H V Vaccine Field of the Invention 5The present invention relates to

i nmmunogeni ¢ conpositions conprising H V-1 antigens and uses thereof in the
prevent i onoand/lar408r eat nent of HI V-1. In particul ar, thecrmpreontiiosssssel at es
to the use of HV-1 antigens fromone clade in the prevention and/or
treatnment of disease associated with H V-1 infection froma heterol ogous

H V-1 cl ade. 10Background to the Invention Human i munodefi ci ency virus
type 1 (HIV-1) is the primary cause of the acquired i mune deficiency
syndronme (AIDS) which is regarded as one of the world's najor health
problenms. Wth nore than 32 ”i||i0ﬂ1€29£LS i nfected worl dw de, the

devel opnent of a safe and effective vacci ne against HV-1 is a gl obal
health priority. HHV-1 is an RNA virus of the fam |y Retroviridiae. The

H V-1 genofRiiaRISn@da | €ast nine proteins which are divided into three
cl asses: the major structural proteins Gag, Pol and Env, the regul atory
proteins Tat and Rev, and the accessory proteins Vpu, Vpr, Vif and Nef. 20
H V-1 céan bae déswit dhechtiomictes®venalogdicfchepmititnschagerg HVGI aixanpidasdd, B, C, D,
E, F, G H ol i val rld. For
oxarpl o G HEfs A SR RS FREE T RN IO M BV ope.
whi | e H V- of RlValcratigens onp gpe gledlajin the gigepmtenish@orftigptmen ef diflesse 3sseqgiited@ithc i n Sout h
Africa, | ngina adtisations heRRERHRIDMNLfOr 8 of H V-1 clades, known as
25circul ating reconbinant forns (CRFs) are also known to circul ate. These
reconbi nant forns are created when different clades conbine within the cel
of an ilAf eBhddroped ®ahe Ingentivieat e a new hybrid virus. Mst hybrid forns are
short-1lived, however, those that continue to infect nore than one person
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HIV-1 is an RNA virus of the family Retroviridiae. The HIV-1 genome encodes at least nine
proteins which are divided into three classes: the major structural proteins Gag, Pol and Env, the

regulatory proteins Tat and Rev, and the accessory proteins Vpu, Vpr, Vif and Nef.
20

HIV-1 can be divided into several different clades, for example A, B, C, D, E, F, G, H, Jand K,
which vary in prevalence throughout the world. For example, HIV-1 clade B is mostly found
throughout North America and Europe, while HIV-1 clade C is largely responsible for the HIV-1
epidemic in South Africa, India and China. Recombinant forms of HIV-1 clades, known as

25  circulating recombinant forms (CRFs) are also known to circulate. These recombinant forms are
created when different clades combine within the cell of an infected person to create a new hybrid
virus. Most hybrid forms are short-lived, however, those that continue to infect more than one
person are known as CRFs. Examples include A/E, which is thought to have resulted from
hybridization between subtype A and some other "parent” subtype E. A pure form of subtype E

30  has yet to be found, however.

A virus isolated in Cyprus was originally placed in a new subtype I, before being reclassified as a
recombinant form A/G/L. It is now thought that this virus represents an even more complex CRF

comprised of subtypes A, G, H, K and unclassified regions.



Each cl ade conprises different strains of H V-1 which have been grouped
together on the basis of their genetic simlarity. The genetic

vari ati orwbebwamoBl V-1 strains fromdifferent clades i 2ChaPeands4sgs y
greater than the variation between different HV-1 strains fromthe sane
cl ade. The genetic diversity of H'V-1 renders extrenely difficult the
devel opnent of a vaccine that is safe and efficacious around the world,
agai nst strains fromnultiple HW¥1 cl ades. The need for a vaccine that

addresses these needs still exists. 10 In the past two decades, efforts
have been nmade to devel op a prophylactic vaccine. To date, only three
candi date H V-1 vacci nes have been tested in Phase lib or IIl trials and
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Figure 3: Nucl eotide sequence for F4co Figure 4:p24 am no acid sequence
alignnment Figure 5:RT am no acid sequence alignnent 30Fi gure 6: Nef am no
aci d sequeocetialirganent Figure 7:pl7 am no aci d sequenceCalEpgomesiesdi gur e
8: Anal ysi s of cross-cl ade sequence identity and epitope conservation Figure
9A: Coonmassi e staining and western blot of F4 Figure 9B: p24- RT- Nef - p17
solubility assay WO 2011/117408PCT/ EP2011/ 054654 Fi gure 10: Coonassi e

stai ned gel and western blot for F4co Figure 11F4co purification foll ow up
Figure 12: CB-stained SDS-gel and the anti-F4 western blot Figure 13:\Wstern
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16.SDS-geIW&ﬁ@mmwﬂﬂsﬁHAW@§ﬁ@ﬁ®HmboiVﬁﬁﬁlaﬁpmﬁﬁébﬂlBﬁ@ﬂt@bh@tﬁéﬂVduring t he
product i ONgpecific CD8+ T-cell proliferation after acute HIV-1 infection can be restored by vaccine-induced

HIV-1-specific CD4+ T-cells that produce IL-2 in vitro and in vivo [Lichterfeld M, Kaufmann

5 DE, Yu XG, Mui SK, Addo MM, et al. (2004) Loss of HIV-1-specific CD8+ T cell proliferation
after acute HIV-1 infection and restoration by vaccine-induced HIV-1-specific CD4+ T cells. J
Exp Med 200: 701-712]. These findings suggest that an effective AIDS vaccine must also induce
a strong CD4+ T-cell response.

10 Given the immense genetic diversity of HIV-1, an effective vaccine would advantageously induce
CD4+ T-cell responses covering a broad spectrum of circulating HIV-1 strains. The need for

such a vaccine still exists.

The present invention seeks to address these needs.
15

Summary of the invention

The present invention provides compositions for the induction of an immune response for the
prophylaxis and/or treatment of HIV. In particular, the present invention provides compositions
20  containing HIV antigens for the induction of immune responses against more than one clade of

HIV and/or clades heterologous to the HIV antigens used in the composition.

Brief Description of the Drawings

25  Figure 1: Nucleotide sequence for F4
Figure 2: Amino acid sequence for F4
Figure 3: Nucleotide sequence for F4co
Figure 4: p24 amino acid sequence alignment
Figure 5: RT amino acid sequence alignment
30  Figure 6: Nef amino acid sequence alignment
Figure 7: p17 amino acid sequence alignment
Figure 8: Analysis of cross-clade sequence identity and epitope conservation
Figure 9A: Coomassie staining and western blot of F4

Figure 9B: p24-RT-Nef-p17 solubility assay



of lot 3 Figure 17:reactogenicity of F41 ASO1 B and F4/ Wl groups 10Fi gure
18:CD4+ T cells expressing IL-2 and at | east another marker p Figure

19: CD4+ ™woebit/mesponse to the F4/ ASOLB - adj uvant ed H YcI/Pra@iaionss4

candi date: responder rates Figure 20: CD4+ T-cell response to the F4/ ASOLB
-adj uvanted H V-1 vacci ne candi date: percentage of responders per antigen
15Fi gure 21: Percentage of CD4+ T-cells expressing IL-2 and at | east one

ot her marker in response to the F4 fusion protein Figure 22: Cytokine
co-expression profile of F4-specific CD4+CD40L+ T-cells in the 10 gg F4/
ASOLB group. at .2 weeks post-dose |] Fi 23; Cyt oki ne co-expression
profilg ofgﬁﬂ?é%eci |%m%ﬁﬁ%ﬁﬁﬁéﬁin S %&Emﬁﬁgocharts 20for all tinme points
in the 10 &iguFd] ASHicoBuigficatigy fetiogtmpe 24: Cyt oki ne co- expression profile of
anti gen-spegikii® COEB shik@bbS odrb@UindPs GYkakbiste co-expression profile of
antigen-specific CD4+ T eIIs,F|%uregﬁgéCIoss-glade reactivity of CD4+

T-cel | respSHEes Fi gliriemoipt repiget I ndiy pignsdt Fepa+ T-cel | responses
5  Figure 14 SEC analysis of the three purification lots
Figure 15: anti-E. coli western blot
Figure 16: SDS-gel and Anti-F4 western blot for all fractions collected during the production
of lot 3

Figure 17: reactogenicity of F4/ ASO1p and F4/WFI groups
10 Figure 18: CD4+ T cells expressing IL-2 and at least another marker p
Figure 19: CD4+ T-cell response to the F4/ ASO1g -adjuvanted HIV-1 vaccine candidate:
responder rates
Figure 20: CD4+ T-cell response to the F4/ ASO1g -adjuvanted HIV-1 vaccine candidate:
percentage of responders per antigen
15  Figure 21: Percentage of CD4+ T-cells expressing IL-2 and at least one other marker in
response to the F4 fusion protein
Figure 22: Cytokine co-expression profile of F4-specific CD4+CD40L+ T-cells in the 10 pg
F4/ ASO1g group at 2 weeks post-dose 1T

Figure 23: Cytokine co-expression profile of F4-specific CD4+CD40L+ T-cells: pie charts
20 for all time points in the 10 ug F4/ ASO1y group

Figure 24: Cytokine co-expression profile of antigen-specific CD4+ T cells

Figure 25: Cytokine co-expression profile of antigen-specific CD4+ T cells

Figure 26: Cross-clade reactivity of CD4+ T-cell responses

Figure 27: Cross-reactivity of CD4+ T-cell responses
25  Tigure 28: Humoral immune response against the F4 fusion protein

Figure 29: Antibody response to Nef, RT, p17, p24 antigens
Figure 30: Clade A specific CD4+ T cell responses
Figure 31: Clade B specific CD4+ T cell responses
Figure 32: Clade C specific CD4+ T cell responses

30  Figure 33: Clade A specific CD8+ T cell responses
Figure 34: Clade B specific CD8+ T cell responses
Figure 35: Clade C specific CD8+ T cell responses

Figure 36: Cross-clade T cell response summary



25Fi gure 28: Hunoral immune response against the F4 fusion protein Figure
29: Anti body response to Nef, RT, pl7, p24 antigens Figure 30:C ade A

speci fi c wDae11liie®Bl responses Figure 31: C ade B speci f PCTEP40H 17054564 |
responses Figure 32:Clade C specific CD4+ T cell responses 30Fi gure

33: Clade A specific CD8+ T cell responses Figure 34:Cl ade B specific CD8+ T
cell responses Figure 35:Clade C specific CD8+ T cell responses Figure

36: Cross-clade T cell response summary Detail ed Description of the

I nvention The present invention provides an i nmunogeni ¢ conposition

conpri sing . . ...one or nore pol ypeptides conprising one or nore
anti gens S(]a)té'%‘fde])cfscfnlp(t)lﬁ!l“)fl{éefl,nvegﬁ%l} and/ or Gag; wherein said one or nore
antigens are selected fromone or nore HV- 1 strains fromone or nore

cl ades; an@ndhresat iRy #Rides AfinntufoeniPERh 8RRt Asihpiducer of a Thl i mune
response, for use in the treatnent or prevention of di ieagﬁ or _infection by
an H V-1 strain 18f PBH GIE RSPPREIE ‘WIS N OF PR B1iECtf poiict HE™dif& or nore

H V-1 cbades in the Pommlixd@eni ¢ composi tion.
wherein said one or more antigens are selected from one or more HIV-1 strains
from on¢ or more clades; and
b. an adjuvant that is a preferential inducer of a Th1 immune response,
for use in the treatment or prevention of disease or infection by an HIV-1 strain
10 from one or more clades different from the one or more HIV-1 clades in the

mmunogenic composition.

The inventors have found that an immunogenic composition comprising proteinaceous HIV-1
antigens from a strain of HIV-1 from one particular clade can induce strong CD4+ T cell

15  responses to strains of HIV-1 from other, different HIV-1 clades. For example, HIV-1 antigens
from a clade B strain of HIV-1 can induce cross-reactive immune responses to HIV-1 antigens
from non-clade B strains of HIV, for example to HIV-1 antigens from clade A, clade C or
recombinant clades such as clade CRF-01 (circulating recombinant form of clades A and E),
among others, as well as to HIV-1 antigens from other, different clade B strains of HIV-1.

20
This cross-reactivity is in addition to the “homologous” immune response seen against HIV-1
antigens from the same strain of HIV-1. Accordingly, an immunogenic composition comprising
HIV-1 antigens from an HIV-1 strain from clade B, for example, can be used to treat or prevent
HIV-1 infection and disease caused by the same strain of HIV-1, a different strain of HIV-1from

25 clade B or other, non-clade B strains of HIV, for example strains from clade A and/or clade C
and/or clade CRF-01.

An immune response is generated to an antigen through the interaction of the antigen with the

cells of the immune system. The resultant immune response may be broadly distinguished into
30  two major streams: the innate immune response that is less diversified but independent in action,

and the adaptive immune response with enormous diversity but strong dependency on innate

immunity and hence limited autonomy:.

Efficient host defense against invading pathogens is achieved through coordination of complex



The inventors have found that an inmunogeni c conposition conprising

prot ei naceous HlV-1 antigens froma strain of HV-1 fromone particular

cl ade carwpnduce7#®8rong CD4+ T cell 15responses to straiPo3/ErRoitiossesd from
other, different H V-1 cl ades. For exanple, HV- 1 antigens froma clade B
strain of H V-1 can induce cross-reactive imune responses to H V-1
antigens fromnon-clade B strains of HV, for exanple to H V-1 antigens
fromclade A clade C or reconbinant cl ades such as clade CRF-01
(circulating recombinant formof clades A and E), anong others, as well as
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cl ade B, for exanp can be used to tre or prevent H V-1 infection and

di sease caé@‘érd“‘t’i‘fft‘%@alg’&ﬁ‘é“t@?‘tﬁél"waﬂt °f|11t°€/1“‘1g VIZS ﬁth?/fr’é?cté‘ﬂt"fg’ﬁaé%ehcegﬁ‘ H V-1from
25cl ade5B aD4ofddems+ rl@étts@}ealweff&t@t:ds@onﬁts@fcetﬂlrﬁédlatemrmxﬁmaﬁmeﬁatﬁag f@irns from
cl ade A and/or _.c onselllsl S generated

anhvtr?l ﬁ}fecg tgligl)u%h% esecr tion ofa tyt;okmes a?ao t%?‘]klfb‘n ?HWU S- 1nfect?dﬁt£)r e &ells of the

to an antigen e Tnteraction o
i mmune system The resultant i nmune response nay be broadl y di stingui shed

into 30t wo An@ned: oﬁsrttfdﬁ:@%ngl% ttﬁpdrmwr&echm@ ef msp%@éﬁ‘c F-B@teshshsds GBe
di versified but independent in action, and tive inmune response

with enor nﬁ?i‘ér"ld*lf\V/l&lrsgipP%?“‘B’L?Pdg‘tﬂi‘ed’ﬁede‘ﬁl@‘b%frtg&tcf‘ffsoﬁiﬁeq ff&fe i munity and hence
i mtedoaut onorry Effl cient host defense against i nvadl ng pat hogens is
achi eved ”ﬂJrg ex sianal l'i nk the

n
Monate. and AR SRt L SRl OB ARALLIG SR ESARY {{ ons' 1<
pr edoni nan?Dfrt ﬁé‘ﬂlls aatne‘dfet?ytlamjafptawwtn OvﬁﬁﬁfmtOt Sydb%ﬁdmﬂwlmﬁ classichlfirbectib andnd
cel | - medi atrgfciidmminictng, fIh%lﬁ'H&tbé{ 'rr(t%) &fid Qfatmdgcfed RUNBLAIT (TR Ynd S nedi at ed

t hrough the eneratjon of neutraljzin i bodi es_capabl e of bl ocking virus
entry/inf eé‘t&gﬁ‘i’flatﬁ?“ Jtﬁﬁﬁoﬁlég‘tjétle@éqdf’%ma‘g‘@k ° BRYIEHBYIOFNEEN-O QPE t he

ef fect df comomhe it streoth ofghd intedioabd@dech maumigtnyand rie dicelt anfigentrdegitar.

Thl cells are characterized by their production of IFN-y and are involved in cellular immunity

against intracellular microorganisms. IL-12, produced by innate immune cells, directs cells

toward the Thl cell differentiation program, as well as IFN- y produced by both NK cells and T
20 cells.

Th2 cells produce IL-4, IL-5, and [L-13 and are required for humoral immunity to control
helminths and other extracellular pathogens. Th2 cell differentiation requires the action of
GATA3 downstream of IL-4 and Stat6.
25
Th17 cells produce IL-17A, IL-17F, and [L-22 and play important roles in clearance of
extracellular bacteria and fungi, especially at mucosal surfaces. Th17 cell differentiation requires
retinoid related orphan receptor (ROR)gt, a transcription factor that is induced by TGF-f in
combination with the proinflammatory cytokines IL-6, IL-21, and IL-23, all of which activate
30  Stat3 phosphorylation.

Tth cells are a subset of helper T cells that regulate the maturation of B cell responses.
Differentiation of these cells requires the cytokine IL-21 and may be dependent on the

transcription factor Bcl-6.



antiviral effect through the secretion of cytokines and the killing of
virus-infected target cells. A nunber of studies strongly support the

prot ecti weonoliet1iofosHl V- 1- specific T-cell responses in tireTmEprainmb4esd virus
replication and in the prevention of H V-1-associ ated di sease. 10 Upon
interaction with antigen presented by antigen presenting cells such as
dendritic cells (DCs), CD4+ T cells can differentiate into a variety of

ef fector subsets, including classical Thl cells and Th2 cells, Thl7 cells,
follicular helper T (Tfh) cells, and induced regulatory T (iTreg) cells.
The differentiation decision is governed predom nantly by the presence of
cytoki nes and, to sone 15extent, by the strength of the interaction between
t he anti gedighirebutahen of cifsior T galltrpsgemcsire@ipedior cfffitive cwirlof micetiophadact eri zed by
their produhdaRR oPfutodimé afNBimdf PathdRaMdastd cel lul ar i mmunity agai nst
intracel lular m croorganisns. |L-12, produced by innate i mune cells,
directs cells toward the Thl cell dlfferentlatlon program as well as |FN
7 produdedAbywbaihmM&nmeib&MamdwﬁmﬂﬂﬁﬂhMRimﬁhﬂ:@B&d&fmm@dmﬁﬁnkhmﬂs I L-5,

and | L-13 g I r f t hs and

ot her extracel U %Fﬁggﬁﬁggéﬁg&‘Qﬁ ﬁ%1&ﬁH¥P3%%%£¥g%%%RE?%%@?%g?@%he action
of GATA3 dowalbt Videhmavflisqussed aboyg ¢ @ Poplaphg ol &1 fantrpjlivgopfsdastant vigay A

| L-17F, anghfdcliond 2nciafle plrionibyp@viiant roles in clearance of extracellul ar
bacteria and fungi, especially at mucosal surfaces. Thl7 cel
differentiation requires retinoid related orphan receptor (RORgt, a

t r anscrlppt TonHiValcgearme chetlesiagumbrd uitdkterdny priiGhs. F3vilepe potvins imalvdcan 1 20abd t he

proi nfl amgl &Ec)(lrs&yglbp(k‘)' falee";’(ar{lﬁie eNon el‘rve‘?-uqae pt@@ﬁ:ls (Lﬂ'}ﬂa‘?l’mcﬁlldé fop‘t;xax\ﬁﬁ!le ﬁllﬂznﬁpt Ivate

30St at 3 phosphorylation. | s are a subset of cells that

regul ate t HBICHE RIPIEPT B f’éfheBmé'&‘SI of the g45AG R genpy and @Pi‘éﬁt"} HoryAl ttcitshese cel | s
requires thehaylokidie/ifdad 2. and may be dependent on the transcription
factor Bcl-6. Tight regulation of effector T cell responses is required for
effective control of infections and avoi dance of autoi nmune and

i munopat héinegiudafDi Sedkiewonssyugaing e tagddsepasgbli srownmt o cituégjingHbeht ral rol e

in the i mMypés (ﬁférﬁ\ro@llablgfan 5:A0N| \M&Cit@ldeénﬂ;@@&n'ta%%s m\eﬁlyr B SPEBh felblﬁ) &g+ T-cells
are required for_the |nduct|on and nalntenance of,functlonal C£B+ T-cells

whi ch, as 878elgdway vaIeey &iral Freeien din Y8 PSS 0¥ bR DSt mEPbe vg
per5|stentcmmaathﬂmaﬁmm@mscmgBdhmdNBg i nfection by H V-1.

20  The immunogenic compositions of the invention comprise one or more polypeptides comprising

one or more of these antigens.

In an embodiment, the immunogenic composition of the invention comprises one or more
polypeptides comprising Nef.

25
HIV-1 Nef'is an early protein, i.e. it is expressed early in infection and in the absence of structural
protein. The Nef gene encodes an early accessory HIV-1 protein which has been shown to
possess several activities. For example, the Nef protein is known to cause the down regulation of
CD4, the HIV-1 receptor, and MHC class I molecules from the cell surface, although the

30  biological importance of these functions is debated. Additionally Nefinteracts with the signal
pathways of T cells and induces an active state, which in turn can promote more efficient gene
expression. Some HIV-1 isolates have mutations in this region, which cause them not to encode

functional protein and are severely compromised in their replication and pathogenesis in vivo.



10The H V-1 genone encodes a nunber of different proteins. Envel ope
proteins include gp 120 and its precursor gpl60, for exanple. Non-envel ope
prot ei ns wb 2blinH11408ncl ude for exanpl e internal structuraCTmpPetigiossssuch as
the products of the gag and pol genes and ot her non-structural proteins
such as Rev, Nef, Vif and Tat. 15Since such CD4+ T-cell responses agai nst

t he broadest possible spectrumof circulating HV-1 strains are favourable,
an H V-1 vaccine desirably contains as many different CD4 epitopes as
possi bl e fromvarious viral proteins. The viral antigens containing t he

hi ghest nu ﬁbfgrences to &Op a%‘ee tIE) \flﬁfqenlgﬁlq\?ek and?(p ss Vzlar‘{ar(?ts gr;l%%érlvatlveé ofq rifjl 20The

i Mmunogeni ¢ CONPos I nven on conpri one ofr onpeptldes
conpr|3|ngﬁbﬁéhQWHm%$Emtﬁﬁﬂhb§@U@nVmggﬁsgNﬂhﬂ@mmemﬂm@mwbn@mmﬂh@z|nnunogen|c
conmposi t i ofa@fents REridnRMRIcHPRv&OPREE Ses one or nore pol ypeptides conprising
Nef. 25 HIV-1 Nef is an early protein, i.e. it is expressed early in
infection and in the absence of structural protein. The Nef gene encodes an
ear | y aécesgsarpbddinénd Npfiofren m iV icdoraih asécldde AnB.Showe Bt 6, idS§ess sever a
activities,. . : f tein is known to cause the down
regulationm858%55§%$ﬁ%£$ﬁ%?g“%%éeg%g} and MHC class | nolecules fromthe
cell surface, although the 30 biological inportance of these functions is
debat ed. AdgivkhienaiNeyis ek ah ATl atlnorwhdels. t he signal pat hways of T cells and
i nduces an active state, which in turn can pronote nore efficient gene
expression. Some HI V-1 isolates have nutations in this region, which cause
them ndf t & @robdenduthetingnegdenipraipeiitonande aratigevepskyonconprroni sed in their
replicatiopyaRptiRalhpesesis in vivo. References to Nef are to full length
Nef and to fragments, variants and derivatives of full length Nef. The term
al so includes pol ypeptides conprising Nef, including polypeptides

co ][rpr [ s} ng The @Y gREe &feodeyﬁroipamrfﬁ C@;Ml(:il@eﬁei twahdnvﬁ& r@édecﬂ\b,fthe Gilupinafiyerrbodi me nt

Nef is from.a ain of clade K, or
circulatin mfer"g%lglh R% 3nr(11ttﬁ FOrH 0 P“’H“\l}eef@a( ﬂdiESegfatBo H%"ﬁl IgTﬂA iR CHRB M from an
H V-1 dfr alThe Tofmagy paadiact Bf Pol § clqavaghbsethdhodinpetdaset th gield theaming @nmeal&"i nmposi ti on of

the i nvent ,QRICARMICLSAS: OMRicQhectTrLoPONY BRIl ARN AGRIBRA SHeftgddFabNA
polymerase activity as well as an RNase H function) and carboxy terminal integrase protein. RT
18 thus an example of a fragment of Pol. HIV-1 RT is a heterodimer of full-length RT (p66) and a
cleavage product (p51) lacking the carboxy terminal RNase H domain, each of which are also

20  examples of fragments of Pol.

References to Pol are to full length Pol and to fragments, variants and derivatives of full length
Pol. The term also includes polypeptides comprising Pol, including polypeptides comprising
fragments, variants and derivatives of Pol.
25
In an embodiment, Pol comprises the RT fragment. The RT fragment is an example of a
fragment of Pol. References to RT are also to full length RT and to fragments, variants and
derivatives of full length RT. The term also includes polypeptides comprising RT, including
polypeptides comprising fragments, variants and derivatives of RT. In this manner, RT can
30  comprise the p66 fragment, the p51 fragment and/or fragments, variants and derivatives of p66
and/or p51.

In an embodiment, Pol is from an HIV-1 strain of clade A, B, C, D, E,F, G, H,J, K, ora
circulating recombinant form of HIV-1 (CRF)



The Pol gene encodes two proteins containing the two activities needed by
the virus in early infection, the RT and the integrase protein needed for

i nt egr at iwo 20ft/m7408l DNA into cell DNA. 15The prinary piPOUEPR0ION54664 i S

cl eaved by the virion protease to yield the am no term nal RT peptide which
contains activities necessary for DNA synthesis (RNA and DNA-dependent DNA
pol ynerase activity as well as an RNase H function) and carboxy term nal
integrase protein. RT is thus an exanple of a fragnment of Pol. H -1 RT is a
het erodi mer of full-length RT (p66) and a cl eavage product (p51) |acking

t he carboxy term nal RNase H domain, each of which are al so 20exanpl es of
fragnments of Pol. References to Pol are to full length Pol and to

fragnent s, Comeiiently.dobintiord ar {iiVal sigieof dédeBul | | ength Pol. The term al so

i ncl udes pol ypepti des conprising Pol, including pol ypepti des conpri sing
fragments, varﬁﬁyts and. derivatives of P 25 I'n_an enbodi nent, Pol
conprises {HE RIOHPRHRREIMUNagqRC ???’pf)sr‘té?@ﬁﬁfﬁ? Iy QU P OBRISEHINE OGO fragrrent of
Pol . Refer esigestideocoRprisargasagl so to full length RT and to fragnents, variants
and derivatives of full length RT. The term al so includes pol ypepti des
conprising RT, including polypeptides conprising fragnents, variants and
deri vat i vedhefacryne i tFAngl#ipdns praaeHERor PORProgsiy BOCtsATSH P%@Otﬁ%%top@@ rrdaginent , t he

p51 fragmenda 1ad1\£11/e ak n{afnagm&m(ﬁn) ViglchRiat4n 04 nﬁlﬁerobapa& ip9ep6 Al RBPacand/ or p51.
I n an enbodl ﬁf 1§ L an Hl V- % Stralnféﬁ clade A, B, C D, E F, G
H J, K of"™ 8811%28 e 5W SLERBIRRI OB RSP oy 1 (CRF) Conveni ently, Pol

i's frodﬂan H V-1 strain of clade B. I'n an enbodi ment the i mmunogenic

CONPOSi t i 0y OEaelBR ovAVA0L tgenssqam&w@ﬁ) @ar&re@&rsmo@m%&lcm@gﬁ ffis, conpri sing
Gag. The Gag gene is translated as aﬁgrecursor protein that 1s cleaved

by pr ot eas# “ResRIde hrrpenliexl gt RN derpfeniltien ﬁlﬁtﬁ/ﬁesenw afiré? # (p17), the
capsi d ( p24yristdyn@dNHgleeGR pS bahtipPP)h th@@co@radmt wpecsmaem@ﬁ@anbﬁ es p2 and pl,
allof whig hm rrérlee a%s)ggigtpc{ (?ag polypr]:)t%l?igecruqt t%vo copies ogthe Vlral genomic RNA along with
15 other viral and cellular proteins that triggers the budding of the viral particle from the surface of
an infected cell. After budding, p55 is cleaved by the virally encoded protease (a product of the
pol gene) during the process of viral maturation into four smaller proteins designated MA (matrix
[p17]), CA (capsid [p24]), NC (nucleocapsid [p9]), and p6, all of which are examples of
fragments of Gag,
20
The pl17 (MA) polypeptide is from the N-terminal, myristoylated end of p55. Most MA
molecules remain attached to the inner surface of the virion lipid bilayer, stabilizing the particle.
A subset of MA is recruited inside the deeper layers of the virion where it becomes part of the
complex which escorts the viral DNA to the nucleus. These MA molecules facilitate the nuclear
25  transport of the viral genome because a karyophilic signal on MA is recognized by the cellular

nuclear import machinery. This phenomenon allows HIV-1 to infect non-dividing cells.

The p24 (CA) protein forms the conical core of viral particles. Cyclophilin A has been
demonstrated to interact with the p24 region of p55 leading to its incorporation into HIV-1
30  particles. The interaction between Gag and cyclophilin A is essential because the disruption of

this interaction by cyclosporin A inhibits viral replication.

The NC region of Gag 1s responsible for specifically recognizing the so-called packaging signal
of HIV-1. The packaging signal consists of four stem loop structures located near the 5' end of

10



The Gag gene gives rise to the 55-kilodalton (kD) Gag precursor protein,

al so called p55, which is expressed fromthe unspliced viral nmRNA. During
transl at iwo,20tihie748t er mi nus of p55 is nyristoyl ated, triPQY@APROIA/054654
association with the cytoplasm c aspect of cell nenbranes. The

menbr ane- associ ated Gag pol yprotein recruits two copies of the viral

genom ¢ RNA along with 150ther viral and cellular proteins that triggers

t he budding of the viral particle fromthe surface of an infected cell.
After budding, p55 is cleaved by the virally encoded protease (a product of

t he pol gene). i,ng the..process. of viral turatign i f mal | er
proteins dglsei)wéaggﬁ eAd St‘fﬁnglter(#i%xme[sdﬁl%'}]]le)l?co@ﬂm@é%%?%erfl%gﬂﬁn[)gﬁq N% IXEld eocapsid
[ p9] ), andvigens. ¥C|bind§ toigipedhagareesicnyd dnpick mitcgktidng meshasqltby twf ziCefpeer20 The pl7

(MA)  pol ypeptik d& dis dnemsthesdehfipioal , nyristoylated end of p55. Mst NMA
nol ecul es remain attached to the inner surface of the vifion lipid bilayer,

stabilizing the particle. A subset of MAis recruited inside the deeper

| ayers 6f Thepbwolypaptidekpimeanddiatebipeoniss [pavetn 55 Gapandclenpdeaxry\whikcohv@gscorts t he
viral DNA . : . . - ecl i . | ear

25t r anspor Ee‘é’%\ﬁgn? H%Hl\%rﬁgfmagn rrgnt(g%:eglg{sl%qﬁlogir@lggﬁe%@g@iC%Jgnag?sggﬁ MA is

r ecogni zed cyd plgdopan Viithdp repietl Bathe pifpiot el ohbuiddipg Vg fremphffesenon al | ows
H V-1 to iefiect non-dividing cells. The p24 (CA) protein forms the conical
core of viral particles. Cyclophilin A has been denonstrated to interact
with the p24 region of p55 leading to its incorporation into H V-1
30partil@l e& anFhbodimdng Gagis from abBiVak grinGAdadzrd Bcy dl, 6phiGl Hi. i A darg essent i al

because t he; diagfdRlnBRarPlord B FrviNEREACt i On by cycl osporin A inhibits viral
replication. The NC region of Gag is responsible for specifically

recogni zing the so-call ed packagi ng signal of HP/-i. The packagi ng signal
consi st s ofoifveriéntls@Bsl e SNV UGkl &slaliogat ed near the 5° end of the viral
RNA, and is sufficient to nediate the incorporation of a heterol ogous RNA
into HHV-1 virions. NC binds to the packagi ng signal through interactions
medi at 8 byn anwbodimant, Gagige!7. hpturlf embodi@end] pd Hisfiramiah HiVa et aylades’s B,
transcripticof.g, p10er P&, Bol HASRHE AeonfbdhdRmTedhal R A). RbRVAGkly QNS isbet ween p55

Gag and the accessory. protein Vpr,
from an HIV-1 strain of clade B.

In an embodiment, Gag is p24. In such embodiment, p24 is from an HIV-1 strain of clade A, B,
20 C,D,E, F, G, H, J, K, ora circulating recombinant form of HIV-1 (CRF). Conveniently, p24 is
from an HIV-1 strain of clade B.

In an embodiment, Gag comprises both p17 and p24 either as separate protein antigen
components or fused together.

25
Conveniently, p17 and p24 are fused together and are separated by a heterologous amino-acid

sequence.

In the present invention, antigens described are full length antigens, for example, full length Nef,
30 full length Pol, full length Gag. The invention also encompasses antigens that are not full length,
including fragments or variants of the antigen, which may or may not correspond to full length.

Suitably, fragments are immunogenic fragments and variants are immunogenic variants.

11



| eading to the incorporation of Vpr into assenbling virions. The p6 region
al so contains a so-called late domain which is required for the efficient
rel ease olokoddiimgsvi ri ons froman infected cell. 10l n aoTardadiossst, Gag
is froman H V-1 strain of clade AL B, C, D, E, F, G H J, K or a
circulating reconmbinant formof H V-1 (CRF). Conveniently, Gag is from an
H V-1 strain of clade B. 15In an enbodinent, Gag is pl7. In such

enbodi ment, pl7 is froman H V-1 strain of clade A, B, C, D, E, F, G H, J,
K, or a circulating reconbinant formof H V-1 (CRF). Conveniently, pl7 is

froman H V-1 strain of. cl ade B. 1n an enmbodinent.. Gag.is p24. In such
ermoar nent o ey ST Ry A AL G R g BB oE 7 &)
J, K, or aawinp eisdoingey polepoidsi comprising ar FiVof angipoy-of wiidRIy arGdragapitent | y, p24

i's_from anchllvWhidni$ tihcataBms ShRE & 18st 5108 ARnEAROAE RRM o 1RGSR SEs bot h

17 and p24 either as separate protein antigen conponents. or fused
!to oget her p bt @fﬁ) AVER “dntr ?asﬂfgcogﬂ%lo‘b?ﬂn%aé‘dsf fEPé‘btge g‘%@@tﬂ%‘r‘f Wi‘ﬁa ¥ e separated
by a hefer ekegatisnam no-aci d sequence. I n the present invention, antigens
described are full length antigens, for exanple, full length Nef, 30ful
length Pol, full Iength Gag. The invention al so enconpasses antigens that
are not f ulTmnuaesgrinfragmeatwehi vy beieiagie aempriy at least Prerspiore pf thapatiggneddgen, whi ch
may or may digsy MO IrasReie. Sochffbhedi@Rahihvle Sbind ik ¥n infrfuaIIBOES a@inet

i mmunogeni ¢ fra nts .and variants are i nmunogeni ¢ varijiants.  Typicall
£ 1 agent s PNEPTIER. TN BRRTT & et pEwRPTn e At als skt SR hous
sequend@ ofusaltd prber &Y -d spifopeivr anhigenp disydro e pision parmearnghich sanrbg p@trinkliebisl ant i gen

of whi ch t Beyr AhGunBochic 20 MEM pre ARG D iR DLdYer, the fragments contain at |east
5to 8 amno acids, at least 9 to 15 amno acids, at least 20, at |east 50,

or at |east 100 contiguous am no acids fromthe pol ypeptide of which they
Sare a fragn®Esdn “variant”, as used herein, includes polypeptides that have been altered in a limited way

compared to their non-variant counterparts. This includes point mutations which can change the
15 properties of the polypeptide for example by improving expression in expression systems or
removing undesirable activity including undesirable enzyme activity. However, the polypeptide
variant comprising an HI'V-1 antigen must remain sufficiently similar to the native polypeptide
such that they retain the antigenic properties desirable in an immunogenic composition or vaccine
and thus they remain capable of raising an immune response against the native antigen. Whether
20 ornot a particular variant raises such an immune response can be measured by a suitable
immunological assay such as an ELISA (for antibody responses) or flow cytometry using suitable

staining for cellular markers and cytokines (for cellular responses).

