhich yprive cait rtedigidUioB+ard known to
cell 25 epitopes of the corresponding part(s) of said
ges¥®Ypr oduct as defined in pl7 and p24 (gag), am no
acids 1-440 of RT (pol) and nef shown in Exanple 8. In
anot her aspect, the invention relates to a reconbi nant

pothypetdtike aasecte seppléreehtaryl{tey eoc-aatprallyioeguraingn® helpedepitopes
sequence derived. fromat |east t of .(i),.(i]) and
615 jalso SotropHsedy o p SRS, pIEERIS é’gﬁ@ﬁ’%ﬂ{&é’ éhérﬁb‘)/ At gntageously
[ i), (ii) and

FlECte %ﬁe@ear%ﬁ?hfﬁ{n%@é’%“{‘??S*’;‘f%é (iii) ie. gag and
nef. WO 2005/030964 PCT/ GB2004/ 004038 5 In another

ect, the invention relates,to a reconbinant .. .
HBRS planencaespest HesHVPHiSE Prasiira & LrsmPLiant, Baivpsesids, popaprising
SRAUENSE sed@bhocatbrivE@ o at 1@RFodd df) and (iii).
Preferably each sequence derived from (i), (ii) and
(iii) (i chntHY gagsasndpieaiet 5 pol ypepti de conpri ses

is mutated w C t he natural sequence of
said g@%e 6&%@?3%5%%§%¢8§§t1§7ea0h sai d sequence
mai nt @iihs adbHVafigahd prodhdt, of the naturally

said sequence being mutated with respect to the natural sequence of said gene product,
and said sequence maintaining substantially all of the naturally occurring CD8+ T cell
epitopes of the corresponding part(s) of said gene product as defined in p17 and p24
(gag), amino acids 1-440 of RT (pol) and nef shown in Example 8.

In another aspect, the invention relates to a recombinant polypeptide as described
above comprising amino acid sequence derived from at least two of (i), (ii) and (iii).
When the polypeptide comprises amino acid sequence derived from only two of (i),

(i1) and (iii), preferably they are (i) and (iii) ie. gag and nef.
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occurring CD8+ T cell epitopes, preferably all said
epitopes. In another aspect, the invention relates to

W@2008080%¢ nant pol ypepti de as descri bed 10 abPWEGB2004/004038

wherein the am no acid sequences derived from (i)
and/or (ii) and/or (iii) are grranged in the order (i)
- (ii) - (iiti) fromthe Ntermnus to the C term nus
of the polypeptide. In another aspect the invention

el Ab®er ta§eb eet, g QH@nﬁ@ﬁ‘ trelﬁ{%k %o eﬁi’éc@ﬁlbﬁﬁtﬁp ﬁ)bE}'p@lgtuﬁz"hd" @escribed
15 aci d sequénce derived from ( a) (lq?ene
1) al

pb@dumimprisitig) angino kiEd Spmleng@dmvpdmtl) arah (iii). an
H V nef gene product, said sequence being nutated with
respect to the natural sequence of said gene product,

FPefaRelys 3hdh IEAKAEE Qreﬂaémtﬁ@hﬂ 1g)g (ﬁ)J &Y Ay &fhich @hd rél‘fombmant

the naturally occurring epl topes of sai
gehwepiidsdemnprisss defiuhded Mthprspeah@ ﬁ@ma(trgrag);equemm@f said gene

g)gc?cglc OIPr%O%B y dgﬂ s(a[?ci) sgqu%ffcde I} 1nta1HsP s'ta%tll;ﬁz% &t §1’e naturally

conpris sequ

I@@Mirﬁﬁg aDg-+enstll &5bopes] @mfeﬂaylytaml ssﬁférhthép 9.
Preferably said pol ypeptide conprises am no acid
sequence having at |east 95% identity to SEQ I D NO 9.

4R anBidP %%&%{ s Af¢dntioh 5”@1&1?6@ Qye %ﬁogﬂ)ﬁr{ehgﬁ ;p%l){p%%tlde s, described

interepl tope sequence 1dentity.
ebbva)whsreﬁothemm cheid sdqudB8alsdvpdefrom (demt/ort §ii)tamdfdneiii) are

eprto es Int r.al refer ce seguence, nd.
Sl T {7 o dirs 454 S EmEe drlns Cr fAigms of the

?B Qﬁt‘?de( egi ons of the sequence |e. the interepitope

ed’tp Preferably this is 30 cal cul ated across all

i nt erepitope regi ons present. Preferably " epitope
ref er

18 piBer Aate e P o A St tE PR didofibeitg amino

tabﬂﬁm&@@qgnmmﬁ in Exanpl e 8. WO 2005/ 030964
PCT/ GB2004/ 004038 6 I n anot her aspect, the invention

rel at éB to aa Hdceameenantodeet ypept i de as descri bed

above nprl 9 r a sequence having at
| east (52% i’de %Oﬁ%gﬁée%&h]o%t’ dlon anot her aspect, the
i nventdipn raalHeseft@napifodaanbi nant pol ypepti de as

descri bed above further conp rrsrn% an antrbo%y
rsaidogarence Reing gnutpied AAtdrmectds farhatuiah sequaRcsrtisgid gene product,

"l L8 Sl Benle HRGATRIAANDsRRIMP SR ARudRS CebBEfy CD8+ T cell
epitopes of said gene product as defined in p17 and p24 (gag), amino acids 1-440 of

RT (pol) and nef shown in Example 8, said polypeptide comprising amino acid
sequence having at least 75% identity to SEQ ID NO:9. Preferably said polypeptide
comprises amino acid sequence having at least 95% identity to SEQ ID NO:9.

In another aspect, the sequence identity is interepitope sequence identity. This means
that the epitopes correspond with 100% sequence identity to the epitopes in the natural
or reference sequence, and the sequence identity quoted is for the remaining non-
epitope regions of the sequence ie. the interepitope regions. Preferably this is
calculated across all interepitope regions present. Preferably ‘epitope’ refers to the
linear amino acid sequence to which the epitope has been mapped, preferably with

reference to the epitopes mapped in Example 8.
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above wherein said tag is an HA tag conprising the

sequence as shown in SEQID 10 NGO 8. In another
W@3Wens0964 he i nvention relates to a reconbi nanPCT/GB2004/004038

pol ypepti de as descri bed above further conprising a

CD8+ T cell epitope tag. 15 g anot her aspect, the

invention relates to a reconbi nant pol ypepti de as

descri bed above wherein said tag is a gp 160 derived

tag conprising the sequence as shown in SEQ ID NO 7.

I n anot her aspect, the invention relates to a ]

fre @nothen asitecip dhy prysniiete relstesids or rdsembi2ot ablypeptidsadsddescribed

RS 5 SRS A0, A RS RIS

reconbi nant pol ypepti de as descri bed above, said
Eflypeptide conprising am no acid sequence derived )
arvthar pEpgcihdhe inyspdoprelagstto asrgcambirshisolyatide as described
' ' o disrupt the 25
?%%%ﬁﬁ%h&%%nggg%g%égngggﬁgﬁgg%ﬁégﬁﬁéhef sequence
further conprising one or nore T hel per epitopes

which are not present in the naturally occurring, nef )
e geother, ashesh s 1avepHeq relatse o iy B3sEMGHA0E |P3[ye§pttdﬁ g described
h ¢ i e i
SR PSR 112, B8 cRDRE e sAHRKE: S BRRET9EQ ID
Nee8naturally 30 occurring nef sequence and are shown
in Figure 3A. WD 2005/ 030964 PCT/ GB2004/ 004038 7 In
anot her aspect, the invention relates to a reconbi nant
RO} O@BE hgfRcBShd e8ehtife delaRPAY & FebhibBant YOBpEStidRas described
substantially all of the naturally occurring nef CD8+
Foexs furtheqpionpsisingasClaét ifmsd eprioxtagpl e 8. 5 I n anot her
aspect, the invention relates to a reconbi nant
pol ypepti de as descri bed above further conprising
svbab@et agddcly thd linvehtibheclart Uoad Facopbintnt ipdlpestideTas described
hel per epitopes as defined in Exanple 8. In another i
abpecheneesaich{agnis iaogp 108 | detized tag eomuisyishihssaguence as shown in
R {.de as described 10 above wherein said
polypepti1'de conpri ses sequence as shown in SEQ ID
NO 6, or a sequence having at |east 95% i dentity
thereto. In anﬁther aspect, the invention rflate to

P @BAbEh aRech dhy BRYsHER Taiated de & FIsembaEy #olpeplidy as described
ge&%p &Rk Eegfpel&lm%rcbﬁfgﬁgingw&qaa&c@ aS SR RESEG THRE 1.,

roman H V' pol gene 15 product, said reconbi nant
pol ypepti de sequence being nutated to di srupt the

T ARother aspect, the invention relates to a recombinant polypeptide as described
above, said polypeptide comprising amino acid sequence derived from an HIV nef
gene product, said recombinant polypeptide sequence being mutated to disrupt the
function of said nef sequence, said nef sequence further comprising one or more T

helper epitopes which are not present in the naturally occurring nef gene.

In another aspect, the invention relates to a recombinant polypeptide as described
above comprising one or more T helper epitopes which are not present in the naturally

occurring nef sequence and are shown in Figure 3A.
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transcriptase activity of the pol sequence, wherein
substantially all of the CD8+ T cell epitopes of the

WO 21081031964/ occurring pol sequence as defined i PCHGBRW4/004038

acids 1-440 of RT (pol) shown in Exanple 8 are

retained in said reconbi nant pol ypeptide. 20 In

anot her aspect, the invention relates to a reconbi nant

pol ypepti de as descri bed above, wherein the reverse
hanRald: PhA&E AelinVedibnelt@ £ RQbcot SRR GRIVRpHY a8 fEscribed
by duplication of an internal sequence derived from

tdbeve nthee cofmptibieg welstantially alladithe hatgrallysicogeing ngh€D8+ T cell

exchange t he .am n nd carboxy term nal portions of
SRIGPE SC@@Eﬂﬂ%ﬂ%@@H§%§|n anot her aspect, the
invention relates to a reconbi nant pol ypeptide as

descri bed above wherein said duplicated internal .
Jacanethse aspeqbr theeigvapDRKIGEIEPIRF 2 (reROIbingt NOlypeptide ap wlescribed

anat h spect. .the in o] g te [
BB p e PRC Kol AR AU S Rl B, d§B6AIEY BRYY helper
pplitypenisiddanediEiasge Sequence as shown in SEQ I D

NO 12 or a sequence having at |east 95% i dentity

t hereto. WD 2005/ 030964 PCT/ GB2004/ 004038 8 I n anot her

ABFEter e HECRYAMA S AT 2 AodRRTY MAepido os described
cabiope indieredn asil polypeptitlcsemueizes setpenoceds showm iarSBQ YD géQ:6, or a
gene product,  sai econbi nant pol ypepti de sequence

beAPgC ?ﬂP%&t%ﬁ“gﬁgﬂéﬁﬂﬂggﬁ?@Eessing of the gag gene
product, and said gag sequence further conprising a

di srupted nyristoylation site, wherein substanti al

dinlanothet hspe@Dehe iffventibh redpies tspwsombinantipelypepiideadd described above,

occurrin g _sequence as defined in pl7 24

SRh RO R RSN, Fath, i, B0 ® o dibafisih R Hor gene
RRbIREPdald ocorBiraft pHIOpARIde dePRGEe bEIRE ntveM td Aidrupt the reverse
relates to a reconbi nant pol ypeptide as describ

d

drserinipserastifiity REthsmot sesgiengs, shegpaysubstagiialbupl egths;CDfiJr T cell
- ' 7 - in t

P OBRS PAR PSR PR B BB a0 orren

S@6DRBowa ity Bkaiple @ and Adingl inkdid racamitihdie pobppgiade, t he
invention relates to a reconbi nant pol ypeptide as
descri bed above wherein said pol ypeptide conprises

OMEES NNl B 13 QldtedNd 33 e@Imbinari SSVIFIpRAe as described
EQV|ng af%?gzét 9%%%# enf%t? thereto. ot ¢ as deseribe
above, wherein the reverse transcriptase activity of said pol sequence is mutated by

duplication of an internal sequence derived from the centre of the naturally occurring
pol gene and exchange of the amino and carboxy terminal portions of said pol

sequence.

In another aspect, the invention relates to a recombinant polypeptide as described
above wherein said duplicated internal sequence comprises TPDKKHQKEPPF (SEQ
ID NO:4).

In another aspect, the invention relates to a recombinant polypeptide as described
above wherein said polypeptide comprises sequence as shown in SEQ ID NO:12 or a

sequence having at least 95% identity thereto.



I n anot her aspect, the invention relates to a
reconbi nant pol ypepti de as descri bed 20 above wherein

w0 b@shBogei s a A ade B H V. In anot her aspect, PEEGB2004/004038
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invention relates to a reconbinant nucleic acid

encodi ng a pol ypeptide as descri bed above. 25 In

anot her aspect, the invention relates to a reconbi nant
nucl ei c acid sequence conprising SEQID NO 11, or a
sequence which differs only by silent nmutations with
respect to the genetic code, or a sequence having at

| lmasiotlpG%aspeen thiet inveitemetebated to anetdmebinay prdypeptide as described

invention relates to a.viral.vector encodi
§ ges

n
Y petd B8DREP IR0 PRI, ARnRLRA SN0 08T taoben an HIV ga
Plehle B4 QA0 3& onthihdht AN IBIdASREEdnce LhiEngd NMEMEIOR disrupt
relates to a viral vector as described above wherein
sprogesvigt off thes gag shmAptdupt/andesaid gag \sequenps fither comprising a

anot her. aspect,,..the inyention rel.ate i :

S BR RRRE i, B A aRiAhERL 4R OB ¢elt epitopes of
f 1ol Roucaldy cfc@Wriﬁ?XgeCéeﬁéq\AeiﬁbeV&CH@ﬁnedl i pIDtahérpus P ,shown in
the invention relates to a viral vector as described

aboerlg S ereretrinedhin gaidaecogibinant golypeptidswl pox vect or.

Specific teachings with regard to this vector may be

found in WO03/047617 which is incorporated herein by

rief ecthereaspdd, the awveltier reksgeat a feb@mbinyengdlppeptidt afsedescribed
tqQ the use of a polygeptide,as,described bove

N
nRRAVE  HRereipthe 1Eeersting Of e s (HREURIRG bt PRSP S and p24
t i MAE aRd \K@l@#éﬁﬁ)% st lﬁ?&? Gitd l?ae@islfh?%\ﬂeb}} Futarnt &€the second

preparation of a nmedica or the eat fent or
pglpvieata adanipé. HI V i nfection. In another aspect, the
invention relates to the use of polypeptide as
descri bed above in the preparation of a nedi canent

fRI ahdTRaNAspadt i Ashtbht rdiltdé td1haetdibinardOpdlPpepfidt NI described
aspect, the invention relates to the use of a nucleic

adioye aghegar ¢rid pety pebdeecommisas siquemee. as|showndr HEQ ID NO:13 or a
aspect ., .the inventi.on.reklates to the use of nucleic

ATHHCUCS h&‘é%lgraﬂ%él% dglfgl 8nt|1txtthetr%t8. preparation of a

medi canment for the treatnent or prevention of HV

infection. 25 In another aspect, the invention relates .
tl epphersaspest. Hire yvertioncTedptes i) @ sieperpiganipRAlEpgptide as described

above wherein the HIV is a clade B HIV.

In another aspect, the invention relates to a recombinant nucleic acid encoding a

polypeptide as described above.

In another aspect, the invention relates to a recombinant nucleic acid sequence
comprising SEQ ID NO:11, or a sequence which differs only by silent mutations with

respect to the genetic code, or a sequence having at least 95% identity thereto.

In another aspect, the invention relates to a viral vector encoding a polypeptide as

described above.
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the preparation of a nmedi canment for inmunisation
against HV infection. In another aspect, the

w0 poosnsiden rel ates to a nmethod of inmuni si ng aPGUGB2w@®B/004038

against 30 HV infection conprising adm nistering to

sai d subject a pol ypeptide or jnucleic acid as

descri bed above. WO 2005/030984 PCT/ GB2004/ 004038 10

In anot her aspect, the invention relates to the use of

3 RAbHRER éiegte e 111‘%{'}1!1 ColRE B Airale&3s: ReaksaRNICRYe vherein
primng adgent or oostlng agent in a prinme-boost
isaidurectaid mMN@gonMVMiemdb@om i mruni sation is well

known in the art, and specific teachings on this

subj ect nay be taken from W98/ 056919, which is

INGALREF adRek, the NRERICh RiatELieh SREBvedi @sn&HsBﬁEed above wherein
aspect, the invention relates to the use of
rsaildy&@emruéd@foa\rlpmcﬂ omdpercdativad vederscri bed her einin

the induction of an imune response. Said i mune

response may be, for exanple, a cellular immune

16 SRBTHSE aspRbl MhafvenidBrelats P4 virkESEANSE ddEriBedlibove wherein
hunor al (antlbodyf response. The invention noreover

prigWegtos ina FRP How!pps veelor. cPpacip temhmgwﬁlérqge@pt@ ks vegfor may
t ect,

%%@f% w%@%wéi i%%'ll gfﬁgﬁ%{dé H n ap %?tr?fgﬁéﬁ*%

polypept|de nuclelc aC|d or vector as hereln

described. 15 In anof her aspect, % i nyent i | at.es

t18 2gothaE pweel: B 1&@@@@1&91%65&%11%%% 2 TRLBIeIiGe ahgfegribed above

g AGke. as described above or encoding a pol ypeptide

as descri bed above. In another aspect, the invention

rel ates to an adenovirus vector conprising a nucleic

ci d sequence, _as d Cri e or .encodi

35 DRt TRt et B e By B 56 of ROLPTRIHE A8 Aeseribed above in
38p l%barah&eof DHRBchRARNT B} Helfeatnerd oyﬁﬁb@ﬁud%ﬁﬁvqﬁfe\»!%
(veS|cu ar stomatitis virus), adeno-associated virus

(AAV), al phavirus, Sendai virus or Herpes Slnplex

rus ng.a_nucl d sequence .
Ahtie 6P TRk i Ta TR FpE T S SE8Y RRGEaRe S SRS avove i
2he pitpanabhef a aRPREMent 0 iThMUBIBAH D hghRISEHES irtfectin.
poxvirus vector conprising a nucleic acid sequence as
descri bed above or encoding a polypeptide as descri bed

Z?_F%Sthg} ng@&otﬂ'égfl}z&ﬁﬁﬁ Elatets I?(? tﬂerﬁ/s@ %tf' Q‘{ﬁcfegé Hi®5s 1QcAbed above

plrasm I"et rom-t roup consi
in medicine.

In another aspect, the invention relates to the use of nucleic acid as described above in

the preparation of a medicament for the treatment or prevention of HIV infection.

In another aspect, the invention relates to the use of nucleic acid as described above in

the preparation of a medicament for immunisation against HIV infection.

In another aspect, the invention relates to a method of immunising a subject against
HIV infection comprising administering to said subject a polypeptide or nucleic acid

as described above.
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30 of p29D. gpn, pOPK6.gpn and pS&2. gpn. WO 2005/ 030964
PCT/ GB2004/ 004038 11 DETAI LED DESCRI PTI ON OF THE

woO MERTIIGN DEFI NI TIONS 5 As used herein, the tBCTGB2004/004038

"adenovi rus” conprises the nenbers of the Adenoviridae
(adenovirus famly). This fanﬁby, in turn, conprises

t hree genera: Mastadenovirus, ~ Avi adenovirus and
ATadenovirus. In particular, the invention

GANLBIRE a4Ret, ttltﬂseml\‘n%ﬁtlcﬁf rela@é’é f?)eth@QtEé"Qf’ h pBB/pERtite or nucleic acid as
ATadenovi rusy. CD8+ epitope” i's an am no
atesctited g aleriee aWna, cplmmmgaagmptordw raebafgﬂ’ﬁlmgedgdmj/ inCpgprinfe-boost
cells.u uaII in cg}ryunc{;on Wi t

AR GER e PORRUBR i rga Ay FefREpvn o8 gy specific

ti@achadds' orp@ﬁé' stbje&! haf Pt QRS froRNMWEYS/05891 9 kwaieR 'is Gh¥btporated
T cell epitopes, refers to currently known epi t opes,

derejeby efgranpe.Exanpl e 8 hereto, H'V Ml ecul ar

I mmunol ogy 2002: Maps of CTL Epitope Locations Plotted

by Protein; 15 Theoretical Biology & Bi ophysics, Los

AnanthelNagpeon) ahe Livbmtiat tlates WU sbe &f a POBPeptidenor nucleic acid as

accordance wi.th the present invention, substantially

desciieddisraimgn the ipdydtion oif g ymgung r@p?lﬁpal%@dlmlﬁu@%résponse may

TRl xR, YR i O W ifse, SR Ys T IS4 oFBDMORESonse, or a
ref evant speci es, such as murin

Grord] @atibodsPirésppese, Theyinbention saredBB provides el thethad or eliciting

synonynous with, CTLS .(cytotoxic T-1 hocyt es
e s sotieq bamogsing almnFBIRGY el B dhich may
bcye i B@édosf st& h&nﬁﬁéﬂﬁa‘ﬂbﬂ arbolﬁ)e?ﬂ]dm qlhbren: Wil fbravée{&sa% herein
maj or hi stoconpatibility conple " and/or "
Mhmmﬂmd T hel per cell epitopes are as deflned |n
Exanpl e 8, H 'V Ml ecul ar | mmunol ogy 2002: Maps of CTL
Epi tope Locations Plotted by Protein; Theoretical

Binodroeher &spet, Bh® BEEH 615 relhtes to™h al®ISicNRid Getadr compnsmg a nucleic
Laboratory, August 7, 2003. In accordance with the

poi gaquendnse desaibed eboyet arenreding 2 polypentida as desgabpbabove.

cell epitopes are retained in the nodified

pol ypepti des; however, T hel per epitopes relevant in
OlnheiotHeR asRdct, ahe 11&{3ﬁﬁ61€$elatﬁmCd‘larasddiibmrmvéétdﬂecbwﬁsing a nucleic
epi.topes, may be_l A T hel per ceII IS synon
viicihsequERAeFS rdeﬁcr@s3 pbovgpregerdingpplypenyidgap desea de ﬁféfg L{%ﬁve

| east 99% preferably, it nmeans at |east 98% 97%

96%

In a further aspect, the invention relates to a vector based on VSV (vesicular stomatitis

virus), adeno-associated virus (AAV), alphavirus, Sendai virus or Herpes Simplex
virus comprising a nucleic acid sequence as described above or encoding a polypeptide

as described above.

In another aspect, the invention relates to a poxvirus vector comprising a nucleic acid

sequence as described above or encoding a polypeptide as described above.

In another aspect, the invention relates to a plasmid selected from the group consisting

of p29D.gpn, pOPK6.gpn and pSG2.gpn.
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95% 94% 93% 92% 91% 90% 89% 88% 87% 86% or
85% In an alternative WD 2005/ 030964

wWEODsEBR604/ 004038 12 enbodi ment, "~ substanti al PgT/aBR004/004038

refers to all except one, all except two, all except
three, all except four, all cept five, all except
six, all except seven, all except eight, all except
nine, all except ten, all except eleven, all except
Dt AR B DESCERITONTOF TegMm@ENTIGNCept fourteen, all
except fifteen. 5 An epitope is considered to be
“lost' or “destroyed' or "not retained if the peptide

ﬁg&jﬁiﬁf ts which it is mapped, for exanple with
QNP Exanple 8, is nutated. Preferably all
epitopes are retained, with reference to those shown
in Exanple 8. 10 A "natural' sequence or "reference'

dequssdcieres, theelgrhciadenoviras’ e eempigses Hhe suambess of dipuddeneviridae
fromwhich the clai ..pol t] r [.de .
(RTINS By, KRl TRk B oo HE: E0hpH Mastadenorius,
podsddabeiridak] A€adenshiow. dntpakieeuldrsthe igkientol comamplags the use of
ie, referri n% to the _se%uence of the correspondi ng
GaHe@Edpnevirug (9n ATedenoyHEsk n nature. However, it will

be apparent to a person skilled in the art that there

is not a single HHV virus found 15 in nature, but
rfat‘@BR-+theelk epitapetiangn amfroeacahsequbmmteghialds apeptide recognised by

i.fferent isolates or c¢lone i.thin those, cl ades....
B S Grls Y B osioe ot B0 e ettt Bt Rgetlipompler.
7 5o O, 230R240 “HPSCDBRT Q11 GAGHYE dnd/bPIPkmown” CDB T el

particular clone or isolate o , then the
‘epitopasalrefersr to' ewtantlynowwnsenjiopns easr ddfimed in Examgpde 8 hereto, HIV

AieCis EminaGy oo Skt e B REE e BTy protin

AHeoiic£1NBidh Yo% eBibFIBRidk OF A laaivd NARReUL #oeats B/ BlugiR S, 2003.

N

updat ed by the conparison or ileup’ of a nunber of

dh peeardaceived @p@r%pn@nmpns@gm alltvepandfel)8Hd cell epitopes
' : QI | ' i Y :

A ROAERL R pURERING AL R B T 09 Bfffls rtovant i

arlo metinig alidrosjebies pels eninuting EMSHON célhspitvpes) mlesbygosd CD8+ T

or derived fromsuch a ?onsensus se?uenc§, then this

<sHe aig syRonsERRRsEiE (Wl 15 (Qydotoxk dnlyimphgeytete nat ural or

ref erence sequence. 25 Preferably all epitopes for the

“full length' g/p/n gene products as described herein

& 6T hedpei apedpe’Rridfemisblisya abptidearedogpsadome S laalper cells usually in

R BRI Bt HreedBreGR ey drafe B6°#RdEr il known
MRh&p& ceMlepit8heY £B G dSMitd 8n ERambRUS, HIV Rlogcaltk YmBfmology 2002:

consi dered on a gene-by-gene _ _ _
Maps of CTL Epitope Locations Plotted by Protein; Theoretical Biology &

Biophysics, Los Alamos National Laboratory, August 7, 2003. In accordance with the
present invention, substantially all human T helper cell epitopes are retained in the
modified polypeptides; however, T helper epitopes relevant in other mammalian
species, such as murine T helper epitopes, may be lost. A T helper cell is synonynous

with a helper T cell.