Conveniently, “variants” according to the present invention, comprise additions, deletions or

25  substitutions of one or more amino acids. They encompass truncated antigens, where the C-
terminus and/or the N-terminus of the antigen has been cleaved of one or more amino acids.
Conveniently, “variants” include truncates or fragments wherein 1 to 5 amino acids, 6 to 10
amino acids, 11 to 15 amino acids, 16 to 20 amino acids, 21 to 25 amino acids or more than 25
amino acids are cleaved from the C-terminus and/or the N-terminus of the antigen

30
Variants of the invention can incorporate one or more deletions, additions or substitutions of one
or more amino acids. Accordingly, a truncate of an antigen can additionally comprise deletions,

additions or substitutions of one or more amino acids at a different part of the peptide.

12



"I munogeni ¢ fragnents”, as used herein, will conprise at |east one epitope
of the antigen and display H V-1 antigenicity. Such fragnents are capabl e
of i nduciwgan/iimeene response agai nst the native anti geal/EPeathesicsn

i sol ation or when presented in a suitable construct, such as when 10fused
to other H V-1 epitopes or antigens, fused to a fusion partner which can be
pr ot ei naceous and/ or i nmunogeni c, or when presented on or in a carrier. The
term"variant”, as used herein, includes polypeptides that have been
altered in alimted way conpared to their non-variant counterparts. This

i ncl udes poi,nt, muLaLl ons, Whi.Gh.can change fhe. Jannonenthes of, Lhe

pol ypepti de 1°0r exarrpfi e nby [ n'd°r oVl ndpé)xpre%m on 1 n expression Systens or
renovi ng umdesy vidithepohpentidd wequengsof Nefi ivbjandietiess r abl e enzyne activity.
However, the pol ypeptide variant conprising an H V-1 antigen nust renain
sufficiently simlar to the native polypeptide such that t@ﬁy,retai n the
anti geni ¢ ProFEPLGRR fLhgiPaHIoR thejmppnce BHEHE COYHPEETOPPERPEI S vacci ne and
t hus t héy remasing grpabbreaifens.ahrsd olyparidds nomimising @8 ponee amigaisfatr t he native

antigen. .naot (e i_ant : [ ne
esponse oA ERR A o bRl Bl B S TG e b "o £L1 s
(for anti b8y pesonses) or flow cytonetry using suitable staining for

cel lul ar markers and cytokines (for cellular responses). Conveniently,
"variants" _acc i t he present.invention, conprise additions,

do et rons ERIESHHR G ePhen Sk ol bt FEPRERAE R Mo omass
truncatled aetekgefsan imhenectihengbsitioe pfthnuen@ndioonpiie tw-drewrd nus of the
antigen haﬁgl%ﬁ&e&éoﬁ@ﬁs‘ﬁ% N PG nfdfe PIRPSHATERD G BF and PRSP ERE | Y,

"variants" 1 nclude truncates or fragnents wherein 1 to 5 amno acids, 6 to
10 ami no a@flysptidgsicopprisins Gg4 no acids, 16 to 20 amino acids, 21 to 25 ami no
acids or nore than 25 am no acids are cleaved fromthe C-term nus and/or

the N-ter m[nnat}‘lsl h%f entlbr(l)glmg‘tﬂt i gnte()?th%gne\{)?{nioraengs eotfi eg pa% C(i)rrrll\/l%en(gnieg&e%%l i ncorpor ate
one Oor nore elite 1 ons, a’of"al 1 ons or sulgslly]? PU(%I ons qu one or ‘nore am no
aci ds. 1Accerddi figd. pwo o Nef: Bl et as Gad. thge oANEf Rpbendioafiaga tdi efiNoh Bollayd/@onpri se

del etions, caddidsb@RG. BmorRlohd sy QRde i9breQREn AE oG AN DoRPIAE at a
different part of the peptide. Variants of the invention al'so conprise a
pol ypept i dENSEYRISH L8 & RATORFTQr APy obisysorsrchggoRPHENET PPt h t he
pol ypept i de dsfequtamaler afd/oNefmpodiivh ofundgaas. [Gagre artk thrazdr @b pdjepiits i0thet he

Fnvention, § G lMMIBERN: for GRMRASIA LA TAL Snt MR AUMPERE s
20  antigens while the remaining polypeptide(s) can comprise a different number and/or composition

of antigens.

It has been well documented that the polypeptide sequences for these antigens are well conserved
across different strains, including across strains from different clades of HIV-1.

25
However, an analysis of CD4+ T cell epitope conservation for HIV-1 antigens across different
clades shows that while the sequences for these antigens can be relatively well conserved across
the different clades, CD4+ T-cell epitopes appear to be surprisingly less well conserved (see
Figure 8 for analysis).

30
The analysis looked at “known” CD4+ T cell epitopes and “predicted” CD4+ T cell epitopes.

Epitopes were “predicted” using three sofwares: SVMHC (www-bsinformatil uni-

tucbingen.de/SVMHC), ProPred (www.imtech.res. m/raghava/propred/) and a GSKbio program

(Tepitope). To be selected as a potential “epitope”, a 9-mer peptide had to be predicted by the
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5conprising one or nore antigens, three polypeptides conprising one or nore
antigens, four pol ypeptides conprising one or nore antigens or five or nore
pol ypept iwoeotionprssi ng one or nore anti gens. Each of NeCI/HPetiiasdsor Gag
can be present in the inmunogenic conposition nore than once. 10For
exanpl e, an i mmunogeni c conposition of the invention can conprise two or
nore pol ypeptides conprising Nef, two or nore pol ypeptides conprising Pol
and/or two or nore pol ypeptides conprising Gag. In a further enbodi nent,
each of the one or nore pol ypeptides can conprise one of Nef, Pol 15and/or
Gag, two O nd/. o Pal .an four of Nef,
Pol and/or];hffad)mgra zg‘gfm%?%?gfﬁvml%EA 1g%z%%g;%8136@é tgga%§h%§§%ent in

t he conposkwpicgnicd gache paicysse propdeiosaithe ormhel 98 pedieted &l nlrpdieepitairesl/ or
conmposi t i 0BonHrvedBhbBeNScPEncBARR HRPLYRRRYLI de can conprise a different nunber
and/ or conposition of antigens. If there are three or nore pol ypeptides in
the conposition, two or nore pol ypeptides can conprise the sanme nunber

and/ or 6onPeswitt thorlatfely2Gahtdgge nSobydniel! epitopreronservation amgngplel clapaptuilide ( s) can
conprise a - S been

wel | docungﬁkééﬁ&ﬁghmgﬁ%?% ‘ﬁ%ﬁ%@% qugg%gﬁ%%%r?g?ﬁgﬁgggo H?%é%ﬁg are wel |
conserved h%@@@?ddlfferent strains, including across strains fromdifferent
cl ades of H V-1. However, an anaIyS|s of CD4+ T cell epitope conservation
for HHV-1 antigens, across different clades shows that | e the sequences
for these gFﬁSi EHY TP AP B ab“\‘z\é?ﬁelmﬁl&‘?fsr%%p?}’é?ﬁ 1%98‘\%,\%%5‘% he different
cIades10CDmﬂmmogmkthQMU@péﬁwampE@mmt@@&@ﬁSM@pprBhgmqnMeksmMBkmmconserved
(see Figurg Rl mmﬁﬁ%%ndc cmsosﬁl@@Ipxlsex%nﬂlpgmam%ge i DS Ak T cel |

epi t opes and “predicted” epl topes. Epitopes were predlcted"
using thr eé‘V%‘kS‘P‘%\%i’F"égsmgWPt‘W%mﬂﬁ‘F B¥igsstToR iy aﬁﬁv rge <rdr BiavHo)
ProPred (AgdnsiltfiRensesding if tg qufeaﬁ@imfneldé espaid, sachGSKbI-@e@ficgram ( Tepi t ope) .

-Fl)_:‘)eglects glde(égller?sp'g‘nsse %ahﬁi?ceegé E}b Elé ca(‘)lmg'(')snﬁ)ln reaggd W1th d%f?ererr‘g3 alBSe (Q‘t[ilg q the}d Lo be

AP A EV VAN A a1 el e,
anong tlhe quaﬁh@d@sw®mdﬁ“aheﬂnhefﬂﬁéﬂﬁp@pﬁ@éﬂﬁﬁé@muwmtﬁe Caucasi an
popul ati on. The nunber of predicted CD4+ T-cell epitopes conserved anong

t he sequences was then cal cul ated. 5Despite the relatlvel%»snall degree of

observed epi'taPE ¥ SEPRYHHTHRC ”ﬁ??d??&‘“‘fer{%ipﬁs%taé‘éa“??fﬂveh rom ey ent or s
sur pri si ngkiydet @lindpdnth e tht fy@s & icuBuna redpoadt iRkiugdd e For dPg kgeeifio fmmmessponeact i vity

than woul d th?s%a@?ﬁag&tﬂ?e%ecretion of relevant cytokines. CDS8 specific immune responses can include
20  theinduction of cytolytic activity and/or the secretion of relevant cytokines. Antibody specific

responses can include the induction of neutralizing antibodies, for example.

In the present invention, it is preferred that the immune response induced by strains of HIV-1
from clades not represented in the immunogenic composition of the invention is a CD4 specific

25  immune response.

Cross-reactive immune responses can be directed against immunogenic regions on the
polypeptide, i.e. epitopes, that are conserved in sequence across different virus strains from
different HIV-1 clades, or they can be directed against epitopes that tolerate a certain degree of

30  sequence variation without abrogating immune recognition.

Cross-reactivity can be measured by means of the magnitude of a given immune response and/or

by means of the percentage of responders.
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Cross-reactivity is herein taken to nean the ability of imune responses

i nduced by an 10i mmunogeni ¢ conposition of the invention to recognize
strai ns ovodbM/1174080m cl ades that are not represented i RCTHP201IMOBHESHEN] C
conposition. For exanple, an imrunogenic conposition of the invention
conprising a polypeptide conprising an antigen froma strain of H V-1 from
clade B is considered cross-reactive if the H V-specific i mune response,
such as HI V-specific CD4+ T cell response, induced by the conposition
reacted with different strains of HV-1 not in t he 15conposition for

exanpl e, h a s&ral of Hl V- i froma cla er tha A reaction
onsidering t e ma 1tude of an 1mmune res onse is cat% expresse in tl_ﬁms ff
by the conp05|?|on [ i mune respons rains

di fferent @Pﬁd@@“ﬁﬂEWHUQQ@WGWD%BQM@E@VW@dmﬁpmhﬁﬁﬁempé@ﬁ@h@éﬂphﬁﬁé%d For

CD4 speci f e cpam)lmhen%ﬁ]awgéﬁcscotnmsaloﬁa@sug AR EP6nsSRGietdyon of rel evant
cyt oki nes. es can include 20t he induction of

ne respon
cytolytic & §I89F¥@&%$ﬂﬁ%¥qgﬁ%mggﬁ?g?'iﬁﬂﬁ?mW@FQV%ﬁPmﬂVF%%lnes Ant i body

specifié responses can include the induction of neutraI|2|ng ant i bodi es,

for exarrpl ﬁl rder E:? E y);spﬁle er %ﬁ&tof H‘é%?ﬁé T bns&e tthe gJe?éom%ﬂsntlgm%E J.'e | mune

response in uce trail m Cl a e resent in the
i mrunogeni & tb@mgqgﬁmwnmsﬁton éannbﬂwﬁtq I@iﬁlum%ogbzaleﬁaaysSfpwﬁw% ipthe feifine

response. Gr@&&nd fBakd an@s@ dﬁmﬂﬂa&lyrr@ﬁ@@da 68 tH aImResediof @féﬁ@gmgg@tha&t

|nnunogen|c r. S |to at _are nserved
| sequencE s S8R aprb PERR P o Bhnplss Sy Bk iPRFEPein B TS vE ades. o
t hey caf bémmmKQQMEnnagadmﬁmaapmdﬁpésxthhnﬂtﬁk@mﬁﬁbdaMcertaln degree of
30sequence variation w thout abrogating immune recognition.
Cross-reactivity can be nmeasured by neans of the nagnitude of a given

i mmune response and/ or by means of the percentage of responders When
considering'%%%mﬁﬂ@ﬁ??dﬂ%mﬁf%%ﬁﬁvﬁ%ﬂ%%mFﬁ@ﬁﬁﬁ§é‘”Fﬁﬁ%CEQﬁmﬁéméﬁbressed in

terms of tb@gmwlﬁmo@ég 1ﬁdu@éd\b@lﬂlelnﬁi|ﬁhﬁ"cb§en[&81ﬁ@ﬂfﬁ&1 ashet@@d Byanpol ypept i des
fromthe sane cl gs. as.

COWpOSI tio nppmé)rlate seroloI%lcalc%es?q' emegrsnu}de gf acll cegre((s:pe seB:an be er(presmyéllgl gggeq'ur ¥ a cl ade

onse in ypepti
t hat §5noﬂnn@wmégémmemSpmﬁth@kuﬁwmmbgéﬂmmmn@mpogmmmmmnM®mgmemml

population of T cells, which can be monitored by cytokine production.

The magnitude of an immune response, for example a cross-reactive immune response, can be
influenced by the number of wholly or partially conserved epitopes as well as the dominance of

recognised epitopes.

20  For example, a high magnitude immune response can result from recognition of a large number of

relatively weak conserved epitopes or the recognition of a few dominant epitopes.

Conveniently, the level of cross-reactivity observed is up to 10%, up to 15%, up to 20%, up to

25%, up to 30%, up to 35%, up to 40%, up to 45%, up to 50%, up to 55%, up to 60%, up to 65%
25  upto 70%, up to 80%, up to 90% or up to 100% of antigen-specific cells induced by the

immunogenic composition among the total population of T cells or titer (or concentration) of

antigen-specific antibodies induced by the immunogenic composition.
When measuring cross-reactivity in terms of the percentage of responders to the strains of HIV-1

30  from different clades, the number or percentage of vaccinated individuals that show a positive

response in an immunological assay after subsequent challenge can be measured. A responder

15



In order to anal yse the nmagnitude of an inmmune response, the pol ypeptides
conprising antigens in the i mmunogeni c conposition can be used in

i mmunol ogvoabi1iansaygs, for exanple, in the form of proteipa3/HPoo11t0BBSANAl YSi S
of antibody responses or in the formof sets of overlapping synthetic
peptides for the analysis of T cell responses. Exanples of suitable

i munol ogi cal assays are well 10known to a person skilled in the art and
are described in the Exanpl es bel ow. The magni tude of an inmune response
can al so be expressed as the titer (or concentration) of antigen-specific
anti bodi es j nduc s S rmned by an

Appr opr | ot SISO St gl e T RE e CTRS e ARG P AL B ey 2N
expr essed a@w@hehémemm@m@yﬁméﬁmmomebénymwmﬂqangénmywemmﬁw@%@émls i nduced
by the innym@g@ﬂ&%mggﬁgg§&%bpme@qgﬂglthe total population of T cells, which
can be nonitored by cytokine productlon The magni tude of an i mune
response, for exanple a cross-reactive immune response, can be influenced
by the nun‘HE‘P““B'F’gWG%STY§7aIHPerBIQ$1Eﬁ1 E G S'?at&‘}*rl%eé‘Wé‘tF“élﬁ%etﬂﬁﬁé@e%e%l| as the
dom nanée ﬁ%mmaﬁngnmﬁegnm@mﬁmmmﬁmmeﬁﬁameaxanpheuhanhmghmmagnwmude i rune
response caly &8 Ul AMLLEAARI AR o rBod FARMMTRRE pOlnplcELBldyvel v weak
conserved epi'topes or the recognition ot dom nant eﬁlto es
Conveniently, the level of cross-reactivity observed is up to 10@6 up to
15% up t oPRBwplyuhe kel HSogss-iggstivity oB@oed i3pp tod 0359t Lo, tiptof0%, unip2i%0 45% up
to 50% Upuﬁ@fﬁ@@%pt@pj% Qp BQA%e;, Qo 359, @?9@53%% té 5’5‘%9}/@0 609, dpQo §904p P to 90%
or up to 120 o of ptlgen peci hﬁ ? lnduceq g t he 1 munogeni c

conposi ti on’ t/“h%ptPSQ AP Y04 %}Wl%tf inp SURlg &€ GPORIeer  (or
concenﬂﬁatlon) of anti gen-specific antibodi es induced by the i munogenic

conposi ti oy, matter\@ﬂf%ﬁ‘m@fﬁ&tgdfwe&é&fe&én%%se'a%&%llet\!'cr%é’s %a@tl&grf@lsex 1d f36y;per cent age

of responders to the strains of H'V-1 30fromdifferent cla es t he nunber
or per cent SYETEFINHEETIh? BEnOAHT | Bemp eadematrensienipdan heEineasnit esponse i n an

i munol ogi cahpoassaynotfc@ied muURSRGtEMenahal | enge can be neasured. A responder
can respond to one or nore epitopes on an antigen. A responder can al so
respond to one or nore pol ypeptides in an i munogeni ¢ conposition of the

i nvent ildn ahdimonundgeniowepositionof the iavenfiqensprises aaadiinpmilnog e pictreowtposi ti on of
the invent Qe rIHHNQQEE £@n@ssays and serol ogi cal tests that can be used
to anal yse the percentage of 5responders or the magnitude of an immne
response are known in the art. Exanples of such assays are known to a

per son ski akdfthnisAretdberitat in gamthl anecdeInkigbede beumivantd Adjulrat ppasa, es sect i on.

edited by Powell and Newman, Plenum Press, New York, 1995, incorporated herein by reference.
20

An adjuvant, an example of an immunostimulant, refers to the components in an immunogenic

composition that enhance or potentiate a specific immune response (antibody and/or cell-

mediated) to an antigen.

25  Adjuvants can induce immune responses of the Thl-type and Th-2 type response. Thl-type
cytokines (e.g., IFN-y, IL-2, and IL-12) tend to favour the induction of cell-mediated immune
response to a given antigen, while Th-2 type cytokines (e.g., IL-4, IL-5, 11-6, IL-10) tend to

favour the induction of humoral immune responses to the antigen.
30  Inthe present invention, the adjuvant is a preferential inducer of a Th1 immune response.

The distinction of Thl and Th2-type immune response is not absolute. In reality an individual

will support an immune response which is described as being predominantly Thl or
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Preferably, the level of cross-reactivity observed is up to 10% up to 15%
up to 20% up to 25% up to 30% up to 35% up to 40% up to 45% up to
50% up twoRby11@8t 0 60% up to 65% up to 70% up to BeUa/APROIOSLE20 Or up
to 100% of subjects in a sanple are responders. 10 No matter which method
of nmeasurenent is used, conplete cross-reactivity, for exanple 100%
cross-reactivity, against a strain of HV-1 froma clade not represented in
t he i mmunogeni ¢ conposition is not required in the present invention. 15The
i nmunogeni c corrposi tion of the invention conprises an adjuvant that is a
preferentlal i ndu

ommantgy 2 {—Iowever {t f‘? orﬁ"veglen oocgrslsi gr tﬁ‘d}am%{les ot"%:¥’[ak1nef§| quCI‘ i bed in

gener al i nPVAce n uni t edi t ed by
Powel | and Owﬁlbeﬁn@wum FpesE CellNéWSWMsm@Q%i quﬁl‘r@@ﬁ\é@mmneBRW@ﬂ ei n by

reference. cg@mfNR 2 8ORTH 1 and THE YRR - R padiding ﬁmn'b Radticadief €rs to the

conponent s an i mmunogeni ¢, conposi t i ntht otentiate a
specific i Hﬁgﬁ‘étr}?“étéoﬁ@r% erf‘?fn‘%?‘ﬁ%%}?“&"ﬁﬂf/ OreIsy: 7rr%161? ifeﬁ‘f""&éat “GRti gen.
25Adj uvant sy e&fenéch duecetldnmwnﬂ -tiR SPPINSE Sre @fsodidkd with khetpyaactiadet theN2y t ype
response. Thl tend to favour

the i nduct PAT-2FRE o ERRRE T Gl onch ity By | o0 i e
Th-2 type @yltasii ofdb1-tee glmunq:ussmnsesaLe@tprmlc@ibymcelmgucm erEH 2o benretr t he

i nduction efy. form?@{p@i{seé awaat5@§1m9§£§etxog of 1§ @Jatmgsemqo?»@ﬁlam@ hgumftesent
i nvention, thé ad J uvant is a re erential i nducer of i mrune response.

The disti néBFie%Wl’_)‘Ph PFWP‘”%H“?WW‘FVE@ FPRYEG é“CP‘é% %H%Pé‘oﬁpg"rﬂé‘ﬁdéb% Blute. In
real i t yoandérivative ieteall (ovdekdxifisdIPPON tin generdl FRaere inses@ONGEONMTTR), i s descri bed as

bei ng predam. o X Y Hg%\@ cvarhtbon kS c@f t en

conveni ent B%Ho&%g%é}lédé%%ﬁéi@gﬁﬁg%@g dA(} E\fﬂ)n% %é%{ r%ﬁs I(S) CT?;hat descri bed
in nurine &3424 Ap; apép pobingiiasf ponopkespharyhlimhd. @ﬁ‘fﬁ‘%&hd@(%@mﬁln T.R and

Cof f man, Rudeno 5&59&%) ligitlA, @fteheriid ardr biSaturbthdnh @rt@ﬂaimmbmwnmmoﬁhoépnmhokl ne

secretion |le rent functi ona Annual
 mmunol ogy m%%‘gd%l S B sk By e e Pued Bt onal 1.
Thl -typé r esponsed maheesala@wacculatte etdicivet, hllgvhee forndediicionddifery ffentigsliie y

and immunostimulatory signals. Studies have shown that 3D-MPL is able to further enhance the

immunogenicity of an alum-adsorbed antigen [Thoelen et al. Vaccine (1998) 16:708-14; EP

689454-B1, each incorporated herein by reference].

20  An enhanced system involves the combination of a monophosphoryl lipid A and a saponin
derivative, particularly the combination of QS21 and 3D-MPL as disclosed in WO 94/00153
incorporated herein by reference, or a less reactogenic composition where the QS21 is quenched
with cholesterol as disclosed in WO 96/33739, incorporated herein by reference. A particularly
potent adjuvant formulation involving QS21, 3D-MPL and tocopherol in an oil in water emulsion

25  isdescribed in WO 95/17210, incorporated herein by reference. In one embodiment the
immunogenic composition additionally comprises a saponin, which can be QS21. The
formulation can also comprise an oil in water emulsion and tocopherol (WO 95/17210,

incorporated herein by reference).
30  In an embodiment of the invention, the adjuvant comprises one or more components selected

from an immunologically active saponin fraction and/or a lipopolysaccharide and/or an

immunostimulatory oligonucleotides.
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and |IL-2 cytokines by T-1ynphocytes. O her cytokines often directly
associated with the induction of Thl-type i mune responses are not produced
by T-cel Iwp28uch74s8 |L-12. In contrast, Th2-type respon®eI/ERe@1AS®6€i at ed
with the secretion of 11-4, IL-5, 1L-6, IL-10. Suitable adjuvant systens
whi ch pronote a predom nantly Thl response include: Mnophosphoryl lipid A
or a l10derivative thereof (or detoxified lipid Ain general - see for

i nstance W2005107798), particularly 3-de-0-acyl ated nonophosphoryl lipid A
(3D-MPL) (for its preparation see (B 2220211 A); and a conbi nation of
nmonophosphoryl lipid A, preferably 3-de-0-acyl ated nonophosphoryl lipid A,

t oget her witt # @ntofigentathe Al IgmPESS o erenologstly Aeiee atngp Adrop g phat e or
al um num h¥iehpolxjadddrider an oi |l -i n-water enul sion. I n such conbi nations,
antigen and 3D-MPL 15are contained in the sanme particulate structures,

al | owi ng f @bnvemERly 8 influfiMoicHiB) dedRs¥poRh fiddibh A0 CardFink NFDANRGEhARAL at or y
si gnal s4 SESLH%%%} ﬂVa‘ﬁv BOWR t&q@l dpdel}ﬁ}nvééf% § to further enhance the

i mrunogeni Ci t uma sor anti gen oelen et al. Vaccine (1998)
16: 708- 14; 454 Bl ach i r i eference]. 20 An
enhanced sy rRRRITRr SewnFRatel HoPLR: BTl B RR B hERERRE 1 7 ana o
saponi n dehérgaby pesrengsa ot lncy@reapmhysntnheormmm -ﬂ%tMPbﬁnQQS@Sﬁ@ SaMeR1IBIV®PL as

di scl osed bgsahD, %ﬁ:ﬁ%&?&a&cﬂﬁ& nmﬁm&gfé o N&BBINPIY i8R RN 6Ber cQicr®(HPESS
react oggnl o corrpo i on where is quenched with chol esterol as

di scl os@d PAR® W@é’/‘%“gwg@tedp"fﬁlb‘?yﬁﬁﬁeré?céh herein by reference. A particularly

potent adjuvant fornulation involving @21, 3D-MPL and tocopherol in an oil

in water egp'ﬁh 9 avaﬁ%;le omd@l%%#ﬁﬁﬂmb ﬁlo\é‘gceﬁ?ﬁ&%%%md Jﬁ&gﬁ&%&ﬂﬁ&&&er ein by

ref erence nmunogeni ¢ co onal |y

conpri ses &Pdapenirerpomtiivet ae HA-H&h QBIeLotIFhe! ¢a@l@¢m9€bl€qd@??0@aﬁ tethg o corrpr i se

gn o] :c i N Waheds él%f[bb'f:@in@l} and 21108 ;mafﬁle?@E 1t(1§/égn%{e:b?ga&fyﬁdtéﬂcor porated herein
y re ence n nt o i e adj.uva conpri ses

SEORBIR gl P RPN R A A A SR A o Sl

fracti on apdéeotrinmgntiongogiglaysia CDRARL isl@sed néhiad partieie 3PAYIPhdSY a pantikla bior spch

oli gonUC| eﬁltat: ceaﬁ be JtJPlleafﬂtel%HJﬁl &hﬂ?(?&az& tfﬁt%r %%Al"f)\{e%ﬂgtlo%g) ﬁéscsrﬁé 13'9\[0

i mrunol ogi cal [y active saponi i'on an pop ysacc har) Ue.
Conveni ent PY212phecorpertertbictsgi yadfergncact i ve saponin fraction is Q821 and/ or
the |ipopol ysaccharide 5is a lipid A derivative. Suitably, the lipid A

der i vabhVe al,gne? i é-?dju%lt fR Rl tﬂ%r%k\éﬁ%@nn%ﬁ § af? mh&‘f?stdef? ﬁve?f(%uﬁ%&@'— and

B21 (EP 0 671 948 I ncor porate ereln ref erence In water

enul si ons &BAPE Préﬁaﬁgorg@%ﬂﬂl_fmﬁ'ﬁ@ ok fep@n g5y Qurioie §apoggna P%&‘iﬂ‘;‘s each

i ncor por at @t eri6ids b@olnlgedjara@rme@)ty bpnalfg&r&/&m fnqu(f Sup&th e\ajumnsot her carriers

(EP 100 68 1[54 c<§1val | abl e
'h

B
from d axo i (%lén%e “Bi'o & OrSC]i%ng %i % %1 %}3\ err\%ﬂ Fm %)243%?‘1 mCO'BOTate

ronotes CD4+
T cell res p@ﬂs bsrefgicndy). dﬁrlﬁﬂl‘ﬂcaym(nﬁw RuipA éﬂ@tbyqaesolateﬂ bsclél?Lwahlgrrddlu ced

accor dipgg E(guxxaa%ctﬂ;ﬁ§ Deeelae fl S6LRSGHided VR Ri1ddBp 8362 A, ifDPOLLA IS It TS @
m xture of deacyl at ed
by reference), for example QS7 and QS21 (also known as QA7 and QA21). QS21 is a natural

saponin derived from the bark of Quillaja saponaria Molina which induces CD8+ cytotoxic T

cells (CTLs), Thl cells and a predominant [gG2a antibody response and is a preferred saponin in

the context of the present invention.

30

Particular formulations of QS21 have been described which are particularly suitable, these

formulations further comprise a sterol (W096/33739, incorporated herein by reference). The

saponins forming part of the present invention can be separate in the form of micelles, mixed

micelles (preferentially, but not exclusively with bile salts) or can be in the form of ISCOM

35  matrices (EP 0 109 942 B1, incorporated herein by reference), liposomes or related colloidal
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15nonophosphoryl lipid Awith 3, 4, 5 or 6 acylated chains. Preferably in
the conpositions of the present invention small particle 3D-MPL is used.
Smal | parwoche/BDwRPL has a particle size such that it eam/HPR011/054654
sterile-filtered through a 0.2211mfilter. Such preparations are descri bed
in WO 94/21292, incorporated herein by reference. 20Anot her suitable

adj uvant for use in the present invention is Quil A and its derivatives.
Quil Ais a saponin preparation isolated fromthe South American tree

Qui l aj a Saponaria Mdlina and was first described as havi ng adj uvant

Sgtsia\rg[ teyvb%/ugﬁxor SC gs Worm\}%i or rlﬂ%hlgé%?ullltl nerlgg‘ ?elx?rg or fjﬂ (Ec/ﬁa struc A Ch%q}l)él fir die
i ncor por at &ghelips NéﬁnfomyllateéW@h efn@et)frol 4ag hlpl'ﬂ ioeid ﬂferf@lglmém @l 1@Wat@ﬁnmlslAﬂ have been

i sol ated byrotdRhbpWRIiCWOr98H 81D, &5@%&&@%@%@%&)@}4@ iRt cahBe toxicity
associ at ed W|th A (EP 0 362 278, or at ed her e&aﬁ%{yref erence),

I
for exanpl éss‘iﬁs&?edéfvh% wfaéﬂsé’ﬁ‘ﬁ?ﬁIBWi“”ﬁ%hy ’7‘ 81“@&211‘}13 © a natural
saponi n5dep$/vesy7, imormratbteheba)ruyrﬂérer@m | I aj a saponaria Ml ina which induces
CD8+ cytotoxic T cells (CTLs), Thl cells and a predom nant | g&a anti body
response and is a preferred saponin in the context of the present
i nvent i on. AsEnhEaged $ysEm dWoly s thngPrakinagasof gimommphasphesyt dpig édpr ddesidied lipd whi ch are
E)ar ti /cul ar lay asauisipahh Qerivhiie; Eﬁm&@z&mﬂ{e@tﬂﬂ?ﬁb‘ﬁoﬁ &T(jsbﬁzﬁnﬁQDWL @alsaossa ar ol
WD96/ 3373 i por at e ere ref erence The saponi hs form ng part
of the pr e?‘é‘% 49]9%ﬁ CUIAR eé&PFIB«IBY %eg%egf at"d PR OMPOT IR B %8s, i xed
m cel | d8 ( PRefieqenthedivithcholbrtrrol podisclxed iWOWEI13§730 ibdarpbiateéhsah bys) or can be in
the form Oteféreﬁm ﬁaﬁm&w fofent a(iﬁ%npfopngl%tlgn 1%V0$\;mg tbd%ﬁlgfo?gft@&%hm b@ﬁln by

reference), osones or related collolidal structures such as wormlike or
ring-1ike ﬁlﬁirqr IHMPIcnemﬁbw%@fsem&ﬂomsléPsaﬁlhsﬂrna%r%fa%? IGEPRREECEHPY anel | ae
when for mukeadr@de. W t h chol esterol and lipid, or in the formof an oil in

wat er emul sion (for exanple as in WO 95/17210, incorporated herein by
reference). The saponins can be associated with a netallic salt, such as
al um nilam medreokedieeng the adjumantspmprisgpriatspshathish CanEIEDIg b4 8RRBFerok ncor por at ed

herein by kgfsit @c%l@)for iR &NNAREEA 2SN STAIN IR WAk YR ScilyDehe AFpbHRhivdlle Of a
nonophosphoryl |ip A (or. detoxified lipid A and a saponin derivative,

particul ar Pﬂ?m’[a}‘i‘élgéb(‘iﬁ@ilwatﬁffB‘i’iOGPeWT and 3D-MPL as disclosed in WO
94/ 00153, incorporated herein by reference, or a | ess reactogenic

t - ALY . I di scl d i
&%ng/sg 3'73 MR A AARE L AENRNEALL NiSaleshr o as disclosed in

In an embodiment, the adjuvant comprises a saponin and a sterol with a ratio of saponin : sterol
from 1:1 to 1:100 (w/w). Conveniently, the ratio of saponin : sterol is from 1:1 to 1:10 (w/w) or

the ratio of saponin : sterol is from 1:1 to 1:5 (w/w).

25 In an embodiment, the adjuvant comprises a saponin and a lipopolysaccharide with a ratio of

saponin : lipopolysaccharide of 1 : 1.