“Substantially all” means at least 99%; preferably, it means at least 98%, 97%, 96%,
95%, 94%, 93%, 92%, 91%, 90%, 89%, 88%, 87%, 86% or 85%. In an alternative
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basis. For exanple, a construct according to the
present invention could conprise a gag gene, a nef

w@emws/ 030964 a pol gene. These genes will each haRer/aB2004/004038

natural or reference WD 2005/ 030964 PCT/ GB2004/ 004038
13 sequence. It may be that tg natural or reference
sequences for each gene wl | from the sane source
eg. the sane overall consensus sequence, or it may be

L%ﬁodﬁrﬁ&tnﬁhﬁtﬂuall fall” RI&E ?J‘Ql? efc%g‘r'&'ﬂé: il fe%ep?ﬁfd“ aWiekbept three,

rom a erent source, e gag and

redlf exceptc fous.eql emms fwa,yalbexcfetpo 9ix, ad Qe ﬁvad allBexcept eight, all
consensus seque ilst the nef. 5 re nce, se

S A He T Gl St S ebr U Auiel! Slte AL EXGpY tiricen, all
%kE&ﬁ%@&%ﬁm dﬁ@&%ﬁﬁpg&msequences (both consensus and

clonal) may be found in the Los Al anbs Database as
di scussed herein (H'V Ml ecular | munol ogy 2002: Maps

cl Pl Pr 0;
T SPErRecE CBRErg o alBn ot SopiL S b Binggt i g peride
Ls@@@é’n’éb @ Whiohue H;Sﬁli%pedZQQ SxamSResiH refakhde tbFxagBRLS, is mutated.

d ade B consensus uence may be found at
Hreferablnalhepitapes axe re ﬂcwﬁh seferehreto thpyesbpeyin Example 8.
02/ ALI G\- | NDEX. ht m and the 2000 G ade B consensus
sequence may be found at
hA t patulalivseduievicd @il r@fenehcm rﬁeqnéddei a5 ObddAhdr&N refers to the source
O1/ ALI G\- 1NDEX. ht m man | mmunodefi Ci
VReflbRdce drogi phich e tclaimes @glprmﬂu?o%w%qO@ﬁ% yeaygnce of) ate designed

o e(%ﬁﬁé&‘.g.\ﬁ%lé'{/ei: F!}ég,ﬁalé fhid {é?mtéﬁgl)(ld tﬁlﬂ%ﬁ &ﬁ[ﬂar gyamngfe referring

erein, incfudes any H'V, including a roups
dndhs smlypﬁsof(tdnb@dassponﬂmgl ge!na(s)anﬁa Mirvs Zqunflon netaampHewever, it

HY-1 M an HI V-1 ventlon enb

sl Aoneit e ouret Saiet Be e TGP 5 oSSR aius found
GA%hatie) b@tnfittﬁb%fth% NPe I% Lkﬁfféreﬁf @1adBd hnd B dlﬂel%ﬂtelsolates or
art and are as defined i nstance, in Exanple

8
hedorgsowithio tmpgedeladas. oTheﬁmreaﬁmenceapamuI@t sqqyence according to the

I nve o&&baﬁ%)ger%ésfl e:] oL %61}\6%;@?{5% arti algco?r{e ol%ggol%l_rg of é{IV then

I:_che Fﬁé’cﬁﬁl’ daresfefence VedqubRddar fdrs tM%hethf@tleillar\M?d)ﬂen@kMoﬁte s own
and Korber B,editors. Published by the Theoretica
Bicarensy- AMIVSEh IR/ RESIURGOW CANSEISA SPRYENOS deWR in the art which

Lﬂ% fb%é p/énéﬂ%&éd E%%{etﬂ?és gﬁéted*b GRL &%ﬁh@& ot ‘pileup’ of

Fence articul sensu equen
deahambexr oﬂ-lﬂﬂ?feilem lisudats oAcldiial E:qaencdd wlnidh mayLle)diWengént at one or
n be found. on 490 to 55 consensus

i sol ate e
st@a{fewiw&?@ ¢ Fi9foy o BosifoRiedn Al ffafion jefers SepSEuct according

NYREpre@int 11’1v%ﬁjt191§ B2 be’f d@ﬁ%rfl%qje%@% BRESIcR 2 ¢ohRnsbSequence,
Preterably the HV is H'V-1 or H V-2

then this consensus sequence will be taken to be the natural or reference sequence.

Preferably all epitopes for the “full length’ g/p/n gene products as described herein are
retained. Preferably all said epitopes are retained even when non-epitope containing

regions of the gene product are truncated or deleted.

The natural or reference sequence should preferably be considered on a gene-by-gene
basis. For example, a construct according to the present invention could comprise a

gag gene, a nef gene and a pol gene. These genes will each have a natural or reference
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nost preferably H V-1. Preferably the HHV is of d ade
A, B, Cor D preferably of 30 3 ade B or D,

wpe@bes@ad y of G ade B. An HI V sequence can beP@El/GBnmd/ 004038

to the HXB2 reference sequence (exanple 8), and

therefore the g/ p/n genes can Jt?e identified and
correspondi ng epitopes delineated, no matter which

A ade is used. This can be done by WO 2005/ 030964
gaﬁeﬁ@goﬁ%%pﬁ%gt ththaB¥8) orRbferenSe R ﬁéﬁ‘c‘e@ %ryeagﬁ’ Béne will be from
using the L anos gata base's " §2 nmberi ng

Ehesamed sdurce thitlse purgoeeal{ bartspnsiis mmencpq, or ltamY opothat the natural

tent / hi v- db/ NUM  HXB2/ HXB2. MAI
e H-SCaURCF JPb BT, Ondiodt  SRHED e Sty eog and pol

%@f&éﬂce @e%&%l:&trhé’ﬁb@ froftetiobltciaae B &nsaidul SeihétSwhilst the nef
a pol ypeptide or 'nucleic acid. Miutations, in general,

abteeence sequencamayasi fomdhe éﬂQ(éd@de Bh@ngensyb &qstiienies gmvice versa.

it differs. f al
TP e b e terSisEiane clofgh Y kb RuRC IR ok Atamos
Theatiiise SN Hist g€ thiefin (HIVaMc%a:ﬁlaarIﬁnﬂﬁrtcﬁdsgy 2002dMRed of CTL
in order to abrogate or aneliorate a known biol ogical

aﬁnltwptlwcemortsrféot@qdr@r Prieipel heoretisakBiologyed d3igpiypicinkes Alamos
%th‘oqlldf i%ﬁofa“?‘org a'A‘agﬁl% %’eZ(%ét at ﬁﬂec‘ﬂi&t y' fhe 1 £94d BE consensus
ural “sequen iS nea tated'to reduce or
p;leqlﬁeifcabl y m@’mveb@ne doundor e 4ii ol dutpd/abwerdtiv.Vinl. pescaftent/hiv-
I

HEX Az ] g;gint%s @8&%5@&%&5&eglglgsastelql?er}lsée may be
%ﬁfld &ﬂﬂt&f’ //www Bif21o80/c6 Rt AR Y A8 ATIEAN 1 £A PICASERDEXK him.

herel n.” Further exanples of notlfs or domalns
associated with viral functions are knovvn in the art.

R e SRR i O b Ghotn o

ra%ﬁb'l@ﬁé PV Eellshe (i B BYI TR tednk! FEEV’QRAS usécn@eraat imemhbyany HIV,

occurril pi topes are  preserved as ex%&(l ned her ei n,
zncmdlng@gkgmum supipypepadesieol THY - ené ¥ L, tf@r HrepplnHIV-1 M

| S t f
RSP R SEatRe SO S S Se Ry i m v
TTIHYS bn%ferf&do Bagepolbahdgesteidne p&(ﬁm@tﬁlilrél atdlloknown in the art and are as
technol ogi es, 1ncluding DNA synthesis and

riehingd f9F }I@Wm@é%gﬁﬁpﬁ]%rﬁ hesept i des al so i ncl udes

pepti des which are not produced by 25 reconbi nant

means, but which have desi gned using reconbi nant DNA
t@ﬁﬁanﬂeo@yttmrapplimtbhejfa;hd: nvehidoretoadiffegueclaédesi ey tise bk found in

t tlde desi ch te LA n

5P SreBenciCrBpurig 107nbrben o Eoley thaied! Eel TRy Marx P
(Mecurehtde, Mibrs 9,t Wolinsky S, and Korber B,editors. Published by the
Theoretical Biology and Biophysics Group, Los Alamos National Laboratory, LA-UR

number 03-3564, incorporated herein by reference. In particular, consensus sequence
data for HIV-1 clades A, B, C and D and a number of isolates can be found on pages
490 to 550; consensus sequence data for HIV-2 clades A, B, C and D and a number of
isolates can be found one pages 554 to 578. Preferably the HIV is HIV-1 or HIV-2,
most preferably HIV-1. Preferably the HIV is of clade A, B, C or D, preferably of
clade B or D, preferably of clade B. An HIV sequence can be aligned to the HXB2
reference sequence (example 8), and therefore the g/p/n genes can be identified and

corresponding epitopes delineated, no matter which clade is used. This can be done by
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limted to, CD4+ and CD8+) or hunoral response to an

anti geni c sequence or a 30 conbination of both. WO
wWQBS5HR6eH64 PCT/ GB2004/ 004038 15 The gene naneGI/GBe@4/004038

herein to define segnents of nucleic acid and/or

pol ypepti de sequence such as 4gag', “pol', “nef and

the like preferably have thei} ordi nary neaning. Most

often the ternms are used to describe the pol ypeptide

g gﬁéﬂcﬁ’ %ﬁfeéﬁmg dong rﬁs?l?g andir gg Iﬂ%'o? focl‘ta‘ii;ﬁsegée GUBL Numbering

l'ypepti seqguence. "protective
Brginet refﬁponsthis aspurpbser rewmmnmbm

spec response that provides a prophylactic

Thes ' )benefit. VIRAL ESCAPE 10 Mitations

can occur in any epitope and lead to viral escape. By
providing a greater nunber of epitopes it is nore

A kelitatibig tas sefmpedfo ludﬂgnemopumessemmy addaiieii, sleletion or substitution

nut at ed Fur t.her nt.age | r ovi,di
Bk EPAOr Y 190t U PO 8 miYE e LR oh BBl B e amino
héigadgngde an @He?f 1%*&@1&@&@@0@%@&% Rgdiffers femy @ s haturally
i nventi on. i n one enbodi nent, the present

pn@@nﬂ%@ﬂb@dﬁﬁhﬂﬁg@%@@ly counters i mmunodoni nant
effects which can affect conventional vaccines. It is
denonstrated that all of the identified nef hunan

epith®Restek ot heChiBsent ifeddtioaN thutddnd ake bfien 1ﬁtp<i>d1mﬁxi3$1) order to
in the H'V npl ecul ar i nmunol ogy. dat.abase, are present

ebrogate apnmelgie fc &nern; Helqgicl astivitn\alntheoNirplsprotgiy - Thus,
by S5l LGRSO 45 Rl A
vlas aieans mubgediid dedine appafembly fermve bhée or Hme@blfoilct@Iai actjvities of
the present 25 ipvention_.is stinct framdis ures ..
e nEraples PEtPegtHs AV REh £esufl 8 Qi Educton or
USRI 'o@Baftﬁcluﬁl} Stall ‘tﬁoﬁ%lc%f hAtviics roSnfdl RO Further examples
encoding H'V derived proteins which expressly exclude

afiynatifs ohdewaids sssboisted with wigd Fugriongare &nawnpn dfeesra dilgwever, in
0

g)ﬁéolér#%gggvr&}%{h qﬁwg%)mgg]é/fx%rrm%]@efa %selrmﬁoq%ean{ ﬁa¥ \}/}(Pent El%srﬁutatmns are

made to reduce/remove the biological functions, the naturally occurring epitopes are

preserved as explained herein.

A “recombinant” polypeptide, as referred to herein, is a peptide whose sequence
differs from a or the naturally occurring equivalent polypeptide and which may be
produced by genetic recombination technologies, including DNA synthesis and
manipulation. Recombinant peptides also includes peptides which are not produced by
recombinant means, but which have designed using recombinant DNA technology or,

preferably, have a sequence identical to a peptide designed by such technology.

An “immune response” as referred to herein, is either a cellular (to include, but not
limited to, CD4+ and CD8+) or humoral response to an antigenic sequence or a

combination of both.
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As noted above, WO02/ 022080 (Merck and Co.) nmakes
various disclosures in the field of H YV vaccines. As

wowdos/opweapparent fromthis specification, thePQr/esemt/ 004038

invention is WD 2005/ 030964 PCT/ GB2004/ 004038 16
di stinct fromdi sclosures nadz therein. In preferred
enbodi nents, the present inv %ti on relates to
mat eri al s conprising and/ or encoding H V derived
: . ; |
e i
Isaguenge Qsﬁ%ors twagit ool deef i dnd the hh@speefdliabbi beed their ordinary

I T S

R RGN R lES s&pekde én%é‘&lhg Baid pBEpBtRIRSBEuence.
inventionis distinct from di scl osurés nmade t herein.

In preferred enbodinents the present invention
L.at er als gonp nd/or. encoding H.Y .
o PGP SPBIRE RirPan i ridieh o B3 i SR A0Re splbitic immune
trb@oasdiihechrosiids b profhoicie htDss thairaideimcefeﬁmbl y exclude
any having 95%or greater identity to those disclosed
in WO03/025003. CD8+ T CELL EPI TOPES 15 CD8+ T cel
epﬁ%a ggﬁfbe identified experinmentally and can be
pre ﬁgﬁgg y analysis of the sequence of interest.
Preferably these epitopes are predicted/recognised

usi ng the ProPred program (epitope predicti
g?’il%%ana"%&f 11 A0y, SRIERPC elaidch Vel SPGB Hirproyiling 4 greater

g@@&; g%g?%%g tnuirs %{eglkﬁfy {ﬁgt Sé)g%%%i:/‘tgé ?g 8(8%5‘ Qitl rdrfiain unmutated.

Bivpthefroonen thiyc ad\ﬂaﬁ(dgmuslﬁ 386viBing sxich Tadelp20 apitypdse the immune
found at (.htt ch. res. n/r . .
B odt rpadanet R Bt oS ebinite ths wssspt invention

i nvention that naturally occurri ng epi topes are

preserved in the pol ypeptide(s) of interest and in

niisisei 1 aenalsemheditieny tthenpresgntAdayention @fvantageously counters

i.nt roduct i on. of. ne it o occur in
RS S R N e
HELPER EPI TOPES 30 T helper epi topes can be identified
experinmental ly and can be predicted by analysis 9

tlhis deseppsiated dhatialiofithe dentlied e?faiwmﬂnteﬁége%e(bpﬂlo%%r T cell and
af ﬁel?éﬁ%ﬁﬁ%@%l ih (?lfé)ﬁfv Sfdedt®dr qg}lﬂl{ﬁ%logﬁ 'RheE RE Eﬂ{b 1(1:1 the GPN
(eprtope pre ase

I ctlon program enplo a nmatri
pequkinct o6 the\WEeRA0mAORONFSERAD mv.crym/ 004038

As noted above, W0O02/32943 (Nabel and Huang) makes various disclosures in the
field of HIV vaccines. As will be apparent from this specification, the present
invention is distinct from disclosures made therein. In preferred embodiments, the
present invention relates to materials comprising and/or encoding HIV derived
proteins which expressly exclude any of those disclosed in W002/32943, and
preferably exclude any having 95% or greater identity to those disclosed in
WO002/32943.

As noted above, W002/022080 (Merck and Co.) makes various disclosures in the field

of HIV vaccines. As will be apparent from this specification, the present invention is
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17 algorithmas disclosed in Stumolo et al. Nat.
Bi ot echnol . 17. 555-561(1999) and Singh and Raghava

W@ 208/03098i oi nf ormati cs, 17(12), 1236-37, such aRCTa&B2(9e/004038

found at hiip://ww.intech.res.in/raghaval/ propred/)).

5 Preferably, in the present hgvention naturally

occurring T hel per epitopes are preserved in the

pol ypepti de(s) of interest and in nucleic acids

GBERE Hbrk NGS10§iES RRIEOHRreid NE P RERAR | SMSSHiMERYs, the present
advant ageousl y provi des novel T hel per epitopes which
mxentivh eclbien ¢d mptealseddnapising andéwsncodjng BdV oterived proteins which

FRATG Bl B CEBES GRAPS5 wrand oo ifipenyy oxciude any
hREinROBSLHHE gricAéeMehBfy to thdds dRBREEH MUWIDRRR20080. hel per
epitopes are provided. In another preferred enbodi nent

of the invention, new T hel per epitopes are created
' 0 j l. ypept i Q r .
AL WiV OB TR bl R A B TR Ao v

be1 appamne ffoadihie siesifidation,i thy @rdseitnineaitioni is @stidct from disclosures
reconbi nant strajn FP9 fow pox _and/or a reconbi nant

madicr eIy a dB imeiarrod rerbodineis, the pRespnt waewicisladessiongaterials

_ . Lo o N e g
g Ao Rl Ty TP g WA WareRAg e any of
thege diallosaddn ED03428 803 fan yiefiarabhyresodutief anyi leaving 93% us greater
type. | H V-1), npr I ade B. The invention
@F%&‘W@é?%%dlf%}oieﬁlénﬁgogj&gquh vectors in vaccination

nmet hods such as prinme-boost (including single
prime-multiple boost versions of prine-boost). I|ndeed,

CP ST B ESEROBESow, the use of either or both of

these two reconbi nant viruses to boost a DNA

pl asm d- nedi ated prinme has been shown to i nduce a

SDPNA icBINLtopES RAASKR idehiti ABIMERp&irhietRAlPSnd QRGNS padiicted by
finds application in primtes such as humans. The

nadapis o theajegbence|of fedsreslo Rreferahpethiesccenitenesvae Readigigd/recognised
e Ot !

R eRen. SpARL AL Yook ocond e bR e based

presadictival iatgorithrih a8 QlisdAABT , inaSthireibloa eprabp Nat.adidtechnol. 17. 555-

R D510 S Bbuato s dieEbere (Db B Gnmaiasl 712 1256-37, such as

NIl ' hventi on
@Q'|oyﬁ§gg?§1¥'é € CO oﬁﬁgggggh%%whg%gggy e protein

expression from mammal i an cells. Advantageously, human

odon . . . .
ﬁ 1S an advantage of the present invention that naturally occurring epitopes are

preserved in the polypeptide(s) of interest and in nucleic acids encoding them.

Addition or introduction of new CD8+ T cell epitopes may occur in the process of

mutation and gene construction.
T HELPER EPITOPES
T helper epitopes can be identified experimentally and can be predicted by analysis of

the sequence of interest. Preferably these epitopes are predicted/recognised using the

ProPred program (epitope prediction program, employing a matrix based prediction
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usage is enployed. 5 In a preferred enbodi nent,
t herapeutic antigen(s) of the present invention

w@eoupos®es a fusion protein based on the produRCBEGB2004/004038

the products of the HIV-1 (preferably d ade-B) gag,
pol and nef genes. Preferablyfﬁaid antigen(s) are
delivered by one or both of the two reconbi nant pox
viruses described herein. 10 I n one aspect the

5%\6_%%% BEQ¥ideR SuRYR f USIGR. BiSb&INdL.CPNFSHENE1999) and
antigenic peptide sequences derived fromthe

Sirhsiralt Raghapa ¢2003) Biomfarhatignt(1Pb11236rd 7nefchgeneay befound at
i munodefi ci en virus type |, (HV-1),

LHE 131 PRI ani no acid sequence of
the fusion protein is showm in Fig 1. A preferred 15
nucl eoti de sequence encoding this am no acid sequence
Preferablyn in themrepentingentiqamatuapliyocsuping b AelprT ¢niteges gge preserved
the art w || ec] - e t of the
et CRERAL Bl RS JEORRENERY 2 o
are possible and this is only one preferred exanple
of sane. 20 The genpe products are preferably i

n_t he :
Fpgbermmse. thorragent Iyentien pdrantagepnsbi afqyidestiovel T delpes gpitopes
%Zc ettﬁce%erféﬁi%ia%{f%@ Q?E?dsﬁn% he REHNTE, Thgiﬁﬁﬁlne response to
orders nmay be equally effectPve. It Is wefl wthin
bhentipér béarmg safd epitppessdin spuietdred embotdireerdrof theopragenemvention,
the order to t .the needs of a.g&rticular
Heseased prghers LFr Ritenes A PPREFY tate an  easier
construction and/or handling of the reagent(s). 25 In
a preferred enbodi nent, the constructs of the present

Im weotheoprefasslegsbodanvainizhe durentien,arews Trhiwdper ¢pitgpes are created

I&ﬂiﬁ%g %ggcﬁ'qg%q icr:lgo'stglg wg&? .s t%ﬁ ﬂfeﬁosrg%i){ Elitvgrqtgoglg ﬁlere%ryi e%flancing the

eRhiuRdB@éspbnselNi s is di scussed above. Three epitopes
in GAGin a preferred GPN construct according to the
present 30 invention are studied in the exanple

cti.on . u . ' [ S
B SR QPLIFRE AR a1 sbHOS £ 8RR bl 29 tovipr
aieR e récsionse nrdifgisvachiaia wnisi Arkafa) §MOM p erheixprebsing a novel
noni tored (see, bel ow for nnng details). W) 2005/03Q964
PesiPERptes conatmys anigenic\peplidegieaueioss Sundiin e tEpetioh products

PLOL &i I :

PE S eh RO FAL nER s RN BimunBU-REMY i iype 1 (IV-D),
prefenabtjudhdegBne(s) are presented herein for
i ndi vi dual application. Preferably the gpn constructs
di scl osed are not truncat ed.

The invention also relates to the use of such vectors in vaccination methods such as

prime-boost (including single prime-multiple boost versions of prime-boost). Indeed,
as discussed below, the use of either or both of these two recombinant viruses to boost
a DNA plasmid-mediated prime has been shown to induce a strong immune response
in mammals such as rodents and finds application in primates such as humans. The
invention also relates to therapeutic immunotherapy for people infected with HIV-1,
for example using the antigenic gene(s) of the present invention in combination with
HAART, and/or a prophylactic immunotherapy for people at risk of infection with
HIV-1.
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5 Wthout wshing to be bound by theory, it is
suggested that a single protein nmay be |ess

wo povsndgeni c i f used al one as a small er entityPCHGB2004/004038

than used as disclosed within a gene. Thus, in a

preferred enbodi ment, gpn gengg disclosed herein are

used without truncation/deletron. Preferably the

g/ p/ n genes used are each full length. 10 It will be
ARRANRBEoUsRy, B oRtdcbdAthg 18ABE IvERA dnkifoy MPIORURAESIon usage to
conponents of the present invention are generally
prifiyiesppiades . expieassion rfrom mainmadian icoks. rAdvantagedisih umnan codon
t hese poI(Pe tides and to nucleic acids encoding them
9@ﬁ§qﬁ8FmP¥é§§'take the formof DNA plasmids, viral

vectors or other such entities. Indeed, the actua

node of production of the antigenic pol ypeptjdes may i
Beayyeicagd spnbedpaent oherepputicegntiganishel gtﬁtprqssma@@f@rrtmnr@mpnse a

] 0 ol et . . .
1 bAFRa S AL BELL R AR LR B Y SRRy clodo
gig pctfapdatel gends. Prefarabwhsaidaitigen(sy are deliveveti od-one or both of the
cellularly. Specific nodes of use are descri bed

e apqombEhpgst poX THESBASFHSHdHhas two functi onal

domai ns, pl7 matrix protein and p24 core capsid

protein, both of which are essential and sufficient

foromes sspebl yheofinvidhtibwy iprorsdés kenovehiftsial @soteinncarti@inpagantigenic

T e S A P AR
Bf B6£58 iMehRbddMGerdeHGimE BRI M(HIVI1 Y pref& a0k ¢aie s W th

the International Aids Vaccination Initiafive
(WOOL/ 47955). Other disruptional rearrangenents are

ossicbl e, _such as_scranbl i s _was. appl i,ed to nef

SRR TS BT rpg RO S PRI R RGE dpghprofermed
fuckRblide e @Pes @icedifEeHey \@tino THal lsBytfehsd QY| sbivANin Figure 6.
site of the pl7 domain is advantageously nutated in

detially ¢ pamop skifled tinthe dirh iyilb fappresiatoatbap due de slegeneracy of the
[ ..
BELH e RIRLA0CR SR, nEALRBIUEI e S RETRAY s s oy onc

pefbackaenhplobf tdiee. second gl yci ne residue in the

domain with another am no acid, nore preferably WO
2005/ 030964 PCT/ GB2004/ 004038 20 repl acenent with an

iTR&8" denB %@ cﬁféltsaﬁrte ﬁigi:i%&b?}? il the BIEr @.rA@-PD%bNEF by tt]ﬁee fusion protein.

replracenent of second gl ycine residue I n
@brmimnalap tthe avayatleyi are aresigetlien thitn 8V pgemommet OtidaGrders may be

AP SECUYRT e R BP RsG AR RURET Bl ater e
bile# N8 ARBClhe neldls BRE pastifiNhr ASPIRESER, Yor &lvEL BstelyNtot BBilitate an

reconbi nant i
easier construction and/or handling of the reagent(s).