Conveniently, the adjuvant comprises a lipopolysaccharide and said lipopolysaccharide is present
at an amount of 1 — 60 pg per dose. Suitably, the lipopolysaccharide is present at an amount of 50

30  pgperdose, 25 ug per dose, 10 pg per dose or 5 ug per dose.
Conveniently, the adjuvant comprises a saponin and said saponin is present at an amount of 1 —

60 ug per dose. Suitably, the saponin is present at an amount of 50 ug per dose, 25 ug per dose,
10 ug per dose or 5 pg per dose.
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reference. A particularly potent adjuvant formulation involving tocopherol
wth or without Q521 and/or 3D-MPL in an oil in water emrmulsion is described
in WO 95/Wwe2d0y1174e80r por at ed herein by reference. 151 n anTarbadiossst, t he
adj uvant conprises a sterol, which can suitably be chol esterol. Suitable
sterols, for instance cholesterol, act to reduce the reactogenicity of the
conposition while maintaining the adjuvant effect of the saponin. In an
enbodi ment of the invention, the adjuvant conprises a |liposone carrier. 20
In an enbodi ment, the adjuvant conprises a saponin and a sterol with a
ratio of saponin : sterol from1:1 to 1:100 (ww). Conveniently, the ratio
of saponin : sterol is froml1l:1 to 1:10 (wWw or the ratio of saponin
sterol is fragmiodimng the aguvapyonprisggpen 04 mlelvso 8PNt 0.00-he. BUpQvadtl- conpri ses
a saponi n gndya154- @ﬁnﬂé &%@ﬁdﬂ@-@ldﬁl sV 30r .15 8hd) QreRf (7% @R@AI Bholesterol).

| i popol ysacchari de of Conveni ently, the adjuvant conprises a

| i popol ysacchari de and sald | i popol ysaccharide is present at an anmount of 1
- 60 ugspein desiodifbut, tieblijyvant do@prisep@olSysiade) Sri0die-S0sor po-8G enle.gat- 153N anount
of 50 50ug.pes 1619580 485 #6l. PRl 4988w ol hhnPEI e Or 5 ug per dose.
Cbnvenlently, e ‘adj uvant nprises a saponin and sald saponin is present
at an anmpunt of 1 - 60 ug per dose. Suitably, the saponin is present at an

anount of  pnkgbREhent @R Qdjuvdh dBpREY (PEOFaML ddae)lsgsopmrso,ctﬁa@wng @.gugiper dose.

In an enbodj pen t he adj uvant co rises .5 nmL dose) 0.025-2.5,
0. 05- 1. 5, g@'g‘gé‘gﬁ‘.)’?@,“o@@-” Sgonin {7 55 555 Qgg% my (e.g. 0.2-0.3, 0.1-0.15,

0.25 or00. 125 ng) sterol (for instance cholesterol). 5ln an enbodi nent, the
adj uvant ceupr hﬁ&ﬁm&ﬁ%hm%némﬁ$tﬂQﬁﬁ%mﬂmﬁBmw&%cﬁQmw&&x%Q&%Q ag (e.g. 5- 15
40-50, 10, 20, 30, 40 or 50 ag) lipid A derivative (for instance 3D MPL).

In an enbodi nent, the adjuvant conprises (per 0.5 nL dose) 5-60, 10-50, or
20-30 itg Cenvgmerﬁy,]tﬁe 0114113*\75{& erﬁlﬂslo&&mpﬁ@s sq‘ﬁﬁer@l’an@& e{lﬂh@)oc&;ﬂia@lnl Suit4tiyor

i nstance Q%Zl}l 1 -W&QGI‘ “emu 10n 1s a m gabgi%g\)tle 01{ in, a?er emu Selor%lt %n artic tlebrethg‘ dlll-llfll\-/v%?etr
conpri ses an TR mul's <onv VTR of PEitn i Wat er

enul si dh cequm@egab’s@elapré?ﬁ@namdﬁlﬁw smhphﬁvete@&%pher ol . Sui tabl Y, t he
oil-in-water emulsion is a netabolisable oil-in-water enmulsion. In

particular, the oil-in-water 15emul sion sujtably conprises an emnul sifier
such as V\g ena ant can conveniently comprise a saponin and a lipopolysaccharide. In particular, the

adjuvant can comprise a saponin and a lipopolysaccharide at a ratio of saponin :
lipopolysaccharide in the range 1:10 to 10:1 (w/w).

20
The adjuvant can conveniently comprise a saponin and a sterol. In particular, the adjuvant can

comprise a saponin and a sterol at a ratio of saponin : sterol in the range of 1:1 to 1:20 (w/w).

The adjuvant can conveniently comprise a saponin and a metabolisable oil. In particular, the
25  adjuvant can comprise a saponin and a metabolisable oil at a ratio of metabolisable oil : saponin is

in the range from 1:1 to 250:1 (w/w).
The adjuvant can conveniently comprise alpha tocopherol.

30  In an embodiment, the adjuvant comprises (per 0.5 mL dose) 0.5-15, 1-13, 2-11, 4-8, or 5-6mg
(e.g. 2-3, 5-6, or 10-11 mg) metabolisable oil (such as squalene).

In an embodiment, the adjuvant comprises (per 0.5 mL dose) 0.1-10, 0.3-8, 0.6-6, 0.9-5, 1-4, or

2-3 mg (e.g. 0.9-1.1, 2-3 or 4-5 mg) emulsifier (such as Tween 80).
35
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The adj uvant can conveniently conprise a saponin and a |i popol ysacchari de.

In particular,
at a ratiwoabligapmai n

20 The adjuvant can conveniently conprise a saponin and a sterol.

particul ar,

saponi n

conveniently conprise a saponin and a netabolisable oil.
25adj uvant can conprise a saponin and a netabolisable oi

t he adjuvant can conprise a saponin and a |i popol ysacchari de
| i popol ysaccharide in the rangePCTEP2010/034654 (W w) .

n

t he adj uvant can conprise a saponin and a sterol at a ratio of

sterol in the range of 1:1 to 1:20 (ww) . The adjuvant can

met abol i sable oil : gonln is in the raqgg from1l:1 to 250:1 (wWw).

adj uvant cghmﬁﬁﬁveﬁﬁéﬁ
t he adj uvafss tohpf-dsesd-3 e ocd (sBohpb algggedpplgroh- 15, 1-13, 2-11, 4-8,

q hiedtpeTgies AP Na WotupHey ) 113017 4h0-Snb®e|

(e.g. 2-3, 5-6, or 10-11 ng) netabolisable oil (such as squal ene).
enbodi ms*nz1 In dnRELAGLhAAY AR TadiFRARROIFIRSs (@&@rsr&&sak HoRs), &2?—3@-% (9 s(3r58 h0 6- 6,

emul sifier (such as
). 4%26 1(%-23’ 36&0%% ﬁ(g?TEpl(?A :xlie atw% dfﬁr 19§tan€'e i)

0.9-5,
Tween 8
0. 5-20,

as al pha t 8COsRENN the adiuyapy Calﬁpfé?ﬁﬁb“dpﬁﬁﬂ{dose@ he25ad): (92

1-

n-an e
15, 2-12, 4-10, 5-7 ng (e : 11 13, 5-6, or -(Hggﬁ t ocol

In particular, the
at a rati o of

The
ment ,

or 5- 6ng

In an

uvant conprlses (per 0.5 nL dose)

(such

r'?-dds (per 0.5

mL dose) 50800 01262 moe.s2A0R-BB OflHigl5( ®25pr 0.525182) sEHOLG Mistan@ choreroB0, 40 or 50

gg) lipid A derivative (for instance 3D-MPL). In an enbodi nent, the
adj uvanh CHRhBEMdD e a@u@nﬁ@emﬁ%@@(ﬁer@ SQ&SCI()ge)%ﬁOOlO% ok 2830

Q%55.0.75, 0.1-

0.3, or O. 1@%9 %? 36&0%@?@1@%8%1&@0%1% 01]5892 .25 or 0. 1&2)%5 mg) sterol

(for instance c

estero an e

0.5 nmL dose) 5-60, 10-50, or 20-30 lig (e.qQ.

15

20

25

30

35

5-15,
It another embodiment, the adjuvant comprises a metal salt and a 11p1d A derivative.

Such adjuvant systems of interest include those based on aluminium salts in conjunction with the
lipopolysaccharide 3-de-O-acylated monophosphoryl lipid A. The antigen and 3-de-O-acylated
monophosphoryl lipid A can be co-adsorbed to the same metallic salt particles or can be adsorbed

to distinct metallic salt particles.

Suitably, the adjuvant comprises (per 0.5 mL dose) 100-750, 200-500, or 300-400 pg Al, for
instance as aluminium phosphate. In such embodiment, the adjuvant comprises (per 0.5 mL dose)
5-60, 10-50, or 20-30 pg (e.g. 5-15, 40-50, 10, 20, 30, 40 or 50 pg) lipid A derivative (for
instance 3D-MPL).

In an embodiment of the invention, the adjuvant comprises an immunostimulatory

oligonucleotide comprising a CpG motif.

Immunostimulatory oligonucleotides can be used in the immunogenic composition of the
invention. The preferred oligonucleotides for use in adjuvants or immunogenic compositions of
the present invention are CpG containing oligonucleotides, preferably containing two or more
dinucleotide CpG motifs separated by at least three, more preferably at least six or more
nucleotides. A CpG motif is a Cytosine nucleotide followed by a Guanine nucleotide. The CpG
oligonucleotides of the present invention are typically deoxynucleotides. In a preferred
embodiment the internucleotide in the oligonucleotide is phosphorodithioate, or more preferably a
phosphorothioate bond, although phosphodiester and other internucleotide bonds are within the

scope of the invention. Also included within the scope of the invention are oligonucleotides with

21

nt the adj uvant conprises (per



40- 50, 10, 20, 30, 40 or 50 fig) saponin (for instance QS21). In another
enbodi nent, the adjuvant conprises a netal salt and a lipid A derivative.
15 Such astpuwoanti74gst ens of interest include those base@#CorEPadaB4EEUM sal ts
in conjunction with the |ipopolysacchari de 3-de-0-acyl at ed nonophosphoryl
lipid A. The antigen and 3-de-0-acyl at ed nonophosphoryl lipid A can be
co-adsorbed to the sane netallic salt particles or can be adsorbed to
distinct nmetallic salt particles. 20Suitably, the adjuvant conprises (per
0.5 nL dose) 100- 750, 200-500, or 300-400 gg A, for instance as alum nium
g h g 8 ph ?—‘B €. 5 anxed 1nye%clg(gJ8T nka%egl tl\detho%sefir%%dﬁf\gr?‘%pglospg%aﬂlﬁ%e (ﬁlsggglglﬁﬁlges or r5n(5 ]9 IOZ)e )

li pid A dephoyihoiodighiafeare dﬁwsleeérrrcfé%m WPLYSS. 278 B¢ sad WEIwDEeAOMead of the

inventi on, idchfor@d HNaty (FQERET Ses an i mmunosti mul atory ol i gonucl eoti de
conprising a CpG notif | munostinulatory oligonucleotides can be used in

t he i nmunogeni ¢ conposition of the invention. The preferred

ol i gonu6!| edkdnghes off ppeferies elidonuckdjdeviant Be HilowingunogenTse corposirtfteris of 30t he
present i ”¥<§1'Ehﬁdp% Spggrg[hlggggng L?Ltd%gﬁ ol 91' 11198 cl eotides, preferably

containing two or nore dinucleotl |fs separated by at |east three,
mor e pref ePREIG1IEEQ [RYSD:JICK A i €T GE@é@ﬁT&es A CpG notif is a Cytosine
nucl eot i de obaid owed tbwoe) QaniceasocireatdcdeaT The CpG ol i gonucl eoti des of

emmoai ront OB TR AN Eart e M rdC SRR ERGGEFoneq e Preterred

phosphdf odiOLKi@&SEQ IBNO¥OTEC (T EeF @TEEG?CGTSWI%@@TQ ot hi oat e bond, al though

phosphodi egf gt ?MQQBWS)‘TH@ATWRb@%b%G@Q{W@T are within the scope of the
invention. Al'so Included wth esc?&le of the invention are

ol i gonucl eSHHEESERIR NQ: Qe“iFQ‘ﬁ?%FﬁEEF@ de’G $rk&ges. Methods for producing
phosphorothloate ol i gonucl eotides or phosphorodithioate are described in
US5, 666, 15 78,,302 W95/ 262 ach incorporat erein by
o erence. kg P20 PRI RRGhERR Ik p T b O RALE FRLISUR Cui g
sequendés. IHTWQS@G}&@?!Q@QS ?Ilaéﬂfl@naibttytocont a| n phosphor ot hi oate nodified
internucleotide linkages. OLIG I (SEQ ID NO 1): TCC ATG ACG TTC CITG ACG TT
OLI GO 2 (SEQIDNOZ) TCT CCC AGC GIG CGC CAT
he CpG oligonutleotides utilised in the present nvention can be synthesized by any method
known in the art (for example see EP 468520, incorporated herein by reference). Conveniently,

such oligonucleotides can be synthesized utilising an automated synthesizer.

20
According to an aspect of the invention, the immunogenic composition of the invention is for use
in the treatment or prevention of disease or infection by HIV-1 strains from one or more clades
different from the one or more HIV-1 clades in the immunogenic composition.

25

Additionally, in an embodiment of the invention, the immunogenic composition of the invention
1s for use in the treatment or prevention of disease or infection by HIV-1 strains from one or more

clades that are in the immunogenic composition.

30  Accordingly, the immunogenic composition is capable of inducing homologous immune
responses to the clades represented therein as well as inducing cross-reactive immune responses
to clades that are not covered by the strains of antigen present in the composition. The
immunogenic compositions are thus capable of broadly treating or preventing disease or infection

by multiple HIV-1 strains from multiple clades.
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OLI GO 3(SEQ ID NG 3): ACC GAT GAC GIC GCC GGTI' GAC GGC ACC ACG 10 OLI GO 4
(SEQID NO4): TCG TCG TTT TGI CGT TTT GIC GIT OLIGO 5 (SEQ ID NGO 5): TCC
ATG ACG ™G 2aTi@12am& CT OLI GO 6 (SEQ ID NO 6): TCG ACG TPTTEE®1ECR6ECC GCC G
Al ternative CpG ol igonucl eotides can conprise the preferred sequences above
in that they have 15i nconsequential deletions or additions thereto. The CpG
ol i gonucl eotides utilised in the present invention can be synthesized by
any method known in the art (for exanple see EP 468520, incorporated herein
by reference). Conveniently, such oligonucl eotides can be synthesized
utilising an automated synthesizer. According to an aspect of the

i nvention, the inmunogenic conposition of the invention is for use in the

t reat nent &pnvemenglanm dlomnbodimelitssas ghe envention, tifeend ¢rareredy VHI dadds isthe ai ns f r om one

or nore cl aggdogthic fcf'rﬁ&mloﬂcd'réc)is@e@t&ﬁfro@f@al | dOh, BRT B, }trjg-é H:hafl%ﬁe% dn{dlﬁl&tﬂg t

| Munogeni ¢ _composi tian na n an e nt o e Invention,
the i mno&éﬂ?%&tcf%’o‘gméﬁ %%) ngﬁlf%éﬁﬁqngﬂrm%e ﬁlg' Pﬁ%dés Pt he treat ment or
pr event b onimphundgesie agaposition infleleBi on by HI V-1 strains fromone or nore cl ades
that are in the inmmnogenic conposition. 30 Accordingly, the immunogenic
conposition is capable of inducing honol ogous i mune responses to the

cl ades r epPidlaiht @avenietlyeip all gpbogiaients afghe inygfton e e eigBare daget difsent mune
responses mn@le@d&ﬁ nfoRatIvarcRdfian the MRinednib Yonipd@tichtafedblRgedafomantié gen present

in the co |nnuno enic c |t| us c Ie of
broadly trBegithb o Pr sl Prgr i S EamB Rk 00y 06Rp) Mar R & vy V. 1

strai nd0f rolm qrrmbttelcpﬂe@ ditfematdom the@oa vremirehiv- yqladlesnnaiehmrembmlcwmmcsltlmf t he

i nventi on, .t 8RR oALIH0L & sl %@&l@& thee 5141@5 diAIUDRGRRAL GneGPIBESI tion are
selected fromcl ade A, B, E K, or a circulating

r econbi nanfilf 6F1ﬁﬁ1€6fntﬁlvmfn%gmj)omp?sﬁmbéﬁefl?‘%ﬁﬁ%\’lldc the one or more HI V-1
clades in the 5i munogeni ¢ conposition is clade B. Simlarly conveniently,
![ Eealol_]eeg?(%%céggwl_f%gjfs \;a?yencligreva errllztzel Ooglhcli tthmeﬁjvonr dn%ccordm ' aGn 1%n}%9(%ﬁnlg: fef grelegtc::t feaom
f r om cllade compoftion@f thpinveRtiofneedgot P¢ lingited jd its émtal:sle @lrrml:mfalﬁq amgcandevirbionant f orm
of HIV-1 (&BFnd pteraen@ﬁf\t | to@dn.and HRast QAR RIwaiRr e cl ades different fromthe
one or nore HI V-1 clades in the i Mmunogeni c conposition are selected from
clade A or C. Suitably, the one or nore clades different fromthe one or
nor e Hi V- 1lchasieslimdt, tHa énihunotbn @ g@npositi@Oif e Sivedtionis sr@sedh adeinrdaand C. These
H V-1 cl adﬁéniogzﬁr%nﬁn@ re%o%ye%l %&Pﬁﬂfaf %ﬁgfrw&e"é{%h g cla@g gl%rgﬁt ?glnxfh oﬁp

i rmunogeni c conposi t e invention need ed ‘i

sui t abl8 t erpgre BIYy 1 gfdeyis gheampunoagidsempasisan. tonyonisaity infygh ml@dlémt HI v- 1

infection angbraliSe@s sh@t 0 alshBe MREdddgainst HIV-1 strains from one or more clades in

the immunogenic composition.

In the present invention, humoral immune responses were characterized by strong antigen-
25 specific antibody titers. Immune responses were detected by ELISA-based assays. The induction
of strong humoral responses indicates the broad immunogenicity of the immunogenic

compositions of the invention.

In an embodiment, the immunogenic composition of the invention is for use in conferring a long

30  term non-progressor status on an individual infected with an HIV-1 strain from one or more
clades different from the one or more HIV-1 clades in the immunogenic composition.
Conveniently in such embodiment, a long term non-progressor status can also be conferred on an
individual infected with an HIV-1 strain from one or more clades in the immunogenic

composition.
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I n an enbodi nent, the imMmunogenic conposition of the invention is for use
in inducing a hunoral imrune response against H V-1 strains fromone or
nore cl adwe 2diffierent fromthe one 20or nore H V-1 cl adesTiEr2aihes4654
i mrunogeni ¢ conposition. Conveniently in such enbodi nent, hunoral immune
responses can al so be induced against H V-1 strains fromone or nore cl ades
in the i munogeni c conposition. In the present invention, hunoral inmune
responses were characterized by strong antigen- 25specific antibody titers.
| mmune responses were detected by ELI SA-based assays. The induction of
strong hunoral responses indicates the broad i nmunogenicity of the
i nmunogeni ¢ conpositions of the invention. In an enbodi nent, the
i Munogeni &ongderpasi-piogiessarf (LITNBS) axgrd¥itl iimdertad patfents whesase ¢apableapfipaatrellivy a | ong
30t er m NONHPY P HrQESOhusHr@tifie AP pRB Jsidfl bidisdaial sukinf adseconith fstocaRaFldy- 1 strain
fromone or, nore claqes different_fromthe one, or nﬁ%ﬁ%Hlv-ﬁ clades in the
THedT

i munogeni 8RBT PYEHPCt B3I AP RFRT o HPLRERVe it" %"t ong term

non- pro@ressor status can al so be conferred on an individual infected with
an H V-1 strai [ : . LN N | C. ition.
Cong ¢ er m oo ne b Bl ER Sl 0GR R b TRAIAIERL L BRARRR' | 2
capabl e of cxteterraldngiegpniyicgl GD4F el detinst HEVhUgrape &0 At on goteildysr ogr essi on of
di Ise?se. Su@ferleﬁ ﬁ%{éﬁﬂidbif i)r]gmdaa‘ W& ARISOE thdi@Eundkdhid c&tﬁ&ﬁ)siﬂ(ﬂtfﬁ@&ﬂ@tﬁenﬁfr in .

pol yfunction a roliferation-conpetent V-1-speci f.i + T-cells. 5
o 2 embod R P gt O T BRE b BB s for use

i n i ndd@i ngllyalkttains freopbok imve-cpriodube mgauasdeniv imabsi@®4+ T cel | s agai nst H V-1
strains fromone or nore clades different fromthe one or nore H -1 cl ades
in the i Mmunogeni ¢ conposition. Convenient”¥ i n such enbodi nent,

nul ti pl e- cOOKRRFEY SheddireiTrgllspmdperityaer norsef I, FY pad - Pehicdldc®dd agai nst

10HI V-1 st cabkidGed foBfan6d@al Oh thikaEspect; ka @Ba+ T dells PR dico Q@ BNy 6r GOQPHST t 1 on.

Conveni ent | t he + el |.s -prpdu t no fol. F d TNFa.
Sach cet I's “dponge Egal DuFgsbs sP P EREE ishBe N IR byt M Com 7
cel | s ppodudiepioiize HAJFNFa TdYF 0.t hen @mpdinEnicidy CRApE cllueeressi(P48hd TNFa or t he
CD4+ T cells produce IFNy and TNFa. Suitably, the CD4+ T 15cel |l s produce

L2, 1FN7 and TNFa. In an enbodi nent, the CD4+ T cells express CD4AOL. The
i nducti on Ofciggygtonpf CRH Eelnhet it ot uactsat! praupisrei oAU BHE S OB i s
i ndi cat i ve imfunbfe@ictdy @aad immunogenic compositions of the invention. The presence of such

polyfunctional CD4+ T cells is associated with control of HIV-1 infection and viremia, for

20  instance, with non-progression of infection and/or disease in long term non-progressors.

In an embodiment, the immunogenic composition of the invention is for use in preventing
progressive CD4+ T cell decline in an individual infected with an HIV-1 strain from one or more
clades different from the one or more HIV-1 clades in the immunogenic composition.

25  Conveniently in such embodiment, progressive CD4+ T cell decline is also prevented in an
individual infected with an HIV-1 strain from one or more clades in the immunogenic

composition.

In an embodiment, the immunogenic composition of the invention is for use in reducing or

30  eliminating viral reservoirs in an individual infected with an HIV-1 strain from one or more
clades different from the one or more HIV-1 clades in the immunogenic composition.
Conveniently in such embodiment, viral reservoirs can be reduced or eliminated in an individual

infected with an HIV-1 strain from one or more clades in the immunogenic composition.
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i mmunogeni city of the i mmunogenic conpositions of the invention. The
presence of such pol yfunctional CD4+ T cells is associated with control of
H V-1 i nfwotzoomizaed virem a, for 20i nstance, w th non- pPQEMPEI1OM664

i nfection and/or disease in |long termnon-progressors. In an enbodi nent,

t he i mmunogeni ¢ conposition of the invention is for use in preventing
progressive CD4+ T cell decline in an individual infected with an H V-1
strain fromone or nore clades different fromthe one or nore H V-1 cl ades
in the innunogenic conposition 25CDnvenientIy in such enbodi ment,
progressiv decl vent i ndi V|dugl i nfected

n
With an H % f emFordg}lenF }hre brrrl];lnlgw%emc com 051hon (if Hlé énsverlltlon s for ulse ﬁ;ﬁ(la}lmtm%hlsrxh

conpositiohmghﬁnaNMéwbwﬁHﬁéhﬂ@mﬁheﬂﬁmwuﬂ@gﬁhvdW@bnp@@m@w@%ﬂm&ﬂwhe i nventi on

is for useyiRal BIUCHHY i 0RO ofd asi Ml R thd &2 6F MQE HB/-1 BadBinigRRdi Vi dual
infected with an H V-1 strain fr n]ong h nor e cIa ? %{ffere t fromthe
POGERT 87

one or nor SVLPQECHIC CPERPIECT HORVHECI Y dgmegt higdh SURESH eﬁfi %ntly in
such enbodHi@nspeciit payfurceésalr Mot Tscetaan beeehn@dmdnwznduellmfmtddasﬁthdnl n an

| ndi vi dual gk ?&aﬁne@orlﬁ"én%ﬂrrﬁ%hﬂld\ég&n%ﬂ% ﬁefnﬁc%%gdﬂ‘ﬁo@r more clades in the

I mrunogeni ¢ conposi tion an e mrunogeni ¢ conposi tion of
the invention is for use in eliciting high and | ong-Ilasting nunbers of

H V-1-s pec Mdn@mp?ihrya‘nu 06 i@ benClMmpolitiGedrkis 1ﬂvﬁlt1@iﬂlsif(]b:idj;e\4ﬁ aﬁa&umgni ected with
an H V-1 strain rom one 0or nt romt nor e

AT RO LR Er e R NI OR N e oV R A R S e e

enbodi ént fromitghlmandotedfiy-1lchdtsimmge mambegesic ofmpbiod- donspeailsf insucpol yf unct i onal

CDA+ T- cel LS, LidnDfrehhd G be&ntoMed rdakdl ol Hdlvidudd iR Gl dickhhd ivaneddh V- 1 strain
fromone or nore c¢lades in the | nmunogenic conposi tion. I'n an enbodi nent,

t he |nnuno&@ﬁ@ﬁ”%&ﬁﬁdgﬁﬁﬂ%meﬁ?m@%%mFﬂW@H?WBn is for use in controlling or
reducing virema in an individual infected mnth an H V-1 strain fromone or

more cl adeﬁl dl L(%Iilg ! th]e'QrIlr onror| etnll’(]:%onq neltl(())nr of rL% 1nV ntlon :]j’o ulseé}t(ljI %gucgnn 1(;[nhe
|mTunogen| C CO %/ nlfofg FI rrb d { lg igl‘l a can be
ontroﬂﬁedﬂnnnm@dme@mamnmdnmmm@WVP@@H%mn%HEéiéummﬁpmoannhmwwmdgtra|n from

one or ”Ur&ﬁ%kQQ%§nMﬂm&Hﬁmﬁﬁﬁmﬂﬂﬁ%&hﬁﬂ@Qﬁﬂ@é%%k@&mmhﬂmﬁﬁbﬁﬁﬁ&gbnﬁnt the
i mmunogeni ¢ conposition of the invention is for use in inducing long 15

t er m nenor YPFETARCBNY PAAR AHIVIR RIS (RS ahysidastnsHi- S 59%hs £ rom one
or nore cl atkes mdicfcfaéds anthe imhmmogediecoapesiton. more H -1 cl ades in the

I mrunogeni ¢ conposition. Conveniently, long termmenory of an antiviral

i mune response can be induced against H V-1 strains fromone or nore

cl ades 2Pn tbly, W@@@hp@u@@m@@p eqmpises the induction of persistent antiviral CD4+ T

cells. Such T cells are induced in response to the antigens from clades represented in the
immunogenic composition as well as clades that are not represented in the immunogenic

composition, and thus are cross-reactive immune responses according to the present invention.

25  Conveniently, the CD4+ T cells persist for at least 6 months. By “persist”, it is meant that the
CD4+ T cells are capable of existing for an extended period of time in a phenotypic state
equivalent to that when they are initially induced. For instance, if the CD4+ T cells release two
or more specific cytokines when first induced, persisting CD4+ T cells will still exhibit the same
cytokine profile after an extended period, for example after at least 6 months.

30
Suitably, the CD4+ T cells persist for 6 to 24 months or 9 to 18 months, for instance for 12

months.
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20Sui tably, the antiviral inmmune response conprises the induction of
persistent antiviral CD4+ T cells. Such T cells are induced in response to
t he anti gwo=xofwiamogl ades represented in the i nmunogeni c PCOmMPOGIIFwE4 as wel |
as clades that are not represented in the inmmunogenic conposition, and thus
are cross-reactive i mune responses according to the present invention.
25Conveniently, the CD4+ T cells persist for at | east 6 nonths. By

"persist”, it is nmeant that the CD4+ T cells are capable of existing for an
ext ended period of tinme in a phenotypic state equivalent to that when they
are |n|t|aII For instanc 2 ells rel ease.two or
more speci fAn yotl%e %resent V\ﬂfentloP alsosl%roxhdes form Eod er -Sifw gr a?r}l]%l Lﬁa Celf s will

still exhi bIY mfehfemgemﬁlsmy@@kmﬁermg ﬂ@ﬁmmwoadntcewmmaltlelxtpéﬁ@@dt apémilesthe f or

gx?rrplzi af aﬁmﬁhe e lfs% 1%6@15]&4@5@1&% Buy-i ﬁfbﬁdﬁoﬂiﬂ@or@%@cl%ef&ﬁ&éﬁ per s:j st }‘or
o mont hs or 0 or instance for non cordi ngly,

the presentPHERTITEN4l'$d W%H%?\}‘?‘@%‘ém’?”&?gc%f%‘&ﬂ%“@olﬂl %‘Ffeemtb?‘gfﬁ?%‘ﬁ? or

pr ophyl axi greght idleMion pfogidés ntathod:obiphd B¢ ofghcadmpaitist @rdesagbet! h@cin.nmunogeni ¢

conposition to a subject and inducing an i nmune response in the subject

against an H V-1 strain fromone or nore clades different fromthe one or
mor e HI V- 1 Fesicadecteins gorptiiging prighgefe Af the Bgppbslich embe rapeny infkaimgmtngelirent s, t he

gpr ese Bt dl hwﬁmm@rbfmé v 68haiEsBOdS 1 kdrin WR006383 106, 1ﬁcb@o@@dmeesﬂ 6y on as
escri pe reln 1 ONn rote S CO ris one. or ] eantlgens
o oo B P e P R e g B BreBouh S on v
been dHQcI&ﬁeﬁdﬁmnwmﬁﬁﬁﬁﬁﬁ&@dﬁ@mnmnosmmmnaMQM%hanemmmbwnb@&@téﬂﬁ@e The
anti gens P%nmdé}gf to bg@Qn\%@q&re‘ﬂ@5&5&%%@@5@qlfﬂce{eﬁtg%&t&Hf\h%cﬁms 1sh§éf@hl@f eviously

been 10selected for inclusion in a fusion protein for use in an |nnunogen|c
conposi t i off FRETEHS Fith pggens fram differstgerin gt HBPB@H fewvat pepegrypd @igFScons er ved

acr oss dlfHEW@@&ﬂﬁhﬁ@$@8w@Bﬂh&&@mgﬂdmbhmﬁmm&mﬂﬁhﬁyhh&ﬁ&&m@ﬁ&&ﬂﬂss react

W th anti 9ENs 1]éart1(3rg| bdlarlsfe e arr;lcl erlssttk{eaellnn 0 ngfco X sVdndEo ng ve ro%ems\/\g cort?n [iser ved
antigens. FORE VP OF eSO eE B AT o "SF o RRLE 'R ens’in §si on proteins
may i ntlp oddhsien pmfismeetr« et tsightfawag Itq reeduicoing cdneat amesumh’eto behpvegets natiier ei n do
not correspRRf dqnative proteins. Accordingly, 15fusion proteins are not
straightforward to produce and cannot be presuned to behave as the native
protein would. In an enbodi nent of the invention, two, three, four or nore
of the anthgﬁmﬁmMMmmhﬁﬂbmwunmgemb@n@pﬁﬁﬂﬁhmkoﬂmamﬁgﬁumeMnmmm&@ﬁmaa f usi on

protein. I (S o Pol or Pol is fused to Gag, Pol is
fused to EE?X ﬁiﬁ ﬁ@ﬁl uggﬁﬁ?%ﬁéﬁﬁm}and/or Nef is fused to Gag or Gag i s

fused £8 Nef.
Conveniently, Gag is fused to Pol or Pol is fused to Gag, Pol is fused to Nef or Nef is fused to

Pol, and/or Nefis fused to Gag or Gag is fused to Nef.

Suitably, in a fusion protein of the invention, Gag 1s p17 and/or p24, and/or Pol is RT

25
In particular, it is convenient that the antigens in the immunogenic composition are fused to form
a fusion protein comprising Nef, RT, pl17 and p24 in any order. Suitably, the antigens are fused
to form a fusion protein comprising p24-RT-Nef-pl7. Such a fusion protein is known as F4 and is
described in the Examples.

30
The antigens in a fusion protein can be fused directly to each other or by means of a linker. Such

linker can comprise a heterologous amino acid sequence comprising on¢ or more amino acids.
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Suitably, in a fusion protein of the invention, Gag is pl7 and/or p24,
and/or Pot is RT In particular, it is convenient that the antigens in the
i mmunogernwo 20ompo®st i on are fused to forma fusion prot ecm/EPecpOsssng Nef,
RT, pl7 and p24 in any order. Suitably, the antigens are fused to forma
fusion protein conprising p24-RT-Nef-pl7. Such a fusion protein is known as
F4 and is described in the Exanples. The antigens in a fusion protein can
be fused directly to each other or by neans of a |inker Such linker can
conprise a heterol ogous an no acid sequence conprising one or nore am no
ggl gfbm-rgﬁlgeﬁ,n{el esn 121 {[hregus%]ogge\llr\{ b,l[éI rom e same sgam OW % éo gﬁ(f) ?rent atlralprbgf f Il’-ll)\n/’l can
di fferent sithinfhasanfert@vldiafld @rcerhe fﬂ@lln\¢1fﬂ.er€e1 srdiasfrom dlfffrrerxt)HEf bntydseli ment, the
antigens in the fusion protein are fromH V-1 strains fromtwo, three or
5f our diffgbent H V-1 cl ades. ternatlvely all of th antr ens in the
fusi on profeiRemodinepiothe apfeqnp - the Fuyqnarrenpre e HiVabstepmy df8" H V-1

cl ade. Theﬁmepﬁudeﬁnatd@kdmmgnMdehﬂohmwamgmmmlmmﬁmuh@nmmnhem@ﬂmmjth ot her
anti gens. nglsyde HIV-1 env proteins or fragnents
or variants tﬁ%&%%%% ?%18%?% %@%éle#yenv are 10gpl 20, gp140 and gpl60.
The env can be for exanple the envel ope protein described in WO 00/ 07631
froman Hi vhelpepticeﬂ@c&n@gweﬂe@pem@ﬁ Qi Bc KADIE Wish iy arﬁgenf;.rlﬁgﬂﬁ&iﬂas #9g variants

thereof. The e e | 20 cl one k as. W1, or fragments
o vari ant SR SRedS ok Bl S P R UBeL B munagent ¢
conposilfi oeplaeeptdiomept @. fTheeny panen fir erumplfhercttvlpe worpdéssiteginaO HI V- 1 env

protein or ofFRINBM an%wvlacﬁdd@ﬁfemlef&ﬁé &&E 1 ab RE oSBKGeR or Ghihds Ieeoft e Meani ng
of the terns "fragnent” and "variant" used here are as defined above. In an

enbodi ment q%ﬁ%&behr%e OGP E1BRSS BPL-PrE TPEran el BRIt Eonpri se a
fusion proteln further conprise one or nore unfused pol ypeptides conprising

an anti genTths 1nV & eggogolv sanimr%uneo antl e()gltl(l) nact h(Fn l’lnIhléllsn%gnftlgol ypeptl de is
froma strain of Sm'the Sane As At reas” T he anti gens

in thelfus ﬁmtherr@menrema an HIV-1 enAbltoernrpafrrgr@htwr variges therepf. dierthd saka dielatitnf used

pol ypept i d@einRadideQ@Mnatefthy ®hdnedf” akd Varkhn@ el 850 af e tildGe 250N or nore
clades in the fusion protein. In an enbodi nent, the unfused pol ypepti de

conprises Env. For instance, the unfused polypeptlde conpri ses one or nore
of gpl20, @ph4mba@limgp ibunogenic compositions of the invention that comprise a fusion protein

further comprise one or more unfused polypeptides comprising an antigen.
20
In one embodiment, the antigen in the unfused polypeptide is from a strain of HIV-1 from the

same clade as at least one of the antigens in the fusion protein.

Alternatively, the antigen in the unfused polypeptide is from a strain of HIV-1 different from the

25  one or more clades in the fusion protein.

In an embodiment, the unfused polypeptide comprises Env. For instance, the unfused

polypeptide comprises one or more of gpl120, gp140 or gp160.

30  The HIV-1 envelope glycoprotein gp120 is the viral protein that is used for attachment to the host
cell. The gp120 protein is the principal target of neutralizing antibodies, but unfortunately the
most immunogenic regions of the proteins (V3 loop) are also the most variable parts of the
protein. The gp120 protein also contains epitopes that are recognized by cytotoxic T lymphocytes

(CTL). These effector cells are able to eliminate virus-infected cells, and therefore constitute a
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30The HI V-1 envel ope gl ycoprotein gpl20 is the viral protein that is used
for attachnment to the host cell. The gpl20 protein is the principal target
of neutravozonigiia«e8i bodi es, but unfortunately the nost PoWEPYENE®SE €gi ONs
of the proteins (V3 |l oop) are also the nost variable parts of the protein.
The gpl20 protein also contains epitopes that are recognized by cytotoxic T
| ynmphocytes (CTL). These effector cells are able to elimnate
virus-infected cells, and therefore constitute a second najor antiviral

i mmune nmechanism In contrast to the target regions of neutralizing
ant i bodi es_so CTL epitopes appear .to be relatively conserved anon

i1 erent FRURTEY Fuviha WS mBREH 1SS o Bt et SRRRELARE ° Ioet u

anti geni ¢ ewrphayernsCilrepyepecippestobhretatigglynopserved 4neong dliffeyent &IY-1 seseiisat ed | rmune
responses GRai degsoh 31bVan@EEhbo can bk efuPBeBRROE) B in vdchinds At difaunogeni c
conposition of the i ntion, one or nore antigens in the

. nv f the aon
innunogeni@“Eﬂﬁﬁw§W#Pﬁﬁ”W?m?Fﬁﬂ?ﬁﬁ&?Wﬂéﬁwfpﬁhlany one of the clades
selected fromA, B, C D E F, G H J, K or acirculating reconbinant

for m of HLYe b SR hent Y12, 1B R NELnBIS A0 h IR Mnlh, BESPEN bbb

i nmunogeni ¢ conposition, t I'gens can be from sane clade. In

an embodi nmiigensinthe iIngupegainesgRpiton édippos LY & irogfany ¢ne of thydadey sskcteone of t he

?ne orI mgr &%@miigggmlajmc}g I:m,ej, j:,rmya@g@mgeecﬁ%ﬁg@sfoﬁﬁ @fmm ErROMWaM ddd/- 1 strain
rom cl ade B. or exanple in certain emhodi nents,  when t tigens are

present i nthﬁ?m%‘eiaﬁ‘i’%ﬁ‘hléﬁré%ﬁtdn (8 HpBEPERIS fom e it *Itﬂﬁgtr'%nsﬁ%be}q% an Hi V-1

strai nlfrommelckde B, or when three antigens are present in the imunogenic

conposition, all three antigens are froman H V-1 strain fromclade B, or

when four antigens are present in the_ inmunogenic conposition, all four

anti gens afenRBeATAGHL () the Immypqegicompesifop PN ENtioRnpe Sifhg 9 PHMOre o

Al t er nat i vedtigens ifthd ik@nuh SEBUO Q@G HBHithn GBS IHIV-0 BtrMf frduh@adevent i on, one of the

one or nore antigens in the i munogenic conposition is froman H V-1 strain

fromclade C. For exanple in certain enbodi nents, when two antigens are

pr esentl5i nFertesaniphatn prvigio ninbodMBaemdes ioj apgensiaest pies e inj thpamguepgenid r om an HI V- 1

strain fromulad®, Ceth AicHBOINEERVANLS DS cRAES, BF IRE Mreclaftigki@red MTUNOgeENI €

conposition, all three antigens are froman H V-1 strajn from cl ade
present in the immunogenic composition, all three antigens are from an HIV-1 strain from clade

B, or when four antigens are present in the immunogenic composition, all four antigens are from
an HIV-1 strain from clade B, and so forth.

20
Alternatively, in the immunogenic composition of the invention, one of the one or more antigens

in the immunogenic composition is from an HIV-1 strain from clade C.

For example in certain embodiments, when two antigens are present in the immunogenic

25  composition, both antigens are from an HIV-1 strain from clade C, or when three antigens are
present in the immunogenic composition, all three antigens are from an HIV-1 strain from clade
C, or when four antigens are present in the immunogenic composition, all four antigens are from

an HIV-1 strain from clade C, and so forth.
30  The immunogenic compositions, or vaccines, of the present invention will contain an

immunoprotective or immunotherapeutic quantity of the polypeptide and can be prepared by

conventional techniques.
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C, or when four antigens are present in the imunogeni c conposition, al
four antigens are froman H V-1 strain fromclade C, and so forth. 30The
i mMmuNnogerwo 20ompo®st i ons, or vacci nes, of the present | RCEMPR@N/O0R6ES
contain an i nmmunoprotective or inmunotherapeutic quantity of the

pol ypepti de and can be prepared by conventional techniques. In an

enbodi nent, the total anobunt of each antigen in a single dose of the

i mrunogeni ¢ conposition is 0.5-25pg, 2-20pg, 5-15pg, or around 10pg.
Suitably, the total amount of fusion protein in a single dose of the

I munogeni ¢ co n 510 dior the to munt of . unfused
polypeptldéllnng ]nalﬁwugﬁmnmmgge%ﬂmﬁﬁnﬁnamn e%“%%ﬁ%élemgn is 20pg. In an
enbodlnentCmmheﬂﬁbi%i2%@ﬁhﬁmgé%ﬁa$brﬁmmﬂg@ﬁs in a single dose of the

i mrunogeni ¢ conposition is 0 5- 50pg, 2-40 jig, 5-30pg, 7-20 jig or around
30pg, around 20 jig or aro 10. The ampunt of protein_in a dose of
the i mmnoa'éﬁglé’ tf}fbt GEHT 8 fi“? pé‘gﬁf%é‘&aé‘&gla "S&gfo%ﬁfﬁ‘ﬂ’ﬁ‘t“’g i CRPYHEtEes an

i mrune 6 es parsedwitichaaltamsingofivhfusd Pdlypeaithieér sengki dde o€ the aatumogenict ypi cal
recipients, lﬁﬁﬁﬁmqﬂﬂﬁgt wi || vary dependi ng upon which specific inmmunogen
IS enployed t sing or vaccination reginen that is selected. An
opti mal anount for a particul ar i mmunogeni ¢ 15conposition can be

ascert ai neth y¥mssaan@dad wedl b&d&ﬂﬁofialmMﬁlgéﬁis MG sRBS 6sv at thithnRhoge®t vant i rmune
responses in supj ec

stration of e har ceutical comnposition
Can Cake. ¢ FEMPORITH- e 2Er Bk 2DHER i DR PO PHUIRS ot 1 oeanp! o
as repéaft doses of the same pol ypeptide contalnlng conposition, or 20in a

het er ol ogo ‘fﬁe [llllt %Fprpcgg ﬁlta doyeao(f ﬁl'e ﬂfiﬁlﬁng&nirc %&hﬂgﬁnoﬂ 1956@&6@@9 gthcgﬁﬁmhlcht he

i rmunogeni ¢ conposition of the inventiton is initially admnistered to a
subj ect as "H¥SS %lrlmﬁiﬁl%eé%@p%%@&wuwgéaﬁéanh appEe lsstiectsdp pPisd paisptedSy a peri od
of two weelsodnOwill Rir@ epditgiBon v @ fsgdcidib in)mﬁara@n eRplyed2bd Goméapbent |y, the

comRoS 1 o0 L3 B ALERERed Ll 9 SHBLEGhoL! BTy LARIANESA5.R, DooSLer) every

I nNSstance annua anc the COITpOSI tion
i's admlfi steredtiaganbegsdgjtarst! bY ftadarl stsdl%m@elveag olerygion plgelpvaptimeine nont h or 1
year i nter yaloises in subjects.

Administration of the pharmaceutical composition can take the form of one or of more than one
individual dose, for example as repeat doses of the same polypeptide containing composition, or

20  in aheterologous “prime-boost” vaccination regime.

In an embodiment, the immunogenic composition of the invention is initially administered to a
subject as two or three doses, wherein the doses are separated by a period of two weeks to three
months, preferably one month.

25
Conveniently, the composition is administered to a subject (for instance as a booster) every 6-24,
or 9-18 months, for instance annually. For instance, the composition is administered to a subject

(for instance as a booster) at six month or 1 year intervals.

30  Suitably in this respect, subsequent administrations of the composition to the subject boost the

immune response of earlier administrations of the composition to the same subject.
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30Suitably in this respect, subsequent adm nistrations of the conposition
to the subject boost the i nmune response of earlier admnistrations of the
conposi t iwo 2a/ti®ssane subject. I n an enbodi ment, thePCEHMPROIOHI6ES
conposition of the invention is used as part of a prine-boost reginmen for
use in the treatnent or prevention of disease or infection by H V-1 strains
fromone or nore clades different fromthe one or nore HV-1 clades in the
i mmunogeni ¢ conposition. 5Conveniently, the conmposition is the primng
dose. Alternatively, the conposition is the boosting dose. Suitably, two or
hore prim naerrrll édomen Ce’%r;ll egn%scg 051¥10n oq'gwi I’\]/I %it()r?{s%%d sl(%@o gtn%eq)l OgOUS

pri me-boost reglne uSes dﬂnl stratron of ditrerent forms of I I mmunogeni ¢
conposi t i oregoren f@egiinge irptnehieor pieyareonz disqasver pérosin by BECH stfinsinohe can it sel f
i nclude t Wor Rire ARIEdi B Bbis te 3hd 2 Bdre HING cRldsHH MYinkRANLSE EdnPsiad t he
boosting conposition will have at |east one antigen in conmmon, although it
is not necessarily an identical formof the antigen, it can be a different
f or m of 5t h€osamtigniid qg@positiddbis Preiprilink d@s.t Alicomivelysht capssid@ncohabonging o t he
invention gan be honol ogous prinme-boost regi mes or heterol ogous prine-boost
regi mes. Honol ogous prinme-boost regines utilize the same conposition for
prime and boost, for instance the i mrunogeni c conposition of the invention.
20Het er ol og@tslyRib GEndORSlind AYLBRSstiESdbsharep@hhRkRABd W th a conbination of
protein and DNA- based formul ations. Such a strategy is considered to be
effective in inducing broad i mune responses. Adjuvanted protein vaccines

i nduce lfrai Alhgtembteus paneboostmeinkdes admipefrdtion ofitiiffeeent fespofismsipogatic | e del i very
of DNA as g, a8 fvRlindn e GRIPAN A bodE GhR be I UGEReIPhEIRRGw T Ribre! Cel |

responses. Thus, the conbination of protein and DNA vaccination can provide
for a widedByspfiensy Ty pqmﬁﬁm@pwé@%ﬂé@émsm compesitign pHlhayp aglepsyonee| evant i n
t he contexbm@&nh%&mn@uﬂ@@gﬂ&MMbakuzmﬂgaﬁmmmb&ﬂnﬁsﬂhﬁaﬁgmﬁt@@bés and CD8+ T
cells are t] em%QHm% amenportant for the i mune defense against H V-1. In
one embodi Tent t “@efivered in a viral vector. For exanpl e, the
viral Jéctor may be

Prime boost immunisations according to the invention can be homologous prime-boost regimes or
heterologous prime-boost regimes. Homologous prime-boost regimes utilize the same

composition for prime and boost, for instance the immunogenic composition of the invention.

20  Heterologous prime-boost regimes can be performed with a combination of protein and DNA-
based formulations. Such a strategy is considered to be effective in inducing broad immune
responses. Adjuvanted protein vaccines induce mainly antibodies and CD4+ T cell immune
responses, while delivery of DNA as a plasmid or a recombinant vector induces strong CD8+ T
cell responses. Thus, the combination of protein and DNA vaccination can provide for a wide

25  variety of immune responses. This is particularly relevant in the context of HIV, since
neutralizing antibodies, CD4+ T cells and CD8+ T cells are thought to be important for the

immune defense against HIV-1.

In one embodiment the DNA is delivered in a viral vector. For example, the viral vector may be
30  derived from an adenovirus. In a further embodiment, the viral vector may be as described in

US20100055166, which is hereby incorporated by reference for its disclosure of viral vectors and

prime-boost methods. In another embodiment, the viral vector may be derived from a measles

virus. In a further embodiment, the viral vector may be a recombinant measles vector as described

30



30derived froman adenovirus. In a further enbodi nent, the viral vector may
be as described in US20100055166, which is hereby incorporated by reference
for its dvechosuresof viral vectors and prine-boost netreEgEP201n/084864 her
enbodi ment, the viral vector may be derived froma neasles virus. In a
further enbodi ment, the viral vector may be a reconbi nant nmeasl es vector as
descri bed in W2010/ 023260, which is hereby incorporated by reference for
its disclosure of viral vectors and prime-boost methods. Accordingly, the
present invention also provides for methods for the treatnent or
Fgoghg{]&x ;int\mﬂ(ﬁ B’I()%b li(p w 1%1t1 {s Qrebggnm 1B I S (2 l%i rﬁ%reréce Sf(irét?{i}lh:‘i‘o%ure ot{) Vérflltvfg(%g[rpots Ihtel on
subj ect, mh@h@nﬁbaﬁtmmméﬁn1nlstratlon t he subject has a detectable i mune
response in the subject against an HIV-l strain fromone or nore cl ades
different fromthe one or nore H -1 des e |nnuno osi tion.
I'n al t er nat P R BEPHENE OB BS GRS él ﬁﬁth%‘é fOémﬁH F?B‘P%‘& ‘i"f?é’%oost
regi ne 6r Hﬁheﬁ@mmhmgmmmgmﬁmmﬁmn@@ﬁaoammmﬁ@nnnumMﬂnaﬁﬁﬂn&memyaspect of the
i nvention, QH%H I i
conp05|t|oﬁ&m§§ c?%g%%re(gggnggﬁsygg g&%%ggp&g e@%%ﬁgégé Jel\é@lc‘;&rrends and
Devel opnentgectaple yapeie FF@EOnseé’éﬁhF By eaRSt 4“&Wét5“ﬂm from pg¢joy mprsicledes Par k Pr ess,
]Ic3al t Ih nor e, leele?ﬂld]?]e ddk &. nﬁre Hi9781adkd 16 Ok pRT@bedic Ia&ﬁﬁ)klﬂotbﬂl a[t@fl]aelkf@ nce. In a
urt her aspect. of the |n [ ere is provid € i munogeni c
conposi t i og iR “fd%e&’é) 2’ P‘BI?":H‘@O‘I‘SW% Stnre%“ﬁe ?Tﬁg‘etﬁf&ﬁﬁ?‘l&@i‘lﬂ? e of a
medi cat@nt bdostredihe treat nent or prevention of disease or infection by H V-1
strains as described in all instances above. In a further aspect of the
invention, there is PFOVIded a nethod of treating or preventing H V-1
di sease or MAfPEEE $58%" LECHEIRE thedmPRnogenic CORBEKRE dishedRspion Fdd24B6y e
conpri si ngcdnljp@sisdnep of 25adm nistering to a subject the immnogenic
conposition or the vaccine of the invention. The terns "conprising",
"conprise” and "conprises"” herein are intended by the inventors to be
opt i ondP| y Vawins picpartiabis gengfatihdepduibed i Newg Ttepdsard 13¢velpgments in Vatgangidgad of " and
"consi sts gf Vellef @R @MIveNIR) Dark Hrlls, BB MYre] MSHMIACE S.A. 1978, incorporated herein by

reference.

In a further aspect of the invention, there is provided use of the immunogenic composition or the
20 vaccine of the invention in the manufacture of a medicament for the treatment or prevention of

disease or infection by HIV-1 strains as described in all instances above.

In a further aspect of the invention, there is provided a method of treating or preventing HIV-1
disease or infection according to in all instances described above comprising the step of

25  administering to a subject the immunogenic composition or the vaccine of the invention,

LE TS

The terms “comprising”, “comprise” and “comprises” herein are intended by the inventors to be
optionally substitutable with the terms “consisting of”, “consist of”” and “consists of”,
respectively, in every instance.

30

Embodiments herein relating to “immunogenic compositions” of the invention are also applicable

to embodiments relating to “vaccines” of the invention, and vice versa.

31



30 Enbodi ments herein relating to "inmunogeni ¢ conpositions" of the
invention are also applicable to enbodinents relating to "vaccines" of the
i nventi orwoantd/mMr4w8 versa. | n order that this inventi orCrEp2ia/0bste er
understood, the follow ng exanples are set forth. These exanples are for
purposes of illustration only, and are not to be construed as limting the
scope of the invention in any manner. EXAMPLES The foll owi ng exanpl es
and data illustrate the invention, but are not limting upon the invention.
51. Adj uvant preparations A mxture of lipid (such as phosphatidyl choline
either fr om 0%%9&1:}/ %li kmv%r'itior? %15‘ tbl?a%tetle? Jndea n(()jod,(ﬁt]eqj 1F0§v¥ne Ic’a>81|m lgsnage s:ét 01rM.D IThe!sn organi ¢

sol vent was Ori ed Gown under vacuum (or alternativ y under - a St r eam of

i nert gas) examplesayufeaurossodf ttuteapon(oglyend aengy ieds prineptued ds iofting thelsceglof the) was

t hen added;,vahgh ih B nkkessel agitated until all the lipid was in
suspensi on. This suspension was then mcrofluidised until the |iposone size
was reduced to about 100 nm and then sterile filtered through a 0.2 gm
filter.5Extrusion or sonication could replace this step. Typically the
chol esterol : phosphatidylcholine ratio was 1:4 (ww, and the aqueous
solution was 15added to give a final chol esterol concentration of 10 ng/nm .
The |i posones have a size of approximately 100 nmand are referred to as
SW (for small unilanelar vesicles). The |iposones by thensel ves are stable
over time and have no fusogenic capacity. 20 Sterile bulk of SUV was added
to PBS. PBS conposition was Na2HPO4: 9 mM KH2PO4: 48 mM Nad : 100 nM pH
6.1. B21 in aqueous solution was added to the SUV. The fi nal
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concentration of 3D-MPL and Q521 was 100 gg per ml for each. Between each
addi tion of conponent, the internediate product was stirred for 5 m nutes.
The pH wawochackesdsand adj usted 25if necessary to 6.1 +PCTEP0MIOS4ESNACH or
HC1. 2. Preparation of H V-1 anti2ens 2.1Construction and expression of

H V-1 p24 - RT - Nef - pl7 fusion ("F4") and F4 codon optim zed (co)
("F4co"). 30 2.1.1 F4 Non-codon-optim sed H V-1 gag p24 (capsid protein)
and pl7 (matrix protein), the reverse transcriptase and Nef proteins were
expressed in E.coli B834 strain 03834 (DE3) is a nethionine auxotroph
parent of P(L 3)), under the control of the bacteriophage T7 pronoter
(pET expression system. They were expressed as a single fusion protein
cont ai ning the conpl ete sequence of the four proteins. Mature p24 coding
sequence CqH@t%llvaﬁ%’B&Aﬂllp\l/es InBiah Quudmk ertih Rhtidal RPSe n&ﬂ&%ﬁ%uﬂ%&%e%ﬁ%@@ce and RT
gene from HXB2 and Nef gene fromthe BRU i sol ate After induction,

reconbi nant cells expressed significant |evels of the p24-RT-Nef-pl7 fusion
t hat amduntied tadi®lntpfephatiads pr ot ei n. When cells were grown and induced
at 22C, the p24-RT-Nef-pl7 fusion protein was confined 10mainly to the
soluble fraction of bacterial |ysates (even after freezing/thaw ng). Wen
grown at 36Cx@relid! BeYofophrEdydebirsitirafiem pgg@toaq%smﬁlstlca@@@bqlwe@g with the

i nsol ubl edﬁﬂd@ﬁt—MDIDm oIglaﬁc fdnshiQns mﬁe@ti@\mhnp&%daifm Nﬂﬁlteﬂibﬁvelyﬁmﬂ@-d_ﬁl?_treulﬂfoﬁ)rl 1|136 .
am no acids w a Nl ec r e 1Tull-len
ot el e BFLESE FRpBIO TR PO RRe O e TR plER i s &

t heor etlD calvesicbzahtectntil 2l tpdipitwag pisyspafsior. T8H SI!Lsa@ledn w3 theh sricafiuioedaiid
sequence, ¢Q mf)ésglﬁ’éas(#ze%s %chgcﬁth alﬁ)lulel%b Blg,pdli]@ h&Pdtetile filtered through a 0.2 pm filter.

Extrusion or sonication could replace this step.

Typically the cholesterol: phosphatidylcholine ratio was 1:4 (w/w), and the aqueous solution was

15 added to give a final cholesterol concentration of 10 mg/ml.

The liposomes have a size of approximately 100 nm and are referred to as SUV (for small
unilamelar vesicles). The liposomes by themselves are stable over time and have no fusogenic
capacity.
20
Sterile bulk of SUV was added to PBS. PBS composition was Na,HPO,: 9 mM; KH,PO,: 48
mM; NaCl: 100 mM pH 6.1. QS21 in aqueous solution was added to the SUV. The final
concentration of 3D-MPL and QS21 was 100 pg per ml for each. Between each addition of
component, the intermediate product was stirred for 5 minutes. The pH was checked and adjusted
25  ifnecessary to 6.1 +/- 0.1 with NaOH or HCL

2. Preparation of HIV-1 antigens
21 Construction and expression of HIV-1 p24 — RT — Nef — p17 fusion (“F4”) and F4

codon optimized (co) (“F4co”).

30
2.1.1 F4 Non-codon-optimised
HIV-1 gag p24 (capsid protein) and p17 (matrix protein), the reverse transcriptase and Nef
proteins were expressed in E.coli B834 strain (B834 (DE3) is a methionine auxotroph parent of
BL21 (DE3)), under the control of the bacteriophage T7 promoter (pET expression system).
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Details of the reconbinant plasm d: nanme: pRI T15436 ( or |ab nane
pPET28b/ p24- RT- Nef - p17 ) 20host vector: pET28b replicon: col E1

sel ect i onwkanamicioa pronoter: T7 insert: p24- RT- Nef - pl7 f eermr2gensicsL5
Details of the reconbinant protein: p24-RT-Nef-pl7 fusion protein: 1136

am no aci ds. N-term- p24: 232a.a. - hinge: 2a.a. - RT: 562a.a.

-hinge: 2a.a. - Nef: 206a.a. - 30- P17: 132a.a. - C-term Nucl eotide and

am no-aci d sequences: Nucl eoti de sequence

at ggtt at cgt gcagaacat ccaggggcaaat ggt acat caggccat at cacct agaacttt aaat gcat gggt a
aaagt agt aga

agagaaggci fi cagcccagaagt aat acccat gf fi t cagcat t at cagaaggagccaccccacaagatttaaa
caccat gct adhbey were expressed as a single fusion protein containing the complete sequence of the four

cafagt?gggggé&@tmaaggﬁg%&agg@ﬁ@ﬁkg&&a&a&aaaa&aah&&aﬁaagggaﬂﬁ&gﬁﬁgaatgggatag
agtacatcc

agt gcat gcadguet e REexe &gy dcdagat sy dqe dudfiyidiyt gacat agcaggaact act agt ac
ccttcaggaa 5
gg fg;gg? g; %ﬁ%ti&ﬁéi%ﬁ,%c%%iﬁ&?&ﬁg AR&EALARAR 2RI PL ARARUATISRIARLECL 99gat t a
aagaat gt at ageett d@ugt it Belggacat aagacaaggaccaaaagaacct t t t agagact at gt agaccg
gttct at aaaa

ct et aagagcg%%@&ﬁsa%é 55ar299A090 839224 L 2001 RAGIIRABS FLLALLITLfrqaaat gcgaace

cagattgtaa

act at t tif aaaaglya¢ hggphhbdagog gtiaoat ysura eyaadtgatgatzytat. gV aggyagt aggaggaccce
ggccat aagg 3o°c, around 30% of the recombinant protein was associated with the insoluble fraction.

caagagt tttgcat agggccccatt agccct at t gagact gt gt cagt aaaat t aaagccaggaat ggat ggccc
aaaagt t aaacaat gg

10ccat t gac agaegadraant Aaaagaal 1 aghagpant I3t ghiacagRgah ggokarggadgggaaaat t t caa

daatt gggccg ?‘oa)‘(aﬁ?‘a%e?yclw kDa. The full-length protein migrates to ab(%ut 130 kDa on
at acaat act ccagt a

Sgels, Th
t gcCal aaagaaadaagacagtact aaa ggagaaaa% a e%sagaei tt cagagaact
t aat aagé_g aaetemdagratheoretical isoelectric point (pl) of 7.96 based on its amino acid sequence, confirmed

tt ct gggaagh} siaat trRAGpRIAGCacat cccgcagggt t aaaaaagaaaaaat cagt aacagt act ggat gt g
ggtgatgcatattificagt

t ccctt agat gaagact t caggaaat at act gcat tt accat acct agt at aaacaat gagacaccagggat t ag
at at cagt ac dat gt gk tec@nbinant plasmid:

acagggat gg gat ca c t gacaaaaat ct t agagcat t t agaaaacaaaat
ccagacatag?%%%ctat %EﬁQQ%%E&h&nﬁﬁ@%ﬁﬁ%ﬂ@ﬁrﬁﬁﬁéﬂﬁﬁ§

caat acaPggat gat t t gt &pgjrtpgat dfgat t agaaat agggcagcat agaacaaaaat agaggagct gaga

caacatctgttgaggt gg replicon: colE1
ggaCt taccac Ccagaca%aaaacat CagaaagaaCCt ccattcctt aaaat gggt t at gaaCt ccatcct gat

aaat ggacagtacafect “enamyem
at agt gct gcpmgemaaagddagct ggact gt caat gacat acagaagt t agt ggggaaat t gaat t gggcaagt

cagatttaccgagggatt p24-RT-Nef-p17 fusion gene.
aaagtaaggcaattatgtaaactecttagaggaaccaaagcactaacagaagtaataccactaacagaagaagca

gagct agaact ggcag
aaaacagagagat t ct aaaagaaccagt acat ggagt gt at t at gacccat caaaagact t aat agcagaaat ac

agaagcaggg %%%9&9 the recombinant protein:
p24-RT-Nef-pl7 fusion protein: 1136 amino acids.
N-term - p24: 232a.a. - hinge: 2a.a. - RT: 562a.a. -hinge: 2a.a. - Nef: 206a.a. -
30 - P17:132a.a. - C-term

Nucleotide and amino-acid sequences:

Nucleotide sequence

34



20

ccaat ggacat at caaattt at caagagccat tt aaaaat ct gaaaacaggaaaat at gcaagaat gaggggt gc
ccacact aawganoraaas PCT/EP2011/054654

acaat t aacagaggcagt gcaaaaaat aaccacagaaagcat agt aat at ggggaaagact cct aaattt aaact
gcccat acaaaaggaaa

cat gggaaacat ggt ggacagagt at t ggcaagccacct ggatt cct gagt gggagtttgttaat acccctcctt
t agt gaaat t at ggt acca

gtt agagaaagaacccat agt aggagcagaaaccttct at gt agat ggggcagct aacagggagact aaatt agg
aaaagcaggatp cagaacatcea caaatgotacateaggcecatatcacctagaactttaaatgeatgggtaaaagtagtaga

act aat agagg§§ Cga%agd {ct ggtg%gd aacC égcacaaca caga% §g$ gag% 'f‘%cgdagcaat ttat
ctagcttt gcaggmgg@ggg@gagaagtaatacccatgttttcagcattatcagaaggagccaccccacaagatttaaacaccatgctaaa

gat t agaagt %ﬁ?é&g@@&@ﬁ%&:@&@&%ﬁé&@ﬁét%%@éa%é%ﬁ@&g%ﬁg%@a@%@g%ﬁ@&%ﬁ%& aaagt gaat

cagagt t agt caat caaat

aat agagcag A SHYE RS54 GTeaeas et e steatygeaisteaese dasiygdutesdyaggaaat ga
acaagt agat amatibatghragigeigientcaggaasgihgolagchetteartgeanmtghatagtat cct ad

aaa aataa g‘a aatgtata ccctacca cattctggacataa acaa%g (f'caaaa acctttta actat ta%ac%ﬁgttctataaaa
gacgagct gagccagca caga ggag ggaécag at ct cﬁagacc égaa aacC ggagcaat cacaagta

gcaat acagc algepsageceearageitcgenssage gaaondjiperteayastgreabeiteglatigeniscaageragatigtaag

tgt tttccagt ﬁéﬁt&ﬁﬁﬁz@aﬁgtggéaa&ﬁég%&i?l@t&a@@@@hg@tﬁicaé’%@tgtcagggagtaggaggaccgggccta;aag .
acaaggcag ccactl aa aaaa aattcactcccaacga

agacaagat af%?g??%gg‘tgﬁcdﬁﬁgﬁ?%‘%?ﬁ% Egﬁa@%@?zg‘%%géaé G ‘tg"gaﬁ?%aéﬁa@gac acaccag

gccaggdgat c agagsadgeganigasedchitagggbgepgapagatooanaageaagegaaaatticaaaaattggecctgaaaatce

E ggggg f ; 2gt%tggagtgcgctcSgga%t%%ga?aga%}-ia%%Qéa@%agﬁ%gggg%%agg&%%%&%%%gggzg:ﬁ:ggg% tacaccctg
| ggat gaccc ﬁ@%gé@é@éﬁ&g&@?@%@@%@g@%@&%@@é%@@@%$gg@a€@ﬁlé‘t§€9@g cccgagagc
t gcat ccgRagtaeatBaga@RQBReh GG catttaccatacctagtataaacaatgagacaccagggattagatatcagtacaatgt gottee

33 g ; ; A 09 e A A AR IR R R L R S SRR ARRAREARAP" t 2aggcea
aagaaadaat atamesdsbpaascaiaiagtagygoragcRggagetagaacgabdagcrutbast cct ggcct g

ttagaaacat IR QG ccagacaaaaaacatca aaa aacctccattccttaaaatggsttatgaactccatcctgataaatgsacagtacagect
ct gt agacaaat act gggacagct acaa tccettcagac gé%a% cagaa aactgtgagat catt at at aat ac

agt agcaacc étg%g%fa@;tla@aagacagctggactgtcaatgacatacagaagttagtggggaaattgaattgggcaagtcagatttacccagggatt
t gcat caaag %@a@@@ﬁa@@a@@a&@@@@a@%@@m&@a@m@g%@g@@@@@@@@@ﬁa@@@@aaagt aaga

aaaaagcaca caa acac gca tca cca aattactaa [SEQ ID
N0y 7] V5. poit B S EALG T Gt ROl G CRTBHEL A S DRGEPTT R Begput
nucl eoPde scaatggacmﬂf@@?@dttcmgaggeqtt@ma@tctmwsetggmmt@nag&@a&mﬂgmﬁmtzﬁtgsfewe nce

M/I V I a actecccatacaaaa. aaa
QDLI\F?JLI\FI’VCIHQAA%%%E%%TI EEA%%E%E%G&% cg\/RE‘Ea e RS IRESE
CEQ evwrrNwmg@wrg%w%@_gmww@@ﬁ@gi%@gwgﬁammc“tagtgaaattatggtacca

| LDI RQGPKEBRHRERAARREKdt I At SR NAMEBE & dc AU Kt 28 h g panaagcaggatatgtt

NDCPRVKONPL TR A C R a@ﬁéﬁfﬁ%ﬂ'ﬁ@ﬁ%ﬁv e € R o

REL NKRES QDB AR 2R ca@R PFEACEAKICKICC ST R PNICRENRCag G agatcaaagt gaatcagagttagtcaatcaaat
FSVPL DEDFRKaYE&&IéﬁE’&aMN@EE’a@&@é@% &Wﬁa&%aﬁg%tg@aagtagatamﬂa
KI LEPFRKQNPDI VI YQYNDDLYV D RTKT EELRQ—lLLRV\GLT 45
TPDKKHOKEPPESEYRICHIBTRTFY g8 a0 : S
WASQ YPG KYR Aok RGREAL

accaatgctecttotocctggctagaagcacaagaggaggagoaggtogottttccagtcacacctcaggtacctitaagaccaatgact

30 tacaaggcagctgtagatcttagccacttittaaaagaaaa actggaa, ctaattcactcccaacgaagacaagatatecttgat

tacaagctagtaccagttgagccagataagstagaagaggoccaataaaggagagaacaccagettgttacaccctgtgagcctgcatggaa

tgoatgaccctgagagagaagtottagagtogoaggtttgacagecgectageatttcatcacgtgocccgagagctgcatccgoagtacttc
aagaactg atgggtgc gagagcgtcagtattaagcgggoggagaattagatcgatgggaaaaaattcggttaaggccagggogea
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GVYYDPSKDLI AEl QKQGQGEMYQ YQEPFKNL KTGKYARVRGAHTNDV 600
KQLTEAVQKI TTESI VI WGKTPKFKLPI QKETWETWATEYWQATW PEVE 650 25

FVNTPPL VK OXQUIBHERE VGAETFYVDGAANRETKL GKAGYVTNRGRQK 700 PCT/EP2011/054654
VWTLTDTTNQKTELQAl YLALQDSGLEVNI VTDSQYALG | QAQPDQSES 750

ELVNQ | EQLI KKEKVYLAW/PAHKG GGNEQVDKLVSAG RKVRVI GGK 800
WBKSSVWGWPTVRERVRRAEPAADGVGAASRDL EKHGAl TSSNTAATNAA 850
CAW.EAQEEEEVGFPVTPQVPL RPMTYKAAVDL SHFELKEKGGLEGLI HSQ 900 30

RRQDI LDLW YHTQGYFPDWONYTPGPGVRYPL TFGACYKL VPVEPDKVE 950

EANKGENTSLLHPVSL EREY DSRL AFHHVA 1000 NCI

NGARASVL S LRI P R AR SR O PR S8R Lo P
SL QI GSEEL RSENSITAATILAECVFORI B (P clidag@aggatcagaagaactiagatcattatataatacagtagcaacceictatigts

TKEALDKI EE%%%%W I&Eeh%%@ (DL A3 00 oh 2B dadchh mag R SREAUKRL .