In a preferred embodiment, the constructs of the present invention possess
advantageous effects regarding immunodominance. Immunodominance has hindered
prior art vaccines, especially with respect to gag epitope(s). This is discussed above.
Three epitopes in GAG in a preferred GPN construct according to the present
invention are studied in the example section and each mounted an immune response. It
is further disclosed in a preferred embodiment how the immune response across the

entire fusion protein is monitored (see below for more details).
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gene(s) of the present invention. Preferably "ful
| ength' gag according to the present invention neans

w@owps®syng the full sequence of the pl7 and PREGB2004/004038

domains. Preferably full |ength gag conprises only 10

the full sequence of the pl7 gd p24 domai ns. POL The

pol gene encodes a nunber of oteins, including a

prot ease, (pl0), reverse 15 transcriptase, (p51),

RNase H, (pl5) and an integrase, (p31). The functiona

am no acid residues for reverse transcriptase activity
frewilt decapptient thavRBmeohf the (GPNwproiem epild dpedsleipd.afor REample to
183-186) .which is an are ith a number . of recorded .
E9RE B pUsSiZag %@3@%&19&193%%0?@%@ Vl‘?#aéﬁglz:‘?(ﬁpqrs%%?%ed herein
FRankiM @A %Fwiééﬁfaﬂt POl %5 1R oRPESRRASS RYscHRBRIafe not truncated.

swappi ng nutation as described in nore detail below.
Withsyutiwishing tprbesemndibyneryoft, is srggestedishst a Naghepeteiremay be

ranscriptase.acti,vit resent in. P 51 sybunit . isS: ...
IS REBRisREARR 5t Hont B P SRR bl i S i Disprcsf witin
hRen 8NFRE B0a piFaeN&abSdifknt, Rph gafesaliéctdsed hBfeln are used without
pol ypeptide is made with disrupted RT activit

) . Most
prefatiaslsletione Ryetrabhe he APRIgeIERPEaear frll énstbesent
close to centre of 25 the P51 polypeptide), is
duplicated and the sequence encodi ng the am no- and

tawhio e gfartmato har dksllal rdalier Bl tixolymepbdgatéc components of the
exchanged about the point between_the dupl.icated
BEeRRhBWEItiotRIs SRRy obmePHlRs- QY eyArsthe Havention yelates both fo

ek \?:Ot .Fe)%%és?aﬁlﬂrfs lniuel%ﬁ‘{ aﬁicfseéﬁ%Béig% ttﬁéﬁﬂ%ﬁéﬂﬂ%ﬁﬁ@se ta& the form of

acti rthernore, I's 1s adVant ageously
BN pldsatids) vdcad ovediong or oothéresyshessities.i nindetd, dhe vdeidak mode of

retaining.the i munogenicity of the ge roduct .. ..f,.
pirdielon el r R SeiPndsie Blovii YeRER Py P RerS L pialip jp the ar
coPERRY 1K aﬂi%ﬁiaﬁga??g&ﬁiohwgewﬁléhaﬂﬂsoiﬁverﬁioﬁidfégiééiné’\@ut. The

2005/ 030964 PCT/ GB20 04038 21 epitope wou

delypepiides. maycher diadg iv ovitrbeorpprsbaahly iimwére, i whetkercintra- or extra-
epi t.ope( are retained. Pref.erably. “full length' pol
5@@@?@%?’?‘6 ¥ H?sc’d%f‘ 8§%Srﬁar? ﬂ%ﬁ??@ﬁﬂégans conpri si ng
all of 5 the p51 domain of pol (ie. as 1-440) which
i s often known as Reverse Transcriptase (RT). In

le 8 RT and RNase are conbined in the section
nanmed RT CTL Map; appropriate care should be taken
when reading this Exanple. Sonetines this may be
Mat € ASdprotibas tvdlAMcidnaREomaiBenEl7 mesixgsotbinddd 04 core capsid

ol is referred to as "truncated . .

%rotein, both of w}?ich are essentigl andt sufficient for assembly of HIV virus-like
particles. In the gag gene(s) of the present invention, the p17 and p24 domains have
advantageously been exchanged to disrupt processing of the GAG protein, in
accordance with the International Aids Vaccination Initiative (W001/47955). Other
disruptional rearrangements are possible, such as scrambling as was applied to nef (see

below), so long as the naturally occurring CD8+ T cell epitopes are preserved.

The mmyristoylation site of the pl17 domain is advantageously mutated in order to
prevent binding of the GAG protein to cellular membranes and, consequently,
assembly and budding. This mutation is preferably by deletion or replacement of the

second glycine residue in the domain with another amino acid, more preferably
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pol' (p51) to indicate that other parts of the ful
viral pol ORF are omtted such as the 10 RNAse unit.

wonss964 1 ef erences to " pol', “truncated pol ' PCPEB004/004038

and “full length pol" preferably nean pol p51 am no

acids 1-440 as used herein anﬂ%as wi || be apparent

fromthe context NEF 15 The net gene encodes a

mul ti functional protein which enhances virus growh

%ggceﬁﬁﬂi @ftﬁ%n'iﬁ'e}?r‘ﬂ&l- Yids hfifho abRE nNEFpRESARY By egnadatint of the

the gene in the current 1 nvention has beeh

seoaed i ghpting rdsidue int thefdonetin evithdars rlapinediesidier  This prevents GAG
referred .enbodi nent,  this inactivation is by dividi .

e’ Ehiionite Borfie sbigmeRhunin bl Fratbape i Hihding.

then 20 reordered. Preferably these eight regions

conprise 6 regions of 26 amno acid and two regions .

Aflvagagerusly the inmunagdnieihl of gog s retradyersely alibied dn ferecombinant

se n is _presented below (see Figure 2). Exact

%%%ﬁ@#%ﬁ%?pﬁgaﬁ&gﬁwlglin this sequence are easily

identified by conparison to the native nef sequence

églso frgsented below). 25 The objective of scranbling,
&riebhyngull denaile’ gagcacsardinginethei pspsent Inventinrsmagts qomeprising the

. ; ) car v . .

BAESES 83178l RRERR BBfnihs 1 BB gog comprises only

ihe\fatitsequencabf gretp1Grand padlddmamspai d to di srupt the

function of nef whilst creating a mniml nunber of

surplus CD8+ T cell 30 epitopes. WO 2005/030964 22

61/ GB2004/ 004038 The preferred choice of 8 sub

regi ons di sclosed herein represents an advant ageous

bal ance between mai ntaining CD8+ T cell epitopes and

t creating tqQo many new . junctianal .CD8+ T cel
E‘? R esene °88?ﬁ Rty %fnh%%”ﬁse r%P?lué’r“@a% iPEHCHE: (R0, reverse
iretipenal (pSPB RNasé &, (p BN iah@RE StéGad, Y31).5€d. In this
con?%%t ‘A£§FBCD8+ T ggﬁp 5 epité%es gFEbthose not
occurring in the natural nef sequence. The average

ngt h_of D8+ T, [t i 1 i ds.
SRR BlpeBandiS e, FBIueE Ry B0 sp drabs PR, 2 AT o€ on he
YIWBM ndkif (showmppesitbpe mapawRINEEX 180 wiiple$s dioaea béthra number
mai nt ai ned .and where neMI!unctionaI epi topes  have

phEscoRdadecPitpRps A dvapfags i

10
ther iy erpe trapearigiase is inactivated without

loss of epitopes by domain swapping mutation as described in more detail below.
Thus, in the present invention, preferably the reverse transcriptase activity present in
the P51 subunit is disrupted. This is preferably done by rearrangement of the encoding
sequence such that an altered P51 polypeptide is made with disrupted RT activity.
Most preferably the sequence TPDKKHQKEPPF (which is present close to centre of
the P51 polypeptide), is duplicated and the sequence encoding the amino- and
carboxy-terminal parts of the P51 polypeptide exchanged about the point between the

duplicated sequences.

This novel technique disrupts the active site in POL to ameliorate reverse transcriptase
activity. Furthermore, this is advantageously accomplished according to the present
invention while retaining the immunogenicity of the gene product. If the active site is

mutated eg. by insertion, deletion or other known replacement type mutation, a T cell
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When maki ng a scranbl ed gene according to the present
invention, it is advantageous to introduce junctional

wO 20vE@8®64 N order to maintain any epitopes whiBOI/6Batv4/004038

the chosen junctions. This may be easily acconplished

by review of the sequence(s) ysing the 15 ProPred

tool s and making correlating nodifications as

necessary. In a preferred enbodi ment, twelve residue
kpifdpRwouls RAN Abdttbyee YcoHRAE & B §l§ﬁ li®Rstion 8héh epitope(s) are
inserted between the re-ordered subregions to restore
Tetgiaed- epitopes |ocated at the junctions of the eight
subregions in the original NEF protein sequence. 20

Preferably "full length' nef according to the present
IPfoﬁﬁbllyOﬁlllTE@@h qmmmcﬁrdmg talthe Hresent e eatidbmmeadsd ¢bmprising all of
sequence of the gene. Preferably this includes the

1domain Haf pol Qq @a 11440)a8high 65 pitest kpejen ggReverse Transcriptase

Q‘QF L BEESMHFLIR D o TR RirhAREE ir e D3RRI CTL Maps
Speopridte careqsiendd be Mlenpﬁlﬁﬁmhﬁdg Itmstﬂmm Benttimes this may be

. %‘—tﬁ%{]%r %ﬁl ‘gﬁgzg 2%3 qQ‘?Péﬂ?,tHne% Eﬁ‘cl rr?.é %S bﬁgreffqryedéo as ‘truncated
Q}ﬁﬂ'l‘) el it o] SRR part Qy@ thePRF AfS &Dﬁme SHflePSuch as the

unman use, and an exerrp ary core sequence I s
BRNsentnidd HaweEe, rafear®. to\\oo L0 Dmheaed pal’ (p51) and “full length pol’

S S T T T

&0& pedosenist ruct begins MA P I V even though the
natural or reference p24 sequence does not contain M
A. This is due to the preferred Kozak sequence used
kﬁg translation (GCC GCC ACC ATG G ; SEQ I D NGO 14).
is the initiation codon 5 and translates to
Met hionine (M. The DNA codons for Proline (P) begin
with a C so an additiagnal am no acid _ having DNA
688 SpnpegcAdeng MHIRNStiREY PrRis# mdich cahapnaius grpwth and

PRBGFECEGN D SR 15 I AP R G TR

Siventidn N@‘t&)ent macta*aeeda(m ritsf ﬁnctfmh cgsxgp@dh elme pmfeimgerhbodlment
res nt

he. pres . ntion.. SEQ.IDNO 4 r a rt
inBE TG00 4 R GNP Eins Sl son Bt S P SUBE oA P Were then

reordered. Preferably these eight regions comprise 6 regions of 26 amino acid and two

regions of 25 amino acids. A highly preferred scrambled NEF sequence is presented
below (see Figure 2). Exact junctional boundaries in this sequence are easily

identified by comparison to the native nef sequence (also presented below).

The objective of scrambling according to the present invention is to disrupt the

functions of nef whilst preserving its T cell epitopes.

In scrambling nef according to the present invention, attention should be paid to
disrupt the function of nef whilst creating a minimal number of surplus CD8+ T cell

epitopes.
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in a preferred pol construct according to the present
i nvention as explained herein. 15 SEQID NO5 is the N

w@rpas@3wes m nal pol sequence. In one enbodi MeENPCT/&B2004/004038

| arger sequence is constructed in the order SEQ ID

NO 4- SEQ ID NO5- SEQID NO 45 resulting in

duplication of SEQ ID NGO 4, one repeat each side of

SEQID NO5 (ie. one at the NNterm nus and one at the

Cht eredoned dioicBESd 8 Bubl@efibns dRRIREY hBRkd Réprésents an advantageous
referfed pot gene according to the present invention.
Q}a@EQ[)Pqu@m:@nﬁagmag §Q&mBI esdl enitopes eet @aphgreriing toe many new

& | i D NO 7 | a egogni sed .b
PRl ST T8 Pkt se f rRetel MnbERER REG0K of new
FinctheralocDBot T coll dpiiepes tsagmimined benatlisacdrd@g ousyyY CD8+ T cell
in%)or%)ora%hed into ﬁ_ene 25 sequences of the present
TRIPERT i%6h TNOPD POLSSHPING BFhadATra b sesIugass: o hhapvsrage lergth of a
ODBI-OCell BpHd}R iE 93REAS£&d). and/or to nonitor for
persi stence/ processing of the protein via the N or
C termni (preferably via the Cterm nus). However,

[ ts . nvol ving human supjects, preferably

PR e RS P o™ Rein theat UaE 1la BisweitgBrignion 1 mapped 1o
shequeheed spitdfes hate BEQSLAINtAIRAYE BAd %ereoﬁev@ﬁlfhcﬁ&?@\éﬁﬂ s have
fromor not expressed on 30 said gene sequence(s). %
besb sk dbis indreased futlsoheley. 24 SEQ ID NO 10 is the
native H'V nef sequence of the H 'V d ade B consensus
sequence protein. SEQ ID NG 11 is an exenplary
Wheh enslinge aserutiabeardicbdin to@Nprebt uhvdnkidn ! R adantageous
tgersqcﬂi skilled jn the art will appreciate that due to

HUTfEReHBRGIgRablinkerpinrdet tp enaipigi anyeapytopes which span the chosen
: t i ge; I r the GPN, of.
RS e SRl B0 R RN b RS o Pl Sl Soime the
BgpRyetl oS abd realdngy eorydlatinganbdifibytions manedesédrpnal | y
silent differences in nucleotide sequence. 10 As used
herein the term sequence "derived from an HV gene
TR GeefdrrdacsmbIEmBat thede r iiARexd Ly ot
fr gﬁ] Si m%l y indicates t haetgﬁl Fth ql?geljg’;bgt‘é%ﬁg%%ﬁﬁee%r@{&g]ummns’
apipserteé bevyeendke re-endaredisnregiving to reatve¢ Merelltdpitspdsdodated at the

S |4 al exper i,ment al [vation eg. by
Jél:légr? ?%gogrﬂl}??ﬁ&éttsg Lye,gbqn%ég( qrggnilﬂg\&;l‘l ] %Eﬁqéfglf“'ﬁcl ude
predi cted am no acid sequence froman HV ORF, and is

nojft§ limted to experinental Ig derived sequence. |f 15
Fgefgrably efitlilepgth nnelzascordinggini the present invration queans eomprising all of

08 LRIRL&ET EHRmELY then%\f%ggé. ﬂé%er}alialty this includes the N-terminal part
(ie. nef aa 1-65) of the nef polypeptide which contains epitopes but has been deleted

from prior art nef constructs.

SEQUENCES

Specific sequences are presented in the sequence listing. In brief, SEQ ID NO:1
comprises a full exemplary gpn gene sequence, including tags. In a preferred
embodim.ent, the tags are removed such as for human use, and an exemplary core GPN

sequence is presented in SEQ ID NO:9.
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has been rearranged or nutated, then it will be
considered to be "derived from HYV. 1In a preferred

wepdvsasarent , t he sequence derived from anot herP@i/GB2004/004038

possess a nunber of contiguous residues (am no acid

or nucelotide) identical to the sequence from which

is derived. Preferably there MA|| be at |east 5 such

resi dues, preferably at | east 8 such 20 residues,

RIEES B e} 2p Atinb g@&t ag Grapnfdht, SIS0 dPERO: Pisehe trqu ggégq%agnem The
 east 14 such r ués, ~ preferably at |eas such
(hﬁs(ﬁméscormtleﬁebagny MitAl IeaIsV Q@nstlnohgh & dajers] or reference p24

Pietce38t, fh cpp@Rabe S TR gl e RREEKE A Bl goed fo

RehslARAUERCESGACVATAATE! G ASEQEES Noiﬁnl Wa6G tsrtchmﬂﬂhmmn codon
25 The term mutated' has its usual meaning a

ipnd frepstaiesita Meatlganing (e (TherDNpgiodpns f?ﬂﬂ’é‘thn@r(l’) begin with a C so
nye
&g&fgﬁggn 1§8r§f§ Icllﬂlr‘{g1 as Ac‘Jeé;bgiro ?Ligj %er e%‘fw%qtiht G NEx inserted
QﬂmﬁmgreC|ated that the invention also enbraces
nucleic acid fragnment(s) of the 30 disclosed
nucleotide sequences Preferably nucleic acid

at %(ﬁ%@%ﬂgfﬁﬁg ts)eﬁ%?deser ably at hﬂ@géme&) {%%te‘reﬁg{lé/ of SEQ

A N@Btto dist resiuefod I’Séi'Q YD A O13¢ ds maRO@ poefetred gaglgene according to

referahly at | east 400 nucl eotides, preferably at WO
PEAOEEANERH GB2004/ 004038 25 | east 600

nucl eoti des, preferably at | east 800 nucl eoti des,

preferably at |east 1000 nucleotides, preferably at

ISEé)sJD WOO4 rejprebanty 4 slugf pcyzinéfleﬁleau,fttyce athi¢heia edvantgg@ously duplicated

nucl eot eot |

f bl
B niianrg et PaSel Hetrofie oCHY wEEH sNEFUFEst apined hercin

Is D 349G [buﬂqleqqitahd@,terﬁﬁﬁil%o’i@eb{u@be| gahe 2Abddiment, a larger
eotides. 51t wl ﬁﬁﬁieCIated that the

|smnéme| Jérp%sﬁecﬁeéllattb% Ofdﬁf aPcNEHA-SEQAPCNO £ 38R ID NO:4,
fr%sﬁ%gtlﬁ] %ﬁgﬂﬂ%ﬁ?&?gf §ﬁcﬁﬂ$ XY, Xﬁé }ééa%atogafzfl Eﬁiedo%tﬁ BRO:5 (e.

iC COo open’
Ioﬁ@ oy thélN;ethﬁﬁls nddgneng thaﬂ mmmms od ISBECI]ZGNO 8), thereby making a
%%eneragy of the  genetic code will be those which
n9bi8p98 aﬁqoa@eg)to Hie AR HIWERHAN. | nvent i on, 10
particularly encoding core GPN (SEQ I D NG 9 and
nucl ei ¢ acids encoding it). Unnatural nucleotide
SES) WUNO: 61is anahmhledned ncabeding &t theguleseni ievéntionmay
feature in nucleic acids according to the present
invention. 15 It will be appreciated that the

ISBCEIS NO: 72dsSPta8eEadsed R MBARS ICRs-f TagNBhi VE@IDING:S is an

di scl osed ami no aci d sequénces. Preferably fragments
4 tago nBit Herr egbeth of tg@aq:eta@/may be advantageously incorporated into gene

sequences of the present invention, for example to monitor expression and/or to
monitor immune response(s) and/or to monitor for persistence/processing of the
protein via the N- or C- termini (preferably via the C-terminus). However, for
embodiments involving human subjects, preferably these tags are not incorporated into
the gene sequience(s) of the present invention, or are removed from or not expressed on

said gene sequence(s).
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gene basis. Preferably pol ypeptide fragnments conprise
at least 8 amno acids, preferably at |least 9 am no

wW@ei0dm309p¢ ef erably at | east 10 am no acids, pre¢EGERIOY/004038

at least 12 amino acids, preferably at |least 15 am no

acids, preferably at |east 20,am no acids, 20

preferably at |east 25 am no % i ds, preferably at

| east 26 am no aci ds, preferably at least 30 am no

33 NO R & AR LA I—ﬂf@%%f séd deh@ﬁW $1adREEE sé}ﬁlué’ sequence

at l'east 60 amno acids, pre erably at |least 8

poitels, preferably at Ieast 100 am no aci ds,

preferably at |east 150 am no acids, preferably at

Ieast 200 am no acids, preferably at |east 300 am no
qiﬁ) N £1 85 3Rl kot 1dr %ﬁae&@& SuBR AR foP rcﬁfr@r @bdltmany the

ast 600 25 am no acids, preferably at | east
pmsomslaﬂwm theraf wilhbpiyrecintel thatstue 1006 @ngen@aebcoﬂ@@ genetlc code,

ﬁ@ﬁ&?\rraﬁa_l%QSng%eﬂ% ezgeo:éégcsqsa%‘lﬂﬂ? |eaC| %a%%;@{r gﬁggﬁh@{f the present

whentienNedpsiRIdING thékgTeRted & $PE PDl WEAYi de¢ Adiing only by
nucl ei ¢ _acids of the present invention, the sane
frapsdationnlde silentadifferehecs in uelhelidsrseqwengst i on of 30

epitopes. That is to say, if only a part of a gene

(such as am no acids 1-440 of reverse transcriptase

(ARals¢d hétin ﬂl’eetféﬁﬁtseqlibnae CdHi?B/bd fiim aacHIViigete pﬂ)dubtehas its natural
present invention, i.s_required that th

BARIBE Hohei %rg PS’E‘W"aﬁP@ﬂ S@@Eurmﬁhﬁgte%&aﬁ Bpelasedpn tﬂFPaItHV sequence
964

1 5 A58 ONEPOR RS i LR CRAORE i

bgldlompg,t PERs eandidroeXaniydé ghe terapivwapdsnesde predlcted amino acid

PR oin % S anerin il irginb® aPEprapLy e gauence. I

H@ﬁtlleﬂ’ E@t@@fl I8f rédognisethf site sleﬁﬁ‘&fc@ oP@indRR Bt B VaBowever much it
descri bed herein and as set forth in the sequence

hasbéengearGhrgad gr mhiateiathengt vl |bplce981aereshte hd ‘deyiveddrom’ HIV.
onsideratio f sequyence identi.t hat 's te,sa
AProirs Sabodip il ME BEThEE riiialh o Hnotkr Wy BPterse number
aféd {reafates nlidlota@idt F@uBEIe S @)tidénteeNb itiNseqlibiicetfrom which
t he ragnment length is chosen and then the sequence

sotied.s rﬁﬁeéahlmékerew%é af frast T odhaspdues neplerablyras Avast 8 such
l}eﬁﬂﬂﬁeb n@f Fetrh@lﬁ af 1&41%6‘?%%2@ id F ) epgliejf%g%je‘wg Gt 3&3UER Cs‘ach residues,

ntion requires present
predigrablly ag heast 1830@“1 besixtues, prefeeableat least QOFéme}ﬁ &Esahiey, preferably at
full length g/p/n gen are consi dered as describ
Ieslednsuch fegifbce @B%mﬁw leash > Shefereeidyfs: r%frraﬁxe@pfe@ the gag, pol

Qﬁ%eﬁ% RlceR BlvERGREdif &% e%&?Héﬂxféderam Vi ngs of the

natural 'y occlrring epitopes, wth only n1n|nal
connecti ng sequences. 15 Unnatur al anlno aci ds or

al ogues t her.gof derivati sed i.eti
TR e A g tptrads BTval HEsBHES Y inlud Patton: nsérion, point
mutation, truncation, inversion as well as site directed mutation and scrambling as

described herein.

It will be appreciated that the invention also embraces nucleic acid fragment(s) of the
disclosed nucleotide sequences. Preferably nucleic acid fragments comprise at least 40
nucleotides, preferably at least 50 nucleotides, preferably at least 100 nucleotides,

preferably at least 200 nucleotides, preferably at least 400 nucleotides, preferably at
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Rel ati ve sequence identity may be determ ned by
conputer prograns which can cal cul ate the percentage

W0 d@an3oy4 bet ween two or nore sequences usi ng BEE/GB2004/004038

suitable algorithmfor 20 determ ning identity, using
for exanple default paranet eg A typi cal exanpl e of
such a conputer programis qJSTAL (see Thonpson et
al ., 1994 (NAR 22:4673-80) or
: e VeQglit agiage
o e e P HADE] SR YL BRSERA picfrty A abat 1000
wmuvpdodiyles) preferdblpat beastt 09 meteotidesd pfederablyvatilerst 2000hmicleotides,

BLAST ., al gor| i s . descri bed j t aj .

WELB0Y lbertt <500 Fpeterebp et pyglcotidgg preferably at
1R800 fud RERAROPRAITETLIHSE Rt I ohetRpENGEe. O her

conputer prograns used'to determne identity and/or
simlarity between sequences include but are not

bl Rrpp Epcidlie L RGP AS 9550 CHUEIR Tl wllop ciffer rom
hsel §8dentelibdnlBiwy) vARR- oS theddéhenarady toTethEENEMWRKSHe. The open

suite of conparison tools. WO 2005/030964
PetingdrovAs rapcERBInudsBs VieRation: comggcist todegeneiacy of the

i rQC . ; - :
GO DRSNS EACRT ot BE e venion,
pétloelate et Ediding bere YOPMSEQID NQrooand roicledeagidsaesding it).

FASTA uses the followi ng search paraneters: these can
be advantageously set to the defined default

; (P T ; FAST :
D B L Al S o PO A g gt aure in
pwri¢it reidsi accordmigdu dise pesdnhgpsntidii.ch are consi dered at
once in the initial conparison; default is 6 for
nucl eoti de sequences, 2 for am no acid sequences. Gp
Real BeVapplBligteti $hitiRe MUTABON aRb cRDIrdVes p@l%%'éﬁﬂi&dﬁi%hﬁ!ﬂ 8) of the
simlari'ty score when a new gap is created; default is
digclperd aminy ewd isdeueneef e Resderably Ardgmentgrivieocamsidgred on a gene-by-

sequences. tension.penalty:. This | 0 . .
e e A
pRf@uHISat NehsO9Amigo S Heerablydefieust 10 bminb ddids, preferably at least
nucl eoti de sequences, 2 for am no, aci d_sequences. . .
X peeno adigs.prefeaably at leasttifeanpinprigeids girefadlis Atisast 20 amino acids,
r - 1.0 i e: -
BEFARG 680'2 BByl SO, el L Jd ARy ey
leastd (ogain® seds) gnefembiyhatcleasad® aneiporabeld; pidédrahly tat least 60 amino

4Q0., Align: this restricts the, nunbe honol o S . .

adty ePF&%‘_éa?]dr stieach &) AgRRe _ﬁegﬂ, fsefr_ﬁliﬂ@{ymag Apasy o0 amino acids,

g\%ffi}%lgr at Feds? 156 ARIAd h&d@VRLAABEavieat Bi0B! 840 acids, preferably at
rkBehch at the University of I'llinois

[dastt OO Alpind agidsnpeederablycatddast Y400 camihp canidsh grafenablyi ajsleast 600

%%ua{c?c{s, %&%&bfy%)aést 800 amino acids, preferably at least 1000 amino acids,

preferably at least 1108 amino acids, preferably at least 1125 amino acids.

It will be appreciated that when considering fragments of the polypeptides and nucleic
acids of the present invention, the same importance is attached to the preservation of
epitopes. That is to say, if only a part of a gene (such as amino acids 1-440 of reverse
transcriptase (pol)) are present in a construct according to the present invention, then it

is required that the corresponding naturally occurring epitopes for that part of the gene
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20 BLAST (Basic Local Alignnent Search Tool) is a
heuri stic search al gorithmenployed by the prograns

whk@somoebl ast n, bl astx, tblastn, and tbl astx;PCTI682004/004038

prograns ascribe significance to their findings using
the statistical nmethods of Kaglin and Altschul (see
http://ww. ncbi . ni h. gov/ BLAST/ bl ast-hel p.htm) wth a
few enhancenents. The BLAST programs were tailored
HRHuG &P BREGVELM TS bhMicd eeﬁﬁ&ﬁ'}'r ROCDRYT 8XRBPHSpek And %o T helper
I dentify honol ogues to a query sequence. For a
eliiopes 85 eppropribtsi &n igeserels and awi seit loait iabgve, denger Hiaggenfs of the
seguence dat abase ee tschul. et, al 994: ur .
REOTRE o8 B8 el oS eBterasEre S GllF g Pofypeptices as
BAEAPRL rSin dnACSLset It eh BVRNLERSAIThY. $2éarkyOthkREme principles
defi ned default paraneters: H STOGRAM - Displays a _
eitendotyr the whsistesttion ¢losequands Blendathdh 1s defsay that jvwhen assessing
.. DE Tl - ‘Resttricts the e f : :
3ene? PV S S gbtediee B R g rosgat invention, first the
fedraett tlehgh 1@Ochds¥PE@MH thehhiheSdeqhibrki comhpasisgiiif irgalRCaeross the

threshol d for matches bet ween sequences, according to
sqyEesRenstn Siegenenb dengthrseptien iof thpnatwal/ ozoefewence séquence.  The

2 8 :

B R R 0 PR ROt bIRR T kel Tl Rengy g preserved
Prefdoably difill kagile ppasgdnes avdionkidatadgn mestribed herein.
di spl ayed; default is 50. MATRI X - Specifies a scoring
matri x for BLASTP, BLASTX, TBLASTN and TBLASTX. The
BELAYI dnBRIidi, |8 BhCMbMARR 801 d50h b1t O ildes
1992: PNAS 89: 10915-9). 5 STRAND - Réstrict a Search
gringoof the hanradty eordwingf eptitopes e therrde mitiinfal gommectiegsdquences.
sequence); default is both strands. FILTER - Masks off
segnents of the query sequence which have | ow
TahRh@X kintho A$d§6F Sidlb theted & dRECaiedIhGiBti&f may feature in the
Wotton & Federhen (1993: Conputers in Chemstry
nalypeptidesafthe pressatpmearteonconsi st i ng of
short-periodicity internal repeats, as determ ned by
the XNU program of Claverie & 10 States (1993:
Rolatui w2t tendé il fieytingy by détéindifdd BPdgmputertdtogiags BUTeh can calculate
ﬁ{aogram of, Tatusov and Li pman (see ) ) )

PEECAMABRIARRIETY. BetWeeR) tY OB WIoTe GeFUsness Using:agyisHijahle algorithm for

. . ASTN.: .