am no-acids 1-2 I n bo% 2 ncg ag% §Cg %?5-75‘%’%5!\% sequence:
ami no- aci d§ca?@§0t%?ggﬁffe?g%aét&?¥§tﬁ%géc 'ilﬁ"ﬁ?) 8i]a 9 05 1136 Boxes: am no-acids

i ntrodu6ed by genetic construction K (Lysine): instead of Tryptophan (W.
Mit ation ipyroduced . to.remover enzyne activity. 10 Expression of the
reconbi nanp 4 %lé Cg%l é’)OJET plasm d, the target gene (p24-RT-Nef-pl7) is
under cont N Se%?noﬁﬁem@eﬂm%g bact er i ophage T7 promoter. This pronoter is not

recogni zedBByes: Eudi@kiiles NOdRE] yEBi-as@n@ndiohs dependent on a source of T7 RNA
pol ynmerase in the host cell. B834 (DE3) host cell contains a chronosonal

15copy of the T7 RNA pol ynerase gene under |acW5 control and expression is
i nducedO0by Aithe- Sdfidisetivepee of | PTG to the bacterial culture. Pre-cultures were
grown, in shake flasks, at 37C to m d- Iog phase (A620:0.6) and then stored

at 4C over to avoi d stationar ase cultures Cul tures were grown
in LBT medp@ﬂyQN QGQMVHQAISPRTLNA EEKAFSPEVIPMF ALSEGATP 50

QDLNTMLNTVGGHQAAMQMLKETINEEAAEWDRVHPVHAGPIAPGQMREP 100
RGSDIAGTTSTLQEQIGWMTNNPPIPVGEIYKRWIILGLNKIVRMYSPTS 150

15 ILDIRQGPKEPFRDYVDRFYKTLRAEQASQEVKNWMTETLLVQNANPDCK 200
TILKALGPAATLEEMMTACQGVGGPGHKARVLHMGPISPIETVSVKLKPG 250
MDGPKVKQWPLTEEKIKALVEICTEMEKEGKISKIGPENPYNTPVFAIKK 300
KDSTKWRKLVDFRELNKRTQDFWEVQLGIPHPAGLKKKKSVTVLDVGDAY 350
FSVPLDEDFRKYTAFTIPSINNETPGIRYQYNVLPQGWKGSPAIFQSSMT 400

20  KILEPFRKQNPDIVIYQYMDDLYVGSDLEIGQHRTKIEELRQHLLRWGLT 450
TPDKKHQKEPPFLEMGYELHPDKWTVQPIVLPEKDSWTVNDIQKLVGKLN 500
WASQIYPGIKVRQLCKLLRGTKALTEVIPLTEEAELELAENREILKEPVH 550
GVYYDPSKDLIAEIQKQGQGQWTYQIYQEPFKNLKTGKYARMRGAHTNDV 600
KQLTEAVQKITTESIVIWGKTPKFKLPIQKETWETWWTEYWQATWIPEWE 650

25  FVNTPPLVKLWYQLEKEPIVGAETFYVDGAANRETKLGKAGYVTNRGRQK 700
VVTLTDTTNQKTELQAIYLALQDSGLEVNIVIDSQYALGIQAQPDQSES 750
ELVNQIIEQLIKKEKVYLAWVPAHKGIGGNEQVDKLVSAGIRKVILAMGGK 800
WSKSSVVGWPTVRERMRRAEPAADGVGAASRDLEKHGAITSSNTAATNAA 850
CAWLEAQEEEEVGFPVTPQVPLRPMTYKAAVDLSHFLKEKGGLEGLIHSQ 900

30 RRQDILDLWIYHTQGYFPDWQNYTPGPGVRYPLTFGWCYKLVPVEPDKVE 950
EANKGENTSLLHPVSLHGMDDPEREVLEWRFDSRLAFHHVARELHPEYFK. 1000
NCRPMGARASVLSGGELDRWEKIRLRPGGKKKYKLKHIVWASRELERFAV 1050
NPGLLETSEGCRQILGQLQPSLQTGSEELRSLYNTVATLYCVHQRIEIKD 1100
TKEALDKIEEEQNK SKKKAQQAAADTGHSNQVSQNY 1136

G
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20suppl enmrented wth 1% gl ucose and 50ug/ m kananycin. Addition of glucose to
the grow h nedi um has the advantage to reduce the basal reconbi nant protein
expr essi oNOoQauoildiong cAVP nedi at ed derepressi on of | acUveTmreomisescs4s Ten i
of cultures stored overnight at 4C were used to inoculate 200 m of LBT
medi um 25(w t hout gl ucose) contai ning kananycin. Cultures were grown at 30C
and 22C and when 0.D. 620 reached 0.6, | PTG was added (1nMfinal). Cultures
were incubated for further 3, 5 and 18 hours (overnight). Sanples were

coll ected before and after 3, 5 and 18 hours induction. Extract preparation
was as fol:[ gs[ e Il pellets were suspended in breaking buffer* (at a

t heoretica B )" 10) and di srupted by four passages in French press (at
20. 000psi or 1250 bars). Crude extracts (T) were centrifuged at 20.000g for

30 mn to $LPANRLE: MnfiR -2 UBIginbel) and insoluble (P) fractions. *Breaking
buffer: 50nM Tris-HCL p 1mM EDTA, 1nmM DTT + protease inhibitors

cockt ai | (&W%%P@B@Fﬂ?sﬁégﬁs SDS- PAGE and Western Bl ot anal ysi s:
Fracti ofs tlofs@spordimgeklo7asns@ ubl e pellet (P), supernatant (S) and crude

extract (T) LUnQn, % reduci ng SDS- PACE. p24- RT- Nef -pl7reconbi nant
protein wasﬁég%(ﬁu%n gmg) Clégéoré%slgge 5bl ue staining and on Western bl ot (WB).

Coonassi e 8pd: rﬁ‘inﬁ’g‘a“észmwewgep%f?%}s@{cé@m appears as: one band at 130 kDa

(fitting wikthyse:d): GitbRlo€TrypUFhad G MLUBEEH B ddGel tol2BevarddzRRlatieng MV
apparent: 130 kDa

10 Expression of the recombinant protein:

In pET plasmud, the target gene (p24-RT-Nef-p17) is under control of the strong bacteriophage
T7 promoter. This promoter is not recognized by E.coli RNA polymerase and is dependent on a
source of T7 RNA polymerase in the host cell. B834 (DE3) host cell contains a chromosomal

15 copy of the T7 RNA polymerase gene under lacUVS5 control and expression is induced by the
addition of IPTG to the bacterial culture.

Pre-cultures were grown, in shake flasks, at 37°C to mid-log phase (A620:0.6) and then stored at
4°C overnight (to avoid stationary phase cultures). Cultures were grown in LBT medium

20 supplemented with 1% glucose and 50pg/ml kanamycin. Addition of glucose to the growth
medium has the advantage to reduce the basal recombinant protein expression (avoiding cCAMP

mediated derepression of lacUVS5 promoter).

Ten ml of cultures stored overnight at 4°C were used to inoculate 200 ml of LBT medium
25  (without glucose) containing kanamycin. Cultures were grown at 30°C and 22°C and when
0.D.620 reached 0.6, IPTG was added (1mM final). Cultures were incubated for further 3, 5 and

18 hours (overnight). Samples were collected before and after 3, 5 and 18 hours induction.

Extract preparation was as follows:

30  Cell pellets were suspended in breaking buffer* (at a theoretical O.D. of 10) and disrupted by four
passages in French press (at 20.000psi or 1250 bars). Crude extracts (T) were centrifuged at
20.000g for 30 min to separate the soluble (S) and insoluble (P) fractions.

*Breaking buffer: S0mM Tris-HCL pH 8.0, 1mM EDTA, 1mM DTT + protease inhibitors
cocktail (Complete/Boerhinger).
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Western bl ot anal ysis: Reagents = - Mnoclonal antibody to RT (p66/p51)
15Pur chased from ABI (Advanced Bi ot echnol ogi es) dilution: 1/5000 -Al kaline
phosphat ase-20omjiagat e anti - nouse anti body dilution: 1/ 7P00/EPOENPFESSEI ON

| evel : - Very strong p24- RT-Nef-pl7 specific band after 20h induction at
22C, representing up to 10% of total protein (See Figure 9A). Reconbi nant
protein "solubility": 25"Fresh"” cellular extracts (T,S P fractions): Wth
growt h/i nduction at 22C/ 20h, alnost all p24- RT-Nef-pl7 fusion protein is
recovered in the soluble fraction of cellular extract (Figure 9A). Wth
growt h/i nduction at 30C/ 20h, around 30% of p24-RT-Nef-pl7 protein is
associated with the insoluble fraction (Figure 9A). 30"Freezing/thaw ng"
(S2, P2 fr&etPofEynd Getegtilet apdwsys: fracti on (20h induction at 22C) conserved

at zL /2283 TF@%QS @H&E&%ﬁh td ihwasd pélfet @p SLBQ[QQA@Q;) BdRrude %a@m Wik rluf @S uspended
in VO

85_ Breakin TT. al nost al 24- RT- Nef - p17
fusion pr 011%9( r’iedé‘flilg IP%Bfh1re™ 8% mey pﬁ?"%‘bﬁ“&@f’tﬁ‘flf’@i Etryted léyece"og‘?s@‘ﬁr e 9B)
Br eaki n§ bulué @#iniug dnh o WedFTblot@8BI0 % of p24- RT- Nef-pl7 still sol uble
(Figure 9B) 5
Coomassie staining: p24-RT-Nef-p17 protein appears as:
one band at + 130 kDa (fitting with calculated MW)

10 MW theoretical: 128.970 Daltons
MW apparent: 130 kDa

Western blot analysis:
Reagents = - Monoclonal antibody to RT (p66/p51)
15 Purchased from ABI (Advanced Biotechnologies)
dilution: 1/5000
-Alkaline phosphatase-conjugate anti-mouse antibody
dilution: 1/7500

20  Expression level: - Very strong p24-RT-Nef-pl7 specific band after 20h
induction at 22°C, representing up to 10% of total
protein (See Figure 9A).

Recombinant protein "solubility":

25 "Fresh" cellular extracts (T,S,P fractions): With growth/induction at 22°C/20h, almost all p24-
RT-Nef-pl7 fusion protein is recovered in the soluble fraction of cellular extract (Figure 9A).
With growth/induction at 30°C/20h, around 30% of p24-RT-Nef-p17 protein is associated with
the insoluble fraction (Figure 9A).

30  "Freezing/thawing" (S2, P2 fractions):

Soluble (S1) fraction (20h induction at 22°C) conserved at -20°C. Thawed and centrifuged at
20.000g/30 min : S2 and P2 (resuspended in 1/10 vol.)
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The F4 protein was purified using the purification nmethod identified bel ow

2.1.2 F4 codon-optim sed The foll ow ng pol ynucl eoti de sequence is codon
opti m zedweuret/tih#8 t he codon usage resenbl es 10t he codenTEPage/os4s58 hi ghly
expressed gene in E.coli. The am no acid sequence is identical to that

gi ven above for F4 non-codon optim zed Nucl eoti de sequence for F4co:
15atggtcattgttcaga acata cagggccaa at ggtccacca ggcaattagt

ccgcgaact civVBadgcat gggt ga aggt cgt ggag

gaaaaggcat t ct ecceggaggt cattccgatgffitctgcgct at ct gagggcgcaacgccgcaagacctt aat
accatgett a%?egkin buffer with DTT; almost all p24-RT-Nef-p17 fusion protein still soluble (only 1-5 %
cggtaggcgggcacé%agccgctatgcaaa%d%taaaagggac%gtaaacgaagagg cgccgaat gggat cgag
t gcaccegg precipitated) (see Figure 9B)

t gcacgccggcccaatt gcaccaggccagat gcgcgagccgcecgecgggt ct gat att gcaggaact acgt ct accc
ttcaggagca . . ) 0 . .
attgggtggagﬁﬁﬁﬁﬁﬁggé?@gﬁggga§%%%ﬁdfBﬁ@%ﬁ§83¥EFQFQ&@%@H?@&EEcatactgggactaaac
aagat agbccg 20

g f;g;g;;gégg@%&&&ﬁ {1366 9L A RCHGEAAIIEELATRIGRIGES t cagggact at gt cgaccgat t
gcgcagagcaggcat eccaggaggt caaaaat t ggat gacagaaact cf fi t ggt gcagaat gcgaat ccggat t
gt aaaacaat ©.1.2 F4 codon-optimised

L aaaggct Cl AggRLSA9oRASRACASL AGRAIR0R1 GRLIRPAARGN. ARAYEE! Sagl 9accogggeat
t ct t acd@at gggelot gagan ehigdgapegadavagti vt Jit oaagoidsaaane agdpgakiggdkiggt ccaaagg
t caagcagt 9@19&%5@ for F4 non-codon optimized.

acggaagagaagat t aaggcgct cgt agagat t t gt act gaaat ggagaaggaaggcaagat aagcaagat cggg
ccagagaacccgta 25

caat acaccgguatditgcari@aagamaaaggat t caacaaaat ggcgaaagctt gt agattttagggaact aaa
caagcgaacccaagactt

t t gggaagt ccaact agggat cccacat ccagccggt ct aaagaagaagaaat cggt cacagt cct ggat gt agg
agacgc afat mggtagt%fpagaacatacagggccaaatggtccaccaggcaattagtccgcgaactcttaatgcatgggtgaaggtcgtggag

accget t gat gaggacd-ceaanagtAkaskanabltatiAlAcKIRAc A ARRGARLGARARAEF A0gCAL T CY

ct at cagt acaacgt gct c
ccgcagggct GRS RSy U PGP st ater P g e U g S P e R AL B ek AR WAT B, cgaaagcag
aat ccggat atdegiga@gdctaattgeaccaggecagatgegegageegegegggtetgatattgecaggaactacgtetaccecttcaggageag

accaat acat RAGARl L) Ak ALAGARAINRAEIANARAL)SAERARRALERRRRL AAARIL 200320t 02

ggcaacat ct gc

ggggc c 2B ac rHgtrtdecgidtaapatagiracegasseryanreigeetresestalgtgre e elereagrgttiet t cat ccgg

acaagt ggac ggaagcaggeateccaggagsteaaaaattggatgacagaaactcttttggtgcagaatgegaatecggattgtaaaacaatt

agccgat agt gct gcccgaaaaggattctt accqgt aaat gat at t cagaaact agt cggcaagctt aact ggg
cct ct cagat 3?"5%%%% gaccggggcaacgctagg agatgatgacggctggtcagggagtcggtggaccgg cat:%ggcccggg

gcat t aaggt etgecagrtciycasgrastgaguyradeiacggntectaacagaggiecateeceal t aacggagg
aagcagagct {,

ggt tt t (tt t t t t
ggcaga aaté%gg Tt 6f TAAg0agEC Uyt 0CACTGGUT At ACEACTACCCEECCaIggacet t at agecga
gat cc ag a ag eAReRgceetatttgeaatanagaaasaggaticaacaaaatggcgaaagetigtagatittagggaactaaacaagegaacccaagactt

gcagggccaatggacetaasagalatal sragracssihiaigarkcheasgastgggaasiaggegcycat gcg

a ctcat act aat
gat gt anagc AXET B A R R AP BTGP AP G PP Y5 ac cccamag
ttc aagc t gc C(Igaetgg@@gaag geotctecggegatatttcagagetgtatgacaaaaatacttgaaccattccgaaageagaatccggatattgtaattt

aaggaaacal goaaRACALelAgRGLARRKALLAAGAANCLAGCLANRLARAARLARARRIL! Ot caacacy

ccgccacttgttaagce
ggtaccé@ct6@@%%@@@%@@8@%?%@%ﬁ@&@&@&@&@ﬁ%&@%%%%?@%%@ﬁ?ﬁﬁ%@%ﬁ@%@%@?%gcgaaacga
agct aggcaag@gc@tagtoctecccgaaaaggattcttggaccgtaaatgatattcagaaactagtcggcaagettaactgggectetcagatttacceag

993t acg! gagt, 3l A9999R40AAAAAAL SN ARLRELL ASHORLAREASEARI S ARERBAN! gaact acaa
Scaggat agt gyegragaggitdawgtiageeacgyachaicgaaratigrgotiitgyaatacaisiagermgr gcagccaga
t Caaagcgaa@&g&@&gt%gacgtaccagatatatcaagaaccgtttaagaatctgaa actgggaagtacgcgcgeatgegagggoctcatactaat

t gt aaaccaaat aat agaacagctt at aaagaaagagaagg% atat ct ggcct gggt ccccgct cacaagggaat
t ggcggcaat gagcaa

gt ggacaagct agt cagcgcet gggat t cgcaaggt t ctg gcgat ggggggt aagt ggt ct aagt ct agegt agt ¢
ggct ggccgacagt cc gc gagcgcat gc gacgcgcc gaaccagccgcagat ggc

gt gggagcagcgt ct agggat ct ggagaagcacggggct at aacttccag taacac pcgQc gac gaac
gcc gcatgc gcat pttagaagcccaagaagapaagaagt agWtcc ptaactccccaptgcc gtt 10
aaggcc gat gacct at aaggcagc

ggt ggat att ct cact t cct t aaggagaaagnagct ggagnctt aat t cacagccagaggc ga
caggatattcttgatctgtggatttaccatacccaggutactttccggact ggcagaattacaccccggggccag
gcgtgcgctatcccctg
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15t acgcccggggggcaagaagaagt acaagct t aagcacat t gt gt gggcct ct cgcgaactt gagcgattcgc
agt gaat ccaggcctgctt

gagacgagtweaggetigioraggcaaat t ct ggggcagct acagccgagcect acagaeCygrageysggaget t cgt
agtctttataataccg

tcgcgactctctact gcgtt cat caacgaatt gaaat aaaggat act aaagaggccctt gat aaaatt gaggagg
aacagaat aagt cgaaaa

agaaggcccagcaggccgccgccgacaccgggcacagcaaccaggt gt cccaaaactactaa [ SEQ I D
NO 9] 20 p24 sequence is in bold Nef sequence is underlined Boxes:

nucl eotides_introduced by genetjic _con ction 25The procedures used in
ol ati on t B P RN LB et £ Rk Ay R R et T
sequence. BeeapdagegyhaciipmcrpegrantticrragriacgsativhdateaaattiQRICEIEERA((Yagdt nane:
PET28b/ p24 4 KldNedgasadof ook oad@ROS bea ¥Rl Rtar IR &0 LRIl LR % gcaaggcg
sel ecti on: Eana cgl n pronot er%%% a\%\D 2011/ 1%%0%%9CT/ 20% c%5465g
ggatacgtgactaatagggeccgecaaaaggtegtaacccttacggataccaccaatcagaagactgaactacaagegatttaccttgeactt
5 caggatagtggcctagaggtcaacatagtcacggactctcaatatgegcttgecattattcaagegeagecagatcaaagegaaagegaget

tgtaaaccaaataatagaacagcttataaagaaagagaaggtatatctggeetggptecccgetcacaagggaattggeggoaatgageaa

10 cgotopatetttcteacttecttaagoag

atctotgoatttaccatacccaggegtactticcggactggcagaattacaccccgegoccagocotoc

actttcgogtootoctacaaactagtcccagtggaacce

catccagaatatttcaagaactgcc gccc§|atgggc gecagggccagtgtacttagtggcggagaactagatcgatgggaaaagatacgce

15 tacgccegggggecaagaagaagtacaagettaageacattgtetggocctetcgegaacttgagegattcgeagtgaatccaggectgctt
gagacgagtgaagectgtaggcaaatictgggecagetacagecgagectacagactggcagegaggagcettegtagtctttataataccg
tcgegactctetactgegttcatcaacgaattgaaataaaggatactaaagaggcccttgataaaattgaggageaacagaataagtcgaaaa
agaaggcccageaggecgeegecgacaccgggeacageaaccaggtgtcecaaaactactaa
[SEQ ID NO:9]

20
p24 sequence is in bold
Nef sequence 1s underlined

Boxes: nucleotides introduced by genetic construction

25  The procedures used in relation to F4 non-codon optimized were applied for the codon-optimised

sequence.

Details of the recombinant plasmid.

name: pRIT15513 (lab name: pET28b/p24-RT-Nef -p17 )
30 host vector:  pET28b

replicon: colE1l

selection: kanamycin

promoter: T7
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i nsert: p24- RT- Nef-pl7 fusion gene, codon-optimzed The F4 codon-optim sed
gene was expressed in E.coli BLR(DE3) cells, a recA- derivative of

B834( DE3)wetnaim740RecA nut ati on prevents the putative pProumEPRIl0054E4 | anbda
phages. 5 Pre-cultures were grown, in shake flasks, at 37C to md-|og
phase (A620:0.6) and then stored at 4C overnight (to avoid stationary phase
cul tures). Cultures were grown in LBT medi um suppl enented with 1%

gl ucose and 50pg/ M kananycin. 10Addition of glucose to the growh nmedi um
has the advantage to reduce the basal reconbi nant protein expression
(avoi di ng cAVP nedi at ed derepr. i f. LlacUV5 pronpter). Ten m of
cultures stored oveﬁﬁﬁght atI&%&%@%%pﬁgg“nﬁgwfﬁb%hqﬁ €200 m of LBT medi um
(wi thout glucose) containing kanamycin. Cultures were grown at 37C and when

fo- D. 62f0 r ?gﬁ@?ﬂw&&popﬁmis!:dag%@ wRsxRAdath £ MR dells, Sdch Uk SRiWere | ncubat ed
or a rur er

19 hours (overnight), at 22C | e re collected before
and after f§3ﬁ8§@§“T%d%%%PBﬁym@§ﬁF@&ék%W%ﬁﬁ?%ﬁ&@ﬂoaﬁgﬁﬁgmgﬁlIoms:
Cell pebFlets were resuspended in sanple buffer (at a theoretical 0.D. of

10), boi | e%geﬁ—‘%gurgg &e?ec%!t)%’n, %%hék?@%%%t%’%&@%ﬁ% sego/l'?g;:&) @Qﬁdt Q‘%B@%ig;_n Bl ot

anal ysi s: extracts sanp were run on reducl ng
p24- RT- Nef 42(ovyrmiekid ormttihdionasy hesiciltres). det ect ed by Coomassi e bl ue st ai ni ng
(Figure 10) and on 25Western bl ot. Coonassie staining: p24-RT-Nef-pl7

protein appc%ﬁllirgs v?e%e' gr(())vpneln EQ’P gneg}{[lm su]f)glgm(le(nl’?e% w(ltL Il &)tg'lug%e %d%%uﬁr%f k%rlile!m%lgig.d My 30
10 Addition of glucose to the growth medium has the advantage to reduce the basal recombinant

protein expression (avoiding cAMP mediated derepression of lacUV5 promoter).

Ten ml of cultures stored overnight at 4°C were used to inoculate 200 ml of LBT medium
(without glucose) containing kanamycin. Cultures were grown at 37°C and when O.D. ¢, reached
15 0.6, IPTG was added (1mM final). Cultures were incubated for a further 19 hours (overnight), at

22°C. Samples were collected before and after 19 hours induction.

Extract preparation was as follows:

Cell pellets were resuspended in sample buffer (at a theoretical O.D. of 10), boiled and directly
20  loaded on SDS-PAGE.

SDS-PAGE and Western Blot analysis:

Crude extracts samples were run on 10 % reducing SDS-PAGE.

p24-RT-Nef -p17 recombinant protein is detected by Coomassie blue staining (Figure 10) and on
25  Western blot.

Coomassie staining: p24-RT-Nef-pl7 protein appears as:
one band at + 130 kDa (fitting with calculated MW)
30
MW theoretical: 128.967 Daltons
MW apparent: 130 kDa
Western blot analysis:

Reagents= - Rabbit polyclonal anti RT (rabbit PO3L16)
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MN t heoreti cal : 128. 967 Dal i ons MV apparent: 130 kDa Western bl ot anal ysis:
Reagents = - Rabbit polyclonal anti RT (rabbit PO3L16) dilution: 1/10.000
Rabbit povepchommabr4oanti Nef-Tat (rabbit 388) dilution 1/ POTAP011/054654

- Al kal i ne phosphat ase-conjugate anti- rabbit antibody 5dilution: 1/7500
After induction at 22C over 19 hours, reconbi nant BLR(DE3) cells expressed
the F4 fusion at a very high level ranging from 10-15% of total protein.
10l n conparison with F4 fromthe native gene, the F4 reconbi nant product
profile fromthe codon- optimsed gene is slightly sinplified. The major
F4-rel ated band at 60 kDa, as well as m nor ;. gondﬁl(p&)loow, di sappeared (see
Figure 10). 2.2Preparation of F4co GW | ots A pre-culture was prepared
using a frozen seed culture of RahbherlyddiplanteéfiTaskabbii 38B1977. This strain
is a BLR(DE3) strain transformed with a pETE8kndemhioy@ti ve containing a
codon-opti m zed sequence codi n% for F4 F4co). The seed Cihélfiﬁur ability was
determi ned as approxi mately 1EPHSEHIMGAF GRS AEiTRAEPR . The seed
cul tureswas thawed to room tenperature and dB@@nul/750re used to i nocul ate a
2 litre 20 Erlennmeyer flask (w thout baffles) containing 400 m of

precul ture medi um suppl enented wi th 50 Kg/ nml kananycin %}gdapt.ed from

Zabri ski e éftergnductiog at PEdoven\d dpusp feopmbipngi.RYBEY) sdig pypyesseil he bt poipattéd her ei n
by refere ne&t} high level ranging from 10-15% of total protein.

10 In comparison with F4 from the native gene, the F4 recombinant product profile from the codon-
optimised gene 18 slightly simplified. The major F4-related band at 60 kDa, as well as minor
bands below, disappeared (see Figure 10).

2.2 Preparation of F4co GMP lots

15 A pre-culture was prepared using a frozen seed culture of Escherichia coli strain B1977. This
strain is a BLR(DE3) strain transformed with a pET28b derivative containing a codon-optimized
sequence coding for F4 (F4co). The seed culturability was determined as approximately 1E+10

colony forming units per ml.

The seed culture was thawed to room temperature and 500 ul were used to inoculate a 2 litre
20 Erlenmeyer flask (without baffles) containing 400 ml of preculture medium supplemented with
50 png/ml kanamycin (adapted from Zabriskie et @l (J. Ind. Microbiol. 2:87-95 (1987)),

incorporated herein by reference).

The inoculated flask was then incubated at 37°C (x 1°C) and 200 rpm (New Brunswick
Scientific, Innova 4430 with a stroke of 1 inch). The pre-culture was stopped when the optical
25 density at 650nm (ODsgso,y,) reached 2, which corresponds to around 5h30 of incubation. Pre-

culture was used for inoculation immediately after it was stopped.

Where inoculation of a large scale fermenter is necessary, multiple batches of pre-culture can be

combined.

2.3 Purification of F4co (p24-RT-Nef-p17) - E. coli strain B1977
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The inocul ated flask was then incubated at 37C ( 1C) and 200 rpm ( New
Brunswi ck Scientific, Innova 4430 with a stroke of 1 inch). The pre-culture
was st oppwo 20hien7408e opti cal 25density at 650nm (0D650) pcearh@d/02465Whi ch
corresponds to around 5h30 of incubation. Pre- culture was used for

i noculation imedi ately after it was stopped. Were inoculation of a | arge
scale fernenter is necessary, nultiple batches of pre-culture can be
conbined. 2.3 Purification of F4co (p24-RT-Nef-pl7) - E. coli strain B1977
2.3.1 Summary  To purify the fusion construct F4co a purification process
that conprises two chromat ographic steps and a diafiltration for final

buf fer exchange and protein refolding can be used. The nethod 5conpri ses

t he fol |l ow2Ad Spmmawyi pal steps: Cell paste honpgenization at 0D90 and

addi tion ofr, BMrhE Rsio@hisan F&é%%ﬁﬁﬂﬁ%u&%?&é@%h@&"oﬁﬂﬂys @B b dLRSEZ (positive

10 Thngent M1 G0} G PBEporcr b S G BN beongn TheTpeied ©

repr odu6i bidmtriyes fettdhems wercepalswpcessful |y produced at the final devel opnent
scale of 1.5 1 honpbgenate OD 90. Consistent results obtained fromthree

different cell-culture harvests 15denonstrated the robustness of the
purification bq;%ld)ésgeshomogenization at OD90 and addition of 8M urea

= Cation-exchange chromatography on CM hyperZ (positive mode)

* Anion-exchange chromatography on QAE 550C (positive mode)
10 = Tangential flow filtration

= Sterile filtration

Three reproducibility batches were successfully produced at the final development scale of 1.5 1
homogenate OD 90. Consistent results obtained from three different cell-culture harvests

15  demonstrated the robustness of the purification process.

The three lots produced between 1.3 and 1.6 g F4co. Purity of the full-length product was about
93-94% (density scans of Coomassie blue-stained SDS-gel) due to product heterogeneity.

20  Below is presented the results obtained with the three reproducibility batches.

3.3.2 Analytical Methods

The total protein concentration was determined with the Lowry assay.

25  For SDS-PAGE, samples were prepared in reducing or non-reducing SDS-PAGE sample buffer
(+/- p—mercaptoethanol) and heated for 5 min at 95°C.
Proteins were separated on 4-12% SDS-polyacrylamide gels at 150 V for 90 min using either pre-
cast NuPage gels or Criterion XT gels (Bio-Rad), 1 mm thick.
Proteins were visualized with Coomassie-blue R250.

30
For anti-F4 western blot, the proteins were transferred from unstained SDS-gels onto
nitrocellulose membranes (Bio-Rad) at 4°C for 2 h at 70 V or overnight at 30 V. F4 was detected

using anti-F4 antibodies. Alkaline-phosphatase conjugated anti-rabbit antibodies (Promega) were
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The three lots produced between 1.3 and 1.6 g F4co. Purity of the
full-length product was about 93-94% (density scans of Coonassie

bl ue- st aiwedoB80%7498l ) due to product heterogeneity. 20BelCowreslipsassent ed
the results obtained with the three reproducibility batches. 3.3.2

Anal ytical Methods The total protein concentration was determned with the
Lowy assay. 25For SDS- PAGE, sanples were prepared in reducing or
non-reduci ng SDS- PAGE sanpl e buffer (+/- fl-nmercaptoethanol) and heated for
5 mn at 95C. Proteins were separated on 4-12% SDS- pol yacryl am de gel s at
150 V for 90 mn using either precast NuPage gels.or I terjon. XT gels

(B o- Rac) , bR B b EER PR B5 io o Rt o L% Ros0.
30 For ant subptepest ern bl ot, the proteins were transferred from unstained
SDS-gels onto nitrocellul ose nenbranes (Bio-Rad) at 4C for 2 h at 70 V or
overnight at 30 _V. F4 was detected using anti-F4_antibadi es.
AIkaline-pﬁﬂ?ﬂﬁgﬁﬁg3@%%%?ﬂdﬁwgﬂyﬁﬁi*WW§%@?§£§ﬁﬁpBB '5@“Tﬁﬁ8ﬂﬁga) wer e
bound t 6 t h&o@tilosmmgmbmics botloesReaidah] prsotel protehands daered usmepagtlbmed usi ng
BCI P and NBT. ) [ r.anti-Fk Jor: . roteins

wer e separgﬁgg%gymg%%ggikﬁﬁgﬁ(Eﬁggﬁgﬁg%%Bﬁmg%%%&mﬁﬁﬁ%ﬁ%%%%%%hIﬁge menbr anes
as above. Fegibdddlovhost cell proteins were detected using pol ycl onal

anti-E. coli antibodies. Protein bands were visualized with the

al kal i ne- phosphat ase .reaction as desgcri bed above. £S,. ubj ected to
Stabi 11ty RS SR i PR R AR SRR e R iy BT L e 0,
i n EppdAdorfEppenderf enpel@rderstele icdngitiopnBhntpleong e inSarted Bsthnadieat¢diowbatied for the

i ndi cated (RS, 208y 55EPABR M UReHs BYaiRRS1REE Fi Red ARG bAE nGRRElIchEONS T
detect F4 degradation or in non-reducing conditions to detect aggregates.

For anal yt FRrAliomsigdetestagereqaiss wer e separated on an anal ytical Superdex 200
HR10/ 30 col umm

For analytical SEC, proteins were separated on an analytical Superdex 200 HR10/30 column

15  (Amersham Biosciences) in 10mM Tris buffer pH 8.5 - 0.4M Arginine - 10mM sodium sulfite —

ImM EDTA at a flow rate of 0.5 ml/min. Eluting proteins were on-line monitored at 280 nm.

The LAL test was employed to measure endotoxins in the purified bulk using the kit from Bio
Whittaker. E. coli 055:B5 endotoxin was used as the standard. Kinetic curves were recorded at
20 37°Cin a 96-well spectrophotometer (Spectramax 250, Molecular Devices) and the data were

analyzed using SoftmaxPro.

Residual urea was measured with the urea/ammonia test kit from Roche. NADH extinction was

monitored with a spectrophotometer (Ultraspec II, Pharmacia) at 340 nm.

25
3.3.3 The Purification Process
30 Homogenate OD90
S50mM Tris pH 8.0, 10mM DTT
1
addition of 8M urea, adjusting to pH 7.0
1
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15( Amer sham Bi osci ences) in 10mM Tris buffer pH 8.5 - 0.4M Argi nine - 10nM
sodiumsulfite - 1nmM EDTA at a flowrate of 0.5 m/mn Eluting proteins
wer e on- Iwoeomori408r ed at 280 nm The LAL test was enpl egedreaioe&sur e
endotoxins in the purified bulk using the kit fromBio Wittaker. E. coli
055: B5 endotoxin was used as the standard. Kinetic curves were recorded at
2037C in a 96-wel | spectrophotoneter (Spectramax 250, Mol ecul ar Devi ces)
and the data were anal yzed usi ng SoftmaxPro. Residual urea was neasured
with the urea/ammonia test kit from Roche. NADH extinction was nonitored
wi th a spectrophot onet ec |1 _Pharnmacia).at, 340 nm 25 3.3.3 The
Purification Process 3§é|gm)d'£ Qts r%%r@(gﬁmﬁ@ge%%, tal.)o, 10mM DTT addi tion
of 8M urea, 8djf busfeiniy7.¢ oSl\féHeW oM DTY, ieliipp @M Na(d retittion 3 ApMN{CSt r eand i ne
100, 1 1) PO4 buffer pH 7.0 - SMurea | 2nl\'|l DTT, pre-elution 130mM NaCl,
el ution 350mMM NaCl 5 x dllutlon to 4 nS/cm and acﬂ usting to pH 9.0 5 (+)
QAE 550C chr omat ogr aphy CValittigée smp/sm andpdipgipy to pH 9

5 1

(+) QAE 550C chromatography (Vantage 60/55, 0.76 1)

Tris buffer pH 9.0 - 8 M urea - 2mM DTT, pre-elution 70mM NaCl, elution 200mM NaCl

-

TFF concentration/diafiltration (Omega 30 kDa, 0.1 m?)