Brapun g A DB o Saft ABRuPEREERTT:, ARBl qrpppl of st
8 leomPWEIT proget-ang NieCTtUSTALt (oad Théhpdoaughnli, r199€ AR 22:4€73-80) or

. hni . dh . .
s DBl S SR RE A ARG atvely, the
Bﬂ[«ﬁsﬁcélk@iﬁthhpis's@ﬂf%[c?@&, fhtharamdelseeih@ defatltQRAIRY, The BLAST
Laborat ory Manual " (1989) and Ausubel et al., Short

ggotithoplis dessribed in detail at http://www.ncbi.nih.gov/BLAST/blast_help.html,

which is incorporated herein by reference.

comprising
to

Other computer programs used to determine identity and/or similarity between
sequences include but are not limited to the GCG program package (Devereux et al
1984 Nucleic Acids Research 12:387), FASTA (Atschul ef al 1990 J Mol Biol 403-
410) and the GENEWORKS suite of comparison tools.
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20 Mol ecul ar Biology (1999) 4th Ed, John Wley & Sons,
Inc. The present invention enbraces sequences

wEo®se3wsng significant identity to the exenpP@r/¢B2004/004038

sequences disclosed herein. Preferably a sequence has

at least 40% identity to a seguence disclosed herein,

preferably at |east 45% identity, preferably at | east

50% 25 identity, preferably at |east 55%identity,

PAS*rRr Rk »th@tmbﬁaétofﬁﬁé&éoﬁeﬁkﬂ E¥pma 8h6E.aRhY. Abad. |RASUSA 85;
65% i dentity, preferably at Ieast 70% i dentity,

DA 24481 98D to search REGamideitics beweeproat seqlshee Ghe faagtand any

76% i dent i t b I t .78% i entl

Gl etoBitesP L EARTA e, fB i Ay Bafebmeters; thesg can be

&bMniadedisiyt s6t 1o tief @sraiel neﬁmtlpaaaiﬁet&@p/qvmﬁiat astﬁzsr BLAST (not used
at least 91%identity, preferably at | east

f erabl

Bﬂg@&rjﬁﬁqt%’c’ yaugleqtidsy facmgfarﬁpna;)e adV 0131@129 3odled 8Habex of continuous
|

ARG BPhkes sk LA P18 SO IRl Shra i

10 ia @ﬁeléatﬁﬂe)/seqﬁeh&aﬁl @ anihel ecit Iséq/uenr‘xrse f@pqﬁlnyltﬁtTﬂie'ﬂsthe number
98% | dent [ ty preferably at |east 99% i denti

ty,, or ,

uctegptionn s Sty Smﬂ@gmmmgr@zéd@dsﬁmtys 16 for

B%iecﬁﬁ'e@ L%ﬁbgs J20MF Bt %fld Q&%‘%H@B@t Gglt?é)f;t@ﬁsqgﬁ HEDSyt Phis is the
e prese I nvVenti on, e uirement for

purabarofgtoirds ddduetpdtfnmes sedastyt doate when aleqxu'sting gap is enlarged;
[ ity.m concentr d in ar eas of
PRl Rl oS SEEAb O BHES B ar e fapag fis ostricts
e Iﬁmqw%fvﬂe&ﬂbﬁbets hetudsddulcoRiPhd P 8taHiSIAe REAMance; default is 2.

Therefore, the regions of inter-epitope amno acid
L‘ﬂéq ulis c@stms:; thgmpmbgr gf b@r@akogpusi@@ne@es ekt dve repoirigd) default is

RGBSRt € PR PR EOBRIahC R BB IRLRRh agnments

&ﬁ@h@@ﬁ@@ﬂkﬂ@@hhﬁﬂntlty flgure i s judged across the
whol e correspondi ng | engths of the relevant sequences

bei ng conpared, including the epitope and

- epi |,ONSx: | Ry o
FESTA 8 FOUBIIEOLE b MRS, SRR Ot i
Chvtpy/bislogy.héva . wint.edu/§ @i thope theagenetiss Computet G&L@*XG@(&)&‘S

bei ng taken to be 100% conserved in this enbodi nment.
OPTI M SATI ON OF GENE CONSTRUCTS 15 In a preferred

EER@@‘ (BHRE 'Lo@ al Kgﬁ%en%%W%ﬁ%%éﬁg&%oﬁﬁu %t@%mployed

I's placed upstream o
by1 tlw pragfens éﬂaﬂnbblastnebta,sm hblasindamd tislage; tfes¢ peograms ascribe

%g?@%éﬁeﬂ???ﬁﬁﬁs%ﬁ%ﬁhgﬁtaﬁg%&g E}JQBE%% _ofﬁ E?arlin and Altschul (see
hit &R Aébi inbh BBV A%t /bRst help.html) with a few enhancements. The

BLAST programs were tailored for sequence similarity searching, for example to

identify homologues to a query sequence. For a discussion of basic issues in similarity

searching of sequenice databases, see Altschul et al (1994:Nature Genetics 6:119-29).

BLAST uses the following search parameters: these can be advantageously set to the
defined default parameters: HISTOGRAM - Displays a histogram of scores for each
search; default is yes. DESCRIPTIONS - Restricts the number of descriptions of
homologous sequenices reported; default is 100. EXPECT - The statistical significance

threshold for matches between sequences, according to the stochastic model of Karlin
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In a preferred enbodi nent, an Apa | and an Asc |
restriction endonucl ease recognition site are placed

W@R005k80964 pri me and 3-prine ends of the gag- poP€T6B2004/004038

(gpn) gene respectively. This advantageously

facilitates subcloning of the,gene cassette. In this
25 enbodinent, the restriction sites will be present
in reconbinant virus but are advantageously outside

LA ARRGR (1990! PUART 872281-8) "o riaisP(d:. - NEFGRNSETS - Restricts the

protein. Consequently they will not have any
nurhberesfcequemetshdr avich aignthestscare dosplayeds defanlt (sfGn MATRIX -

ShS T Ut RRG SSRPSEA SRS %L s The

ashialnt seus BIASWwwIEH r@hﬂ&kpr& NHehiRbE 1992 PRI 89:10915-9).
reconbi nant 30 plasm d. They have the further _ )
SHRAND g Resfticex sgerg A do wae 1o olter istEndreici®e spqupape (if a nucleotide
ion 0 P 0 0 a
PS50 U, SO0 36RRA LRI SUBRCTR ity e ey

§dgfiencE width heel 16w pempREPERARMIIM{RHAD he SBG program of Wootton
recogni zed g% nuri ne CIBégpsltive T cells specific L.
oo cdeplend 9% CpRRIFterhIn fAgmEsEY; he d#5493) 88 Sgmenty consisting of

L r o . . '

D L A B e B B XL PR heverte &

BfateSOAPIT Gomplitks £10d |Chwinnigtry ¥l s2tli) aar by the DUST program of
N- cont aj ni ng ,vacgci nes. Advantageously the esenc

Shtsembl Pug G2 TR Rohn o drnbe ettt iR 1 PUST for

BNA ST ISP B8 Bfher prd>g@ambl 9hly preferred enbodi nent,

this reporter epitope is absent from

construct(s)/reconbi nant gene(s) for primate
cecinatign, such as human vacci nation, 10 | .
KRS et L elifen EorRATRA T shini Gt piBayBs F4sTA aigmen
¥3YDVPDYA (SEQ ID NG 8), recogni zed by anti bodi es
specific for this part of the influenza virus
haemaggl utinin protein, is added to the gene of the

f.1 i | ej ¢ - i i .
IS iy AR 0 e0herk® ot i BoREEE Hihin aro well
kiiowin & the qiterefertice aldyobe idade die padticulan tooBambipok %8 iadN Molecular
i.n antibody-based i nmunoassays, such as "western 1 )
Gﬂ%%ngasgaﬂébqratpw MRy 3159&%@14 expsuhgodt fntShorty ?’gotocols in
T2 load\efthi e tter m nus of a
%gg%h'|£§ﬁggggg??éﬁigg$9%enefb 3% 8§¥I§% a reconbi nant
vector conprising a reconbi nant gag-pol -nef gene. In

o0 B SO St e B S Py o 0
BXdriih® s¥@feabdidtidc®sed 18i6iH. PeefbrabBRNa YR@Ehdddak @Nleat Q0% identity
to a sequence disclosed herein, preferably at least 45% identity, preferably at least 50%
identity, preferably at least 55% identity, preferably at least 60% identity, preferably at
least 65% identity, preferably at least 70% identity, preferably at least 75% identity,
preferably at least 76% idemtity, preferably at least 78% identity, preferably at least
80% identity, preferably at least 85% identity, preferably at least 90% identity,
preferably at least 91% idemtity, preferably at least 92% identity, preferably at least
93% identity, preferably at least 94% identity, preferably at least 95% identity, more
preferably at least 96% idemtity, preferably at least 97% identity, preferably at least
98% identity, preferably at least 99% identity, or even more.
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PHARMACEUTI CAL COMPQSI TI ONS The present invention al so
provi des a pharnaceuti cal conposition conprising

wa@eivsns®seri ng a therapeutically effecti ve anoR@it/GaR004/004038

t he agent of the present invention 25 (such as a

reconbi nant Hl V gene such as %ﬁe reconbi nant gpn gene

as discussed herein) and a pfiarmaceutically

acceptable carrier, diluent or excipients (including

conbi nat i ons thereof). The pharnmaceuti cal conposition

may conprise two conponents - wherein a first 30

Cleayip diendmino rapid sepieacesuad @ilgpeptides swording 4o theapregand ivention,

%‘e ouQrg%ng %Sﬂghﬁglé% I sne ?p?“féésr %llvgalas ﬁ?@bé‘ﬂﬁgsggﬁe%%g 1den%§y may be
SERuaRkd@B Yeas of kHBWRAHRBPS] WhaE tﬁé’ﬂagh&ﬁfe i@ty QN1 Prefdtably be
different adn1n|strat|on f out es. 005/ 030964

FOPh eBIHO 410t ol &psmpws@qmp@hc dilrerederr, mmnts iofiter-epitope

may be. human or_ ani mal

e il e B AN Bt el e DR dnd Al spigppe rosions,
RARh PrefeRbE Rinath BBASERCRHIthirégdettyto 1BE @e@f@bé Sedlicht® NPreferably
carrier, or ex0|é%ent Acceptabl e carriers or diluents

theersalaap ideniity reas dndeegercrosk shplg comesponding lengths of the

BARHTPGHS ek AL o AR B IORR DR g IATRL Bk cins.

Loanoftfr elbotesng rth eadeitity fgiBes) can hiatectoothe vatifible reglons only ie.
har maceuti cal, carrjer, excipient or di]uen
E’él@fé’f BRI RSN RIY TR CRIRPSP ok Ry T O SoRserved in his
ﬁéﬁgatlon and standard pharmaceutical practice.
rmaceut i cal conmposi tions may conprise as - or
in addltlon to - the carrier, 10 excipient or diluent

ERAARILIRDS o ERFLEERORETL 2, Pusbenind o)

Preservatives, stabilizers, dyes and even flavouring

agents nmay be provided in the pharmaceutica

Bbmpm§¢rrddo€rrnb aend), @s Kofzalst eansensas ise@enen ddUdGCOAUMATG G,
bhenzoat bi c_acid. and .esters of

E}W§6689$5 (%Qé %8P%Coqﬁﬁw§Qidants and suspendi ng

agents may be al so used. There may be different

conposi tion/formulation reqU|renents dependent on the

b afrselered gebodiments yhe spdon pyagragl He wdampAcemay he modified to

BAGEE Rl TR Ao B0 RLSER AR B

by a mucosal route, for exanple, as a nasal spray or

aeros f or hal ation or gest i sol uti
e&eémboaﬁnm & Aed a&lgr?ﬁd%%% iT6Hripdon e}q%apgpaesa rggpgnition

fé b BRE&PIae thO™9prime and 3-prime ends of the gag-pol-nef (gpn) gene

respectively. This advantageously facilitates subcloning of the gene cassette. In this

embodiment, the restriction sites will be present in recombinant virus but are
advantageously outside the open reading frame of the GAG-POL-NEF fusion protein.
Consequently they will not have any influence on the amino acid sequence of the
fusion protein nor the immune response generated to that protein. Apal and AscI were
also chosen to advantageously allow direct cloning into the pOPK6 recombinant
plasmid. They have the further advantage of exerting no known influence on gene

function.
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for delivery, by, for exanple, an intravenous,
i ntranmuscul ar or subcutaneous route. Alternatively,

wo b5zl ati on may be designed to be del i verBdI/i5$2004/004038

both routes. 25 Were the agent is to be delivered
nmucosal | y through the gastroijyestinal nmucosa, it
shoul d be able to remain stable during transit though
the gastrointestinal tract; for exanple, it should be

denta buRERlER! Yt ' R8lIAN BSAHk TBE arioly epit
ﬁll—?fcfé&r es?lst ant to)ét%wg1 %%Qeei}%gntn%e?frg%ts of bil ° epl ope:
WMTIO@E@{D NOLB, plvapnized by mmin%@ﬁﬁqmsmvoﬁ% cxﬂampemﬁc

stered b i nhal ation, .in t

105 555 80 T DRt i e Mep it (3, 4 NeRBE B ngghe gf the prosent
lln%ﬂtfaﬂ, TS REAGRE Q&%ﬁ%&%ﬁﬁ% HPRAEEBS 0B theSiRliuktioAdT CD8+ T
cream ointnent or dusting po by use of a skin
¢l clollowing nmmumsam@nf‘mth] GBN—qomtﬂl@pg wasaings.niAdyantageously the

exc as_starch or ul es
el PEUTe. Bl T R RSB ot R I Bl B O Rtk gene. 1n o
BXBlyPI @RdfSrredr dnibddAehr Miaé etepyttérs, e?ilbplél OiRS @bsent from
SUSE nsi ons cont ai ni ng o| avouri ng or  col ouri ng agents

() EwAmbinanhgea(Sfos PHmstsrtaseiRptiqn, spel ashugng) wecination.
i ntravenously, intranuscularly or subcutaneously. For
parenteral adm nistration, the conpositions may be
blestpra&ﬁfédi ¢mbditimét narofadditishalr khtébodglago & BOVERD Yo (SEQ ID

BT et s et Suestinces o ool Srpigh
h%ﬂ{a% it §rBee, q’soéhdé%ptro A EER ofothe %i’&leﬁtriﬁ*f'éﬁtlon (or to the nucleic

tratlont eCOI’TDOSItIOHS may be adm ni st er ed
4dié ehardmgit).t Rdfebl othis ov eddpasto the cathoxiytermmuseot the proteln to

SRBRH e T BERE R PHEORY SRl ISR ST Gy e estor

@@ma&;‘a% er g a\’\hf‘gﬁlyo?ﬁef@[rednéhﬁ)oﬂhﬂ&ft thi® tag is incorporated into the
phar maceuti cal | i ve substances. By way of exanple,

cmrbowmmns ¢frweawmbmnm\gég@ot-h@f gineuBichnSois Tegpmbinant vector

%om Unesl?té glreéor ﬁ@l on%rsgdl%c}t&f g}nggﬁné h?%‘fg g déf@lgeci %mtblg(%ment this

Inve nore S

aﬁaiogﬁsagcs abagiti fioint Aodstaict@)/Feebmbhanigesss) foalpkiyhate vaccination,
active substance(s). 20 The invention also finds

wb|aﬁham%ﬁa¢%naélonher apeuti c inmunot herapy for people
infected with H'V such as H V-1. The invention may be
used in conmbination with HAART, and/or in conbination
RHARMAQEMANZIAM cCOMPOSIHIONTRr apy for people at risk

The present invention also provides a pharmaceutical composition comprising
administering a therapeutically effective amount of the agent of the present invention
(such as a recombinant HI'V gene such as the recombinant gpn gene as discussed
herein) and a pharmaceutically acceptable carrier, diluent or excipients (including

combinations thereof).

The pharmaceutical composition may comprise two components — wherein a first
component comprises a nucleic acid vector and a second component which comprises
a viral vector thereof. The first and second component may be delivered sequentially,

simultaneously or together, and even by different administration routes.
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of infection with HV such as HV-1. 25 It will be
under st ood that these reginmes include the

w@ews3®s4 ati on of the substances sequenti al | BCT/GB2004/004038

simul taneously or together. The pr esent invention wll

now be descri bed by way of ex whi ch is not
intended to limt the scope © the appended cl ai ns,
in which reference will be made to the 30 follow ng

figures: Brief Description of the Figures WO

2005/ 030964 PCT/ GB2004/ 004038 33 Figure 1 shows

phepbrmedeyisal g@nposdmm magtts. fofﬁweurwq@remmal ysage in human and
nuou een separ.at ed

%?tgpna%r}jf ne; 1c61}eaanila llt céllg gaﬁxgﬁé Ay, pHIE rlrgﬂreb éo %}gﬂnaceu‘maﬂy

EYptabRAIRBEE catier, bf‘@xé‘ib}énwbli\@%ﬂtzﬂﬂe baneRralivents for therapeutic
sequence_ (NB. not all such sequence 5 variations are

Yfoie) welkikgawa eisrbartasad rae idgacribet], é@rn@ample in

in
. | ri
REHRESES DBkt s e Syl ARJABRE CSETTAT 1S o
19859). By cleviet dfyihiaveaceefticel ¢gri&Bexcipfongur dildens bé)ﬂ\fée 8elected with
map of reconbi nati on lasm d, p29D.gpn, for the

EesALt foyithe1giendgd route) of admimisiration anchNepdad phammaseniiepl practice.
5313 ﬁ%a@&t&@ﬂc@ﬁf}osﬁ ns %%%%ﬁqﬁsé hQWS. BinBRitRn to - . the carrier,

reconbi nation pla for the construction
efcipientr @cditvsinh amyt slMdb\l@bmdeB(s) Agbrycegt(p) |suspehdingi apenks)6 coating
sho thehfbgl%lﬂ.lence GPN. The GPN sequence i s shown
“\rq(%)r ng 36 )ypst ream region i's shown in
|taI|cs. 5-prinme Apal and 3-prine Ascl sites are 15
underlined. Initiating ATG and term nating TGA are
msmaﬁlwswaldhzﬁs,gdu*e@ I lsyews flavoening haents ofayabe pmo}ed in the
ure

BB B8, TR, T of ¥erenlliT L el denzoatc,

Borbfl a@ur @ﬁessda@m@pxhy@w;@menmc 36idan eamtnﬁ@danebe@dtmﬁeﬂdmg agents
an | FN-y EL] Spot assay. Am no acid |length shown in

BrRydRatss useh Fi gure 10 shows a bar chart of

GAG specific responses in ex.4 group 4 aninals.

Figure 11 shows a bar chart of POL-specific responses
Therexmdy giseo djffeteatncompssitiofifgunedatich sbquisengenbadepdidest on the
af NEF- s ecific responses in ex,4 grqup 4 animnmals

f&rﬁné LV eTy, SyEe sy (B Mgy of eggmp]gp\l_l%p Rl@gﬁ%ggal composmon of the

present invention may be formulated to be delivered using a mini-pump or by a
mucosal route, for example, as a nasal spray or aerosol for inhalation or ingestible
solution, or parenterally in which the composition is formulated by an injectable form,
for delivery, by, for example, an intravenous, intramuscular or subcutaneous route.

Alternatively, the formulation may be designed to be delivered by both routes.

Where the agent is to be delivered mucosally through the gastrointestinal mucosa, it
should be able to remain stable during transit though the gastrointestinal tract; for
example, it should be resistant to proteolytic degradation, stable at acid pH and

resistant to the detergent effects of bile.

Where appropriate, the pharmaceutical compositions can be administered by

inhalation, in the form of a suppository or pessary, topically in the form of a lotion,
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Figure 14 shows a bar chart of IFNy responses
elicited agai nst sel ected peptides from 25

w@pivspsgeence. 30 EXAVMPLES Exanpl e 1: Anal ysi BCDGBZD3/404038

T cell and T hel per epitopes in the GPN sequence. W
used ProPred to conpare T helgfr epitopes for native
NEF versus scranbled NEF. Thi's program predicts that
there are nore T hel per epitopes in scranmbled NEF WO

AR 3RAGH oRlhbriRe QQéﬁﬁgﬁQv%ﬁe@ $yaseerd 'sﬁﬁtﬂa%ht Bfilly in the form

present 1nvention. This denonsfrates tha
sittablets| codtahiifs cxdpjasn sech ss stercheadactess, poineapsules or ovules either

Iicitin hel nd CD8+ T cel.l response S .na
epgdm il pill g Ritoost ot (8 RO E Aubgiplions or
ﬁﬁﬁe&idt@ bettfinitio! Bhvotridd @5t 8lodrige!dgsnteN@r N¥E Q@eBe injected
associated with control of viraema in HV infection

parentanallsin dorSexampie e@ltfnadﬁnqmly, nistieysculathy @@nﬁi&cn@nwwb For

qur e with t
el il SRR SR Bipctiqly el BEDPTReA T FsTRS or o store
abasalufiotwidvbhag Waattaih nethietodubgtbnce) Gar: eMﬁﬂe Qﬁough salts or
+ T cell Epitope Locations Plotted by Protein"
meeevasehagides 1 wrkyihe solatien sokas #4th hlgad. AFgphaccal or sublingual

B P A i o e

waicheanmbd fortnlafed m m*rpmnuenm niemenl s that all of the
known murine and human CD8+ T cell epitope sequences
identified for native gag (pl7, p24), truncated-po

PAARMACEET AR €ORISFERIrTONS the GPN pol ypepti de

sequence. There are single amno acid differences
bet ween the GPN sequence and the HXB2 reference

uence. |to e se uences ar di cat on.20 t
%F&Flﬁ %%E% E‘? 6‘3 i ‘i%ei“’éth %e 8F more other
Rﬁﬂfabéifﬂw@lﬂy hcﬁﬁ/e@ﬁf)dtzﬁﬁ@lase FB}t RREDf eﬂitrhbl@uﬂfé préRift ﬁi&b‘ntlon covers

vary relative to the protein sequence fromwhich th ez
ther Emydipnaous, of pesuentialo rppinents) wethl o apaharsPilig to the present

@%r"ﬁfi)o%s%g?ggg or %?o% s%'ilolds, '?L‘nﬁgesd_s", \AnF Vighe 'op otl%? pth%Hﬁaceutlcally

Eﬁh@sﬁ%hmxm@@b.lanl.gov/content/innunology/pdf/2002/

I Mmuno2002. pdf ).

The invention also finds application in a therapeutic immunotherapy for people
infected with HIV such as HIV-1. The invention may be used in combination with
HAART, and/or in combination with a prophylactic immunotherapy for people at risk

of infection with HIV such as HIV-1.

It will be understood that these regimes include the administration of the substances

sequentially, simultaneously or together.
The present invention will now be described by way of example, which is not intended
to limit the scope of the appended claims, in which reference will be made to the

following figures:

Brief Description of the Figures
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25 Therefore, shuffling and rearrangenents within the
GPN sequence have not altered per se the capacity of

W kios/osmbecul e to i nduce CD8+ T cell responsesPCTIGBR@a/004038

nonkeys or man agai nst the native gag (pl7, p24),
truncated-pol (p51) and nef sgquences present in HV.
30 Scranbling and rearrangenent of the native

pol ypepti des constituting the GPN protein may have
created new CD8+ T cell epitopes unique to this

- nmol ecul e. Since these WO 2005/ 030964 PCT/ GB2004/ 004038

Bigurepl shpes peafaradngink géng eonsieicks dderfequencads opatigpeys and has

| .or nef seguenges,w.thin the,HV vir t [
Sk PR PR S Rintlsh " BByt st bR vArn Bfiveen G
fQu&lceamti tae MIVaVIolebilel BihAdldkyasdq@etden@BgRstNgl sudh\sequence
Consequently, these epitopes have not been

VaiipEgns yaskev®ur t her in this example. 5 T hel per
i h i : T
1512;}1{602 ]?sflg&ts s%laﬁl%ﬁed' EHHJﬂﬁlJee%?:,é%gf Sg&%&%ﬁ‘?ste Hgdéé‘leté)ﬁgglﬁc Class II

ctor ‘response 1n ter
divpdtbmpatkohkier ef ore may enhance the efficacy of the

CD8+ T cell response against HYV infection, 10

I8R5 $honts Tohelpgs eptigngs ¥ soaAmbledines G%&@%@HWF@FE {%3B)-
PBEAY Ry L e Ve %), 3253 e rcion of s
eporhbinent] fowddxahrsinPIRSt dxprbs BingRragtmilnatef. Theor et i cal

El%ﬁ]%?%%/l@?{ﬁéa 1%6}8 gi Cgi’ge)ti;o% m@'ﬁﬁ'f@@%é&ﬂa&r the construction of a
MBEmb Rt YW %sﬁ%/ghgf?ypﬂeﬂgyl maps/ | i el per/hel per. pd
f) reveals that all "6f the hunman T hel per epitope

Eigyrechehosvsi the sagiérice of PN dalne GENgzeguense 7s shgpvy) in normal text. The

truncat ed- pol 51) a nef .are present t he N, .
USSR R s, gl el ot sl AR b Bt AR sites are
HRREirRAJ G BfiSe MG tdrien A3 TEASB CRokA VEbSIA!

reduced the capacity per se of this nolecule to
Figateckshpwsed fpe pharb@ffy?@rwblsy EgdSpeftastdeecribgdiiy Exgmple3p17,

Pt o S el Coran P B SR e L B SRt o

?1%4;%(38% @%?ﬁs{ ﬁééf%glghk YohRPE&5iEEA el In AW BN-AHI98pot assay. Amino
acid length shown in brackets.

Figure 10 shows a bar chart of GAG-sp ecific responses in ex.4 group 4 animals.

Figure 11 shows a bar chart of POL-specific responses in ex.4 group 4 animals.

Figure 12 shows a bar chart of NEF-specific responses in ex.4 group 4 animals.

Figure 13 shows bar charts of IFN-yresponses.

Figure 14 shows a bar chart of IFN-y responses elicited against selected peptides from

gpn-sequence.
EXAMPLES
Example 1: Analysis of CD8+ T cell and T helper epitopes in the GPN sequence.

We used ProPred to compare T helper epitopes for native NEF versus scrambled NEF.
This program predicts that there are more T helper epitopes in scrambled NEF
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truncat ed- pol and nef sequences in GPNis likely to
have advant ageously created novel epitopes bridging

wo b@spaiont s at which these genes or parts of gRCIEEBR@MO04038

been fused. 25 Moreover, shuffling of the nef gene is
likely to have created a nunﬁar of novel epitopes
bridging the shuffled sections of resulting
polypept|de Such novel T heIper epi t opes
QLA LIL S [pYodBBY iflchbd. | TRANG @%ﬁﬁ%&e%amQ GMibSd NEF
m ni tered as a vaccl ne, er enhanci n
beqaadehs ariehss by wrigithn eficitihg "Dhe]begmt;hCDﬁwL rTeC@I/mpor@%as native
T cell responses elicited by the pol ypeptide(s) of the
sent invention relative to the 30 native GAG
truncat ed- POL and NEF proteins. WO 2005/ 030964
PCT/ GB2004/ 004038 36 To denonstrate that shuffling had
CD8atlectlldiilepes al new T hel per epitopes, the native

cranmbl ed NEF pol.ypepti de n (F' ure 2
P+ oD rksli i detomgioe st Big i el AHEREETT () %@ fidve been
RdsB&lhied ivAlth B&REY I vifd¥REDL Y h NI ifRktibix iRasgdand SIV infection in
prediction algorithmas disclosed in Sturniolo et a
nenkeyBi ot echnol . 17. 555 5 561(1999) and Singh and
Raghava (2001) Bioinformatics, 17(12), 1236-37, such as
maybe found at

ChinppridohveimtenGENh sd(@snden( FREPAV §/ witlo phe HYB2 reference sequence
Conparison of these no|ecules reveals ubstanala

gu@w@@sml the {HY rgp]@gqllé]f Bynanalogy qgf.ziq ecular Immunology
h§§L. :i\}éafp"s gg C-I]I—)8+elL D&l %@Pdp%%{ﬁc;augigér gfrétt;]%d g&%&t@fn”mfélcﬂf&olo gy

pred epi t opes 'nt NEF sequence
hmhﬂﬁbﬂ@mnaiﬂym NeFmee (Nahoes] ( Erbermatesy.3 Avgust 3B) 203;  http:/hiv-
] h sequence has resulted in
: : -IS@E? és for
enhancenent of the CIB+ T cell response against this
pol ypeptide according to the present invention. These
Thisaompgemuscyealsethatialhef the rkr@wrt wpese 4151 benpr CH8+ heelk epitope

ggltqges SP%%&#FJPFH%ure QESEMhé%? z g&&ﬁf%&%g@guepﬁﬁmﬂ

Ress @@Uﬁdl?ﬁ@@ld@@é@%ﬁcé Uﬁefeﬂ&'@%ﬁhgi@hlﬁlrﬁ) acBiMREEhckdBetween the
proteins conprising the GPN pol ypeptide. Conparison as

b ragpense and dheet nﬁﬁer%"@dseeéel@f@f Frigonensrauencgs eee indicated on
u
BN S SR AR B RE R BB Befhiba cpitopes
gRieigh Sheyanst Vary&eldtﬁemro the mretem sequelfcea:rdﬁ?l\i/}ﬁdsﬂmy were defined
protein, This gene consfruct is used in nuc

st e Y b s paaetip o Dpisges 50Uk Reriian Hahrd gV Protein
it | Aol MyBo2nd R wYS P &év/@aﬁerﬂmnm@howpdﬂzooz/
immuno2002.pdf).

Therefore, shuffling and rearrangements within the GPN sequence have not altered per
se the capacity of this molecule to induce CD8+ T cell responses in mice, monkeys or
man against the native gag (p17, p24), truncated-pol (p51) and nef sequences present
in HIV.

Scrambling and rearrangement of the native polypeptides constituting the GPN protein

may have created new CD8+ T cell epitopes unique to this molecule. Since these



10

15

20

25

30

construction of sane. The use of reconbi nant virus
vectors such as MVA and/or fow pox vectors to boost a

wobRspB@ss d- medi at ed prine has been shown to PETGB200a/004038

strong i nmmune response in 30 rodents. Essentially the
same constructs also find apptication in primtes such
as humans. WD 2005/ 030964 PCIT/ GB2004/ 004038 37 In this
exanpl e, the therapeutic antigen delivered by the
b BPiBRTikA9 %o Bb PHSER in GRRRY g§% Spdt driF Qémiéﬁégs%ﬂﬂhm the HIV
d on the products of the ucts of the H V-1
@nasdeheB argy thgrefprs] umhkdlyrtefbeg:é ﬂneQIOgSCaTm@evmgrfm anamrel antigen for
g@g@f -nef gene sgg% e asla épgles ot been
CapBi gYa BT @5?118% id %ns a‘WSP Yi €4 eb;‘ipﬁ%? Sgpave n
PObNERlca TRt @k thid 8agdpl@n cloned into the
comercially avail able plasm d, pUCl9, to nmake
pUC19. gpn, (or 02-213), and the nucleotide sequence
?%%@r ﬂfﬁg 10 The gag- pol -nef gene is subcloned into
md vectors to make i) a plasm d expression

Dliefer dnnfubeegpnsdsognhase e GDBH Ticel effpetdr bsponkd in terms of
vivg use such as preclinical testin

f

pasutdatard hresith eue theTRRH My anhagse oﬁﬁ'wg?y of fheaCD8+ T cell
OPKG6. f h '

SRR O AR, PO, 900, %ty ot cnet 111

A expreSS|ng gag-pol -nef; iii)
a reconbi nati on plasm d, p29D.gpn, for the

B R e, b eI RAN, L Y O S E T Bl D Bubtished in the
APE2mMebdar Ggﬁbco\r’:’?ﬂw Mble&iar AlmARPB10by! W%aﬁ@%f T helper

20_p4391 4398) alns an expressi on cassette based
pltqmeLhwmns Rlotsere dpal Brotein's Thneoselical Biokadyy and ddiopkysics, Los

|ntro |ne t he boyi ne.growh ho ne
g’ p0|§%ﬁ%&€|atl ¥&§$8ﬁa| to 3§ﬁ?ess syn 1|c http://hiv-

88b lz@dDQoﬁl:dﬂté}ﬁ/ﬁ]ﬁnﬁ@ld&hfn&nﬁlﬁb@%@mcﬁBﬂﬂg@ékﬁaalsThEat all of the
expression plasmd n 1 s nmade di gesti

n
bmgTdmpev\nepﬁOPeAmueraﬁw fied tfpmmtl\@ngﬁgw@lﬂhpg4) truncated-pol

| I
LD it DHREATH RS Y B PRUPAFE oho (HRRIRE. yfine and
parrhidehens. withia tht 8PN sbquancbaa®d md reduced the capacity per se of this
molecule to induce T helper responses against the native gag (pl7, p24), truncated-pol

(p51) and nef sequences present in the clade B virus in humans.

Since T helper epitopes are usually longer than 15 amino acids, fusion of the gag,
truncated-pol and nef sequences in GPN is likely to have advantageously created novel
epitopes bridging the points at which these genes or parts of genes have been fused.
Moreover, shuffling of the nef gene is likely to have created a number of novel
epitopes bridging the shuffled sections of resulting polypeptide. Such novel T helper
epitopes advantageously may elicit immune xresponses when GPN is administered as a
vaccine, thereby enhancing the breadth and strength of the biologically-relevant CD&+
T cell responses elicited by the polypeptide(s) of the present invention relative to the

native GAG, truncated-POL and NEF proteins.
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the commercially avail able cloning plasmd, pSP72,

(Pronega Inc.); the standard 30 nultiple cloning site
wheing3mepl aced with a synthetic |inker contai PCTIGB2004/004038

unique restriction sites and the vaccinia virus P7.5

| ate- early pronoter and | atg.P11 pronoter arranged

in a head-to-head orientation. The |inker also has the

first twenty nucl eoti des WO 2005/ 030964

PEHABANGAL A4 ORANZE 10 LhReESRbATACHA TCRéIperl @Ktépes, the native

(bet a- gal act osi dase), gene as found in the vaccinia

WEEuand sexaiobloil NSER oolypéptitei stqpsCies, (F{gtia 2 atve coinpeted alsing the

985 I 3403- The synthetic

it "M, Gl Ot i e AR, prod i, oy RSl a matrix based

pfddﬁﬁ@ﬁ%l@@ﬁﬂhﬁﬁ%s digoIa¥et f ine GrpiioT&Ret andNet. OBﬁfdedhﬁbp 17. 555-
commerci al cl onlag%épl asmd, pcDNA3.1, to

é@(ﬁﬂ99)(@fd Simgsegy R %é%ﬂl@éh@éomfomlcsd@(bﬁs éZ%faﬁ? such as

I pelo
aggt gtf?l%rgdaagt( tip.// Witech res.in/raghava/pro red/)gggcac t agt aag

ggcccgt gcaat aaat t agaat atattttc
tactttt acc aat gt acaatttattat t t at gggt.gaaaaact.t ac
pg{ngglascfg)ge %@ eYSanbsg‘{’ @‘Qaggla changes in the predicted human

fATO RIS I @&ﬁ%@ﬂ%%gﬁ%@%&ﬁ%@%@g&%%ﬁ ﬂrte&ueh epitopes

tttctatgctataaat gaat ggat ccyt

ot the etV GiE seaagote dopogh € agtiyeddiEdgmguetact(FigurdstA and 3B).
LacZ gene from pSCl1 is subcloned into pLINK to make

pLi nkLacZ. The |inker and LacZ gene were then

g H@é? |s&ﬁ§1@hh? bPthe %E’F qadhcd hahRbulRad I thbRRBAf 88GRonal T helper
that a conplete beta-gal act osi dase-encodi ng open

eritapien (for reahancemetitopirdles 3713&'1 ffeClBH re:sgonsheagamstltatsepolypeptlde
E Qnmt er, Hﬁ make SP7 L|nk gv { ﬁﬁg @ it
Epresent| 81’{%98’6 BIXS%“B’au r e%e B a%%odlssn o i BF@ST epitopes
thapiieaRbse dpitbgesishowi e Mehrel 31y srd l\xﬂﬁc}kaﬁé%geﬂt tfilon BROR 3B.
were isolated from WA by PCR using the follow ng
primer-pairs: 20 Left-hand, (5-prine) tk flank Forward

R R R AR L e A gl M fusion poios

b&weem iy pidteihl ankpAfing aheabGRN m’olmséptlde Companson as described

WTT%G@%%%GTA%%G4RWH se prinmer

PCT/ GB2004/ 004038 39
Example 2: Recombinant GPN gene in DNA, MVA and Fowlpox

A recombinant gag-pol-nef (gpn) gene is constructed for expression of a GPN fusion

protein. This gene construct is used in nucleic acid carrier such as DNA carrier (eg.

plasmid carrier), as well as in MVA and fowlpox vectors and materials for

construction of same.

The use of recombinant virus vectors such as MIVA and/or fowlpox vectors to boost a

DNA plasmid-mediated prime has been shown to induce a strong immune response in

rodents.

Essentially the same constructs also find application in primates such as humans.
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The 1500bp PCR products are cloned into the comerci a
cl oni ng vector pTOPO TA, (Ilnvitrogen) and sequenced.

WG 200803096 ht - hand fl ank is subcl oned i nto pSP7RCT/GBR@EH4038

as an EcoRI-Mel fragment to make p72Li nkLacZR The

| eft-hand flank insert is thsg subcl oned into

p72Li nkLacZR as an Nhel - Sphl' fragnent to nake pOPKG.

10 Subsequent sequence analysis of this plasnmd

identified an additional 174 base pairs of sequence

in the pOPK6 backbone plasm d introduced fromthe _
hiTROeTAMec ther thewapéntict ardigenfdeliveral by dhk reepmbipant pox viruses

non- speci.fi.c cl eavage.by the Nhel ne.. The
EPTEPIGY & ARSOTRIE D} BT S Che B Gl 1o (R BIOGHE Of FagRITV-1 clade-B
CASL et BERsPOPK6 as 15 an Apal - Ascl fragment to
meke pOPK6. gpn and the gpn insert sequenced to confirm
no alterations had occurred during the subcl oning
eps.... ki | asmi,d. fu i on [ f.or -
ThEPSermtr et K BltheS Rt B8 SRRl %, oBfics, 55 gyspiappine
oligdnhelefiTde, lapipfiedrdyy ugy ofgiotymetast occhaie rédctioncelsnaf into the

MVA. 20 FP9 vector The EP9 strain fovw(gox
paERBAsialt avaHahle phavndd, ERLSoto ake Gl hern (P25 3), and the

. 1Sk e dnstitute for Aninmal Heal th,

%Jrir%tlg%écﬁﬁﬁges%ﬁolv% ed by Q ngzhong, 25 Y. et al
1994, Vaccine 12(6) p569-573. The gpn open readi ng
frane S subcl.oned. from 19. gpn .as bl unt ed
R peaspmel Bpeya Sl b RE R U Vg BRI 1 o

ke pERkat PRPIRAEE NSRS gbifsr uddl RS PrSnERONRE: for in viv
pﬁat LgcaY ang_@ggsrst. g)g Lac’ggsha_d_g%een 1iln.trﬁjceql with e
tisessublae¥pi8clinieal itesting ehgprdcoritaigingrscomhianipaxvams gectors;

FL29. Consequently...a Lipker synt hesi zed  hat :
ﬁﬁ O\Ag(ﬁectoiqﬂn%ag]logtqtl%%rhg,f péﬂ%% m, f(ér Ehaegc@ngﬁwdct%]s?% Sfrecomblnant
MEA eeprbdid e 312805/ 030964 PCT/ GB2004/ 004038 40
LacA open reaé ng frames by neans of a BsrQ-Blp

di)gese refonpEmtpa plesmidk @29P2ppe|fen thaengeiptioncel dfrecombinant

@%%&%&%%%@@@%M@MT@A 5

C The gpn expression cassette was then subcl oned from

EFL29. gpn as an_Aat || - Sphl
%he expregspi)on plasmid, pSG2.MeP3, (Palmowski, MJ. et al 2002 J Immunol 168

-

p4391-4398) contains an expression cassette based on the human cytomegalovirus
immediate-early promoter and intron combined with the bovine growth hormone gene
polyadenylation signal to express a synthetic epitope string containing melanoma
antigens. The expression plasmid pSG2.gpn is made by digesting pUC19.gpn with
Apal and Ascl, blunt-ending the insert, and subcloning into blunted Pstl-digested
pSG2Mel3.

The MV A recombination plasmid, pOPK6 is made as follows. The plasmid is based on
the commercially available cloning plasmid, pSP72, (Promega Inc.); the standard
multiple cloning site being replaced with a synthetic linker containing unique
restriction sites and the vaccinia virus P7.5 late-early promoter and late P11 promoter

arranged in a head-to-head orientation. The linker also has the first twenty nucleotides
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fragnent into Aatll-Sphl cut p29Delta to nake
p29D. gpa_ The gpn insert was then sequenced to

w@emwkiosaywao al terati ons had occurred during thBCT/GB2004/004038

subcl oni ng steps. 10 The reconbi nati on plasm ds,
pOPK6. gpn and p29D. gpn are uggd to introduce the
P7.5-gpn expression cassette into MVA and FP9,
respectively. The reconbi nant poxviruses were nade by

@Pt'ﬁ@|EQ%#z%hfae&‘d?ﬁpédZat(lbé?d3gﬁﬁct$§"'&asb') b ad 501&&1&@@6 Wh&dima virus
the relevant reconbination plasmd in chicken enb

fecombivhhen pla(smEFpSCblu |(€h|¢1<éd)acts ehel 198anil Eeliopiet 3| 1&403 3409).

olo ues._a rlbed
Bhe oS hel” Il oF Safhefti” B B SxiB Bh ] S laphing; BB0cleotides
DPBfieOby PCR raﬂlurtgoﬁesa mwmal dogirhércial ch@iing didsuriér EDNA3.1, to
i nstructi ons. is made by infecting

weke pLisks (o Q?t-’néﬁb N héﬁe@Emec@ﬂth@QM Rage PAIGHIKET is given below:
reconbi nant MVA, (stock 575FHE-K), derived from WA
passage nunber 575, (Mayr et al., (1978) Zentral bl

BakdteadtiabtebdihgochfildaSadppe & ocbog@fjactiitan gygtddgticaatndattaghatatattttc
infection of 0.1 for one hour. The infected cells are

pﬁgﬁacp?,%ﬁargtﬁ%tg@aaqxﬁtzit}@ttgéggw@ﬁaa@c%actaéwagg@@gﬁ@g%ggjﬁﬁagtggtac
g&%&ﬁﬁ l%{ F%ﬁ&%t?ftﬂttttaarigétﬁfagﬁgmttcctcaagggatccgt
g to 5 the mariufact urer” s protocol

cmtt'gcﬁgsatgcteagqtugaggtcggcmmgag hree days before
harvesting. The harvested cells are freeze-thawed
three tinmes and titrated as ten-fold dilutions and

Pwt bPHRA d¢Z0RNhe HYm ﬁ%l?is%hﬁ&oﬁ@ldlh%]LMtbﬁﬁﬁ( ﬁkLacZ The

he nmediumis renoved and replaced with CMC- ne
bmlmramd ilagZ emavegmidien h@cquled ite PSPE Lasar X@oI-BEII{ iﬁnagment such

um f nbln
PE P Bl B ol RSO a0 2 gt rovime
the quln@t%tpeom@t%ptoqﬁmfetpmngm@ ning 1001 medium The
pi cked viruses are plaque WO 2005/ 030964

PCT/ GB2004/ 004038 41 purified five nore tines to

r ri ] =l t I I
D o e B e Pl e ao the BooRI
piteetrothy mvmmynhmnan{m @kpgene Wilre iSCRIqdr ﬁmiudﬂ\/(ﬂn éy PCR using
the virus DNA is. screened using appropriate priners. 5
BisrolowWIBeRTERT S ng was perfornmed on virus DNA
purified from2ml cultures infected with fifth or
sixth round clones of MVA gpn. The virus DNA is
peftilahédSysinng) tlafl@ilagen Bl ood and Cel |l Cul ture DNA
m n-Ki t

Forward primer CAATTACAGATTTCTCCGTGATAGGT

Reverse primer CGTGCATGCGGCCGCAACAATGTCTGGAAAGAACTG

Right-hand, (3-prime) tk flank
Forward primer CAGGAATTCGCGGCCGCTGTGAGCGTATGGCAAACG

Reverse primer TCATTTGCACTTTCTGGTTCGTA
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(Q agen GrbH, Max Vol mar str. 4, 40724 H | den,
CGermany) according to the 10 manufacturer's protocol.

womemmeact i on was perforned using Kl entaq preof/GB2004/004038

readi ng pol ynerase (Sigma) using appropriate

I ncubation conditions. Paren%gl virus was screened for
using the following prinmers to give a band of 471 base
pairs in the wild-type, but nothing in WA: 15 TKU
CAATTACAGATTTCTCCGTGATAGGT  TKL
TCATTTGCACTTTCTGGITCGTA 20 MVA. gpn was screened for
using prinmer TKL and the following prinmer to give a

Vo e aAHEPREREE o dotsapacBeeober Lt ERPeARer STOPO-TA,

ﬁﬁmggﬁ)%d@équ%ﬁ&d@N protein from WA. gpn is
confirméd by I mmunoblotting as described bel ow. CEF

cells are infected with MA gpn or WA LacZ control

$hi tEpEherd il i pbfned 14 poR USRS Bhal pdRPYet fpgment 0

apke p7ATIAKBRZRe The it RanlGlinkeaNeadSs tHer subdldned amlpF2LinkLacZR
buf fer and el ectrophoresed through a 4-20% acrylamn de

aean Nhef-wnhd fragnpitde made 9RPESa nitrocel | ul ose nmenbrane.

The transferred protein is then probed wth either an

anti body specific for the haernagglutinin tag WO

SEKel (30 SEiheiRC bheIPRie 04 (HHOMARR] MidertAbedhiag additiote 74 base pairs of

E

Bt s DOJOR e AL S-S EED PSR o O HBHOA Afor with
[
A AT T bl oM tlsbite oo

approxi mately 134kDa cont ai ni ng P24 and HA ep| topes

at vvas ahsent cells fecte t
R b BRI o b By S P o RU G S S osp PR as
42 Apal-KEer, frélgﬁ*xe(ﬁh td fhakd p@PK%egpnafﬁlHQE@%h inbdrh sédﬁ@nced to confirm

speci fic band produced in the MVA gpn-infected cel
E&p}t@etsmﬁdlaébcmm@d@mngﬂ@tselbﬂonmemeplsg gpn is
confirmed by i mmunoblotting. CEF cells are infected
with FP9.gpn or FP9.LacZ, ('FP9.29D ), control virus

Thisdldsthidfihictiphs B 4 yehidle FoifieédiRmedthelgpnlbiRnauaditg Erahfe, under
i ncubated for 5 days before harvesting. The cells are
pugrod af the Pf(ﬁ(ia@ef@ﬂé‘@@@% igphesthripges of VA and

el ectrophoresed through a 4-20% acryl am de gel and

el ectroblotted onto a nitrocel | ul ose nmenbrane.

FP9 vector

The FP9 strain fowlpox recombination plasmid, pEF1.29, was obtained from Dr Mike
Skinner at the Institute for Animal Health, Compton, UK as published by Qingzhong,
Y. et al 1994, Vaccine 12(6) p569-573.

The gpn open reading frame was subcloned from pUC19.gpn as a blunted KpnI-Sacl
fragment into the Smal site of pEFL29 to make pEFL29.gpn. Sequencing of this
plasmid showed that LacY and part of LacA had been introduced with the LacZ
marker gene during the construction of pEFL29. Consequently, a linker was

synthesized that allowed the deletion of all of the I.acY and most of the remaining



10

15

20

25

30

The transferred protein is then probed with either an
anti body specific for the haemagglutinin tag (Abcam,

w@eoosnadspeci fic for HV GAG P24, (Dako) and vPeUuaB2e/04038

15 using a suitabl e al kaline phosphat ase-1| abel | ed
secondary anti body and a chr%_ gen. The bl ot assay
indicated that the cells infected with FP9. gpn
contained a protein of approximately 134kDa

- t
SOPA ST i SRIEES, DL, ORESR( LD o

we?Ig¢ita. Bhe saqueERNftholimien is gvdrﬁl&lt’SN kDa, which is | n
cl ose agreenent with the specific band produced in the
FP9. gpn- 20 infected cells. The i mmunogenicity of the

WA GEACATG TR ATNCYATTATE ARSTEETEG T (BREBGA AGTAATGTA
using a “prime-boost' protocol. The mce were divided

Cht o groups of four animals. The follow ng test and
control groups were established: 25 pS&. gpn (509)
prinme followed 14 days |ater by a boost 1x106 p.f U.

The (A egpiessiond Shs2et@Pwasd ﬁibh @ﬂ)blﬂiﬁed bR .29.g@a Vs an Aatll-Sphl
| ater by a boost |x106 % of FP9.gpn. 30 1x106
fragmgnt ito Apdl-§pkl etaReDelt ﬁgenqé(efp@D gpn.-FPoe gpn insert was then

T St S %ﬁcﬂﬁ%%ﬂ %
were harvest ed and the nunber of GPN-speC|f| c

terferan Secre 0 es determ edJ

¢ et hoRa s AR PGSR ge Wl o riroduce the
?ﬁ/g&%&%&#&ﬁ% @és%&tﬁhﬁﬁﬂ\% §ﬂd FP9 HgspQ:tiQf@&ye pi t opes:

TTSTLQEQ H2- D CD8 épit ope: RGPGRAFVTI
H2- D CD4 epi t ope: NPPI PVGEI YKRWI LGLNK 10 Bot h MVA. gpn

d FP9..gpn. are shown to d ce, str.on
T8 seirou Gty TR Quekd sl b eIgREe TRbmbifionsof the virus
%Bﬂtmib W0h Ghe/RlFhRatembiasRANSI8srhidan cﬁlbleén eadiyd Abfdbast, (CEF),
groups receivi n%j a single injection with virus.
cultures using standard molecular biology techniques as described in Current Protocols
in Molecular Biology, Ed. F.M. Ausubel, John Wiley & Sons; or according to

suppliers’ or manufacturers’ instructions.

MVA.gpn is made by infecting confluent cultures of CEF cells with a non-
recombinant MVA, (stock 575FHE-K), derived from M VA passage number 575,
(Mayr et al., (1978) Zentralbl Bakteriol [b]. 167(5-6):37 5-90) at a multiplicity of
infection of 0.1 for one hour. The infected cells are then transfected with between 0.5
and 2.0ug pOPK6.gpn plasmid DNA mixed with lipofectin. (Invitrogen), according to
the manufacturer’s protocol. The cultures are incubated for three days before
harvesting. The harvested cells are freeze-thawed three times and titrated as ten-fold
dilutions and cultured under CMC-containing medium for three days. The medium is
removed and replaced with CMC-medium containing X-Gal and the cultures incubated

in this medium for 20 hours.