10 10 volumes 10mM Tris buffer pH 8.5- 0.4M Arginine - 10mM Na sulfite - ImM EDTA
-
Sterile filtration (Millipak 20)

15 2.3.4 Results of the Reproducibility Lots

Follow-up

The purification follow-up of lot 1 as a typical example is presented in Figure 11. Only the F4co

positive fractions were analyzed on this SDS-PAGE and the corresponding anti-F4 western blot.
20

On the gel in Figure 3A, one can see the increase of the full-length F4co band located at about

130 kDa as the purity of this protein increases. Lane 2 shows the proportion of F4co in the

homogenate. F4co was recovered in the CM eluate and many HCP were eliminated (lane 3). Final

product purity was already obtained after the second purification step in the QAE eluate (lane 4).
25  F4co was unchanged in the retentate after ultrafiltration (lane 5) and lane 6 represents the purified

product. Several low molecular weight bands are visible on the SDS-gel due to product

heterogeneity; these bands were also detected on the anti-F4co western blots in Figure 3B.

Purity

30  To confirm product consistency, the three purified bulks were compared on the CB-stained SDS-
gel and the anti F4 western blot shown in Figures 12A and 12B. Additionally, western blots were
realized with antibodies directed against the individual proteins (anti-p24, anti-RT, anti-Nef-Tat
and anti-p17-His in Figures 13A — 13D).
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Tris buffer pH 9.0 - 8 Murea - 2mM DIT, pre-elution 70nl\'l NaCl, elution
200mMM NaCd TFF concentration/diafiltration (Orega 30 kDa, 0.1 nR) 1010

vol unes Woighiiriis4oBuf f er pH 8.5- 0.4M Argi ni ne - 10mM Nacsmpkeitims4654mM EDTA
Sterile filtration (MIlipak 20) 152.3.4 Results of the Reproducibility
Lots Foll owup The purification followup of lot 1 as a typical exanple is
presented in Figure 11. Only the F4co positive fractions were anal yzed on
this SDS- PAGE and the corresponding anti-F4 western blot. 20 On the gel in
Figure 3A, one can see the increase of the full-length FAco band |ocated at
about 130 E? j the purity of this protein increases. Lane 2 shows the
proportion 0 AEE in the honogenate. F4co was recovered in the CM el uate
and many HCR ey eiriékd eiln avere dddftl oaally c@yparcRibnate quvloegckropaiedranyy Bils al r eady

obt ai ned ataﬁa%s bhe aﬁﬁﬁgm@umek bd0cBlumRMhS theR chrBindtbbeanIe cEhpiddign kibdhe 4).
25F4co was £§%ﬁ$nged n the retentate after ultrafiltration (lane 5) and

| ane 6 rep s the purified product. Several |ow nol ecul ar wei ght bands
are visbble on the SDS-gel due to product heterogeneity; these bands were

al so_det ecty edsngﬁrl%n)sth@‘ olein Félt?eﬁ%hé’é’%ﬁ oSlsible oln%e%D'S%elgjlﬁ €138 Bitfb Y 30T0

conflrn1pro uct c |s enc ree purif S were conpared on the
CB- st ai ned WSS blgfe{n Fagyeps { Hiang hiA- 130y aypalitag o alpegidesivehhtiproriigiioas 12A and
12B. Addi t tRRAE kyumive $tofie N4, Pbiat 5 theRdr @ g do@ Bk to2@doMistdryant i bodi es direct ed
agai nst the individual proteins (anti-p24, anti-RT, anti-Nef-Tat and
anti-pl7-Hs in Figures 13A - 13D). SEC anal ysis

10 Full-length F4co and the low molecular weight (LMW) bands appear at a similar intensity on the

gel and on the western blots. The visible LMW bands on the gel are clearly product related: they
are recognized by the anti-F4 antibodies and/or the antibodies directed against the individual

proteins and were not detected on the anti-E. coli western blot in Figure 15 below.

15  The anti-E. coli western blot was realized with 10 pg protein per lane of each purified bulk. The
absence of visible bands is a further indication of the product purity and indicates that the visible
bands on the SDS-gel are product related. Comparison with the standard (0.1-1 pg homogenate)

indicates that residual HCP contamination was consistently below 1% in all three purified bulks.

20  Taken together, all these data demonstrate the purity of the product and the absence of impurities
but also the heterogeneity of F4co. Importantly, the data demonstrate an excellent lot to lot

consistency of the purified material from different fermentation batches.

Recovery and yield
25 F4co recovery after each purification step was estimated on the basis of CB-stained SDS-gels and

total protein recovery (protein concentration measured with the Lowry test).

Figure 16 displays all fractions collected during the production of lot 3 as an example. The
sample volumes deposited onto the gel were equivalent to the volumes of each collected fraction
30  and directly related to the homogenate volume in lane 2 of Figure 16. Visual inspection of the

density of the full-length F4co band therefore allows estimation of the recovery.

The SDS-gel shows the homogenate in lane 2 and the initial F4co content. The CM column

captured all F4co from the non-clarified homogenate whereas a huge amount of HCP did not
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The three purified bul ks were additionally conpared by size excl usion
chromat ography SEC anal ysis on an anal ytical Superdex 200 colum. The three
chr omat ogwermiianessonpared in Figure 14 bel ow. 5 The si rCirawpany/ 086654 he
protein pattern of F4co visible on the SDS-gel in Figure 12A and on the
western blots in Figures 12B and 13A-13D, as well as the al nost identi cal
elution profiles fromthe SEC colum in Figure 14, point at the very good
lot to lot consistency. 10Full-length F4co and the | ow nol ecul ar wei ght
(LMAN bands appear at a simlar intensity on the geI and on the west ern

bl ots. The. a on.L by | ated: they
are r ecognlnzeéa the[tl%resmg ﬁql?—ufut el %?eélswatgﬁléﬁ: IT alteh% APSIIOQ Ossdcaes dir ect ed
agai nst t hebsemgi utythdnrateluptmtsettm&mamhﬁveti@ ohhe pr@@t@ﬁ@ttemardnmmrhedalﬂfl -E. coli
western bl @dmoldd Hiil G4ER Fdcd WSy quimildielpRbdverbd in @RIdM MBSt BN shhat  was
realized with 60 | ug protein per |lane of each purified bulk. The absence of
visi bl e baf8s' 4% further indication of the product purity and indicates
that thé visible bands on the SDS-gel are product related. Conparison with

the, st andangh (ilodoHde ATIARNAY BN LGLAALSS rh0BtC SRLENAL FEERp,

contam nati on was consi stent e ree puril

20Taken t oK fan bgpden infleedd agdthapigeiven SfitheR4E ¢ohnglgngs 7 gndgy- ngteF"ﬁ@ oduct and

t he absencec@feryiafPtidal frodst patidy wad Saidkihm deeldar agenrhdgy. of F4co. Inportantly,
the data denonstrate an excellent ot to | ot consistency of the purified

material fromdifferent fernentati on batches. Recovery and yield 25F4co
recoverl9 afererprelghiospunbé icataftonhesitepltwes ses fhimitsedks oninteathbst §-of

CB- st ai ned 1§P§1d91‘ﬁ£1§ béi&glaﬂlgf té}|pro‘9&r%d§dr&m£ 9&9%@ U¥ kb HeQuL ADGERERAL | ON
measured with t Lowy t 9 di splays all fractions collected

duri ng thea$WBHﬁ@F$ﬁHMBﬁMWHPﬂ§ﬁ&?‘éﬁ“@*bﬁﬁﬂ%) The sanpl e vol unes deposited
onto the gel were eqU|vaIent to the volunes of each collected fraction

30and direct rel enate vol u ure 16.
Vi sual |ﬂS§%C P%ﬁ“b?w$Sbg gﬁ H?Pﬂegmﬁﬁmyfﬂf?e$ﬁgwt%Mﬁﬁ%1n HLre{ erefore
al l ows léstimation of the recovery. The SDS- gel shoms t he honogenate in |ane

2 and the niti ghmbfetniGQRF Pih huhbesib]ego! um captured all F4co fromthe
non-cl ari fi ed honogenat e whereas a huge amount of HCP did not interact with

the resin at pH 7.0 but was elimnated with the FT (lane 3). A slight |oss
can be obsenvedMethodogy pr e- eluate resulting in sinplification of the

product pat &l n. ARl AVE {&F SRV Eth % Q%Bﬁgé 9 @%ﬁmﬂear'y
quant i t at I Ver&?seCOVaeEBdt Int éi/l Q}Fiuategonw te gg % ane 5)
recombinant protein as active ingredient, adjuvanted with ASOly or reconstituted Wlth water for

injection (WFT).

The vaccine antigen was prepared as a lyophylized pellet containing the F4 antigen in sucrose,
EDTA, arginine, polysorbate 80 and sodium sulfite in phosphate buffer. The AS015 liposome-
25  based adjuvant system contains 50 ug MPL and 50 ug QS21 and was prepared in accordance

with Example 1 above.

The freeze-dried fraction containing the F4 antigen and the liquid fraction containing the ASOly
adjuvant system or WFI, both presented in a single-dose 3 ml glass vial, were reconstituted by the
30  person administering the vaccine shortly before injection. After dissolution of the vial contents,
0.5 ml of the reconstituted vaccine solution was withdrawn into a syringe for intramuscular

administration.
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5 Alnost no | oss of F4co was detected in the follow ng steps. Further HCP
and LMW F4co- bands renoval can be seen in the FT and the pre-eluate of the
QAE col unmo(bamas408 and 8). Hi gh F4co recovery and fi nalPCprErduatossss ity was
obtained in the QAE eluate (lane 9). 10Sone product |oss can be noted after
the ultrafiltration step. This |loss was estimted at about 10- 15% and

m ght be expl ai ned by protein adsorption onto the UF nenbrane because no
significant anmount of protein was found in the filtrate (lanes 11 and 12).
On the basi s of these SDS-gels gl obal F4co recovery appear ed hi gher than
50%in all r.ee JGLE

3. 1t hodof By vk s ate T RIGAGHELNt 10 ol v DI S RIERER S,

cont ai ned ¥ hﬁ@OlOblrre‘@f@lslylpg}Tl‘pmfedd@S@tth HIVAl pQeieccsonti ionaertveg MPLebubicats acti ve

' ngr e?' ent W{C/\I?;?équl\’@% g‘edsef'%ég@nv%@g IntBo@ks &HcPMSbdrt bﬂt@&t dNHﬁBKV (Wﬁé)eﬁe e
i njection

vaccine anti pa V4 pel | et
cont ai ni ng t‘ﬁ‘Bg @EVﬁrﬁl glear]i‘d}ﬁV g‘ggé‘tw Ef‘l*%B\?éLFéferﬁnﬂ%en?%%%/@g&% [‘?980 and
sodi um Sul H24 antipam phospliat @rabuiftirethe STekABOL tBfilsi pogoie: (aBSbassboad] uvant

S y stem cont IA SQaand %{%rbﬂ?? grltgr% \1/ I‘QQUS%}GII@(DHGH%%O tﬂg &Eﬂﬁr e%%et!a%d %ﬁ%g rdance

with Exanple bove eeze-dri e raction containing t anti gen
and the |i Gh‘iﬂ@“f“@]é@?‘ir@ﬁs%font ai ning the ASOLB adj uvant system or W, both
presented in a single-dose 3 nl glass vial, were reconstituted by the 30

person admni st ng, t he vacci ne sh fore i tio After
e 90N LB 5L 0% SIS RSS! e SR SSRL0RS HahSRLR i Shit ne
sol uti df wesumsi Thde goaaps ioh flosubjegyedengd eskdating doseaefl .30l ca PO aglfd miA0ERAL | on.

Partici pangrﬁi ML orﬂggil 1%@%]&&&&6@9965&%% c%se@qpﬂ?éltlﬁ W@tgleﬂr 141]850&%9 (W?@rﬁie at |ow
risk of HIV-1 infection, who had not previously participated i n another

H V-1 vaccHRY v gbryreblipdiopidpaentapr. butsng) facanasdissnient. Eaghispigt e s a

ser onegat i ¥t ¥aodincaldic abOidite 8 ardigakddsd at MuRthAOByEnjadlibh GerthddeltdiBMudclHBE he

gﬁt)?tgletnl ?HCS (kgn;flnsant cﬁl{)})dl_gar\n/ples \?/‘egg otl)_tlalur\l{adzp’rlora tr(])dva(pc% ae‘r Ilnl\r/nestrgtlgr[; ([5_| %) Sur face
weeks (Day 44) and one month (Day 60) following the second vaccine dose and at Months 6

(Day 180) and 12 (Day 360) for evaluation of safety and immune responses.

The mean (£SD) age of study participants was 22.3 (£4.62) years (range: 18—40 years), 63.3%
were female and the population was predominantly white/Caucasian (96.7%). No differences in
20  baseline demographics were observed between the six study groups. All subjects received two
doses of the study vaccine and 176 of 180 subjects completed the study. One-hundred fifty
subjects (83.3%) were included in the protocol immunogenicity cohort for Month 12. Reasons

for exclusion from the analysis are summarized below.
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5 p24 antigen on screening sera within the 8 weeks prior to first
vaccination (all tests Abbott AxSYM ). Standard eligibility criteria were
used for worolwmaniosi nto the study, as detailed in the Cpcmierpadiinssbs. gov
regi stry. One-hundred and ei ghty subjects were random zed 5:1 between

adj uvant ed and non-adjuvanted 10 groups. Three groups of 50 subjects

recei ved escal ati ng doses of 10, 30 or 90 ug F4 in ASOLB and three groups
of 10 subjects received escal ating doses of F4 in water for injection
(WFl'). The study was observer-blind for adjuvantation, but open for antigen
content. Each subject received a first vacgr-re—dese at Month 0 and a second

at Month 1, by injection into the deltoid nused e pof the non-dom nant arm
Bl ood sanpl es were obtai nedrprj ¢r to vaccirlggidnini stration (Day 0), two
15weeks (Day 44) and one nophth|({Day 60) fol|féWng| the second vacci ne dose
and at Months 6 (Dgy—180) aphd 1P ( Day or[ evaluati op_of safety and
i nmune responses. The nean [&P) | age (g partf cj pant , (4.62)
years (range: 18-4(3years), §§ 3%"@ and| T he po S
predoni nant |y whit g£Caucasi pps ( 9615 er8cEs | bagelli ne
denogr aphi cs were ghl$erved pEE Yeen | Ef i tudy |gf pups. gect s
recei ved two doses |gEiihe stugy| vaced 176 of—180 subj gonpl et ed
the study. One-hundrestfiftjyssbj eci]’_s_(_&3_3_%)JPre included in the protocol
i mmunogeni city cohdrtsfior| Mohth|12. Reasons for exclusion fromthe anal ysis
are sunmarized bel q§ ~ F4cp9OW (n=10) 2 o3
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J'5,-, g9g0). ---- g ?? W 2011/117408PCT/ EP2011/ 054654 3. 2Safety

Sol i cited Iocal (injection site pain, redness, swelling), general (fever,
fati gue, wWeaduchetssweat i ng, myal gi a) and gastroi nt esti Rrali/APR@ENSHSH4

vom ting, diarrhea, abdom nal pain) synptons were recorded on diary cards
for seven days after each vacci ne dose. The synptom severity was graded 5
on a scale of 1 to 3, with grade 3 synptons defined as redness or swelling
of nore than 50 mmin dianeter, or fever above 39.0 C and for any ot her
synptom as preventing normal daily activities. Unsolicited synptons were
recor ded f% trgrt days after each vacci ne dose, whereas serious adverse
events (SAES) were recorded throughout the study. 10The analysis of

react ogeni &dlicyeddordl (Gadcetnypitores. sdrckorradcoentidicvat il iy dedichatedtienhort . The

nunber andpgk @emdaga@frdaﬁes%bj(&gge§ %@%@t u@%& OAbu&hlhﬁqoaﬁp fortNe&@ki ci ted
mere cal cul ated with exact 95%.confidence

| ocal and ge raI
i nterval (%F cdngg d ’F‘é ff OERT IR AR IPB ST S DN "OP RS AP hES
per f or méd. oﬂ5EdhbemagmeaﬁheWammmneddh&ﬂﬁr@mﬂamkﬁdh%uﬁngh@mn5@@mﬁmgenicity

vwas observed, diyr &g&e}a@@ve%gé 4¢Wq@r3§n§p&§etr %‘E}?o(fﬂ J&g}ege%l gD.f‘F a%‘al actk{ﬁg F4/ ASQLB

groups as conpafe groups I gur e ov T nci dence
of solicit &Esclfigd syigsinscrareicadaFeioiity daysi afg teple vasejedrse ayeistsetiqracci nat i on

peri od was a89:sOevi0SAY) GferedQ5@8& thidudnb@ te4dfdASOLB gr oups conpared with 45. 0-
75.0% in the F4/ Wl groups. Furthernore, the incidence of general synptons

was higher in the 20 F4/ ASOLB groups after the second vaccine dose. In

t he F4/10 ASDiBamglysu pSiecacqypriotyi arb @ity woneerfohmadcbnahe akd vaoses! waere Thol | owed by

grade 3 syQphiRMBng Fé?ceﬁtg&t bbiectd Qepithd oA HbioM BRGhdiEd io%éi £ AP
synptons, related to vaccination, were reported in the F4/ W groups.
symptoms were calculated with exact 95% confidence interval (CI). No formal stafistical

comparison of safety data was performed.

15  Following each vaccine dose, a markedly higher reactogenicity was observed during the seven-
day post-vaccination period in the F4/ASO1gp groups as compared to the F4/WFI groups (Figure
17). The overall incidence of solicited and unsolicited symptoms during the seven-day post-
vaccination period was 99.0-100.0% of doses in the F4/ ASO1g groups compared with 45.0—
75.0% in the F4/WFI groups. Furthermore, the incidence of general symptoms was higher in the
20  F4/ ASOlg groups after the second vaccine dose. In the F4/ ASOly groups, approximately one-
third of all doses were followed by grade 3 symptoms. In contrast, no solicited or unsolicited

grade 3 symptoms, related to vaccination, were reported in the F4/WFI groups.

No differences in reactogenicity were observed between the antigen dose levels in the F4/ ASO1p

25  groups. Pain at the injection site was the most common solicited local symptom. It occurred
following 96.0-98.0% of doses in the F4/ ASO1y groups as compared to 10.0-30.0% of doses in
the F4/WFI groups. Pain at the injection site of grade 3 severity occurred after <10.1% of doses in
the F4/ ASO1g groups. Redness and swelling were only reported in the F4/ ASO1g groups, and
occurred after 19.0-35.0% and 20.0-25.0% of doses, respectively. The most common general

30  solicited symptoms were fatigue (66-77%, 30-45% of dosed) and headache (58-62%, 20-25% of
doses) in the F4/ ASO1 and F4/WFI groups respectively. The overall per-dose incidence of a
given grade 3 solicited general symptom was <12.1% in the F4/ AS01p groups.
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No differences in reactogenicity were observed between the antigen dose
levels in the F4/ ASO B 25 groups. Pain at the injection site was the nost
common sowpentied7408cal synptom It occurred foll ow ng 98COAP010M64w54 doses
in the F4/ ASOLB groups as conpared to 10.0-30.0% of doses in the F4/ W
groups. Pain at the injection site of grade 3 severity occurred after
1 0.1% of doses in the F4/ ASOLB groups. Redness and swelling were only
reported in the F4/ ASOLB groups, and occurred after 19.0-35.0% and
20. 0-25. 0% of doses, respectively. The nost conmon general 30 solicited

re f 711% 49 2%
%nggoo/onﬁf ur?n @ 3@% gos 42}c01 813%6“0 @ o &)sug'ec(%is }nﬁ%ﬁ?@,ﬁﬁi}( 5gup(ss.l_hQ
overal | perep@ttﬁéelnsf)h@ie@l@m@p@n@f Coalpgpd/@rﬁwr%ﬂdé/ @” Ssbjﬁqtscmtt@cF‘lgéﬁ@mrousynpt om was

. éZbl%i A O/tsh?pt&% wd?@%%ﬁde@aﬁ?hﬂ%@l rbikEd ﬂagaéchl@uo?aqn 9@&4@@% o ¥BG mf}ﬁé o per i od,

0 subjects in roups re i Ci ynpt ons,
conpared t é%%]@ S 4(“’8%%?1“%@&%16 f“\égFPJﬁ‘%P%é‘ CEGRFUR G‘T °‘6¥ %Wﬁ’%ﬁre & ms were
consi def edswaig Slyhptomelat, edtht @hMactrensrmttmdmsm\md 30hdd¢ séque[a%gaferaﬁumtlemt s in the
FA/ ASOLB Y ee(iggg thr(%lglﬁ)gHﬁpsttddy ng’fw g«SSA%Q gvelle % glgetdllﬁ)tlﬂe ?4/ ﬁ%om%éé ons) and

only few were o

t ransi ent éHdVC?eéﬁ”éﬂC\?@éi uwlﬁt%@tw%“@éﬂféla@fbfeso@’é% évrt%gut %?qlwlaﬁ H\Torfieﬁtb&)oct?%feﬂ hree
days. Thr oughgule stiliepeBSdbalY ndRbib® dith@dwfr NGES st 1d8e o ap@ft &dnis.N t he F4/ ASOLB
groups. Al were considered unrelated to vaccination and resol ved w t hout
sequel ae. No deat hs occurred during the study period and no subject

wi t hdr éW f BAm theelskspdypsedue to adverse events. 103. 3T-cell responses The

CDA+ T-cel ks @ﬁ@@%@lﬁre%ﬁs%s @«X@'evﬁﬁaﬁ‘eq b?Xn&aEl:tu[l%C&JthlﬁE %{amﬁlgt(@s ﬂfﬁo‘%ﬁlg' ni ng
(1CS) follown% stinmulation with p24, poosto

assess t he SERHIESEHY 7R+ Ritasd N@ﬁwtﬂe Qootwasgefs th‘? ﬁ@@?w@@&lﬁte@% FEN-y),
tunor necrog in%rf%@ﬁtgﬁﬁmaadlm@ @IlMFneaaos@ﬁaoﬂ%@(’mg@.Md (O Gahd (dﬂm@L)l CS

carried ou tation of evi.o crib th [ see
vnocker rir R QR GRDe e Bl YO e PP Db e R Lot o of
T- cel | 1fesphms &, iPivkirdd] (Qwoahdn@DM®ncekn@ymmofl TralinedporR6: lnB@ﬂthaa@@ and
Maecker HT; yni d1§ it 20501 KBRL RS KE T IDWED e, Sohi M?A @aamif 01) Use of

over | appi ng peptide m xtures as antigens for cytokine flow cytometry. J

| mrunol ? HGersChssal. 29014 Fse of 18 rAsHida iy RetetHeny 4 epekiah ey usi ng
peri pheral cbag. MMEUE INBHodE e5d: 9 7(4BBM) iiddgpbrale@ mercinSBl afedcd] neiy whol e

bl ood cells nbg re%Qb?t nnq%rrg 1FIrC01 (IJB%/? ague gep gtté/ﬁg dh ent, cenyr lbf ugation
within si xPABUFS TOFIBWHG Bl Sod''s %I rhgand et yopr eser ved n° I’ qui d

ni trogéA useidardf EicqllHeﬂpacmnaiem gradlent bqntréﬁgatlmlhwﬂtméweuou@Bmom élosd | nul at ed
invitro %Jiﬁish&%ogld%rmres%@emﬁlq@@ﬂ&bg@mnpfaﬁﬁér aRRLRY by 11 amino acids
(Eurogentec, Belgiun) covering the sequences of clade B pl7, p24, RT or Nef
25 matched antigens, in the presence of anti-CD28 and anti-CD49d anti bodi es
(BD Bi osci ernges the Balvgi REWC wéit ttiiulatadn Vioanish @bls bNisuiza pipades aterldpe by he
intracel | ul i C was
added to i hprBn 2o CReARECnE Enell & LR ORRERTER P Ruh i

i ncubat2§onma@hf|dla§tlgﬁ/é9r & g B@éfmf‘e@ftqnycﬁﬁ 9@3%&134%4 aitlh@hFSf(BP Ps@ﬁﬁlﬁlaeSe mar ker s

CD4+ and CB8giuthBR B %%a%e&}uba@dac&t bventnt inve@nifHt RkinX A&Mit Bpelam i t, BD

Bi osci ence The fixed cells errre biliz d stained with
B it gt eSS b RED 0 PR L 25 80, Stah e

washed, r eswudpemdedls warefdadqadnidy bdrfestsd stainedcforidica madierp HD$pimat®sh (B 1D er ed

sal i ne andB?ch%zlnXe%?gndQMe dXQ(YV( 0%9/ Blgeym Ql%'ﬁ?ﬁBi%scFe%cﬁ%tf&eé Le(ﬂvagrw;dgﬁmt er and

FACSDi va software (BD Bi osci ences) or Fl'owlo software (Tree Star I n order
t o evaPlat ecrmprbiliggdoand -sedingd avith dahetefl \pttbpdie tot The2, VMGG TIEE- ¢ riid) 6840 T-cells,

PBMC col | egtogdendds), Rawsd, %s@p&déﬂﬁn va@tmecaa@é}wz&ﬁbnmg ah%hgt&guﬁh’e@saﬁafe%@sm on of

CD4OL and duction of F-a using e pgols from
consensus E@B’ R eEE’WWOEIFtB/d‘E‘nﬁ 2 F@r(fgcﬁ‘t%ﬁql‘\?’ PR aﬁg %R%‘ﬁ%vacfﬁﬁ ¢ fRequences
used for pBbsaadespd Flogdneftivarofireesstarve | sol ate TZA173 5(Tanzania) and the
cl ade A sequences used for RT and Nef come from native isolate KE MSA4070
(Kenya). Clade C sequences for all antigens were fromstrain ZMe5 |I. This
exploratory survey was performed as descri bed above but only on sanples
fromsubjects fromthe F4 10 pg/ ASOlBSQroup.



10The I1CS results were expressed as the frequency (in percent) of the total
CD4+ and CD8+ T-cells, respectively, expressing the i mmune markers |L-2,
TN-7, TNFwe 2andi1ia08CDACOL, in response to stinmulation w PoTEPZ)11p24654 RT or
Nef antigens. A subject was considered a responder if the antigen-specific
CD4+ response was greater than or equal to the cut-off value. A cut-off

val ue of 0.03% doubl e-positive antigen-specific CD4+ T-cells (i.e. cells
expressing at least two markers 15 fromIL-2, IFN-y, TNF-a. and CD4CL) was
sel ected on the basis of the naxinuntvalue (rounded to the superior

ggzgr .(Ia_sz:elaﬁoorr]% f% ev%uage&!?ef oes% (én e react V;l etfthcatvre}c?chn%cfr%pléeﬁ CB9§ ll"t 1Y€Pn$’r€¢113822| zlp,?;'I Il\klig
per f or med efrtlettweat Beys Gt %gvete@nfmzeﬂi b»d@ﬁ fir thegrrogye e (lf |CtD§0L @G POATRN fohort. The
frequency gf, %?an 16&Ld 1§1n§)[%b‘tlgc§l§)'olrs] %ot Icm%en@tﬂ@eq@&ncés%@é&de%n fhaQtiyer; marker and
t he percentage 0 onders omnng invitro stinulation by each

i ndi vi dual StEHE| G r?laé Sqgenggs ut@éé@éﬂﬁaﬂ pL7 cgme fem ggtive Wolap T44dAs” was

det er m ped(®hzagidCdAd tht BRdcROicilenced ibed fodR B RN dothc GO hative GElte KEESPONSE Was

defl ned aslh/ﬁ ?%gﬁ%niyd Eggez(gpeﬂ‘uetnces 901” %ﬁ%&ge k(aI{lStraqlLﬁ\E I eﬁl I nr esponse to

each indiv i‘Cal” test was per f or med
on the fregwémtyy afveCRasipeiformed tssle@mlpfri el by only orpsagpleb fepm Jubgesst froanmtbe ot her
marker to epipaLsoihE6H doses of F4 with or without adjuvant 2 weeks after
t he second vacci ne dose. The ANOVA nodel included the doses (10, 30 and 90
ug) and the adjuvants (ASOLB and WFlI) as fixed effects. To achieve a

nor mal 119 diTBetICdeshﬁledrefeesmﬁﬁ’eﬂes tht heudoadiapeysntsofwasotplEDio nethsoIT-dee | 0g10
frequency g The criteri e rjances were not
FU el Borieh S Al as R LS, B PEk bl ¥R ARERR el St on
bet ween dostalaipg wihi jptﬂ/a@ht Riaegr Ndf gntigensc Antubjeqy v@s ©€1)Sld¢re¢ a trdﬂeondem ifyher o

sti mul at ofub. sk @wrttso@ms%ea@r s ephi DRCLuaidRecas e tdng i fference

bet ween ASOLB and Wl  was cl ear| a one-way ANOVA was performed on
the 1 0og10 f P%G@W@?}P"B‘i‘ve Eppsenegifp ICQ“’g;(rﬁFlEébfi ﬁﬂls Iet‘_preés“%ﬁ legpt tW%ﬁ‘é‘tkeréne ot her
mar ker 150 ﬁefﬁpxazamhemm&aelcdﬂeema@tetd%&dm ﬂlblba%ﬁ(aﬂ.the?mu\ﬁﬁnlﬁﬁ ﬂ@&touﬂlﬁ&e I | (Day
44). The onethvvaﬁ tIhudedtf ftﬁjo Qb Q and
fixed effect’¥ ee"“’rcrl m"‘t?-ra é FrYy “of ?1 88 e %nﬂﬁ"t‘f’l d between
the t hree AS@EB)rﬁglddfmstanM\/A anal yses V\ere carrl ed out for the CD4+

cell responses to the F4 antigen and each of its conponents. Miltiple

corrparl sons_ ( Tukey- Kr aner adjf ustnment) were perfornmed and the rel ationship
bet ween dodBSaalES eDaurogeRirity Y’aési“ﬁg?fg’é% °‘%\/§’Fé‘“é’¥d§t§ tOBOWed dMUNSEBHEY r i ¢ nean
(GM radi ogaEndohbhelihe frédusnci OveDer T- &hlbl b:gptedhg IAaahyae&st\maf ehdangedfamd t he CDA+

T-cell res 91% grgenta%e otIresgonl(:iélrs ?oqgmgg n Vl 0 Stlglaﬁh on%y each individual antigen and by at
least 1, 2, 3 and all 4 antigens was determined at each time point. The F4-specific CD4+ T-cell
response was defined as the sum of the specific CD4+ T-cell frequencies in response to each
individual antigen.

25
A two-way ANOVA statistical test was performed on the frequency of CD4+ T-cells expressing
IL-2 and at least one other marker to compare three doses of F4 with or without adjuvant 2 weeks
after the second vaccine dose. The ANOVA model included the doses (10, 30 and 90 pg) and the
adjuvants (ASOlg and WFI) as fixed effects. To achieve a normally distributed response, the
30  analysis was performed on the logl0 frequency of CD4+ T-cells. The criteria of equality of

variances were not fulfilled between adjuvanted and non-adjuvanted groups.

As the nteraction between doses and adjuvant was significant (p <0.05) for the in vitro

stimulation by most of the antigens (except pl7) and because the difference between ASO1y and
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its conponents. 3.4CD4+ T-cell responses agai nst the honol ogous antigens In
all non-adjuvanted vacci ne groups, the frequency of antigen-specific CD4+
T-cel |l s ewpresgiim®s 15 at | east two i mmune nmarkers i ncl edirmgp20ii/o2468as i n
nost cases below or close to the cut-off value (see Figure 18). In
contrast, very high responder rates were observed in all F4/ ASO1B groups
(Figure 19). The highest percentage of responders was seen in the 10 jig
F4/ AS01B group, two weeks after the second vacci ne dose (Day 44), with al
vacci nat ed subj ects respondi ng to at | east three antigens and 80.4%to all
four antig X DA+ T-ce

antigen (Fﬁgﬁrgygﬁgy%%? %%o é§§yeafw€ﬁ(¥m?L£¢§%s @%%@mmwx)%ﬁngﬁ/ ASO1B
group mereCﬂ@PymhwudﬂZamﬁﬂuﬁﬁe@$@@r®g§¥hspmak¢m¢@UPwvacéFﬁ@mah$ﬂgéns, but
were of hi %&Epés{ &ﬂélﬁ 4&)04rllleQWe ngyﬁlﬁbmﬂnﬁhél%lu&\édttﬂ Jo&@(l%o%ﬂ&é . The
vacci ne-i nduced -cell responses were ived, since 97. 7% of
subjects i#1 ﬁéedleé‘fect 2Hej CF‘Eijﬂfleq)é?éﬁl‘ﬁ VGHBERs VWéerfglf'élﬁq parveer s SieR APl o t wo

anti gens agroﬁayAB@(DAaﬁmiys&%eil%aaﬁd 0@ Jor kb E- TN EB Respdbles ft OtE FaMtic@ens

respecti vegyhgtl: ur Onens) The overall response to the F4 fusion protein was
greater an nore e95| Sstent in the F4 10 jig/ ASOLB group (p<0.0001 at Day
44) (Figure 21). In this group, the geonetric nean frequency of F4-specific

CD4+ T-cel hvﬁu@f&%ﬁﬁ%& &- @&qeraajuétﬁa@twew& Bhle Emdnfﬁer KBfonRBakeskeAt al nmost
1.2% on Day 44. 30 The F4/ "ASOLB vacci ne i nduced Iﬁfunctl onal F4-specific

CD4+ T- cel H&® B CR&RDHEL FRORE B Hiveryessed CoRIHE ‘E"ﬁ“ B PN OF i 1 es i n
the 10 1pi gwkdabASEd Bngyseirperé &Fing it ehe Z2)+ TIhibrepmp@s totthe Rafantippe eridfehdh o€D4+
T-cells ex &\)%?) £D40L and produced |L-2 alone or in conbination with
TNF-ct and/ or y. Approxi mately 50% of F4-specific CD4+ T-cells secreted
at | east two cytokines and this cytokine co-expression profile was

mai nt ai ned3yp t@DM)ﬂEJ] 1%01(5@ HhQ tehomoldgdils Fhtigdhs Profile was observed for
al | indivi I an see r e responses
SBased on PH TESIRETHO et THAGEE 4T R e ASSE FBESRRe yet
been ddbecttdehst tBo &@ﬁ&mﬁkaeinblum@pdmm ragyadans belvetretosd o goust-adintiugens
(cross- cl age: FERCLHY il Vel L Ah L PorBSSESSHEAGLGLAST L PACHON Efupi th HIVe L

non- cl ade gens 0 he vaccine-1 nduced CD4+ T-cell response In the 10
jig F4/ AS@FI@“g]r Upe Biehesiaipregnage pESHOHE BV AR math%l%/ltgelif‘/ APOIfSEAUP-IWP ng i n
vitro sti mikat hmmwsécbndaa&dngaﬂ@ (bayomn, @Jnadeva%mm sﬁbjects@@pctnhﬁg tont telst t he ¢l ade

B ant i gens Lt ey Lck Had, 8%, B R0RhLolah E9yaa. Lol cylgreLiy anal ysis

usi ng pl7, p S revea FPossRact i ve
CD4+ T-208el berrapisgon (fSase 20 1aﬂ>elcomqw}earethﬁtt ihgesergoneds i fhadid/ ASSOémdfoub VFEE gure 26).

I nterestingloYy afdVifikdted” Qhit e Gbur h}@ééln@gntfgﬁx%ebﬁf%ret &¥ehi hlr fréqgenE4@0QoQ19§e had
nounted a response to and from the honol ogous cl ade and al so

exhi bi t ed éflni%artlé%ﬁ‘&’rfg%RTﬂmﬁ%‘t h clade A and C correspondi ng anti gens (Figure
27).

The vaccine-induced CD4+ T-cell responses were long-lived, since 97.7% of subjects in the 10
25  ug F4/ ASOly group were still responding to two antigens at Day 360 and 84.1% and 59.1% to
three and four antigens, respectively (Figure 19). The overall response to the F4 fusion protein
was greater and more persistent in the F4 10 ng/ ASO1y group (p<0.0001 at Day 44) (Figure 21).
In this group, the geometric mean frequency of F4-specific CD4+ T-cells producing [L-2 and at
least one other marker peaked at almost 1.2% on Day 44.
30
The F4/ ASOlp vaccine induced polyfunctional F4-specific CD4+ T-cells, as demonstrated by
their cytokine co-expression profiles in the 10 pg F4/ ASO1p group (Figure 22). The majority of
specific CD4+ T-cells expressed CD40L and produced IL-2 alone or in combination with TNF-a
and/or [FN-y. Approximately 50% of F4-specific CD4+ T-cells secreted at least two cytokines
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It is surprising that such high levels of cross-reactivity are observed
when conpared to the relatively I ow | evel of epitopic conservation in these
ant i gens wonosi$11@dioBf er ent cl ades. 203. 7Hunoral i mune r esp@PI@ 1/DBB5Pr esence
or absence in serum of an inmmunoglobulin G (1gG antibody response to pl7,
p24, RT, Nef and F4 was anal yzed using enzyne-|inked i mmuunosorbent assays
(ELISA). A positive control and calibrators were run on each plate in order
to assess the relative concentration of each test sanple, as well as
negative controls to ensure specifi city. The plates were read at 450 nm on
a 25VersaMax pl ate .reader ar C i t.ed Ki ngdom
and anal yz&d Us .C%g‘“@ocfotef\‘%“ By Bmgle Waimamta’r“?ﬁd‘% %?Wg fe}cﬂrﬂg“ B 3 Sé“élsﬁ( .

Ser oposi t i mofﬂ)ewxa@s@@qurewmé@ldaaﬁalamnsKﬁoﬁ@lg@@ma@r ation greater than or
equal to the assay cut-off value (187 nEU nl for pl7, 119 nEU nl for p24,
-125 nEU mL _for RT, nEU nil for Nef and 42 nEU nl for F4). The cut-off val ue
was chosenddn tAR¥Hhedlgesgensese pre-vacci nation responses for all subjects.
Sel ecti 6n Besadhen thalds nethod, hkechasideed DYSPodieliacent.iab @ badn dpe@edvacci nati on for
Nef, and on the basis of the 99% percentiles at pre-vaccination for F4co,
pl7, p24 and RT. Seropositivity rates and geonetric nean anti body

concent r at Bdns CREETellfresporsascagaingt diptgyothgetls aptigepgferesaghfe re¢petiviysi on prot ei n
were cal culéred t&\&stgéas &5%/ao§§lrsacmﬁ9rwnmnon%hhiayé Eﬁntfg@t{seﬁthegf&%n@nﬂudé@r e

conputed u 'n exact om aI bI es. The 95% Cl s for
s ver e SRTE IR aBPES ot A0 eHd ARBOTRE with il uThe Vo e

| 0g10- tiPanédlowvimed: ant istrodatiob cath cetgensafrio nkde Anmd lﬁbd;geth@rménhfr altdeoBrs beI ow
the cut-of ngénswa{ewéérﬁaa{dew@sraecomom@s@Jaﬂ%la%fslﬁairym@slagng)gnmh,fman@ cut - of f

for the pur ose of GMC cal cul ation. Hunoral | mrune responses were

char act er i YefPepifc Ppelonsrralet PropBugos sRHeRCPAt TRl resrpaich ©ralltfens aptigensip€i on
protein inchdea &8@1E@fecmpsm(ei-‘elgtglgnyeev%)volupﬁeelG&i%g&ajé@ama/ﬁr;sg ©Ko l@ate to F4
was observed 10 in all an ) iters for all
tose I ovel St e d Spbplal 1Y AL Bp H8romoby Sl b Bha BENELS i OC Ber e
elicitdd atpaponsstio wc%adp ﬁdtndlﬁcdwﬁpomng&\lmgege(ﬁlg@reﬁﬁonent In the

non- adj uvant ed groups, very |ow responses were induced (see Figure 29).
153. 8Concl u5| ons The results show that the react ogenl city profl | e of the
F4/ ASOLB ladpuirinedtrt say-nehy e Her Ras diuibe it £BCE sl Wrthoutraghy $af ety
concerns. fdutiadyliotyilel,of éfitepié conenagana Best yntipas udrbss diffaditcade. t hat t he F4/
ASOLB - adjuvanted H V-1 vacci ne candidate elicited high and |ong-Iasting
nunbers of HI V1-specific polyfunctional CD4+ T-cells. Particularly

proni néft Wds tHemapldmaiupe tispgmser at e of 20 responders in the adjuvanted

YaCCI ne gr ehdfeseidk Br’fhbé’eﬂ&m%ﬁﬁﬁof@d lg@uh@@bbaugﬁ@ N adddodVdGekst & p@ﬂtleJens

nt erestingly nder tes were obse owest

anti gen dogi T‘&%‘@ﬁ” (ng Zelélf?l?%ﬁi}fne 1@‘%&%@5&?%%@ eﬁ%yﬁ(ﬁgﬁ%ég%pém?v ésponding to
t hree H V- tongpltan¢ehbratan ove@ 09 dn gach platefiparder kil dvbed tlantlatye ngcenfiten atijadv ant ed

vaccine gr oURS, Weheydi Qﬁe%&géEérﬁﬁlgtot%){su?e s}éé%ff%lt)t"rgébleftés%}é‘?&‘a!t Ahnhdagpecific
CD4+ T-cel |'s that persiste
VersaMax plate reader (Molecular Devices, Berkshlre Umted Kingdom) and analyzed using

SoftMax Pro 3.1.1. software (Molecular Devices). Seropositivity was defined as an antibody
concentration greater than or equal to the assay cut-off value (=187 mEU/ml for p17, 2119
mEU/ml for p24, >125 mEU/ml for RT, >232 mEU/ml for Nef and >42 mEU/ml for F4). The
cut-off value was chosen on the basis of the pre-vaccination responses for all subjects. Selection
30  was made on the basis of 95% percentiles at pre-vaccination for Nef, and on the basis of the 99%

percentiles at pre-vaccination for F4co, pl7, p24 and RT.
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25 The finding that the vaccine-induced CD4+ T-cells expressed CD4CL and
produced IL-2 alone or in conbination with TNF-cc and/or IFN-7 is an

i npor t antwandiipromssi ng observation, since multiple-cyt @ekrmP2qno84664 ng
antiviral CD4+ T-cells are considered to be functionally superior to

si ngl e- cyt oki ne-producing cells. 30 Furthernore, the results of this study
show that the F41 ASOLB -adjuvanted H V-1 vaccine, conprised of clade B
antigens only, was able to elicit broadly cross-reactive CD4+ T-cell
responses to all four antigens fromcl ades A and C as well. The induction
of a broad reactive and | ong-l.astin esponse i n

i mport ant (%é(;m soigldwr%' 1 t|eson%l| FTHe Gevel’s n?nce‘%anogywsi Orpeac ndelvghéa?ven t he
di versity eftigerhad Hle\iuﬂonmrfrtmWwerciﬂd\lﬁt@efvlthl%%ccdﬂcﬂougmpﬁltwh@teﬁ,%&ﬂ ¢ls of this

st gdy de[m%rrerc?/ﬁl tetdh@m afeakt gl'aégod mrﬂt@rgﬁlmaﬁhﬁléé ofe 45%%154& @g@ogfge
-adj uvante -1 vaccine candidate rong po |on roa |y
reactive aﬁadc"%éefllqystla]&?ﬁ fi-log. i’:feth 9?2 Prfgﬂj@ ‘9%‘? 2051?51 %atnﬂ Wo vacci ne
doses co6nt aimnénmgriohd Ahniilgpdp tonkdneatiods iptat @b mtaﬁfjoﬂmmseﬂwwe tgtverABOdbitrakn e
properties aﬁhf'ecrtfnilﬁh‘*w*%f{hg W@g&(ﬁﬁgﬁf LAlis, vaccine a prom sing Al DS

at op

vacci ne can not on n a pr actic setting but also as a
di sease-nodi fyi ng therapeutlc vacci ne. 10 4.1 mmunogenicity of F4co derived

fromdifferent clades In the present exa T cell responses eI|C|ted by
codon- opt i HS¥d ERESFPOwE ‘?efep‘ij?f‘ré‘ft%{ﬁ%dsbyégg%&m@0%?080?%%‘9125 gfig the F4
Cr 0ss- r eacfusivh pigtedgaihn a50 Repupdegut 2HM D@t esochyveBoand 1CF4 45 odseilviet hodol ogy

g(‘g C: %Ge R Jgfbﬁﬁvaﬁ{eﬁgﬁl&% n\giﬁlgsgmljlgf g tl?'e\?}‘tgi S AB Na: PEERATLE T @SaufpScri bed in
pi e Furthermore IgG antibodies were ellclted against each individual F4 antigen component. In the

non-adjuvanted groups, very low responses were induced (see Figure 29).

15 3.8 Conclusions
The results show that the reactogenicity profile of the F4/ ASO1p -adjuvanted HIV-1 vaccine was
acceptable, without any safety concerns. In addition, the immunogenicity results indicate that the
F4/ AS01g -adjuvanted HIV-1 vaccine candidate elicited high and long-lasting numbers of HIV-
1-specific polyfunctional CD4+ T-cells. Particularly prominent was the overall high rate of

20 responders in the adjuvanted vaccine groups, with responses elicited against all vaccine antigens.
Interestingly, the highest responder rates were observed in the lowest antigen dose group (10 pg
F4/AS01), with 100% of participants responding to three HIV-1 antigens and 80% to all four
HIV-1 antigens. The adjuvanted vaccine groups were characterized by a very high frequency of

F4-specific CD4+ T-cells that persisted up to Month 12.

25
The finding that the vaccine-induced CD4+ T-cells expressed CD40L and produced IL-2 alone or
in combination with TNF-o and/or IFN-y is an important and promising observation, since
multiple-cytokine-producing antiviral CD4+ T-cells are considered to be functionally superior to
single-cytokine-producing cells.

30

Furthermore, the results of this study show that the F4/ ASO1g -adjuvanted HIV-1 vaccine,
comprised of clade B antigens only, was able to elicit broadly cross-reactive CD4+ T-cell

responses to all four antigens from clades A and C as well. The induction of a broadly cross-
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The cl ade C F4co used for imuni sation was prepared using a consensus cl ade
C sequence with the follow ng sequence: Am no-acid sequence of F4co clade C
consensuswarniigamo?5WIl VONLQGOWHQA | S PRTLNAWKVI EEKAPEPEVRANVEIAESEGAT
PQDLNTM_NTVGGHQAAMOMLKDT | NEEAAE WDRLHPVHAGP | APGQVRE PRGS DI AGTTS

TLQEQ AWMI SNP P | PVGD | YKRW | LG.NKIVRMY SPVS | LDI KQGPKE
PPRDYVDREEKTLRAEQATQEVKNWMT DI LLVONANPDGKT | LRALGPGAT
LEEMMTACQGVGGPGHKARVLHMGPI S P | ETVPVKLKPGVDGPKVKQAPL TEEKI KALTAI CEEMEKEGK
| TKI GPENPYNT PVFAI KKKDSTM/\RKLVDFRELNKRTQ DEVEVQLG |

PHPAGL KKKKSY %{@A FSVPLDEGERKYTAFT | INN T.PG | F(% f,&g,;ﬂ,e{
PAI FQS SMT P BERABNBE 74 Vb%}BBﬁ COHRARIEEL ‘i_&W;FTT
PDKKHQKEPPﬁww@p@nﬂmmvtymr@omemmwmww@qVGKL NWAS Q | Y PG

| KVRQLCKLLRGAKALT DI VPLTEEAELELAENRE | LKEPVHGVYYDPSKDL | AE | QKQGHDQOWIYQ |
YQE PFKNLKTGKYAKVRTAH NDVK AYQK " AYE S 1V | VEKT PRERL P || QKETVETWAT DY

VQATW In conclusmn the results of this st ethonstrate the safety and immunogenicity o

PEVEFVNT PPIAYHKL: Ak & PINAGAEST iy VDGAMNRETHS I GBS IVEDRGROMABLTERT TNQKTELQAI QLA

GoNE KL U B R R e TR ey B AT E e A I Bl T
SNTATNNADCEN e A0 EEE Gt ARGV RRMYGAT thEDImGe FRymearkEhigyacinga

SKKRQDI L DL YIS SIMEINCAn R @EEXRLA 2 foMMike eV RIREN S RANECRNNC

LL HENBQ—IGIVED(I;.PREVL KVWKEDSHL ARRNIVAREL NPKYYKDCRPMGARASI L EGGKL DKVEKI RLREGGKKNYM
| KHLV ying therapeufic vaccine.

WASREL ERFALNEGLLETSEGCKQ | KQLQPALQ GTEELESL YNTVATL YCVHAKI EVEDTKEALDKI EEEQNK
SQKT QQAKQADG&\@Q}]F L—h&gﬁg MR ANGL i rerC@AQN- opt i mi sed nucl eoti de
sequence encodi ng c g%ﬁr@ " e
ATGGTTATTGTTCAGAATCTGCAGGGTCAGATGGTTCATCAGGCAATTTCTCCGCGTACCCTGAATGCATCI;GTG
AAAGT GAT TGAWARAAesent example, T cell responses elicited by codon-optimised F4 derived from clades B

AN GO T T A TATT QOAT T ACORCART RAGHRAA G FLAACACOSCAGATCTGARTACT
GGTGGTCAT CAGGCAGCAAT GCAGAT GCTGAAAGATACCAT TAAT GAAGAGGCAGCAGAAT GGGATCGT CTGCAT
CCGGT TCATGLAGGIMethodolo

CCGATTGCACCGGGT CAGAT GEGT GAACCGCGT GET AGCGAT AT TGCAGGT ACAACCAGCACCCT GCAAGAGCAG
ATTGCATGGATGACC 10

AGCAAT CCT CCRATICBGET PaGETGATINTTTHATALAGCTT GEAT IS IGTGCEECRGAAT AMAATT GTGCGTATG
TATTCTCCCISM i\%

ATTCTGGATA GRS COGAAAGAACCGT TTCGTGATTATGT GGATCGOTTTTTTAAAACCCT GOGT GCA
GAACAGZEAACCCAA

?GGT TAAAAATTGAGAT GALGRA FAGRE et Saalal Hrfafd TCHAANT CREX AT SanARCHAT TCTGCGTGCA
ACACTc&ﬁ%@&%&@&fﬁmGTCAGGGTGTTGGTGGTCCGGGTCATAAAGCACGTGTTCTGCACATGGGT
CCGATTAGCCCGATT

GAAACCGT TCQEET GAAACT CAAGRGIETAT GRAT ST AEGAAAGT TAAACAGT GBOCT CTGACCGAAGAAAAA
ATCAAAGCOCT GRG0

GCAATT 26T GAAGAAAT CEAANAAGAAGECAANAT TACCANANTT GETCOBGAMATOCGTFATAACACACCGGTG
TTT(X:CATTAAAM{PVHAGP TAPGOMREPRGSDIAGTTSTLOEQIAWMTSNPPIPVGDIYKRWITLGLNKIVRMY SPVSTILDIKQGPKE

AAAGAT AGCACCAAAT LT ADAGT Kl AT L LECGAAGT GAAEAMMCEGTACCLAGAT TTTTGGGAAGT T

CA@T% ATT%KLKPGMDGPKVKQWPLTEEKIKALTAICEEMEKEGKITKI GPENPYNTPVFAIKKKDSTKWRKLVDERELNKRT(O

CATCOGECAGGTCTCAAMAAAAAAAMAT COGT GAOGT TCT GRATGT TGT GATOCTAT T T TTCTGTTO0GCTG

TTTCGI
AAATAT%@GCCFH‘F‘K CCATTOCGAGCAT TAATAAT GAAACACCGGGT AT TCGCTATCAGT ATAATGTTCTGOCG

CAmeAAA DSWTVNDIQKLVGKLNWASQIYPGIKVRQLCKLLRGAKALTDIVPLTEEAELELAENREILKEPVHGVYYDPSKDL

TCTCCGGCAATT FTTCAGAGCACCATGACCARAAT TCTEEAACCET T TCECECACAGAAT CCGGAAATTGTGATT

TATCAG'I’ATAT(M‘FWI PEZHVNTPPLVKLWYQLEKEPIAGAETFYVDGAANRETKI GKAGYVTDRGROKVVSLTETTNOKTELOAT QLA

GATOTGTATG TGGETAGECGAT CTECARATTCGTCACCATCET GUCCAARATTGAAGAACTECGT GAACATCTGCTG
AAATo0OSE TTTACE: AGE [RERMRRTEPAAEGVCAASQDLDKHGALTS SNTATNNADCAWLEAQEEEEEVGFPVRPOVPLRPMTYKA
HGATAAAAAACATCAGAAAGAACCEHECGT T TCTGAAANT GEE v EATGAACTCCATCOEEATAAAT GGACCGT TUP
I CGATI CAG |

[ AAAAAGATAGCTGGACCGTGAATGATATTCAGAAACT GE GGGCAAACTGAATTGGGECAAGCCAGATTTA]
"TATTAAA GTI

7CAGCTA GTAAACTGCTGCGT GGTGCAAAAGCACT G&ECGATATTG TCCGCTGACAGAAGAAGCAGAACTGEA
ACTGGCCGAA

AATCGTGAAATTCTGAAAGAACCGGT GCATGGTGTI TTATTATGATCCGAGCAAAGATCTGATTGCCGAAATTCAG
AAACAGGGTCATGAT 25

CAGTGGACCTATCAGATTTATCAGGAACCGT TTAAAAAT CTGAAAACCGGCAAATATGCAAAAATGCGTACCGCA
CATACCAATGATGIT

AAACAGCTGACCGAAGCCGT TCAGAAAAT TGCCATGGAAAGCAT TGTGATTTGEGEGTAAAACACCGAAATTTCGT

N NSNS AT~ A A A AN




35
GT'l CCGCTGCCA CCGATGACCTATAAAGCAGCATTTGATCTGAGCTI TTI TCTGAAAGAAAAAGGT GGTCTGGAA

GGTETGAT WOTRAGA 17408 PCT/EP2011/054654
AAAAAACGCCCAGGATATTCTGGATCTGTGEGT TTATCATACCCAGGGT TTTTTTCCGGAT TGGCAGAATTACACA
CCGEGTCCCEGTGTG

CGTTATCCCCTGACCTTTGGT TGGTGT TATAAACT GGT TCCGGT TGAT CCGCGT GAAGT TGAAGAAGCAAACGAA
GCCGAAAATAATTGT CA D
CATCCGATGAGCCAGCATGGTATGGAAGAT GAAGAT CGCGAAGT GCTGAAATGGAAAT TTGATAGCCATCTGECT

(:(; (:(; (:/\C: /XT-LLHPMSQHGMEDEDREVLKWKFDSHLARRHMARELHPEYYKDCRPMGARASILRGGKLDKWEKIRLRPGGKKHYMLKHLV

Z:\T/éﬁﬁACXAGCAI%?QM%UN LABAARTTFRCE, OCOAL A, ACETECAAGALT T GOGTCETCETAAA

AHAAAATTCG CT.EEGTCOBGETGEFAARAARACAT TATATGCTGAAACAT CTGGT TTGGGECAAGCCGT GAACT GG
AACGTI TTGCA

CTLAAT CECCEP OO nasA ANEO! NG GIRALRCAAERTPAT TAAACAGCT GCAGCCGGCACT GCAGACC
GGCA

s
C.I_mb\TAAAAﬁ%CJ&T&TTCTCCGGAAGTTATTCCGATGTTTACCGCACTGAGCGAAGGTGCAACACCGCAGGATCTGAATACCATGCTGAATACCGTT
GAAGAACAGAAT AAAAGCCACCAGRAAACCCAGCCACSCARAACCACCAGAT CET AAAGT GRGCCAGAATTATCAC
CACCACCACCACCACH TAA “{SEQ™ "D NG 1 1) “For eac R F it Zat ¥ on "t He&“F4€o protein
was adjllvanted usisngASal B 5 Fenalr e CBEFI-C CHybriat 7o G5 7 B1T6- amdc- Bal b/ C

m ce) of 62troc@raneeks:cotdrawerecTimremized tchreertirmescicntcacuscalrar | y at
days 0, 1l4cand:228rwiatdacc50ictdrbcrofrcticheckdcoseiradesBrrorcclcadesCo3ror 9i ug)

f or mul at edadafrct2h@aASOAccBrAdjtivantc:SystemardOM-cerrwererakicagatedeirn f our
groups (40.ap-ael-s:rRel ghouR)ucE:0uRAL D WG F460,Chade Bl ASOLB & oup 2: 3
lug F4qe clade. B/LASOL B, G QuUpP:3:9-hMOFACQ.Lhade GLASA M. GLouR4m3 | ug F4co
clade C ASQz&xf_l %sgg%cA@TQGQQAQQHJ%LG%M%%E&&&K&&GJAQ&AGEA%&HGE'@QAG%%XG%%EGQ&¥ cafter the

Second an AGGTC%@]& SA%%AIATonSGA CGTT G TGGLGATGCGT TTTTTC’TGTEC%S GeGQTtGIAve T¥ The
frequency of F4co-specitic CDA+ cci CD8+ T cells secre g@ﬁ ﬁ\%%ggand/ or

| L-2 and/ of ?ﬂiﬁ&%”v\é%CA%T&%G%;FA%?%%T“7“%%7%@“6%&%TAT??EAS?%HGT%%Fth rd“dose. 20
Briefl y periphéral bl ood* Fymphocytes “('PBLS) *Ft om 40 ni*cel'gi-olp “wer e

col | ectd A poled (4 pool's ot 10 el grotp) T A PEd bl ood CEI S | ysis
was per f or predcbetorerploatizagorirerctelrbsceon rommgc9ermelctacpitatcesratc 1 m | i on
cel |l s per wetdcraifhrerrgelchsomererthem resticmilcatedciomevirtargrwictdirtaapool  of
over | appi ngrrdberretisrapepticdesdaticloicugimdpeptd-dera2beoveriaget:hesskF4co C ade
B, C ade Cu0rcr&GhadesAssequenees: frofarerioudi s catre3rfCedaRhrrcacanacacesrearear

25 CAGTGGACCTATCAGATTTATCAGGAACCGTTTAAAAATCTGAAAACCGGCAAATATGCAAAAATGCGTACCGCACATACCAATGATGTT

AAACAGCTGACCGAAGCCGTTCAGAAAATTGCCATGGAAAGCATTGTGATTTGGGGTAAAACACCGAAATTTCGTCTGCCGATTCAGAAA
GAAACCTGGGAAACATGGTGGACCGATTATTGGCAGGCAACCTGGATTCCGGAAT GGGAATTTGTTAATACACCGCCGCTGGTTAAACTG
TGGTATCAGCTGGAAAAAGAACCGATTGCAGGTGCAGAAACCTTTTATGTTGATGGTGCAGCAAATCGCGAAACCAAAATTGGCAAAGCC
GGTTATGTTACCGATCGTGGTCGTCAGAAAGTTGTTAGCCTGACCGAAACCACCAATCAGAAAACCGAACTGCAGGCAATTCAGCTGGCC
30 CTGCAGGATAGCGGTAGCGAAGTTAATATTGTGACCGATAGCCAGTATGCACTGGGTATTATTCAGGCACAGCCGGATAAAAGCGAAAGC
GAACTGGTGAATCAGATTATTGAACAGCTGATTAARAAAAGAACGCGTGTATCTGAGCTGGGTTCCGGCACATAAAGGTATTGGTGGCAAT
GAACAGGTTGATAAACTGGTTAGCAGCGGTATTCGTAAAGTTCTGGCCATGGCETGGTARAATGGTCTAAAAGCAGCATTGTTGGTTGGCCG
GCAATTCGTGAACGTATGCGTCGTACCGAACCGGCAGCAGAAGGTGTTGGCGCAGCAAGCCAGGATCTGGATAAACATGGTGCACTGACC
AGCAGCAATACCGCAACCAATAATGCAGATTGTGCATGGCTGCGAAGCACAGGAAGAAGAAGAAGAAGTTGGTTTTCCGGCTTCCTCCGCAG
35 GITCCGCTGCGTCCGATGACCTATAAAGCAGCATTTGATCTGAGCTTTTTTCTGAAAGAAAAAGGTGGTCTGGAAGGTCTGATTTATAGC
ARAAAAACGCCAGGATATTCTGGATCTGTGGGTTTATCATACCCAGGGTTTTTTTCCGGATTGGCAGAATTACACACCGGGTCCGGETGTG
CGTTATCCGCTGACCTTTGGTTGGTGTTATAAACTGGTTCCGGTTGATCCGCGTGAAGTTGAAGAAGCAAACGAAGGCGAAAATAATTGT
CTGCTGCATCCGATGAGCCAGCATGGTATGGAAGATGAAGATCGCGAAGTGCTGAAATGGAAATTTGATAGCCATCTGGCTCGTCGTCAC
ATGGCACGCGAACTGCATCCGGAATATTATAAAGATTGCCGTCCGATGGGTGCACGTGCAAGCATTCTGCGTGGTGGTAAACTGGATAAA
40 TGGGAAAAAATTCGTCTGCGTCCGGGTGGTAAAAAACATTATATGCTGAAACATCTGGTTTGGGCAAGCCGTGAACTGGAACGTTTTGCA
CTGAATCCGGGTCTGCTGGARACCAGCGAAGGTTGCAAACAAATTATTAAACAGCTGCAGCCGGCACTGCAGACCGGCACCGAAGAACTG

CGCAGCCTGTATAATACCGTTGCAACCCTGTATTGTGTGCATGCGAAAATTGAAGTGCGCGATACCAAAGAAGCACTGGATAAAATTGAA
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presence of anti-CD28 and anti-CD49d. The sequences of clade A peptides for
p24 and pl7 are fromthe native isolate TZA173 (Tanzani a) and the sequences
of cl ade wopentiid®s for RT and Nef conme fromthe nativePpcsmpatia/0BEwsNSA4070
(Kenya). The sequence of Cade C peptides is fromthe ZM651 strain (for
p24, pl7, Nef and RT). The clade B 30 peptides cover the sequence of the
F4co clade B antigen (p24 and pl7 fromstrain BHLO, RT from strain HXB2)
and Nef fromstrain Bru-Lai). Cells renmaining in nedium (no peptide

stinmul ation) were used as negative controls for background responses. Two
hours after the co-culture with the peptide pools, brefeldin A was added to
the wel | s (Y0 7Hhi"DIt " CYTOKI ne“excret Ton) and “the“cel s were - fdrther

i ncubat ed f8r“% Hobtr's and transferred overnight at C. The cells were
subsequently stained for the 5 following markers: CD4, CD8, IL-2, IFN-y and
TNF- a, andFanradhy@schifayord the W ptoemtas ydjuantapsag BSREI  ( BD Bi osci ences, USA)
and the;Fl owJo software (Three Star). 4.2CD4+ T cell responses The
Cross- reactl ve capacity of specific CD4+ T cell responses induced by the
F4co cl adeFa0alg (@BoHt4digbund @ﬁ&@aﬁtanéeﬂdb/@aml@)/@tf@ﬁceﬁ wackyi dé Wogre measuri ng
t he magnit A, cl ade
B and C pelf)hq&%rgéedl_%\%e ﬁBFﬁc{nIri [ofe B srlé/ ? b&ﬁﬁﬁ%@iﬁﬁﬁgggﬂg%\gﬁg%@?e i nduced
by bot h F48orcladele (Borthg) fplrlad@te@retm A§@1m840awdntvfie’stemobserved agai nst all

cl ade peptides at variable intensities. The frequency of HI V-specific CD4+
T cells was increased after the third dose with both 15cl ade B and clade C
F4aco adfi gdhee werpallqatedindpudaoups &9tanteahs hone@ioeRl t he hi ghest |evel of CD4+ T
cell responses %ﬂ%mSt cbﬁgwg PERE/ AeF per haps attributable to the fact
that the peptides have exactly the same sequence as the F4dco clade B

anti gen used fo¥roupRuni saug§hco dydsBéAPlactivity of F4co 20 clade B-induced
CD4+ T cel | resgggﬁg_s wag “gmgorc\{gg C%gg(;lrgst clade A and cl ade C pepti des.

The intensity of specific T-cell responses against clade A and C

pepti des was ar@wwnp4hal f3v5£ﬂ000b@él%é§plwth cl ade B peptides (Figures 30-
32 and36). The nmagni tudes of the clade C-specific CD4+ T cell responses
elicited by both F4co 25cl ade C and F4co cl ade B antigens were conparabl e
(Figure 32%100%%1?1@%\?@%&@ fo fegfing seyea gaysiafier thy wgrpﬂea@id%v@ iopisatioag| |
responses W%lrlﬁl ARy oad rwe&lbayfﬁql@f&i @y&ra@é k6o \Widuh shbepkntrensi ty of

CD4+ T-cell responses against™ cl ade ptides nore than half of the
one obt ai nedlswiardting e a@l prdbt @é@r@ﬁfgmée@mwhhms B6Ysccq@l and expect ed,
t he percengﬁg%o%f responding CD4+ T cells were | owest agai nst the clade A
pept i dga regardl ess the antigen used for inmunisation (Figures 30 and 36),
as the

Briefly, peripheral blood lymphocytes (PBLs) from 40 mice/group were collected and
pooled (4 pools of 10 mice/group). A red blood cells lysis was performed before plating
the cells on round 96-well plates at 1 million cells per well. The cells were then
restimulated in vitro with a pool of overlapping 15 mers peptides (at 1pug/ml/peptide)

25  covering the F4co Clade B, Clade C or Clade A sequences for 6 hours at 37°C in
presence of anti-CD28 and anti-CD49d. The sequences of clade A peptides for p24 and
pl7 are from the native isolate TZA173 (Tanzania) and the sequences of clade A peptides
for RT and Nef come from the native isolate KE MSA4070 (Kenya). The sequence of
Clade C peptides is from the ZM651 strain (for p24, p17, Nef and RT). The clade B

30  peptides cover the sequence of the F4co clade B antigen (p24 and pl17 from strain BH10,
RT from strain HXB2) and Nef from strain Bru-Lai).
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pepti des have the | owest percent identity with the clade B and clade C
sequences used in the F4co proteins (Figure 8). Additionally, F4co-specific
CD4+ T ceWb=oigaieased after the second and the third 5i roumPs@Eiiossssner e
found to be polyfunctional, wth nore than half of each popul ation
expressing 1L2 as well as | FNyand/or TNFa (data not shown). 4.3CD8+ T cel
responses The | evels of F4co-specific CD8+ T cells induced by both clade B
and clade C antigens 10were overall |ower than those observed for CD4+ T
cell responses, but still detectable in some pools of animals. As with the
CD4+ T cel |, data,. the highest . cell response was.induced. by the F4co
el Punls R BefPR oy i ST prEr SRl & ERBLE HER #0) , "agai net

cl ade B anti
cl ade C andackb@ded sipeqs i dashounastcvtae yo-buttrd WHtlgihe eptid3pafs, arttldON. The F4co

& A Eput “oheEleEld bl VR Y et b REeum R toe SRS BpbPaaubagyl o e °%°
O Ty B T ™ ool l's. 20
1 sooneh ue TRk RS kD4 PBsuP TS BT8R PYER, Rlach VRN Sowarodetuy i s

sumar i sedusiflg FLYRI BIS BiosStiicd) @SN aps the EROUL VeeoTapesidc CDA+ T cel |
responses against clade A, B and C were induced by both F4co clade B and
F4co clade C antigens, and the responses were polyfunctional. 25The
frequency 42 F4CR4shedirespens@D8+ T cells was not as strong, but a

cross- cl adg,{ §3RADRAVIEH2 GG P GHBRL @ AG1ORE r&bbnstIth&RFLPHE F4dTLT-

10 B or F4co clade C antigens was evaluated in mice by measuring the magnitude of HIV-
specific CD4" T-cell responses against clade A, clade B and C peptides.
Overall, F4co-specific CD4+ T cell responses were induced by both F4co clade B and
clade C antigens and were observed against all clade peptides at variable intensities. The
frequency of HIV-specific CD4+ T cells was increased after the third dose with both

15  clade B and clade C F4co antigens.

The F4co clade B antigen induced the highest level of CD4+ T cell responses against
clade B peptides perhaps attributable to the fact that the peptides have exactly the same
sequence as the F4co clade B antigen used for immunisation. Cross-reactivity of F4co

20  clade B-induced CD4+ T cell responses was observed against clade A and clade C
peptides. The intensity of specific CD4" T-cell responses against clade A and C peptides
was around half that observed with clade B peptides (Figures 30- 32 and 36).

The magnitudes of the clade C-specific CD4+ T cell responses elicited by both F4co

25  clade C and F4co clade B antigens were comparable (Figure 32). Interestingly, cross-
reactive HIV-specific CD4+ T cell responses were induced by the F4co clade C antigen
with the intensity of CD4 " T-cell responses against clade A and B peptides more than half
of the one obtained with clade C peptides (Figures 30-32 and 36).

30  Asexpected, the percentage of responding CD4+ T cells were lowest against the clade A

peptides, regardless the antigen used for immunisation (Figures 30 and 36), as these
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30 CLAIM5 1. 5 10 2. 15 3. 20

WO 2011/117408 PCT/EP2011/054654

peptides have the lowest percent identity with the clade B and clade C sequences used in

the F4co proteins (Figure 8).

Additionally, F4co-specific CD4+ T cells isolated after the second and the third
5  immunisation were found to be polyfunctional, with more than half of each population

expressing IL2 as well as IFNyand/or TNFa (data not shown).