Recombinant viruses are identified by a blue plaque phemotype and picked with a

pipette into cryotubes containing 100pul medium. The picked viruses are plaque
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Exanpl e 3: I nmmunisation with FP9.gpn and MA. gpn
elicits antigen specific CD8+ T cell responses 20 In

wa bios/ozseepl e it is denonstrated that FP9. gpn BCTGB2004/004038

MVA. gpn elicit enhanced antigen- specific CD8+ T cell
responses when adm ni steredéi one or in a prinme-boost
i mmuni sation regine wwth pS&.gpn. In this exanple,
the denonstration is presented in mce. 25 Fenale

g\]ﬁﬁﬁlgcﬁ\@ &8rd Bmes & YRGS :t}¢ ) ﬂoﬂi‘ﬁﬁﬂ—%@&%iﬁﬁg $faekntal virus

pS&. gpn by intranuscular (1'm) injection an
Povsefimedtly theXabtege REWHRYD gpre phrenotyke 1081 thesbsgpme of a WT

[ inj Fon (iV. A ks .l . A
PR PhRY BB TS DO, bl B R R 1 co
are immunised iv. with 1 X 106 PFU FP9.gpn or 1 X 105

MVA. gpn_at the sane tinme as the booster inmunisation.
BurityobirRetgreaming wast eerfogmed wogirey DNdyupPESied oomalml cultures

{ﬁgfc]?eda\%ﬁh ﬁ@tﬁroirfs{xﬁﬂjoumf cﬁgésvci)fé\?{/féh&ny ocation and the T

response elicited agaln @ H2arestricted
CD8+ epi topes WD 2005/ 030964 PCT/ GB2004/ 004038 44

fromthe GPN pol ypeptide (Table_ A AI\/Q(1j TITS, RGP) s Lo

4Bt aims ASALY pyriisd usmg sfdingers $igods andy Kselk iGrdre, Mgy, min-kit
j 0G0l b e : .

[PPaC oD e TRimEl R0 H07R YEEE SxPrmtBN peordine to the

panufhctertr Whivotabldl. & ROR 5€gtian twias peiNoymdl wsing\Klehiad pvbdl reading

RA6A2 5 Streptavidi n- Al kal.i ne Pho 1'phat ase Conpl ete

BOVERTATR R &M PR BE e RR COUHI I e M 4526 15

50mLl FCS [109% Sigma F-2442 5m pen/strep [ 100U

penicillin 100[tg strep] Sigma P-0781 1 Oal

Parghtal inisreay straghedfog weinGtirsbBowb@ogireveo it @baihoiod 71 base

Lo, o2 Q58 R p it tn Oty A
TKU CAATTACAGATTTCTCCGTGATAGGT
TKL TCATTTGCACTTTCTGGTTCGTA

MV A.gpn was screened for using primer TKL and the following primer to give a band

of approximately 2000 base pairs from the MV A.gpn construct:
HIV-UATACCCCCGTGTTCGCCATTAAGA

Expression of the GPN protein from MVA.gpn is confirrmed by immunoblotting as

described below.

CEF cells are infected with MVA.gpn or MV A.LacZ control virus at a multiplicity of
infection of 1. The culture is incubated for 3 days before harvesting. The cells are
heated to 100 degrees C in SDS sample buffer and electrophoresed through a 4-20%
acrylamide gel and electroblotted onto a nitrocellulose membrane. The transferred

protein is then probed with either an antibody specific for the haemagglutinin tag
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20 ACK buffer 8.29g NHC1 [0.15M (Sigma A-4514) 1g

KHCO3[ 1rM (Sigma P-9144) 37.2ng Na2EDTA (Si gne
wWEDDSS83096800NML milli-Q water 25 Adjust pH to 7PQF/GB2004/004038

with HC1(Sigm S-7653) Make up to 1000 Ml with water

and aut ocl ave Col our Developggnt Buf fer: Bi oRad AP

Conjugate Substrate kit (170-6432 ). 30 For one

pI at e: 5ml dei oni sed water WD 2005/ 030964

23200 GH O Ql:fi% f6§ HZIL@)GA@?C PZhXDaub] &hd v@%&hi&ﬁﬂaﬁ‘ﬂé aAuitable
01 rea ent and use immedi ately 5 Protocol
meromdeﬁfalahclledmemndaiymmd}&am a Goampgen. ghatst ase@amdlcates that

W' pal dheRtl ﬁ‘ép@\@g?w ot &% B lrbsf’.tﬁ abgioxihbilly. 134kDa

48ahiing PR4Rha PR apitopal tHae »vas airhi Methé CEE 1n$bcge@w1th MVA.LacZ.
P-3813) and add 501 per well to MAIP plates. |ncubate

dhe pradigied molfm:@,lar weaeth it GPAUPItRiAte23.52kBpowhichgs in close

B2, 5 BRI AD) PR P AL pny,

wel |l using a mJItl-channeI p| pette. Flick 15 off t he
PBS, add 1Q0ul_conpl ete a-NEM nedi um _per i/;e %
Expigssior oh ther GRM, relispefram FRY .- gy is pnfigmed bpy inprgunoblotting. CEF

Eéﬂ%or fé‘%fe&t@d k&&R FII@%;H{ e§P§L%Z| BFR0. 20, ShEMCvirus at a

Spl enocyte preparati
multiplicity of infection of 1. The culture is incubated for 5 days before harvesting.

The cells are heated to 100 degrees C in SDS sample buffer and electrophoresed
through a 4-20% acrylamide gel and electroblotted onto a nitrocellulose membrane.
The transferred protein is then probed with either an antibody specific for the
haemagglutinin tag (Abcam), or one specific for HIV GAG P24, (Dako) and visualized

using a suitable alkaline phosphatase-labelled secondary antibody and a chromogen.

The blot assay indicated that the cells infected with FP9.gpn contained a protein of

approximately 134kDa containing P24 and HA epitopes that is absent in the cells
infected with FP9.29D. The predicted molecular weight of the GPN protein is 128.5
kDa, which is in close agreement with the specific band produced in the FP9.gpn-

infected cells.
The immunogenicity of the MV A.gpn and FP9.gpn viruses was tested in BALB/c mice
using a ‘prime-boost’ protocol. The mice were divided into groups of four animals.
The following test and control groups were established:

pSG2.gpn (50p) prime followed 14 days later by a boost 1x10° p.f.u. of MVA.gpn.
pSG2.gpn (50p) prime followed 14 days later by a boost 1x10° p.fu. of FP9. gpn.

1x10° p.f.u. of MVA.gpn alone.

1x10° p.fu. of FP9.gpn alone.
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2.1.Crash individual spleens in 2 mM of PI Swth the
plunger of a 10 mM syringe in a 70 mcell strainer

W@ Eaboan96852350) contained in a petri dish, adeCBGBR00004038

PBS, suspend spl enocytes by pipettinig, and transfer

into a 50 m tube. Rinse ceIA%i strainer and dish with

a further 140 mM of PBS and add to the 50 znl tube.

25 Centrifuge at 1500 rpmfor 5 mn. 2.2. Renove
supernatant, re-suspend cells by tapping tube and add

5m ACK buffer and m x by inversion. |Incubate at room

7 daypeafxiruiesfiofection thepgaphérnbbload lymiphotwss watkibap egted and the

PBS, m i nversion. and centrifuge at 400 X f .5 ..
e o1 G a6 s Spe s Borremsn ge. B aeyes Hekdhide in an
EEFS%%F%QQ hsiﬁgt&ll-ﬁpﬁﬁ@oﬁﬁ{ét ’F*celeiio@@@dsB@alE@ ExdndpR; 3)ad d

10m" PBS and “vortex. Count using an I nproved ubauer

haemacytoneter by diluting 1:10 in 0.4%trypan bl ue

|yt .Sigma T-81 j t anount needed for the
E?T@W?&tgp entri fuggf}%%ﬁ%@gorpm for 5 mn,
resuspend by vortexi mMgSThQa® 5 appropri ate vol ume of

con&% ete Al pha MEM nediumto give a concentration of
@p!l H[Zfl%ﬂ%efml@p@ﬁ . RGPGHAF¥TEet up: 10 SO1 SO1 1 2 3

80 BB 0150150 NEEHRKTED TaOIASTE0 150150150

150150150 ,
Both MV A.gpn and FP9.gpn are shown to induce strong CD8+ T cell responses in the

mice.

The prime-boost protocol is shown to give greater response than that seen in the

groups receiving a single injection with virus.

Example 3: Immunisation with FP9.gpn and MVA.gpn elicits antigen specific
CD8+ T cell responses

In this example it is demonstrated that FP9.gpn and MV A.gpn elicit enhanced antigen-
specific CD8+ T cell responses when administered alone or in a prime-boost
immunisation regime with pSG2.gpn. In this example, the demonstration is presented

in mice.

Female BALB/c mice (6 — 8 weeks old) are immunised with 50ug of pSG2.gpn by
intramuscular (im.) injection and boosted with 1 X 10° PFU FP9.gpn or 1 X 10°
MVA.gpn by intravenous injection (iv.) two weeks later. A further group of age
matched naive female BALB/c mice are immunised iv. with 1 X 10° PFU FP9.gpn or 1

X 10° MV A.gpn at the same time as the booster immunisation.

Fourteen days after the booster immunisation, all mice are sacrificed by cervical

dislocation and the T cell response elicited against three H-2 restricted CD8+ epitopes
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C CC 15 Note: Plate layout should be varied according
to needs. This layout is convenient for this exanple.

w@25850196k bl ocki ng nmedia fromplate and add 5BdT/GB2004/004038

conpl ete al pha MEM nediumto colums 3, 4, 7, 8,
11&12. 20 3.2.Add 1501 of spl gnocyt es to colums 2, 6
and 10 in duplicate. (Up to 1 sanpl es per plate)
3. 3. Take 50gl of spl enocyt es fromcolums 2, 6 and 10

tﬁﬂgls Eel{egg%fl\f Eef)ﬁgﬁg&%elu e C O nt r‘é}{%'& rﬁ% 6%%8%(14 by IEN-y

EC]S;@BE&@y/aQﬂédaﬁBedﬁlﬂelcav4 Serially dilute each sanple
by taking 501 fromcolums 2, 6 and 1C), to colums
3, 7 and 11, mx well and transfer 501 to 4, 9 and 12.

.ng final colums in dilution.
@%@test I%é&tﬁfrg@cglnd control peptide to twce the
desired final concentration to 5 naive splenocytes at
10 mllion/m in conplete a- MEM nedi um Add 501 of
EHia¥: peptide and targeT cells to colums 1, 5 and
9. Add 50gl test peptide and targeT cells to remaining
colums. 3.6.1ncubate plates at 37C for 18-20 hours.
M#Empﬁlmlpﬁ’ﬁ@tmlaedl@my 2A 1. Wash plates twice with
PBS cont ai ni ng .Q. 05% Tween 20 (Sigma P1379), once
GPQHe antsHN-y purified Meb AN wi ce with PBST. 4.2.Add 50

bi Otl nti-nouse interferon-ganma
g‘i[)‘lt%?'%%i I\cgybicgl aé#‘iﬁdﬁ’ Raé%g I ncubate for 2 hours at
%ﬂ e?fﬂ%ﬂlﬁlﬁﬁkﬁme‘bh%sﬁ%ﬁ@e plates four times with
P hen add 50 Streptavidin Al kaline Phosphatase

(I\/Iabt ech) diluted to 1g/m in PBS. Incubate at room
rat &%or 1 hour. 4.4.\Wash plates four tines
BB wel | of col our devel opnent buffer

e until spots devel op
?%%W%em@altg 9@%&%‘1{9 N1al546
50ml FCS [10%] Sigma F-2442

5ml pen/strep [100U penicillin 100ug strep] Sigma P-0781

10ml L-glutamine [4mM] Sigma G-7513

500ul 2-Mercaptoethanol [50um] Gibco BRL 31350-010

ACK buffer
8.29g NH4Cl1 [0.15M] (Sigma A-4514)

1g KHCO3[1mM] (Sigma P-9144)

37.2mg Na,EDTA (Sigma ED2SS)

800ml milli-Q water

Adjust pH to 7.2-7.4 with HCI (Sigma S-7653)

Make up to 1000 ml with water and autoclave

Colour Development Buffer:
BioRad AP Conjugate Substrate kit (170-6432 ).
For one plate:

5ml deionised water



plates well with tap water, peel off plastic bottom
and | eave to dry overnight on paper towels.
w@adosb@bd on 25 Results are cal cul ated as the PCIG8r008/004038
epi tope-specific IFNy spot formng cells/mllion
spl enocytes (sfc/mllion). Pifferences between groups
are determ ned by one-way A and a post hoc
Tukey- Karaner nultiple conparison test on | ogio

b gﬁﬁ;&data usi ng GraphPad I nstat version 3.05.
2%(%@%£S€)ft S 2005/ 030964 PCT/ GB2004/ 004038 48 The
5@lgreapsht At i on that inmunisation with FP9.gpn and

MVA. gpn al one or in prime- boost regines with pS&. gpn
S@Miredgest Bint i gen specific CD8+ T cell responses in mce

1\4'.3 hl I gstr.at e%. itgl figure 7. Female BALB/c mce were
iani2Be 4 MO HYpsG2. gpn 5 (DNA) or sham i muni sed
with PBS (-) and boosted 14 days later with FP9. gpn

(FP9) or MA gpn (MVA) as described above. The CD8+ T
Pratpeolr esponse was determined in splenocytes 14 days

lafﬁrgg%{aqﬁgggﬁatf% i mruni sation using the IFNy

ELI ums represent the mean I FN-y spot
formng cells/mllion splenocytes standard deviation
for 4 mce per group elicited by CD8+ r,ﬁactive

{ : 10 ,
epit Sppasingpatese eoat A lapmliscgerplgies (MillipprMAIRSAZHN with
epit L [ ' = i
At oBRpRaRs IR Oy Ry OB DRk B0RE I Phos phate
HI' V- THRERRGFRAE YT S0 Bnd Pe3Ba 31l avid hAVROMPé:I| K IR §8lates.
H V- 1TTSTTSTLQE H 2 gag

Incubate overnight at 4°C in a humidified chamber

1.2.Blocking plates: Flick off coating antibody and wash plates once with 150 ul
of sterile PBS (Sigma P-3813) per well using a multi-channel pipette. Flick
off the PBS, add 100ul complete a-MEM medium per well, and incubate at
room temperature for 1+ hour. It is important to keep the plates steril e at this

stage.
2. Splenocyte preparation:

2.1.Crush individual spleens in 2 ml of PBS with the plunger of a 10 ml syringe in
a 70 pm cell strainer (Falcon 352350) contained in a petri dish, add 5 ml of
PBS, suspend splenocytes by pipettin g, and transfer into a 50 ml tub e. Rinse
cell strainer and dish with a further 1O ml of PBS and add to the 50 aml tube.
Centrifuge at 1500 rpm for 5 min.

2.2.Remove supernatant, re-suspend cells by tapping tube and add 5Sml ACK buffer
and mix by inversion. Incubate at room temperature for no longer than 5
minutes. Add 25 ml PBS, mix by inversion and centrifuge at 400 X g for 5

min.
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HI V- 1INPPNPPI PVCGElI YKRW | LGCDAH- 2' gagLNK 15 Single or
pri me- boost i mmunisation with either FP9.gpn or

wORMSOpYe£l i cited a significantly (P<0.01) enkerG8e004/004038

antigen-specific T cell response agai nst each of the

CD8+ T cell epitopes when conpared to sham i nmuni sed
controls (Figure 7). 20 WO 2005/ 030964

PCT/ GB2004/ 004038 49 In addition, primng with

0S : : . o

S o TR PRl 36 MR e O qadind M 00 R0 ol S and
CD8+ Tvoriek! Cepit eypes whenprozehPanteder lmegiapgometer by diluting 1:10

i mruni.sat j,ens Wi each virus (Fi e 7). It should

o notibd A/Raseihblig spidion Stk Py gt anpudepiSd for the
this exppbi ARNEentrIfligs at 1960 rpiR! et b \Weinl FEFHGRNO DyStdéx Phg in an
the viruses has not been conpared. Naturally it is )
st r ai gipPropFiakerlupe af sespletenAlphp Mg medipindg givrea concentration
exanpl i.th.identical viral titres. Thus it is
denons()(%rlgltr{élgh({%caepysﬁ}em fic CD8+ T cell responses are
elicited against the 10 reconbinant H V genes

according to the present invention such as the gpn
derfdat\sefihiuni sati on with either FP9.gpn or MA. gpn,
indicating that these constructs are both potent in
eliciting an i mmuune response agai nst the GPN

pol ypepOjute. Moreover, 5patent inmune S6gpbonses are
directed at epitopes lying in the N and G 15

term ral —pegr ors of t ke -GPN>pet ypept kee> i-adi eati ng

t hat the whol e fol ygepti de is expressed, processed and

predentéd aftertdelPver§ with & theét FRO. gpd ord2
lrmepppp— T — e

[ nd P85 es agai r|311506 ach [

adm nifsfsgr 0 affi malfssphat 1 Wi th

p . e ndilcat bot h boost i ng

adent 4 1 e bdost Jimgguni sat i anple 4.

| ilci of §FP9 ¥gpn |and at es| The

i of |t he Jd@A |i mmu 5t rat ed

(] e (e e - el city
of{ t he ypedti dd e8nsi st|i and
ng ' of @ adq BHIrV- —uman
. 150
prj_nat ca nul agta) .l 30 pr of Tan
cqdon Jusade) Ils ejpreqdsigd |l n rlecoyoi ntqgo WA,
150 150 |150
C C C

Note: Plate layout should be varied according to needs. This layout is convenient for

this example.

3.1.Flick blocking media from plate and add 50ul of complete alpha MEM
medium to columns 3, 4, 7, 8, 11&12.

3.2.Add 150pl of splenocytes to columns 2, 6 and 10 in duplicate. (Up to 12
samples per plate)

3.3.Take 50pl of splenocytes from columns 2, 6 and 10 and transfer to columns 1,

5 and 9 respectively: these are the negative control wells.
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fow poxvirus FP9, adeno virus and a DNA vacci ne

vector. The polyprotein expressi ng WO 2005/ 030964 50
weEFaNseBReON4/ 004038 constructs are adm ni st er edPCTIGB2004/004038

het er ol ogous i nmuni sation reginen in order to induce

high Ievel s of antigen-specifjhc CD8+ and CD4+ T cells.

Tabl e B shows the study design of the immunogenicity

studies. 5 Table B Group No Prime 1Prinme 2Boost 1Boost

2 nepshia %ﬂtezﬁgﬁysaél%%aﬁy Q4ing 50p1 from columns 2, 6 and 10, to
1FP9. gpnFP9. gpnMWA. gpnWA. gpn

2WA. gphivivs p7eRD 1§ anixRYeID@ ttanksied SOphiteMA.Ogmid-12. Discard S0ul
4pDNA+I L2- MVA. gpnFP9. gpnAdeno. gpn 1 g/ fc The design of
the nerdiSlmexiag bl eoumnps ig detioml e i s shown in Tabie B.

10 . . - '
af o S0 PR BEpER: SldRohAbRES) LIS PR AR con{ @i fion t
I Munimite plenoBAdbCst Memnmilien/md it asepled-MEMtrsdien. Add 50pal of
ELI Spot and intracel lul ar cytoki ne assays usi ng pools

of overnaphpeniidgapt ity calls toatolwmngy 1 hrinth 8 Adds o Jess peptide
are tested ri and .at the end of the study. The
frequear?ggarggflcémﬁ?-rg%%lplé’tgicﬂ_ tells is tested by

| FN. ¢ Trfclib a3 Plat @S 3YSC fova8-JoimEe © for overlapping
peptides used). In an additional group, for

conparitive purposes, DNA vaccines adjuvanted with IL-

0 2/[)a fusi,on,proteins (Barouch, D. H, A Craiu, et
4 B VSRS BEASRY | Acad Sci U S A 97(8): 4192-7) and
reconbi nant adenovirus are tested. For study design

see Table B. There are_several paraneters that are
pr ¢k biYash plates hyice with @@S containing 0.05% Tween 20 (Sigma P1379), once

with distilled water and twice with PBST.
4.2.Add 50ul/well of biotinylated rat anti-mouse interferon-gamma diluted to
1pg/ml in PBS. Incubate for 2 hours at room temperature.
4.3.Wash plates four times with PBST, then add 50 pl Streptavidin Alkaline
Phosphatase (Mabtech) diluted to 1pg/ml in PBS. Incubate at room
temperature for 1 hour.
4.4.Wash plates four times with PBST, add 50ul/well of colour development buffer
Incubate at room temperature until spots develop (approx. 10 min). Wash
plates well with tap water, peel off plastic bottom and leave to dry overnigh't on

paper towels.

Calculation

Results are calculated as the number of epitope-specific IFNy spot forming
cells/million splenocytes (sfc/million). Differences between groups are determined by
one-way ANOVA and a post hoc Tukey-Karamer multiple comparison test on logio

transformed data using GraphPad Instat version 3.05.

Results
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WO 2005/ 030964 PCT/ GB2004/ 004038 51 (a) Order of FP9
and MWA. The nost effective conbinations of poxvirus

WO e@ws08094pr i mes and boosts are denonstrated. TPCBEGB2004/004038

particularly focuses on groups 1 and 2 of the study
design (see Table B). 5 (b) fgequency of prines and
boosts. The effectiveness (in terns of inmmunogenicity)

of primng with a single poxvirus immunisation and
boosting with a single heterol ogous poxvirus vector

boost is denonstrated. This particularly focuses on
Hid dethensiratienr thapingmunisition with FPBgpn and M ¥ Adpagilone or in prime-

out]ined. 1 -out.. .The .key abj j of ' T
bR o R ar 2B i O R DY 2 el iR in mice i
flRSPAES &5 fighfee? effentild BATIEL 9ot NgeraSEmydhisd enlseth HSG2.gpn
nmoni tor cellul ar i nmmune__responses: |

. . | FN-y ELI Spot .
XNy oo ke apprunigepeptl BBS (2brad Sopved 14 88yn ptwywitly FP9.gpn

! . . o L ok
Q2T R PSROEBAPAT 8t Qi abold THE ADBLT GBI Ao was
@& bedCIX sflefiRplest 1408ay8 XTI tHE BbEsted IrhmanisdtlonnmudidgNthie IFN-y

secretion in_ response to peptides by CD4+ and/or CD8+
BLISgot sassayat @oluoms greprasent ihe prasseildd Bpotoldernmmg cgls/million

shows | icjty .of HV imunoth t] j .

UGG hrtc AU A HIOR DR iGeRtoBO0P St P35 resctive
to%@QANRgTTSTQMIQGﬂ' (éé%‘%BleS ion and sanpling

chedul e

oupd -28d 0d 2d 7d 28d 35d 56d 63
4Bl eedBl eed;i. m inj. Bl eedBl eed; Bl eedBl eed; Bl eed i. m

i.nj,. of i..d. inj. f 5 fuof 5x108o0f 5x108
JBT&BE)% I(%%togf’sp':‘%hé?\/\{%%%dl .&?cFP&ngl\/l?/Afmgpngpnggn Z)é WO
2ROPL 030064 RIH) GB2004/ 004038 52

Antigen | Abbr. | Epitope CD4/CD8 | MHC
reactive restriction

HIV-1 |[RGP |RGPGRAFVTI CDS8 D¢

env

HIV-1 | AMQ | AMQMLKETI CDS8 K“

gag

HIV-1 |TTS | TTSTLQEQ CDS H-2¢

gag

HIV-1 |NPP | NPPIPVGEIYKRWIILG | CD4 H-2¢

gag LNK

Single or prime-boost immunisation with either FP9.gpn or MVA.gpn elicited a
significantly (P<0.0/) enhanced antigen-specific T cell response against each of the

CD8+ T cell epitopes when compared to sham- immunised controls (Figure 7).
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Results The GPN insert is imunogenic and induces
interferon-gamm secreting T cells follow ng viral

WO e@b08094muni sati on i n macaque nonkeys. 5 | n BCDGB2@H4/004038

gpn-specific T cell responses are detected in 4/5

ani mal s seven days after FP9. boost. The responses
are mai ntai ned foll ow ng M/A %oost Thi s data shows
that the gpn fusion protein is inmunogenic in primates

LS. - | i i \V/ -2
Rl Py S G B, A B O o o A S gon clolted
ﬁgm:iﬁqar&ly‘r(mk@%) erfiageadesssfdhses] dgaaust! each EMBY Tesspoggiope when
of i nd] V|du animals to .different parts, of the 15
@%ﬂpaﬁ?‘t‘i"eﬁl f HEFRGISRRRS Frth cagh ity ( r’?Zbes fromthe
proteins gag, pol and nef are recognised in the sane
respondi ng animal . For exanple animal N93 in Goup 4
Ehbowld bE noddd thetethp oire dittee Bistprios iidrpticaldn @u&exmmsde bus, the

B bl 7 MR e 6L g Kby i
WSFtREwhRl BQsReshek BYpdrieRing thé Beankile adhtdaiticdllviral titres .

--mune response to the 20 diverse elenments of the
triple GPN pol ypeptide indicates an auvantageous

J‘lﬁl?st Hhi§ dgﬁionétﬂ%ed h4E P}Seéc% bﬁSQVP 'cgl'l Q%gbﬁgéy nod ?ﬁéi&anfg%inst the

epl1 tope can m nat e

tdmmbﬁlafl’eﬂwrmest @ccﬂrchﬁg ymﬁ;ﬁpréﬁnainvtehﬁomm af the gpn gene by
responses to other__epitopes present, on

he

ponypestaigwith gtheoRPY-ga or MEAEHny H’é‘tF@PB% that dBesgi Gegstrepts are
I

HI8 poReRe ki MBI AhedlkficnaBAg, eragiaTsgaReLS!

Prlnate | munogeni city Single Adnministration _

RS IR B0 Sl L S PR AR A e

{MRERE FegHhAbE ﬂﬁe dPN’?biyﬁ@btﬂeJ indidatifik NB4tCthe whole polypeptide is

adm ni stration ("single experinents. In this
exuapEd progssisdl aylé opeseated wher dgEVery evithoeithient Y- gpreer MN@‘\ gpn.
MVA or FP9 vector. WD 2005/ 030964 PCT/ GB2004/ 004038

53 ELI Spot assays were carried out as described above.

BBEPeIRERS eli6it $ikHivdaily aihen hmugdreiporRePhsaRs caéls epitope when
descri bed in Exanple 7) were neasured and then sunme
pdmigisiered fp animals thatdgwpeen primed with pSG2.gpn, indicating that both can

act as boosting agents in prime boost immunisation regimes.
Example 4: Immunogenicity of FP9.gpn and MVA.gpn in primates

The immunogenicity of the gpn immunogens is demonstrated in vivo in primates as

follows.

The immunogenicity of the GPN polypeptide consisting of the gag, pol and nef

proteins of clade B HIV-1 is tested in non-human primates (Macaca mulatta).

The polyprotein (human codon usage) is expressed in recombinant MVA,

fowlpoxvirus FP9, adeno virus and a DNA vaccine vector. The polyprotein expressing
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5 Responses were neasured prior to injection and 28
days post injection. Responses are shown bel ow. GPN
ani mal s stRCi/e82004/004038

w@Pbadosiosme+ an i mmune response in all

Day O Day Bleed then 28 i.d. 5x108 pfu Bl eed MVA. gpn

Summed ELI Spot

response SFC/

hl1ion PBMC

Ani mal A13. 3528. 33 B6. 70203. 33 C23. 40133. 33 D6. 6520. 00
EO. 00320.00 Day 0 Bleed then Day 28 i.d. 5x108 pfu

B Re4ctEBR QRDNiSUINES aflelcAPBEolsSARARSR ST Foithéd ir0ga8BMEnduce
Ani mal F09. 90 (28. 3548. 33 H3.3531. 67 1098. 33 J0345. 00
high levels of antigen-specific CD8+ and CD4+ T cells.
Table B shows the study design of the immunogenicity studies.
Table B
Group No | Prime 1 Prime 2 Boost 1 Boost 2
n=>5
Day 0 Day 28 Day 56 Day 84
1 FP9.gpn FP9.gpn MVA.gpn MVA.gpn
2 MVA.gpn MVA.gpn FP9.gpn FP9.gpn
3 - FP9.gpn MVA.gpn -
4 pDNA+IL2- | MVA.gpn FP9.gpn Adeno.gpn
Ig/fc

The design of the macaque study of this example is shown in Table B.

Blood samples are taken pre-immunisation and 7 days after each immunisation and
four weeks after the last immunisation. PBMCs were cryopreserved and tested in

ELISpot and intracellular cytokine assays using pools of overlapping peptides.

Cellular immune responses are tested during and at the end of the study. The
frequency of IFN-y-secreting T cells is tested by IFN-y ELISpot assays (see Figure 9
for overlapping peptides used).

In an additional group, for comparitive purposes, DNA vaccines adjuvanted with IL-
2/1g fusion proteins (Barouch, D. H., A. Craiu, et al. (2000) Proc Natl Acad Sci U S A
97(8): 4192-7) and recombinant adenovirus are tested. For study design see Table B.

There are several parameters that are presented in this study:



10

1

wn

20

25

WO 2005/ 030964 PCT/ GB2004/ 004038 54 The results
i ndicate that the GPN pol ypeptide is i mmunogeni c and

WO pabsoa®ed nt er f eron- ganma secreting T cells fpCT/GBR00V4/004038

viral vector imunisation in prinmates such as nacaque
nmonkeys. 5 Thus the effectivgpess of the recombinant

genes of the present invention is denonstrated in

vivo in primtes. Exanple 5: Heterol ogous prinme-boost

I muni sation reginmens wth FP9.gpn and 10 MVA. gpn

elicit enhanced T cell responses. In this exanple it

{33 Qrdem nﬁtFtPat adl MBA. AR . g fomtlwmrgbma@mm poxvirus vector

PaSp s ar Saneret s porigfAy feles pr otps 1 and 2 of the

L84 PARIAYRESTMIe Byl 0ogous pri ne- boost i nuni sati on
reginens. In this exanple, the 15 effect is

dem)nstrat ed in mce. Fenale BALB/c mce (6 - 8 weeks
| ni sed w P .
ey R e Yiohol D 9oyl 8y s o i e biey) of
Peafigeith Mmg\l‘@p&ﬂﬁvlﬂuatlmmmgaﬁmﬁ hiidBdosting wgthi znsmgle heterologous
I dentical manner to the initial inmunisation.

PRIUTLE ¥peteroskisdsmonsieatesh cEhis Partiserhy Ksppesien aalllmalﬁfrbgoup 3
{ wit%kli &hﬁﬁ?se?%s Gefivkgal dislocation and the T
ce

responses elicited against three CD8+ epitopes
(Table A- AMQ TTS, RGP) and a CD4+ epitope (Tabl e A

NPP N e determ ned | FN-y. ELIL
Rewcrantc T, 66 phyeeiais Shbiey es anesratoss oS (abee AR imrnune
fe@#(ﬁﬂé@t ?ﬁer@i%ré e SUMWe! ARayiuaRetsdf to monitor  cellular immmune

tope-specific IFNy spot formng cells/mllion
pcmses:y]ﬁ*“é@y (BXISpoi bingryverlBprfifg pepiides (@6esenvgtappipg by 10

%{g@wcdet 5 ned ?%/gpﬁn erg@ﬁém gf%k?%gg:{un&%sftpb §&§+ and CD4+ T

908 0 G A A S o

response to peptides by CD4+ and/or CD8+ T cells.
Data for group 4 is presented below. The data shows immunogenicity of HIV
immunotherapeutics in rhesus macaques using novel prime-boost immunisation

regimens.

Table 1 Immunisation and sampling schedule

Group|d-28|d 0 d2 d7 |(d28 d35 |d56 d 63
4 |Bleed|Bleed; [i.m. inj.|Bleed |Bleed; |Bleed |Bleed; |Bleed
tm. inj.jof 5 mg id. 1inj. i.d. inj.
of 5mg [pfu of 5x10° of 5x10°
pfu pS-IL- pfu  off pfu  off
pSG2. |2fc FP9. MVA.
gpn gpn gpn
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The denonstration that immnisation with FP9.gpn and
MVA. gpn in prime-boost regines elicits enhanced T

W@ edos/08@sponses agai nst GPN in mce is illustretEdBRV4/004038

figure 8. Female BALB/c mice were inmunised iv. with
FP9. gpra (FP9) or MVA.gpn (MY/A) shaminmunised with
PBS (-) and boosted 14 days later with either virus as
5 descri bed above. The CD8+ T cell response was
Aedfdfsm ned in splenocytes 14 days after the booster

i mmuni sation using the IFN-y ELI Spot assay- Col ums
represent the sumof the nmean | FN-y spot form ng

L S kO SR ERRRH Byt AR BB B b pingl T oot

foaBlvengNiral %ctb?i@h%1%ﬁﬁ§n ﬁfabifﬁreb@&ﬁieyé nmuni sation
W th 9.gpn and NfVA.gpn in either order elicited a

significantly (P<0.001) enhanced overall T cel
e e_agaj €
fn %Bgﬁ A sgp% s@)e&‘cﬁh f’@{eﬁ Pegﬁg‘nse%%u%nrﬁegpéd\gfﬁsﬂ% rﬁ?aglg gﬂrglr‘r%ays after
tshlerPlH’Q KoEStgﬂIhere%ﬁaons%arbletaemt@me@fulBawmgﬂmrAabosln with
FP9. gpn/ MVA. gpn or MA. gpn/ FP9. gpn elicits
significantly higher T cell responses against GPN than
OmAR t
TR LEe A B B Ao el KR e B phates when it is
delivarddagegustgmbieantsedorsnt er chari geably as prim ng and
20 boosting agents with each other. Thus the efficacy
of reconbi nant H V genes such as the gpn gene is
aampeiy a&&ﬂmldr gpﬁ afelrb&oghAkd mﬁﬁnﬁﬁbéd&ﬁa&qu@momﬁl
vector such as W pox or MVA based vectors.
Exanpl e 6: Het er oI ogous pri nme-boost i mruni satl on Wi th

E’@P{e% p@sgg&gw %‘% gequlﬁ‘lfést Sﬁ]lg]ﬁ{yl%zlanﬁ;r&%i ooggﬁ{ent palj[s of the

BObeitEs ialicg@y tat ITS celerpinsies at@f thd protb@b afag] pEOWSI nef are
pri me-boost i muni sation with FP9.gpn and = 30 MWA.

¥eogsedgp Ahasrnagap andmeemiredlt Boregxaaipiesnimal N93 in Grc?u% 4 shows

?nge!llgl% §§ %:%cn%mggg tth@'@ﬁﬁf ?L;rﬁ{éieg};ﬁr %%ﬁgﬂ Zog’tstlh% é}PN Ig)lroteln

irﬂlc&tmg)th:rrpl e, thecllerprstssadanobe iisduyeed agiticeGPIND RuctBermore,
WD 2005/ 030964 PCT/ GB2004/ 00403 Fenal e BALB/ ¢ and
wwmwsﬁrngew(e boundyiye kot die gﬁhangﬁrs“é&l%etlﬁsponse to the
GivERE le]‘ne)l(lts é':pﬁleaﬁggaF@PNWgh&e thalde.sFRY Mﬁta &ﬁls B¥ature of
Iv. 1 njection s are sted two weeks

thiet inventidme in \avoidéng mmamnodbennansal effientn evhereo at hlegle epltope can

licprlmtnla el thle 1mnq{n§eatresgonse to a polypeptide at the cost of responses to other

epitopes present on the polypeptide. By contrast, the polypeptide according to the
present invention of this example advantageously demonstrates a broad and balanced

response.

Primate Immunogenicity Single Administration Experiments

The immunogenicity of the GPN polypeptide (SEQ ID No. 1) was tested in 10 rhesus
macaques (Macaca mulatta), labelled A-J, in single administration (“single shot”)
experiments. In this example the polypeptide was delivered via either the MVA or
FP9 vector.



5 Fourteen days after the booster immunisation, all

mce are sacrificed by cervical dislocation and the T

W@ edos/08sponses elicited against a |ibrary of PepGBo®s/ 004038
(20 am no acids overlapping by 10 am no aci ds)

derived fromthe GPN sequencg;determ ned using the

| FN-y ELI Spot assay as descrl%ed in the above exanpl e.

10 Results were cal cul ated as the sum of the nunber of

epi tope-specific IFNy spot formng cells/mllion

spl enocytes (sfc/mllion) for each peptide. Results 15
EllSpob hesgpuwep tandebovises demribéds abdven ReppansesH. bFnowrigpping

AR Smb ST hShegin el Aker? i Sbdef ah bR sumopd o eive

£MEaeHdnéed honol ogous i mmuni sation reginmes with the
sane vectors. 20 Moreover, these T cell responses
i ncl ude CD8+ and CD4+ responses, as well as being

i i . f r . i
RHSEAY AL BRSO BHRTALL RN R Bonscsar
Sietel 0l ©9.0GEN plitited-dndosiune sespohicghlayl anfrhals studied.
application of the reconbi nant gene(s) of the present

i nvention. 25 Exanple 7: Epitope Mapping of GPN in

M ce The gene[encoding [a gag,D%pb and 1eb320| yprotein
(gpn; figure 1; SEQ ID|NG 11) of the Huma

I mmunodefici epcy Virus |(H \Bleedshémser { ed2§ ntfo pox
virus vectors| 30 nodif|i ed, yaccigia vi kar a

(MVA. gpn) and| att enuat ed fb%a%‘gQ ma“r us Mgpn). The
i mmune responge elicited i nypBAk m ce agai nst gpn by
these vectors|in prime-|_boost |mwnizatlion regi mens
was eval uated| These stjudiwesmshbhshat hesporsecel | WO
2005/ 030964 PCT/ GB2004/ 0040’3% Zr;.lﬁesm‘ s can be
detected in the gag, pol and HEFPUNTBNE of this

pol ypepti de USIAmaPOQ[|s Of ovesd appi ng pepfildes. One
aimof this study was _tlo identify individual | peptides
de poobs0 t her epR038Bi

wi t hi n respondi ng pepH ning the
| ocation of the resy 3 he gag,
pol and nef regions of-the p pti de. '

D 6.65 20.00
E 0.00 320.00
Day 0 Day 28
Bleed then Bleed
i.d. 5x10°% pfu
FP9.gpn
Summed ELISpot response
SFC/million PBMC
Animal | F 0 9.90
G 28.35 48.33
H 3.35 31.67
I 0 98.33
J 0 345.00
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In this exanple, immnogenic epitopes within each
respondi ng peptide pool are identified, the T cell

W@ aiwses09sesponsi bl e for eliciting the identifiBdI/GB2004/004038
pepti de-specific |IFN-y responses is delineated and
sequences corresponding to tQﬁ identified epitopes
are conpared to other studies. 10 Methods M ce and
| muni sations 15 Fenmal e BALB/c mce (H2d; 6 - 8 weeks)
were used in all experinments and kept in individually
ventil ated cages in accordance with the Aninmals
Be resntts fridocaker thetetienGEN pélypepitiig6s mimuegehicland induce®terferon-
gfu of re .onban 1t v'&rus was.admini.stered. . : h
HPPASEREHEE YL Ceils followig Yir yepinp IMEIURISgRe 0 Pagpates such as

logkepd. Assays ELI SPOT assays were performed as

descri bed previously. A cut-off value of 3 tines
standard devi ati on of the negative control (responses

0. SFECs .l L i ed d j t.i o
7B, Jhs e a1 tish Heroraimet grnebe o 1 ORRL pfgion i
dehbnstsRensivdwasint@par ed in PBS contai ni ng 1%CS

and i ncubated for 15 mnutes at 4C with either
anti-CD4 or anti-CD8 MACS beads (M Itenyi Biotech(r),

' f ' .
BB Yo 304 b Bl RGN K Bincis i, Ep0 gon amd
MV A& opasdlieit enhagcedPBoell #ddpoigesand | oaded onto a MACS

colum which was placed on a MACS magnet. CD4 and CD8
cell content before and after cell WO 2005/ 030964

4 ' . ' S
B Y eor s S AR O 2 hd B (P GRLPLTARE antigen
spcEito G4s andnCRiSted <tlo GBdensee |Wienwhdmenstered%oofsubjects in

+.cells re still.present in the splenocyte.

BFERLTERES SHDE0 P By EDBS G SpPBRSUHn 1SEBEE] b Qisgxample, the
bAtAlis @imdnkBaQY & ldRPi Ng - 20-mer peptides spanning
the entire gpn-sequence were synthesized by Natural
and Medical Sciences Institute (NM; Reutlingen,

E@g?@g%}%gggﬁéee 6L g BRRLL 485 MESninlR0988 LS Px 10° pRU

FP9.gpn or the 1 X 10° of MVA.gpn by iv. injection. Animals were boosted two

weeks later with either virus in an identical manner to the initial immunisation.

Fourteen days after the booster immunisation, all mice were sacrificed by cervical
dislocation and the T cell responses elicited against three CD8+ epitopes (Table A:
AMQ, TTS, RGP) and a CD4+ epitope (Table A: NPP) from GPN were determined by

IFN-y ELISpot assay as described in the above examples.

Results were calculated as the sum of the number of epitope-specific IFNy spot
forming cells/million splenocytes (sfc/million). Differences between groups were
determined by one-way ANOVA and a post hoc Tukey-Karamer multiple comparison

test on log;o transformed data using GraphPad Instat version 3.05.

Results
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10 Table 1: Peptides used in this study Peptide Am no
Aci d SequencePepti de #Length 1MAPI VONLQGOWHQAI SPR20
WQ GO SPRTLNAWKWVWV20 3RTLNAWKVVEEKAFSPEVI POT/GB2004/004038
4EEKAFSPEVI PMFSALSEGA20 5PMFSALSEGATPQDLNTM.19
6 ATPQDLNTM_NTVGGHQAAMRO 7NT MAVLKETI 17
S8AAMUVLKET! NEEAAEVWDRL20 9NEEAAEVDRLHPVHAGPI A19
10LHPVHAGPI APGQVREPR18 111 APGQVREPRGSDI AGTTSTL21

The DG Tapibh Qred Al [k Qria/ MRPININAS opn in prime-boost
14VWMTNNPPI PVGEI YKRW | L20 15GEl YK | LGLNKI VRVY19

regﬁn&m[tvmﬂ lcBll RGRGNsEy BRTIBE CENRQERKERF HDMWU2tdgadigure 8.

PRt BAIGHF OBkGaE L6 PREPEOYVDRFVRTERAR (FP9) or MVA.gon
(MDA KT hRAEASENW BP0 ?WWMEEEQ&M @ither virus as

described above. The CD8+ T cell response was determined in splenocytes 14 days
after the booster immunisation using the IFN-y ELISpot assay. Columns represent the
sum of the mean IFN-y spot forming cells/million splenocytes —t standard deviation for

4 mice per group elicited by AMQ, TTS, RGP and NPP (see Table A).

Heterologous prime-boost immunisation with FP9.gpn and MV A.gpn in either order
elicited a significantly (P<0.001) enhanced overall T cell response against epitopes
from GPN when compared to subjects given homologous imsmunisations with either

virus (Figure 8).

Heterologous immunisation with FP9.gpn/MVA.gpn or MWV A.gpn/FP9.gpn elicits
significantly higher T cell responses against GPN than homologous immunisation with
FP9.gpn/FP9.gpn or MV A.gpn/MVA.gpn.

Moreover, these viruses can advantageously be used intercharigeably as priming and

boosting agents with each other.

Thus the efficacy of recombinant HIV genes such as the gpn gene is demonstrated, in

particular when delivered by viral vector such as fowlpox or MV A based vectors.

Example 6: Heterologous prime-boost immunisation with F'P9.gpn and MVA.gpn
elicits enhanced CD8+ and CD4+ T cell responses against the individual

component proteins of gpn

It is demonstrated that heterologous prime-boost immunisation with FP9.gpn and
MVA.gpn or FP9.gpn and MVA.gpn elicits enhanced antiggen-specific CD4+ and
CD8+ T cell responses against the component parts of the GPN polypeptide. In this

example, the demonstration is presented in mice.
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21MIETLLVQNANPDCKTI LKA20gag pool 2 = 2
22NPDCKTI LKALGPAATLEEM2Opept | des 23LGPAATLEEMMIACQGV17

WQ ABERMPACQGVGCEPGHKARVL20 25GCGEPGHKARVL MAARASVLEGI/GB2004/004038

26VLMAARASVL SGGELDRWEK20 27 SGGEL DRVEKI RLRPGGEKKK20
281 RLRPGEKKKYKLKH VWA19 29KYKE KH VWASREL ERFAV19
30ASRELERFAVNPGA.LETSEGCR22 3 LETSEGCRQ LGQLQPSL20
32RQ LCALQPSLOQTGSEELR1Y9 33SLOQTGSEELRSLYNTVATLYZ20
34SLYNTVATLYCVHQRI EVK19 35YCVHQRI EVKDTKEALEKI 19

36 KDTKEAL EKI EEEQNKSKKK20 37 EEEQNKSKKKAQQAAADT GN20

BeOBMIBY CRss QBN 81 GIAGNSS @SNy Paikismrgsed with either 1 X

A PSS o R QU BB B epl it R Boosted o

W3 s ThBEKRS YNNI b Va D ddt Wh ViNRh £k Lty ERELiNMIASEA (@ @sation.
45GKLNVWASQ YAG KVKQLCK20 WO 2005/ 030964 60

PCT/ GB2004/ 004038 46AG KVKQLCKLLRGTKAL18

ARk %%H%Meplbggs%éz Mﬁ&@ﬂo@%‘éﬁ%%b%@%ﬁh@é& by cervical

dislocation and the T cell responses elicited against a library of peptides (20 amino
acids overlapping by 10 amino acids) derived from the GPN sequence determined

using the IFN-y ELISpot assay as described in the above example.

Results were calculated as the sum of the number of epitope-specific IFNy spot

forming cells/million splenocytes (sfc/million) for each peptide.
Results

Heterologous prime-boost immunisation with FP9.gpn and MVA.gpn (administered in
either order) elicits enhanced T cell responses across the GPN sequence when

compared to homologous immunisation regimes with the same vectors.

Moreover, these T cell responses include CD8+ and CD4+ responses, as well as being

directed at epitopes derived from several regions of the GPN polypeptide.

Thus it is demonstrated that heterologous prime-boost is a highly effective application

of the recombinant gene(s) of the present invention.
Example 7: Epitope Mapping of GPN in Mice

The gene encoding a gag, pol and nef polyprotein (gpn; figure 1; SEQ ID NO:11) of
the Human Immunodeficiency Virus (HIV) was inserted into pox virus vectors:
modified vaccinia virus Ankara (MVA.gpn) and attenuated fowlpox virus (FP9.gpn).
The immune response elicited in BALB/c mice against gpn by these vectors in prime-

boost immunization regimens was evaluated. These studies showed that T cell
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49ELELAENRE! LKEPVHGVYY20 50LKEPVHGVYYDPSKDLI AEI 20
51DPSKDLI AEl QKQGQGOWY20 521 QKQGQGOWIYQ YQEPFK19

WG 3DYQBIYGEPFKNL KTGKYARMRO 54 NLKTGKYARVRGAHT NDVIKCRGB2004/004038
55RGAHTNDVKQLTEAVQKI A19 56KQLTEAVQKI ATESI VI WEK20
57ATESI VI WEKTPKFKLPI QK20 58 TRKFKLPI QKETWEAWMTEY20
59ETWEAWNEYWQATW PEWLO 60 YWOATW PEWEFVNTPPLVK20
61EFVNTPPLVKLWYQLEKEPI 20 62L\WQLEKEPI VGAETFPI 18
£3BhM¥AARIRR &Rb&dVRY BRAERMPNELIRP GYIERIDSARP e usin
p%pzl = 23 65KPGVDG3K\/%(3/\%6TEEKI KZ%%eptl des &
mleqv@pvempmvapt@p&wmammpf/@mmm@m toKideytify individual

%KE%%&FI @El@l@é&NTREEégi 6%@§N%%§V%%8won of the

ré QP M ERMEHRITRAG 20 N IO REIBACLRIKKISEND
7 4LKKKKSVTVLDVGDAYFSV19 75L DVGDAYFSVPL DKDFRKY19 VO
2005/ 030964 61 PCT/ GB2004/ 004038

In this example, immunogenic epitopes within each responding peptide pool are

identified, the T cell subset responsible for eliciting the identified peptide-specific
IFN-v responses is delineated and sequences corresponding to the identified epitopes
are compared to other studies.

Methods

Mice and Immunisations

Female BALB/c mice (H2d; 6 — 8 weeks) were used in all experiments and kept in
individually ventilated cages in accordance with the Animals (Scientific Procedure)
Act 1986 of the UK. 1 x 106 pfu of recombinant virus was administered intravenously

(i.v.; 100y into the tail vein).

Immunological Assays

ELISPOT assays were performed as described previously. A cut-off value of 3 times
standard deviation of the negative control (responses >60 SFCs per million) was

applied to detect positive responses.

Depletion of CD4+and CD8+ cells

A single cell suspension was prepared in PBS containing 1%FCS and incubated for 15
minutes at 4°C with either anti-CD4 or anti-CD8 MACS beads (Miltenyi Biotech®,
Germany), according to the manufacturer’s instructions. On completion of the
incubation, cells were washed once (PBS, 1%FCS) and loaded onto a MACS column
which was placed on a MACS magnet. CD4 and CDS cell content before and after cell
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76VPLDKDFRKYTAFTI PSI 18 77KYTAFTI PSI NNETPG RYQRO0

78NNETPG RYQYNVLPQGWK19 79 YQYNVLPQGOWKGSPAI FQL8
WGOBHEBRAI FQSSMTKI LEPF20 81SSMTKI LEPFRKQNPDI \P(YRGB2004/004038

82RKQNPDI VI YQYMDDLYV18 831 YQYMDDLYVGSDLEI GQHR20

84GSDLEI GQHRTKI EELRQHL20 85Tlk EEL RQHLL RWGFTTPDK20

86 L RWGFTTPDKKHQKEPPFLV20 87KHOKEPPFLVWKFDSRLAFH20Nnef

pool 1 =16 88WKFDSRLAFHHMARELHPEY20pept i des

WW&W@%@@@ WQBEK%«W@!SE&{-}&@ CD4+-depleted

91 KEVLVWKFDANEGENNSLLH20 92NEGENNSL L HPMVBLIZHGVIL

s ENCPIVS IR DRR ER EA/BBK 2 e ls DhREREYPFOMEASECEll i ere still present

95VEEANEGE G RYPLTEL19 96 PLTFGANCFKLVPV19
SRRy B R B B R B T PP Y20
99NYTPGPG RYQKRQDI LDLV20 100 YQKRQDI L DLW/YHTQGYF19

101LWYHTQGYFPDWONYTPEGL21 102DWONYTPEGLI YSQKRQDI 19
eYSQKRQDI PMTYKAALDL20nef pool 2 =17

104PMI'YKAALDL SHFLKEKGGL20pept i des WO 2005/ 030964

A total of 119 overlapping ~20-mer peptides spanning the entire gpn-sequence were
synthesized by Natural and Medical Sciences Institute (NMI; Reutlingen, Germany)
(Table 1). Peptides were arranged into 6 peptide pools.

Table 1: Peptides used in this study

Peptide | Amino Acid Sequence Peptide | gag pool 1 =
# Length | 20 peptides
1 MAPIVQNLQGQMVHQAISPR 20

2 GOQMVHQAISPRTLNAWVKVV |20

3 RTLNAWVKVVEEKAFSPEVI 20

4 EEKAFSPEVIPMFSALSEGA 20

5 PMFSALSEGATPQDLNTML 19

6 ATPQDLNTMLNTVGGHQAAM | 20

7 NTVGGHQAAMQMLKETI 17

8 AAMQMLKETINEEAAEWDRL | 20

9 NEEAAEWDRLHPVHAGPIA 19

10 LHPVHAGPIAPGQMREPR 18

11 TAPGQMREPRGSDIAGTTSTL 21

12 SDIAGTTSTLQEQIGWM 17

13 STLQEQIGWMTNNPPIPV 18

14 WMTNNPPIPVGEIYKRWIIL 20

15 GEIYKRWIILGLNKIVRMY 19

16 LGLNKIVRMYSPTSILDIRQ 20

17 SPTSILDIRQGPKEPFRDYV 20




62 PCT/ GB2004/ 004038 105SHFLKEKGGLEG.I YSPQV19
106LEGLI YSPQVPLRPMI'YKAA20 107PLRPMI'YKAADCAW. EAQLS8

WA BAMBSANN. EAQEEEEVGFPVR20 109EEEEVG-PVRPQVPL RMIEGBR004/004038
110PQVPLRNTAANNADCAW.A19 111ANNADCAW.ADGVGAVSRDL20
112DGVGAVSRDL EKHGAI TSSNTA22 3HGAI TSSNTAANNRRAEPAA20

114 ANNRRAEPAADGVGAMGGKW20 11
116 KWBKRSVWGWPTVRERVRRA20 117PTVRERVRRAEPARGPGRAF20

GAMGGCKWEKRSVVGAML 8

T8EPA FVTITYRBYDVPDYATZ
MO Wg@mm om nfﬁétt\ cortr|gol Reporter

fﬁDRGPSRBRFMIQTI@AEW{SQEMKN?W Reults| 5
!dentl i r\gﬁl aon - of | MMinoaeni.c nrltnnoe V\/lthl n eacr
#@spon jEQéSWEETLiN@%dL 29 epi tjope mappi ng of
respongding pepti de poof s was conducted [by TFN-y.
ELI SPOI assay was perforned using overliappi ng pept|i des
2rome aMTBICIQlVCQISIANPE)@UFEKAO 130. Fi guyag pbal Zhads
LEN-" vl responses elicited Wde .OO|S and
Ber | apPPRE WABLESIS RSO SEEE "20GB20( epHger38
23 LGPAATLEEMMTACQGV 17
24 EEMMTACQGVGGPGHKARVL |20
25 GGPGHKARVLMAARASVL 18
26 VLMAARASVLSGGELDRWEK | 20
27 SGGELDRWEKIRLRPGGKKK 20
28 IRLRPGGKKKYKLKHIVWA 19
29 KYKLKHIVWASRELERFAV 19
30 ASRELERFAVNPGLLETSEGCR | 22
31 GLLETSEGCRQILGQLQPSL 20
32 RQILGQLQPSLQTGSEELR 19
33 SLQTGSEELRSLYNTVATLY 20
34 SLYNTVATLYCVHQRIEVK 19
35 YCVHQRIEVKDTKEALEKI 19
36 KDTKEALEKIEEEQNKSKKK 20
37 EEEQNKSKKKAQQAAADTGN | 20
38 AQQAAADTGNSSQVSQNY 18
39 GNSSQVSQNYTPDKKHQK 18
40 NYTPDKKHQKEPPFLWMGY 19
41 KEPPFLWMGYELHPDKWTVQ |20 pol pool 1 =23
42 ELHPDKWTVQPIVLPEKDSW 20 peptides
43 PIVLPEKDSWTVNDIQKLV 19
44 WTVNDIQKLVGKLNWASQIY 20
45 GKLNWASQIYAGIKVKQLCK 20
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63 PIVGAETFPISPIETVPVKL 20
64 SPIETVPVKILKPGMDGPKVK 20 pol pool 2 =23
65 KPGMDGPKVKQWPLTEEKIK | 20 peptides
66 KQWPLTEEKIKALVEICTEM 20
67 KALVEICTEMEKEGKISKI 19
68 MEKEGKISKIGPENPYNTPV 20
69 GPENPYNTPVFAIKKKDSTK 20
70 FAIKKKDSTKWRKLVDFREL 20
71 WRKLVDFRELNKRTQDFWEV | 20
72 NKRTQDFWEVQLGIPHPAGL 20
73 VQLGIPHPAGLKKKKSVTVL 20
74 LKKKKSVTVLDVGDAYFSV 19
75 LDVGDAYFSVPLDKDFRKY 19
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Results

Identification of immunogenic epitopes within each responding peptide pool

Individual epitope mapping of responding peptide pools was conducted by IFN-.

ELISPOT assay was performed using overlapping peptides from each pool (see Figure
13). Figure 13 shows IFN-y responses elicited against peptide pools and overlapping
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Al so shown are T-Hel per epitope maps of the preferred

0
‘ﬁevlalidgﬁaég_n“ﬂi@g I@c{afgﬁgg w@ &Q%Sé@g%ﬁngﬁtg%&ﬁwgﬂsp é%g_rof female

B icso(Hi2'p nodsigol WEE BamuGedhanfeavehushn (hursith 1 x 10°
i}%@tg% gé%ﬁlll}gﬁ(ﬁﬁ) §f1 %/IVgogpﬁsF%ur‘cAé?én 1da'§‘/‘§ lé%;rO?r’r%%e '\Az\v%reAgoosted by
i.v. administration of 1 x 10° pfu of FP9.gpn. Fourteen days after boosting, spleens
were removed, pooled (n=4 spleens) and the number of IFN-y spot forming cells (SFC)
per million splenocytes was determined by IFN-y ELISPOT. Columns represent the

number of SFC/million.

In summary these results indicate that the following individual peptides in responding

peptide pools were identified:

In peptide pool gagl: peptide 7: NTVGGHQAAMQMLKETI
peptide 8: AAMQMLKETINEEAAEWDRL
peptide 15: GEIYKRWIILGLNKIVRMY

In peptide pool poll: peptide 50: LKEPVHGVY YDPSKDLIAEI

In peptide pool pol2: peptide 66: KQWPLTEEKIKALVEICTEM
peptide 85: TKIEELRQHLLRWGFTTPDK

In peptide pool nef2: peptide118: EPARGPGRAFVTIYPYDV

The underlined sequence in nef2 corresponds to the reporter epitope that was added to
provide a measure of the induction of IFN-y responses. This response in the
penultimate peptide, 118, indicates that the entire GPN polyprotein is being expressed.
However the IFN-y response detected in peptide pool nef2 was not due to epitope
sequences derived from native nef but due to the inserted reporter epitope. Example 8
contains very few CD8+ T cell epitopes in nef for BALB/c mice (H-2d) so the lack of

response in nef is not surprising.

Determination of the T cell subset responsible for eliciting the identified peptide-

specific IFN-y responses
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Figure 14 shows IFN-y responses elicited against selected peptides from gpn-sequence.
Groups of female BALB/c mice (H2% n=4 mice) were immunised intravenously (i.v.)
with 1 x 10° plaque forming units (pfu) of MVA.gpn. Fourteen days later, mice were
boosted by i.v. administration of 1 x 10° pfu of FP9.gpn. Fourteen days after boosting,
spleens were removed, pooled (n=4 spleens) and either left untreated, depleted of
CD4" cells or depleted of CD8" cells as indicated. The number of IFN-y spot forming
cells (SFC) per million splenocytes was determined by IFN-y ELISPOT. Colunans

represent the number of SFC/million.

CD4+ cell depletion studies demonstrated a dramatic reduction in IFN-y secretion
following ex vivo stimulation with peptides 15 and 66, whereas a moderate reduction
was observed after stimulation with peptide 118. These findings suggest that CD4™ T
cells elicit IFN-y responses against peptides 15, 66 and 118 (see figure 14).

A partial reduction in the IFN-y response against peptides 7, 50, 85 and 118 was
observed following depletion of CD8" T cells. The partial reduction in IFN-y
responses observed against these peptides indicates that they are mediated by CD8* T

cells (see figure 14).

Comparison of sequences corresponding to the identified epitopes with other

described epitopes

To determine whether the peptide sequences identified in this study have been defined
previously , they were compared with those in the Los Alamos HIV sequence data
base (mouse; see example 8 (BALB/c; H2%))

Epitopes within the sequences corresponding to peptides 7,8,15 and 118 have been
previously identified in BALB/c mice according to Example 8, whereas epitopes
within sequences corresponding to peptides 50, 66 and peptide 85 have not been

previously described.
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Table 2.

Table 2: Results from Los Alamos HIV data base search.

Peptide # | Mouse (BALB/c; H2%) Human
7 MHC class I K% restricted MHC class I-restricted
8 MHC class I K%restricted MHC class I-restricted
15 MHC class Il-restricted MHC class H-restricted
50 this study MHC class I-restricted
66 this study MHC class I-restricted
85 this study MHC class I-restricted
118 MHC class I Dd-restricted MHC class I-restricted
MHC class I IA%restricted | MHC class II-restricted

These studies indicate that heterologous prime-boost immunisation regimens using
MVA.gpn and FP9.gpn elicit potent CD4" and CD8" IFN-y secreting T cell responses
against the gag and pol regions of the gpn-molecule in BALB/c mice. In common with
previous studies conducted with BALB/c mice, no immunogenic epitopes were

identified in the nef molecule.

All publications mentioned in the above specification are herein incorporated by
reference. Various modifications and variations of the described methods and system
of the present invention will be apparent to those skilled in the art without departing
from the scope and spirit of the present invention. Although the present inventi on has
been described in connection with specific preferred embodiments, it should be
understood that the invention as claimed should not be unduly limited to such specific
embodiments. Indeed, various modifications of the described modes for carrying out
the invention which are obvious to those skilled in biochemistry and biotechnology or

related fields are intended to be within the scope of the following claims.
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Example 8: Maps of CTL epitope locations plotted by protein

This example presents preferred CTL epitopes following HIV Molecular Immunology
2002: Maps of CTL Epitope Locations Plotted by Protein; Theoretical Biology &
Biophysics, Los Alamos National Laboratory, August 7, 2003. Linear CTL epitopes
less than 22 amino acids long are shown. Also shown are T-Helper epitope maps of

the preferred T-Helper epitopes.
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1. A reconbi nant pol ypepti de conprising amno acid
sequence derived from (i) an H'V gag gene product; 5

W@ 2oop/0a96Hl V pol gene product; and (iii) an HrOT/GBR004/004038
gene product, said sequencd8being nutated with respect
to the natural sequence of said gene product and
sai d sequence nmai ntai ning substanti al | of the
naturally occurring CD8+ T cell 10 epi%@gg§k r Epifoge Map
gene product as defined in pl7 and p24 (gag), am no

' - I d nef sh in Ex le 8,
13 SNGE BT RnRk EBIOBE MAR am o acid | sequence.
having at least 75%identity to SEQID NGO 9. 2. A

r ec ORI NALI bem%}y&e@sbde according to claim1l1 wherein
sai d pol ypepti 15 conprl SPFZ% am no acid sequence
havi ng at | east 95%identity—to—SEQ+B NO 9. 3. A
r econbi-nant pélifpeptide .according to claim1 or cHfm
2 wherein theH-Xequénce | dentity |s mterepizct ope
sequeng. i'lde |
accordi Egh?g@%{éﬁ@%ﬁﬁ% RﬁA}E&g%ElEg dé%lgy @gﬁfg PTSSNTA}:‘)
conprises SEQ ID NO 9. 5. A reconbi nant po ypeptl de
Figura 66 0Nefi TRigelpay Mapyaadfl-tdtai ns 1 to 4 wherein
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epi t opegoPhos ks duct as 25 defined in pl7 amnd
p24 (ga ()2 %mBFuDg%FB?Z 199440 RI (pol) and—ret—shewn
in Beamalrél;zg—qme—nqal n& ai ned. | 6. r &3 am‘
pol yp&&MdﬁWMUHEIEEV@P@@’P@@Pﬁ@bﬁﬁﬁﬂV@ﬂ§ﬁFﬂﬁké’(&%
fromat |eastootwo of 3@ (i) an KV gag gefe productg)@
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in p1THaQIRiRQIQIQDI@I(Y@&Q)SXFWHQWI@GPGQRiPﬂ'ﬂ@GVﬂfYF&I/P(\/@:@l )
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Figure 68: Nef T-Helper Map aa 201-206
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sequence derived from (i) and (ii) and (iii). 10 8. A
recombi nant pol ypeptide according to any preceding

we baisnmpossai d pol ypeptide conprising am no aci BCT/GB2004/004038

sequence derived froman H9Y nef gene product, said
reconbi nant pol ypepti de sequence being nmutated to

di srupt the function of said nef sequence, said nef
sequence further conprising one or nore T hel per
epitopes which are not preganigg N the naturally
occurring nef gene. 15 9. A reconbi nant pol ypeptide
according to claim8 conprising one or nore T hel per

topes not resent in the
Cour P e g haneieHieiE e Srblacn it ts derzgd fmpe
10. A®m ecowpﬂmaqu@g&y@@gﬁade according to claim8 or
cIa|n19 conprising one or nore T hel per epitope(s)
whi ch(ar e Glhmﬁogg@leqlﬁﬁ@cgﬁnénd whi ch are absent from

Fi gur t pol ypeptide according to
ans oﬁuglam}%IgéF%g§%ﬂ?bm%ﬁ P Z%Danpr|S|ng al | )

naturally occurring CD8+ T cell epitopes of the nef
gene product as defined in Exanp

p@é SeAeAERC IR RS Walé respe el m?gna@lgalaﬁqgu@pe of saidgene product,
taﬁd Ltd %_éi{l}l% maineimRh §ﬁﬂ§gmﬁéﬁ¥ Qﬂ“iﬁ?' ﬂél ﬂaﬁrﬂ%?‘%ﬁh’é&% dg9§+ T cell

hunan el per epl t opes as I ned
YBIRBO 51 680 26re POTLGBR0M:ANE040PS7 ammpzzlregag;s, amino acids 1-440 of

i nant po ept i cordin an of cl ai.ns
R B, Aad areh S B rBaE o e aiofprRids” sbpdite diuino acid
3 %e‘ﬁhv%%gtﬁéast’\@"ﬁideﬂﬁ?@omﬁﬂm -baving at | east
95% i dentity thereto reconbi nant pol ypepti de

according to any preceding claim said polypeptlde

one. b badepmaRl pR PR R HERERRE 3510 | B SR, Hid dBpeptice
RempHse i C4bid SeqilibSdelialinighe 1a8VEIYs flehtifinNs SHQPIR ;9.

activity of the pol sequence, wherein substantially
all of the CD8+ T cell epitopes of the naturally

Ccurriyn . ' x| 1- .

3t Rr {oahbiBSHERRGAR SR b A TRl 2 Aftin e
séejuéndecidenthy Daintergpadlopp ejuente. iddidity A r econbi nant

pol ypepti de according to claim 14, wherein the reverse

4. A recombinant polypeptide according to claim 3 wherein said polypeptide
comprises SEQ ID NO:9.
5. A recombinant polypeptide according to any of claims 1 to 4 wherein

substantially all of the naturally occurring T helper epitopes of said gene product as
defined in pl7 and p24 (gag), amino acids 1-440 of RT (pol) and nef shown in

Example 8 are maintained.

6. A recombinant polypeptide comprising amino acid sequence derived from at
least two of

@A) an HIV gag gene product;

(i)  an HIV pol gene product; or

(iii)  an HIV nef gene product,
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transcriptase activity of said pol sequence is nutated
by duplication of an internal sequence derived from

wo b@soswes e of the naturally occurring pol geneCEGB2004/004038

exchange of 15 the am no &W9d carboxy term nal

portions of said pol sequence. 16. A reconbi nant

pol ypepti de according to claim 15 wherein said

duplicated internal sequence conprises TPDKKHQKEPPF

(SEQ ID NG 4). 20 17. A reconbi nant pol ypeptide

according to claim15 or claim 16 wherein said
p@ild}sp@lmnb@lbeing mptitekwith ecppecide thsnattmelweqnenc@E@shid i@ product,

i Pl e R B R Rl Pl 3D astrerir R0 Pifhmgng GDB+ T cel
Pors fo&ﬁ’é B@‘r@sbéﬂdﬂlg pat@) ppbpephd &@dua%sqwmea $i PO7 and p24
am no acid ?uence derived froman HV ga ene

ﬁgwmﬂ@lnogaﬂd& riée ofBiIranb apd nphewwinde Exegptmte bei ng
nmutated to disrupt processing of the gag gene
product, and said gag sequence further conprising a

di. srupt &écdmwlhﬁitq)dlﬂidpﬁﬂe SdcberdingMi@roddim $ubsit Fﬂﬁlhgfﬂdnyino acid
all of the CD8+ T cell epltoges of the natura

@ewp?%f‘gw@ég‘rons@hm{@é% Befined in pl7 and p24
(gag) shown in Exanple 8 are retained in said 30
reconbi nant pol ypepti de. WO 2005/ 030964

BCT/ GBRB06MbI%AGHypEdd SccoAling toary mmdimg)bmpﬁ,maimlypepﬁde

accor.ding to claim 18 wherein .t pr oc in ag )
SRl SPBBRong ARG d. PO RS At e gt said
W fihhnk lﬁ%lyipgpfﬁdessteaﬂérfé@'b‘éihgsﬂnhﬁatédstodéh%ﬂpﬂﬁdﬁthn of said nef
nmut ati on of "the second glycine to al anine
rse@mntﬁ, saidtnep oqumpﬁ ﬁm@elac@npmhm@ onpoc T I8l epitepesnwhich
ere|]% :ﬁl? aﬂ%lolli% tide r| ses sequence as
PIRCEED r%ngslé @8 e having at | east
95% identity thereto. 21. A reconbi nant pol ypepti de
according to any preceding claimfurther 10

Qonpr is Fergrubinaah ppypenfidecacegiting tncleiy Swpempiising anel or more T
%%% %) %% ;@hﬁcg)zgarg ﬁgpéxlegé ?rhg%t at&rﬁﬂg%”ﬁ%ﬁ‘g gggge\ﬁgeﬂc% and are

tshowminh Pigeesddi.ng claimfurther conprising a CD8+ T
cell epitope tag wherein said tag is a gpl60 derived
tag 15 conprising the sequence as shown in SEQ ID
bl Qlo¥BERYS ERiARCH”
pr ece£g él gﬁmplggs? %?ypeptgde ﬁg%(r?p% 62%1%99%11@9%% one of
SIBA[E! @nhdpasemﬂmpv@) whicBE@e IsBbwiDin Figure 3A and whlch are absent from

Figure 3B.

11. A recombinant polypeptide according to any of claims 8 to 10 further
comprising all naturally occurring CD8+ T cell epitopes of the nef gene product as
defined in Example 8.

12. A recombinant polypeptide according to any of claims 8 to 11 further
comprising all naturally occurring nef human T helper epitopes as defined in Example
8.
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20 24. A reconbi nant pol ypeptide according to any
precedi ng claimwherein the HV is a Gade B H V. 25.
W@A\2008080964 nant nucl ei ¢ aci d encodi ng a pol ypeppPcT€B2004/004038

according to any precedi ngtoiclaim 25 26. A

reconbi nant nucleic acid sequence conprising SEQ ID

NO. 11, or a sequence which differs only by silent

nmut ati ons with respect to the genetic code, or a

S8qUENE eddpbintht %Bl eptde acl)o%e{?d'lr%efg bk of @féﬁfﬂ 8-t032 Wherein said

A viral vector encdding a polypepti according to any

Pabypeptidsl edoaprises sequ@dge asshownvinr$HQ @dﬂ@ﬁ optai seqradncy having at

om the group consisting of

kfgagggsr ﬁs%enﬂy glglgltﬁOVI ruses, AAV, al phavirus, VSV, HSV

and Sendai virus. WO 2005/ 030964 PCT/ GB2004/ 004038

103 28. A viral vector according to claim27 wherein

d4i d vetcembingnbpplypertide ansoadingée prpeprecesingelaing sa@l podypeptide
c a r Iy 27 whe aid vect

%bxrngh]sﬁﬂ% 5.18{]510 ggig 9 gnée éllrl\%ve ve cé:l o?ﬁlsﬁa ger‘l/e ng(r(RlCt said

vaoiriinaat QOI}qbleptgiet @qablﬁierbeﬁ% ek 10 distugt ’tlfeCﬂ'eOérsé fraf@ddriptase

FP9 fo&{ vector. 10 31. A nucleic acid vect

QEwER Pa ﬁ‘iﬂ}lle’é‘ff‘e wWerein §@?ﬂ?@ﬁé]éy alk ob il GBSfoT e«rlbppﬁopes of

e £

S B e by R AR AR AR BEELATHET o

chowpn irsExanze Suacd mtmne:bmc*asleqminmrﬁpobrpeptt@. to claim

15 25 or claim 26 or encoding a pol ypeptide accordi ng

to any one of clainms 1 to 24. 33. A poxvirus vector

q81pr isSi{8gRbinke! B paRid SQIHER ecanI‘éﬂlgdlﬁgwth@r ol &}hén reverse

25 or claim26 or éncoding a polypeptide accor |ng

énapscasmasgfacumr rf saidt 1@12s¢qu@©e 32 muéatpdl dynduplisaticac o£dn mternal

QYR OSSN 2R, 900 P, A0 e o

G{Iﬂrﬁiﬁm ah@t#boily teémarhl povtioBEbsaitigrol d&yudhce. Use of
pol ypepti de according to any one of clains 1 to 24 in

the preparation of a nedicanent for the treatnment or

REevent L Qinffinddt %oﬁﬂ;eﬁﬁaé %@cording to claim 15 wherein said duplicated
internal sequence comprises TPDKKHQKEPPF (SEQ ID NO:4).

17. A recombinant polypeptide according to claim 15 or claim 16 wherein said
polypeptide comprises sequence as shown in SEQ ID NO:12 or a sequence having at

least 95% identity thereto.

18. A recombinant polypeptide according to any preceding claim, said polypeptide
comprising amino acid sequence derived from an HIV gag gene product, said
recombinant polypeptide sequence being mutated to disrupt processing of the gag gene
product, and said gag sequence further comprising a disrupted myristoylation site,
wherein substantially all of the CD8+ T cell epitopes of the naturally occurring gag
sequence as defined in p17 and p24 (gag) shown in Example 8 are retained in said

recombinant polypeptide.
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37. Use of pol ypeptide according to any one of clains
1to 24 in the preparation of a nedicanent for

w0 pomsB®at i on agai nst H V infection. 30 38. UseCDGB2004/004038

nucleic acid or a vector atwording to any one of

claims 25 to 34 in nedicine. WO 2005/ 030964

PCT/ GB2004/ 004038 104 39. Use of a nucleic acid or a
vector according to any one of clains 25 to 34 in the
dPeparfatécombifana b RIFELY t i :
prevention of H {)/mi@gflgpt i oﬁ?lfdg{gjoohaﬁ%éqgf@%ﬂgﬁ%ipgocessmg of
888 diSoisginfed thar exehvettion ghe @14nyndnedofdoranisman®Swherein the

' j f a.nmedi.canent ., for. .
rleookdion SR SRRt bl By Ghy il et GRS Re ek ine o ey
i mmuni sing a subject against H V infection conprising
m ni,steri to sai d subject a pol ypeptide according
? ) anyA @ﬁ@mggla@] Belygentide gicoarding t clamn d§ciredlginadd dvisrein said

8 tidd [ 3 ' ;40 34. 42. :
f O e R ks Sl SERLTNERL! By ¥ Shauiee toving
{egstDp Ypidentityildrefoc acid or a vector according to any

of clains 25 to 34 as a prinmng agent or as a boosting
agent in a prime-boost inmunisation regine. 15 43.

Pbe OR eq@ibiRfR! be§paftRr Aol di @@ym@g ro edlcnlgtaié:[i'agﬂ@ further

to 24 or a nucleic acid or a vecCtor a rding

Ig ﬁ%%?sho%in%%ﬁ?ﬁ@%i ng to claim43, wherein the

ne response i ted fromthe 20 group
consisting of a CD8+ T cell response, a CD4+ T cell
and a hunoral response. 45. A nethod for

sponse, _
#iducﬁnéecgﬁlbﬂrfﬁ% neolypentigns acdondiag s trbj @yt prevedingi slang  further
PN 61 t id.subject a pol tide according
to anyr%)necg cfaﬁ%ﬁsa’i‘%?g G5 el AT g i o enle0gdgved tag
@iy thasgoeicny showaiySP) [IDINOE 25 to 34. 46. A
nmet hod according to claim45, wherein the immune

response is selected fromthe group consisting of a

008+ A r&Bhibida8p : - [ espons and, a )
hunmor alr r espo nsg@?@%’ﬂj{@ .ag%%glg ggﬁ%Hr] B%etCG‘ﬁ% 9%5‘&’( fekpolypeptide
cepIsing thgsegnente aashavis erfRQ IO N@Mi. ng at | east

24. A recombinant polypeptide according to any preceding claim wherein the HIV
is a clade B HIV.

25. A recombinant nucleic acid encoding a polypeptide according to any preceding

claim.

26. A recombinant nucleic acid sequence comprising SEQ ID NO:11, or a
sequence which differs only by silent mutations with respect to the genetic code, or a

sequence having at least 95% identity thereto.

27. A viral vector encoding a polypeptide according to any one of claims 1 to 24,
said viral vector optionally being selected from the group consisting of poxviruses,

adenoviruses, AAV, alphavirus, VSV, HSV and Sendai virus.
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%identity to the am no acid sequence presented in

gEQ I D hKIQY WO 2005/ 030964 PCT/ GB2004/ 004038 105 48.
waddsnpms4 Si mpl ex Virus (HSV) vector conpri si NBCBGB2004/004038

nucl eic acid sequence according to claim25 or claim
26 or encoding a pol ypeptide according to any one of
clains 1 to 24. 5 49. A reconbi nant pol ypepti de,
reconbi nant pol ynucl eotide or viral vector
substantially as herei nbefore described with reference

he acconpanyi ng _draw ngs. _
Eg t A viral Vrggtor%ccogrding to clal%n 27 wherein said vector is an MVA or MIVA

derived vector.

29. A viral vector according to claim 27 wherein said vector is a fowlpox or

fowlpox derived vector.

30. A viral vector according to claim 29 wherein said vector is an FP9 fowlpox

vector.

31.  Anucleic acid vector comprising a nucleic acid sequence according to claim 25

or claim 26 or encoding a polypeptide according to any one of claims 1 to 24.

32.  An adenovirus vector comprising a nucleic acid sequence according to claim

25 or claim 26 or encoding a polypeptide according to any one of claims 1 to 24.

33. A poxvirus vector comprising a nucleic acid sequence according to claim 25 or

claim 26 or encoding a polypeptide according to any one of claims 1 to 24.

34. A plasmid selected from the group consisting of p29D.gpn, pOPK6.gpn and
pSG2.gpn.

35. Use of a polypeptide according to any one of claims 1 to 24 in medicine.

36.  Use of polypeptide according to any one of claims 1 to 24 in the preparation of

a medicament for the treatment or prevention of HIV infection.

37.  Use of polypeptide according to any one of claims 1 to 24 in the preparation of

a medicament for immunisation against HIV infection.

38.  Use of a nucleic acid or a vector according to any one of claims 25 to 34 in

medicine.
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39.  Use of a nucleic acid or a vector according to any one of claims 25 to 34 in the

preparation of a medicament for the treatment or prevention of HIV infection.

40.  Use of a nucleic acid or a vector according to any one of claims 25 to 34 in the

preparation of a medicament for immunisation against HIV infection.

4l. A method of immunising a subject against HIV infection comprising
administering to said subject a polypeptide according to any one of claims 1 to 24 or a

nucleic acid or vector according to any one of claims 25 to 34.

42.  Use of a polypeptide according to any one of claims 1 to 24 or a nucleic acid or
a vector according to any of claims 25 to 34 as a priming agent or as a boosting agent

in a prime-boost immunisation regime.

43.  Use of a polypeptide according to any one of claims 1 to 24 or a nucleic acid or

a vector according to any of claims 25 to 34 in the induction of an immune response.

44.  Use according to claim 43, wherein the immune response is selected from the
group consisting of a CD8+ T cell response, a CD4+ T cell response, and a humoral

response.

45. A method for inducing an immune response in a subject, comprising
administering to said subject a polypeptide according to any one of claims 1 to 24 or a

nucleic acid or a vector according to any of claims 25 to 34.

46. A method according to claim 45, wherein the immune response 1s selected
from the group consisting of a CD8+ T cell response, a CD4+ T cell response, and a

humoral response.

47. A recombinant polypeptide comprising amino acid sequence having at least

95% identity to the amino acid sequence presented in SEQ ID NO:9.
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48. A Herpes Simplex Virus (HSV) vector comprising a nucleic acid sequence
according to claim 25 or claim 26 or encoding a polypeptide according to any one of

claims 1 to 24.

49. A recombinant polypeptide, recombinant polynucleotide or viral vector

substantially as hereinbefore described with reference to the accompanying drawings.