4.3 CD8+ T cell responses

The levels of F4co-specific CD8+ T cells induced by both clade B and clade C antigens
10 were overall lower than those observed for CD4+ T cell responses, but still detectable in

some pools of animals. As with the CD4+ T cell data, the highest CD&8+ T cell response

was induced by the F4co clade B antigen and specific for clade B peptides. Cross-

reactivity against clade C and clade A peptides, was very low (Figures 33-35 and 36).

The F4co Clade C antigen elicited a very low CD8+ T cell response specific for clade C,
15  but cross-reactivity against clade B and clade A peptides could be detected, albeit with

low intensity.

Polyfunctionality could not be reliably analysed due to the low percentages of responder
CDS8+ T cells.
20
4.4 Conclusions
The cross-clade results from this preclinical study is summarised in Figure 36. Strong
cross-reactiveF4co-specifc CD4+ T cell responses against clade A, B and C were induced
by both F4co clade B and F4co clade C antigens, and the responses were polyfunctional.
25  The frequency of F4co-specific CD&+ T cells was not as strong, but a cross-clade

response was detectable across all three clades tested.

30

61



4. 5. 25 6. 7. 30 8. The i mmunogeni c conposition of clains 5 to
7, wherein Pol is froman H V-1 strain of clade B. 9. The i mmunogenic
conposi t iwo 20f1/al8ns 1-8, wherein the conposition conpPCIEP2EHNS4664 NOr e
pol ypepti des conprising Gag. 10. The i nmunogeni ¢ conposition of claim9,
wherein Gag is froman H V-1 strain of clade A, B, C D, E, F, G H J, K
or a circulating reconbinant formof H V-1 (CRF). 11. The i nmunogenic
conposition of claim9 or 10, wherein Gag is froman H V-1 strain of clade
B.

CLAIMS

1. An immunogenic composition comprising
a. one or more polypeptides comprising one or more antigens selected from:
5 Nef, Pol and/or Gag;

wherein said one or more antigens are selected from one or more HIV-1
strains from one or more clades; and

b. an adjuvant that is a preferential inducer of a Thl immune response,
for use in the treatment or prevention of disease or infection by an HIV-1

10 strain from one or more clades different from the one or more HIV-1

clades in the immunogenic composition.

2. The immunogenic composition of claim 1, wherein the composition comprises

one or more polypeptides comprising Nef.

15
3. The immunogenic composition of claim 2, wherein Nef is from an HIV-1 strain of
clade A,B,C,D,E, F, G, H, J, K, or a circulating recombinant form of HIV-1
(CRF).
20 4. The immunogenic composition of claim 2 or 3, wherein Nef is from an HIV-1
strain of clade B.
5. The immunogenic composition of claims 1-4, wherein the composition comprises
one or more polypeptides comprising Pol.
25
6. The immunogenic composition of claim 5, wherein Pol is an RT fragment.
7. The immunogenic composition of claim 5 or 6, wherein Pol is from an HIV-1
strain of clade A, B, C, D, E, F, G, H, J, K, or a circulating recombinant form of
30 HIV-1 (CRF).
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12. The i mmunogeni c conposition of clains 9-11, wherein Gag is pl7. 13. The
i nmunogeni ¢ conposition of claim 12, wherein pl7 is froman H V-1 strain of
cl ade A WO /7408, F, G H, J, K, or a circulating reeocmureanisfess m of

H V-1 (CRF). 2014. The inmunogeni c conposition of claim12 or 13, wherein
pl7 is froman H V-1 strain of clade B. 15. The inmunogeni c conposition of
clains 9-14, wherein Gag is p24. 2516. The i nmunogeni c conposition of claim
15, wherein p24 is froman H V-1 strain of clade A, B, C, D, E, F, G H J,
K, or a circulating reconmbinant formof H V-1 (CRF). 17. The

i mmunogeni ¢ conposition of claim erei.n_p24.is f an H V-1
S0t rarn of & ale e tRmPr e SRt R niagrE P Brteh HRCS. 17
wherei n Gag commains#slaboBh pl7 and p24 either as separate protein antigen
conmponents or fused together. 19. The i mmunogeni ¢ conposition of
claim 18, wherein pl7 and p24 are fused 5together and are separated by a
het er ol ogous %ﬂmmamhdgeﬁﬁqulapmmnzmlafﬁnel $, MUROgBOtEnReIPO&Iniprees of any
precedi ng clain1co ISI nor e onpeptldes of part (a). 1021. The
innunoggnic conP6 %ﬁm e%ﬁ@ PrECaye g gclalm wherein the adjuvant

conpri ses one or nDre conmponents sel ected from an imunol ogically active

saponi n fractl and/ or a. lipopolysaccharide and/or _an i nosti mul atory
ol i gonucl eot it 'ﬂwfgﬁ?nmﬁﬁﬁcP éﬁ %mﬁ% &1 s Gemanyt ¥ 8 ng ¢l ai m

wher ei n the adjéfcaidt ACBNDID,$2F, GIH, KLl dxgiletid gl rycoatbinamtefosapomival f r act i on
and a Iipopolys&ﬁﬁgaride.
10
11. The immunogenic composition of claim 9 or 10, wherein Gag is from an HIV-1

strain of clade B.

12. The immunogenic composition of claims 9-11, wherein Gag is p17.
15
13. The immunogenic composition of claim 12, wherein pl7 is from an HIV-1 strain
of clade A, B, C,D, E, F, G, H, J, K, or a circulating recombinant form of HIV-1
(CRF).

20 14. The immunogenic composition of claim 12 or 13, wherein p17 is from an HIV-1

strain of clade B.
15. The immunogenic composition of claims 9-14, wherein Gag is p24.
25 16. The immunogenic composition of claim 15, wherein p24 is from an HIV-1 strain
ofclade A,B,C,D, E, F, G, H, J, K, or a circulating recombinant form of HIV-1

(CRF).

17. The immunogenic composition of claim 15 or 16, wherein p24 is from an HIV-1

30 strain of clade B.
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23. The i nmunogeni c conposition of claim20 or 21, wherein said

i mmunol ogi cally active saponin fraction is QS21. 20 24. The i nmunogenic
conposi t iwo 20f1/ab@sns 20- 22, wherein said |ipopol ysacchacraw2013/0a4654 pi d A
derivati ve. 25. The i nmmunogeni ¢ conposition of claim23, wherein
said lipid A derivative is 3D25MPL. 26. The i nmunogeni ¢ conposition of any
preceding claim wherein the adjuvant conprises a sterol. 3027. The

i mrunogeni ¢ conposition of claim25, wherein said sterol is cholesterol.
28. The innunogenic conposition of any pr ecedi ng clain1 wherein the

adj uvant conpri 0SOnMe C rrl g@gr Ehe [ ﬁen'ﬁtﬁ 05|t|on of
clains 1-27, eéFlHl“P = (o[ VL2 Vo oot ﬁ%?‘is a %rﬁ‘ﬂ}o 2 %t 8tol with a
rati o of saponhmdp2$mﬂmo&u&mmmvﬁm&mimn@mﬂ@ﬁqbﬂ%ﬁwarﬁmammg&h@.|nnunogenic
conposition of claim28, wherein the ratio of saponin : sterol is from1l:1
to 1:10 (W w). 31. The i nmmunogeni c conposition of claim28 or 29,
wherein the I’l&tTlQ: ifinus&graRicoimpositheif Ohint 8, fvhew¥inl1 ahd)p?lt abe fuwddw) . 32. The

i mmunogegni ¢ co 0 erein uvant conprises a
saponi nand a | PES "aﬁsWEB&%&mﬁarea%ﬁftﬁméog%%nwi

Ilpopolysaccharlde of 1 : 1. 10 33. The I munogeni c conposition of cl ains
1-32, mhere|& e ad uvant co rlse %ggpolysaccharide and said

| i popol ysacchdr "RHBE AT “"&rﬁ’ 98 clpim CERPTISNE TR BYEe. 1534,
The innunogenlcmﬁﬁﬁpﬂ&gbfpﬂtgﬁ claim 33, wherein said |ipopolysaccharide is
present at an anmount of 50 |ag per dose.

10 21. The immunogenic composition of any preceding claim, wherein the adjuvant
comprises one or more components selected from: an immunologically active
saponin fraction and/or a lipopolysaccharide and/or an immunostimulatory
oligonucleotide.

15 22. The immunogenic composition of any preceding claim, wherein the adjuvant
comprises an immunologically active saponin fraction and a lipopolysaccharide.

23. The immunogenic composition of claim 20 or 21, wherein said immunologically
active saponin fraction is QS21.
20
24, The immunogenic composition of claims 20-22, wherein said lipopolysaccharide
is a lipid A derivative.

25. The immunogenic composition of claim 23, wherein said lipid A derivative is 3D-
25 MPL.

26. The immunogenic composition of any preceding claim, wherein the adjuvant
comprises a sterol.

30 27. The immunogenic composition of claim 25, wherein said sterol is cholesterol.

28. The immunogenic composition of any preceding claim, wherein the adjuvant
comprises a liposome carrier.

35 29. The immunogenic composition of claims 1-27, wherein the adjuvant comprises a
saponin and a sterol with a ratio of saponin : sterol from 1:1 to 1:100 (w/w).
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35. The inmunogeni ¢ conposition of clains 33, wherein said

| i popol ysaccharide is present at an ampbunt of 25 [tg per dose. 20 36. The
i mmunogerwo 20ompo®st i on of claim 1-32, wherein the adj uramEPe@npsicse€s a
saponin and said saponin is present at an anount of 1 - 60 |lig per dose.
37. The inmmunogeni c conposition of claim 36, wherein said saponin is
present at an 25anmount of 50 [Lg per dose. 38. The inmunogeni c conposition
of claim 36, wherein said saponin is present at an anount of 25 [Lg per
dose. 3039. The innunogenic conposition of clain11 32, wherein the adjuvant
conpri ses (per 5 nL dose) 0.025-2.5, 0.05-1.5, 0.075-0.75, 0.1-0.3, or
0.125-0. 25 nmg? (Eheqmnwn%eelcgomeowqy Oislam@%zsvhswmdhq%o RGIEPHR 9ol i or

i nst ance chol esfren dil)to 1:10 (4®). The i nmunogeni ¢ conposition of claim 1-32,
wherein the adjuvant conprises 35(per 0.5 nL dose) 5-60, 10-50, or 20-30

ilg (e.g. 553, THOm@Rinoddlic Bthposdfon difm BhriZogWndrbiRiteh Aisler dapatihve (for
instance 3D—NPg%ﬂOhsﬁéﬁelﬂgq6“: 10geni ¢ conposi tion of claim1-32, wherein

t he adj uvant conprises (per O. dose) 5-60, 10-50, or 20-30 ilg (e.q.
5-15, 40-50, 10 20, 30, 40 or 50 40ilg onin (for instance QS21). 42.
The i munoge i Theg RSP P TFOBPOR g %C!Lanzszl 3&»%‘?@@%%@@@11%? GYHEPHSCEBnpr i ses
an oil -i n-wat ersapeni sidonlipobdigsacohaudg mﬁhjmﬁger@f@apemrrpbmmmd@fnde &l m 42,
wherein the oil-li.n-water enul sion conprises squal ene and/ or al pha

t ocophgpol . 44. The i nmunogeni ¢ conposition of claim4l or 42, wherein the

oi | -in-vater Sl Shalinbsinf TRHARR FaRlfs Phb |k ARHR aqf T 35 Bfkised ?
lipopolysaccharide and said lipopolysaccharide is present at an amount of 1 — 60
ug per dose.

15 34. The immunogenic composition of claim 33, wherein said lipopolysaccharide is
present at an amount of 50 ug per dose.

35. The immunogenic composition of claims 33, wherein said lipopolysaccharide is
present at an amount of 25 pg per dose.
20
36. The immunogenic composition of claim 1-32, wherein the adjuvant compriscs a
saponin and said saponin is present at an amount of 1 — 60 pg per dose.

37. The immunogenic composition of claim 36, wherein said saponin is present at an
25 amount of 50 pg per dose.

38. The immunogenic composition of claim 36, wherein said saponin is present at an
amount of 25 pg per dose.

30 39. The immunogenic composition of claim 1-32, wherein the adjuvant comprises
(per 0.5 mL dose) 0.025-2.5, 0.05-1.5, 0.075-0.75, 0.1-0.3, or 0.125-0.25 mg (e.g.
0.2-0.3, 0.1-0.15, 0.25 or 0.125 mg) sterol (for instance cholesterol).

40. The immunogenic composition of claim 1-32, wherein the adjuvant comprises
35 (per 0.5 mL dose) 5-60, 10-50, or 20-30 ng (e.g. 5-15, 40-50, 10, 20, 30, 40 or 50
ug) lipid A derivative (for instance 3D-MPL).

41. The immunogenic composition of claim 1-32, wherein the adjuvant comprises

(per 0.5 mL dose) 5-60, 10-50, or 20-30 pg (e.g. 5-15, 40-50, 10, 20, 30, 40 or 50
40 ug) saponin (for instance QS21).
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45. The i mmunogeni ¢ conposition of claim42-44, wherein the oil-in-water
emul si on conprises an enulsifier such as Tween 80. 46. The

i mmunogernwo 20ompo®st i on of clains 42-45, wherein the adpararRoicospss ses a
15saponin and a |i popol ysaccharide. 47. The i mrunogeni c conposition of
clainms 46, wherein the adjuvant conprises a saponin and a

| i popol ysaccharide at a ratio of saponin : |ipopolysaccharide in the range
1:10 to 10:1 (ww. 20 48. The i munogeni ¢ conposition of clains 42-46,
wherein the adjuvant conprises a saponin and a sterol. 49. The

i munogeni ¢ conposition of clains 48, wherein the adjuvant conprises a
25saponin and a sterol at a ratio of saponin : sterol in the range of 1:1
to 1:20 (w w2 BE. imTheogemamogesia dolgpodid’i wheroh thd aljuyvpdzongrisopher ei n t he
adj uvant conpriaks-weataapoiion. and a netabol i sable oil. 3051. The i nmunogeni c
conposi tion of clain150 wherein the adjuvant conprises a saponin and a

et abol sabl g0 ofthd Qorfosi¥EL gpgiahéa?' €nih the SARLRLG: Lulida t he range

from1l:1 to 2 I mmunogeni ¢ conposition of claim
42-51, wherein ?ﬂ? ‘V%Wfa%%%ﬁwﬁm mm@§5ﬂpha t ocopherol . 53. The

I munogeni c conp05|t|on of clainms 42-52, wherein the adjuvant conprises
(per 0.5 nL ddsE)e OuBunpgenid co@pospion]of dlaﬁ,l 4dror54B myhgran ghe 2il3n-wate, or

10- 11 ng) et abahilsabis e netdboljsabie bilaswaguahésiey.. 40 54. The i nmunogeni c
conposiipi on of clainms 42-52, wherein the adjuvant conprises (per 0.5 nL

dose) 0.1-10,4 Su%ﬁugog@: coglpgs gdn gélm%%42 “whel®h {8 ofl:inQradt dmdision™ 3 OF 4-5
I's

nmg) emnul sifier e 1 mmunogeni ¢ conposition of

T e R AU R BhEs TR g, (Turoger ¢ COpEsTETion o
1-15, 2-12, 4-10, 5-7 ng (e.g. 11-13, 5-6, or 2-3 ng) tocol (such as al pha
tocopherol).46fﬂﬁemnmhethwungéhmeebﬁpﬁ@#ﬁimhmgﬁnhﬂ%ﬁuwﬂﬁ4®mﬂﬁwsmherein
t he adjlavant cowapsrisasl alihopeysaCehbridd. dose) 5-60, 10-50, or 20-30 jig (e.qg.
5-15, 40-50, 10, 20, 30, 40 or 50
47. The immunogenic composition of claims 46, wherein the adjuvant comprises a
saponin and a lipopolysaccharide at a ratio of saponin : lipopolysaccharide in the
range 1:10 to 10:1 (w/w).
20
48. The immunogenic composition of claims 42-46, wherein the adjuvant comprises a
saponin and a sterol.

49. The immunogenic composition of claims 48, wherein the adjuvant comprises a
25 saponin and a sterol at a ratio of saponin : sterol in the range of 1:1 to 1:20 (w/w).

50. The immunogenic composition of claim 42-49, wherein the adjuvant comprises a
saponin and a metabolisable oil.

30 51. The immunogenic composition of claim 50, wherein the adjuvant comprises a
saponin and a metabolisable oil at a ratio of metabolisable oil : saponin is in the
range from 1:1 to 250:1 (w/w).

52. The immunogenic composition of claim 42-51, wherein the adjuvant comprises
35 alpha tocopherol.

53. The immunogenic composition of claims 42-52, wherein the adjuvant comprises
(per 0.5 mL dose) 0.5-15, 1-13, 2-11, 4-8, or 5-6mg (e.g. 2-3, 5-6, or 10-11 mg)
metabolisable oil (such as squalene).
40
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jig) lipid A derivative (for instance 3D MPL). 57. The i nmunogeni c
conposition of clains 42-52, wherein the adjuvant conprises (per 0.5 nL
dose) 0.026-28115,179805-1. 5, 0.075-0.75, 0.1-0.3, or 0. 12FCO/EP01MH54664 Q.
150.2-0.3, 0.1-0.15, 0.25 or 0.125 ng) sterol (for instance cholesterol).
58. The i munogeni ¢ conposition of clains 42-52, wherein the adjuvant
conprises (per 0.5 nL dose) 5-60, 10-50, or 20-30 jag (e.g. 5-15, 40-50,

10, 20, 30, 40 or 50 saponin (for instance QS21). 20 59. The i nmunogeni c
conposi tion of clainms 1-21, wherein the adjuvant conprises a netal salt and
a lipid A derivative. 60 The |nnunogen|c conp05|t|on of claim59,

wherei n the adj [REAMUSEERIHG cOBWOFifi ofoakpms 4252 qwhaiyin frsgulpsant copptissyo,  or
300- 400 j ug AI(PﬁU}SHﬁsﬁeﬁcéldﬁ %ﬁﬁn@ﬁﬁu%?éhbépﬁéi%ﬂ%(€g619lThé3wnnunogenic
conposi tion of 4baignehlisifier G@xh awierai §0).t he adj uvant conprises (per 0.5 nlL
dose) 5-60, 10-50, or 20-30 jig (e.g. 5-15, 40-50, 10, 20, 30, 40 or 30

30j i g) k' pi d Slg‘ ﬁ?erlhl\ﬁﬁltnb 1c(J0 élposnt eﬁmg’@l WL\)Jherfggthe V!HHTEUB Igs%gll c
composi ) on & S HEER “@gﬁﬁde g 0 e it

|nnunost|nulato y 0 i'gonu
i munogeni ¢ conPtR (Fibs thadergrhsFdtedi ng claim for use in the treatment or
prevention of disease or infection by H V-1 strains fromone or nore cl ades
that are in wbenkmﬁmnmggmmamﬁ@nnﬁ@j6ﬂ@mms4642 Wi@ein FELHAG N icOmPHNEPOoSi ti on

of cl ailfﬂ 63, Wh@E. 5]HiLh§ r59600[0 g@roezdﬂhb/pg 3 %dl%ém EO tlgedeW}]m%ﬂS@" c
conposition are C , E, F, , J, K or a
circul ating recd%b*ﬁ%n? oéﬁﬂgﬁlﬁ '. 565. The i mmunogenic

conposi tion of claim63 or 64, mhereln the H V-1 clade in the imrunogenic
conposi ti on - Hicdgenupogess, compasiiomefridtien e S oMiseer ficquant sApPHecedi ng
claim wherein (Phe)-Dmé dore) HR8-2cY, 8484 -5dDPT P Ent0. F-P.dnartndSdé neg (erore HI V-1
cl ades 16n t he imOBoYeEnLIs, ADTQPESinid) orRrod(for iaghee tidestsredn cl ade A, B, C, D
E, F, G H J, K or acirculating
58. The immunogenic composition of claims 42-52, wherein the adjuvant comprises
(per 0.5 mL dose) 5-60, 10-50, or 20-30 ng (e.g. 5-15, 40-50, 10, 20, 30, 40 or 50
ug) saponin (for instance QS21).
20
59. The immunogenic composition of claims 1-21, wherein the adjuvant comprises a
metal salt and a lipid A derivative.

60. The immunogenic composition of claim 59, wherein the adjuvant comprises (per
25 0.5 mL dose) 100-750, 200-500, or 300-400 ug Al, for instance as aluminium
phosphate.

61. The immunogenic composition of claim 59 or 60, wherein the adjuvant comprises
(per 0.5 mL dose) 5-60, 10-50, or 20-30 ug (e.g. 5-15, 40-50, 10, 20, 30, 40 or 50
30 ug) lipid A derivative (for instance 3D-MPL).

62. The immunogenic composition of any preceding claim, wherein the adjuvant
comprises an immunostimulatory oligonucleotide comprising a CpG motif.

35 63. The immunogenic composition of any preceding claim for use in the treatment or
prevention of disease or infection by HIV-1 strains from one or more clades that

are in the immunogenic composition.
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reconbi nant formof H V-1 (CRF). 67. The inmunogeni c conposition of any
preceding claim wherein the one or nore clades different fromthe one or
nore HI V-wochadaz4osn t he i nmmunogeni ¢ 15conposition are ®elrare@d/of466m cl ade
A or C. 68. The inmunogeni c conposition of any preceding claim wherein the
one or nore clades different fromthe one or nore H V-1 clades in the

i nmunogeni ¢ conposition are clade A and C. 20 69. The i nmunogenic
conposition of any preceding claimfor use in inducing a hunoral imune
response against H V-1 strains fromsaid one or nore clades different from

t he one or H.V-1 cl ades in.the_.inmu ni c conpositi 570. The

| mmunogeni ¢ CanPESITTIBREBE BPRITHAS FE (e d nris IR ok Mabr al i mmune
response agai nsdladdb M-the Biniuaiopsid dodipos aortarOsudecaxl fivar @adelrades, DIE the

i rMmunogeni ¢ co itipon. . . 71. _The inmmu [ onposition of any
precedi ng cl ai ﬁ%ﬁ?%§§afﬁcggﬁgégp ﬁmgjéﬁT%ﬂgg?Ebﬁyﬁon-progressor st at us
on an individual infected with an HV-1 strain fromsaid one or nore
clades differ f.romthe one or.nore H V-1 ¢l ades i,n e i nggeni c.
e Tt b e i P B s ok P o s hioe AN S AT RECD F ong

t erm non- 5pr ogin@amogensd @dbipSsitdh ibladd®Wi vi dual infected with an H V-1 strain
fromsaid one or nore clades in the i mmunogeni c conposition. 73. The

i mrunogeni ¢ conposition of any preceding claimfor use in inducing

mul ti pl e-cyt aki mMac pirghegénigcoaipobivdd & an{chidtedingCddih swidgén s ondtbivndre St 1 ai ns
from 10said one of nore clades different fromthe one or npre H V-1 cl ades
in the innunogeﬂ?%sg%%EB Fy Pnem”?%?}%Mé”ﬁﬁﬁﬁﬁéﬁﬂﬁWEmﬁ%ﬁﬁosition of claim
73 for 1gse in ideipesinieh 47 kdldcplderoaydiaiei V@R CODUE MG, AN, KV bf @dircGldde T cel |'s

against H V-1 strains fromsaid one or nore
recombinant form of HIV-1 (CRF).

67. The immunogenic composition of any preceding claim, wherein the one or more
clades different from the one or more HIV-1 clades in the immunogenic

15 composition are selected from clade A or C.

68. The immunogenic composition of any preceding claim, wherein the one or more
clades different from the one or more HIV-1 clades in the immunogenic
composition are clade A and C.
20
69. The immunogenic composition of any preceding claim for use in inducing a
humoral immune response against HIV-1 strains from said one or more clades

different from the one or more HIV-1 clades in the immunogenic composition.
25 70. The immunogenic composition of claim 69 for use in inducing a humoral immune
response against HIV-1 strains from said one or more clades in the immunogenic

composition.

71. The immunogenic composition of any preceding claim for use in conferring a

30 long term non-progressor status on an individual infected with an HIV-1 strain
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15cl ades in the i munogenic conposition. 75. The i munogeni c conposition of
claim73 or 74, wherein the CD4+ T cells produce two or nore of IL2, |IFNy
and TNFa.wBQéfi/1174e8 i mrunogeni ¢ conposition of clai m 73PCH/EPadianeionsd t he
CD4+ T cells produce 1L2 and | FNy. 77. The inmunogeni ¢ conposition of claim
73-75, wherein the CD4+ T cells produce IL2 and TNFa. 25 78. The

i nmunogeni ¢ conposition of claim73-75, wherein the CD4+ T cells produce

| FNy and TNFa. 79. The i nmunogeni ¢ conposition of claim 73-75,
wherein the CD4+ T cells produce 30IL2, IFNy and TNFa. 80. The i munogenic

t f | 73-79 T | ) L. 81.
e nogen c bR atat firedt %ﬁ?lf%feggﬁwc%te? o e SV SRR et i ng

5progressi ve CDéinuhogeid. decline in an individual infected with an H V-1
strain fromsaid one or nore clades different fromthe one or nore H V-1
cl ades in the i mmunogeni c conposition. 82. The i munogeni ¢ conposition
of claim 81 farThtSfnuAogehi\tempositthnif OlginesiSioy el CdMerridg £Rhg tetl@@bi-ne i n an
i ndi vi dyal |nfected with an one or e clades in

f
e o bgent egsttyan iRl R LT 0 RA8 R T G b2

precedi ng cl ai nnb@Iclad&an tHe imedhicichig comp®itionl nating viral reservoirs in an
i ndividual infected with an HV-1 strain from
73. The immunogenic composition of any preceding claim for use in inducing
multiple-cytokine-producing antiviral CD4+ T cells against HIV-1 strains from
10 said one or more clades different from the one or more HIV-1 clades in the

immunogenic composition.
74. The immunogenic composition of claim 73 for use in inducing multiple-cytokine-
producing antiviral CD4+ T cells against HIV-1 strains from said one or more

15 clades in the immunogenic composition.

75. The immunogenic composition of claim 73 or 74, wherein the CD4+ T cells

produce two or more of IL2, IFNy and TNFa..

20 76. The immunogenic composition of claim 73-75, wherein the CD4+ T cells produce

IL2 and IFNy.

77. The immunogenic composition of claim 73-75, wherein the CD4+ T cells produce

1L2 and TNF.
25
78. The immunogenic composition of claim 73-75, wherein the CD4+ T cells produce
IFNy and TNFao.
79. The immunogenic composition of claim 73-75, wherein the CD4+ T cells produce
30 IL2, IFNy and TNFa.
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15said one or nore clades different fromthe one or nore H V-1 clades in

t he i nmunogeni ¢ conposition. 84. The i mmunogeni ¢ conposition of claim83
for use iworeduar4g or elimnating viral reservoirs in 2O0TiRPdéMi084684
infected with an H'V-1 strain fromsaid one or 20nore clades in the

I munogeni ¢ conposition. 85. The i mmunogeni c conposition of any preceding
claimfor use in eliciting high and | ong-Ilasting nunbers of HI V-1-specific
pol yfunctional CD4+ T-cells in an individual infected with an H V-1 strain
fromsaid one or nore clades different 25fromthe one or nore H V-1 cl ades

in the immun i ¢c_conposition. . .86. .The i nogeni ition of claim85
for Use 1 ol i ROUATGR SHAPTEG-of S8T1S7g HURGEHE T IHEVE S8 peci f1 ¢

pol yfuncti onal &béssdbe@l.ls in an individual infected with an H V-1 strain
fromsaid one or nore clades in the i munogeni c 30conposition. 87. The

i mmunogeni ¢ conposition of any preceding claimfor use in controlling or

reduci ng Vi r ém Bhel ithnmAiRodeRidicyinglokitioni off @ Ciiredding thainafor kle\n presédtiagn from sai d
one or re clades differe romthe ane or more H V-1 es.in the
Tmunogen o codBPEITS DS Tesi! et gy Sh Stessiptdh 15V B B m 87 f or
use in control | fidigsed otcad uird@adsk d€RIcat fréin & on 6l Mbrd BAV -1l giddecinete Wi t h an
H V-1 strain from said.one or._nore clades in the i munogeni c conposition.
1089. The i munBYERPEEPHET %N of any preceding claim wherein two,

three, four or nore of the antigens are fused to forma fusion protein. 90.
The i nmunogenj.c_canposition of claim89, erei.n the fusion protein

conpri ses Gag’f Usdtmugogsgic CBWP‘FS&IODTOE]@@W ?%@S@.m REVEHINE RQECHMfunogeni ¢
conposiipi on of cba Mc8PdRIIniA an WMIBL@IaNinfBRd fits b AT Glréih frogOyafdrdns es  Pol
fused to Nef or Nef fused to. Pol

or more clades 1n the immunogenic composition.

83. The immunogenic composition of any preceding claim for use in reducing or
climinating viral reservoirs in an individual infected with an HIV-1 strain from
15 said one or more clades different from the one or more HIV-1 clades in the

immunogenic composition.

84. The immunogenic composition of claim 83 for use in reducing or eliminating
viral reservoirs in an individual infected with an HIV-1 strain from said one or

20 more clades in the immunogenic composition.

85. The immunogenic composition of any preceding claim for use in eliciting high
and long-lasting numbers of HIV-1-specific polyfunctional CD4+ T-cells in an
individual infected with an HIV-1 strain from said one or more clades different

25 from the one or more HIV-1 clades in the immunogenic composition.

86. The immunogenic composition of claim 85 for use in eliciting high and long-
lasting numbers of HIV-1-specific polyfunctional CD4+ T-cells in an individual
infected with an HIV-1 strain from said one or more clades in the immunogenic

30 composition.
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92. The i nmunogeni ¢ conposition of clains 89-91, wherein the fusion protein
20conprises Nef fused to Gag or Gag fused to Nef. 93. The i mmunogenic
conposi t iwp 20f1/afw8m 90 or 92, wherein Gag i s pl7 and/ oPCpa#R2011/054654 94,
The i mmunogeni ¢ conposition of clainms 90 or 91, wherein Pol is RT. 25 95.
The i mmunogeni ¢ conposition of any preceding claim wherein the antigens
are fused to forma fusion protein conprising Nef, RT, pl7 and p24 in any
order. 96. The i nmunogeni ¢ conposition of any preceding claim
wherein the antigens are 30fused to forma fusion protein conprising

24- RT- Nef - ) Q7. The i i iti f |.ai 89- 96, wh i
Pra i1 cens &t asals TRERERR L pE TRake 6 B pfif i RIBR ot b o6

or four differertudHigWitmid iadesdividual infec®8withl e Hi vAnyiiaig &omGaidonposi t i on of

cl aim 89-96, wherein . all.of the antigens i e 5fusjon protei.n are from an
VT strarn o R R Aoy T Sadts oS T Reibif nogeni ¢
conposition of @h@osiBoB9-98 further conprising one or nore unfused
pol ypepti des conprising an antigen. 10100. The i nmunogeni ¢ conposition of
claim99, wherein the antigen in the unfused pol ypeptide is froma strain
of H V-1 fromsthe isaioghRdempssitih df elaii § Dfeufin tditroRint bgRBSingn t he fusion
protein. 101. The i.mrunogeni c c?ngﬁsL%io gn cla%n199, wherein the antigen
in the 15unfused™Bbt P38 pdrgdual wigeled yith ag HIX; 1 5tayn figm saxd Qpe OF WPt from t he
one or nore cl adgks inthd Menindgéndicopipedifed). 102. The i nmunogeni ¢ conposi tion
of claim 99-101, wherein the unfused pol ypeptide conprises Env. 20

10 89. The immunogenic composition of any preceding claim, wherein two, three, four

or more of the antigens are fused to form a fusion protein.

90. The immunogenic composition of claim 89, wherein the fusion protein comprises
Gag fused to Pol or Pol fused to Gag.
15
91. The immunogenic composition of claim 89 or 90, wherein the fusion protein

comprises Pol fused to Nef or Nef fused to Pol.

92. The immunogenic composition of claims §9-91, wherein the fusion protein

20 comprises Nef fused to Gag or Gag fused to Nef.
93. The immunogenic composition of claim 90 or 92, wherein Gag is p17 and/or p24.
94. The immunogenic composition of claims 90 or 91, wherein Pol is RT.

25
95. The immunogenic composition of any preceding claim, wherein the antigens are

fused to form a fusion protein comprising Nef, RT, p17 and p24 in any order.

96. The immunogenic composition of any preceding claim, wherein the antigens are

30 fused to form a fusion protein comprising p24-RT-Nef-p17.

71



103. The i nmunogeni ¢ conposition of clains 99-102, wherein the unfused

pol ypepti de conprises one or nore of gpl20, gpl40 or gpl60. 104. The

i mmunogernwo 20ompo®st i on of any precedi ng claim wherei npom&EPed110BB5L50Ne Or
nore antigens in the inmunogenic conposition is froman H V-1 strain from
cl ade B. 105. The i nmmunogeni ¢ conposition of any preceding claim
wherein when two antigens are present in the imrmunogeni c conposition, both
antigens are froman 30H V-1 strain fromclade B. WO

2011/ 117408PCT/ EP2011/ 054654 106. The i nmunogeni ¢ conposi ti on of any

precedi ng cl g wherei n when three_anti re.present i.n_.the.inmmunogenic
Romposi t1on, 41 M RPSEOSACGRAS RS FRERTEI mPg g FRES i Wi %de B,

5107. The i mMunogsteincirrEem 6BV ilisatin®fro@myo,phirec @dbmglidrait MIVhetades.n when f our

antigens are present in the inmmunogenic conposition, all four antigens are

froman H V-1 strain fromclade B. 108. The i nmunogeni ¢ conposition of any

precedi ng cl asnThei@tu@bdinicikempaiitain of OlanO8MY6, dfheeicdll el aggens fh the Si ngl e
dose of _the i nogeni ¢ copposi t] is. 0.5- .25jLtg, 2-20j.ag,, 5-15iag, or
around 1 Gug. THEOT RSN NG gemr e Riase bt e rsneibEPeed wner o n t he

total anmount fusion protein in a single dose of the inmunogeni c conposition
is | Ogg. 15 0,, The i mmunogeni ¢. conposi tjon of claim99-103, wherein the
total anmount ]%f “&d@&?&%ﬁeﬁkﬁlc&b‘%ﬁioﬁé’%ﬁm& 8§r9%gf}“éh‘388<§’épr8fngtoﬂ%°rifH‘PFEnogeni c
conposi tion i s wuskd elypeptides comprising an antigen.

10 100. The immunogenic composition of claim 99, wherein the antigen in the
unfused polypeptide is from a strain of HIV-1 from the same clade as at least one

of the antigens in the fusion protein.

101. The immunogenic composition of claim 99, wherein the antigen in the
15 unfused polypeptide is from a strain of HIV-1 different from the one or more

clades in the fusion protein.

102. The immunogenic composition of claim 99-101, wherein the unfused
polypeptide comprises Env.
20
103. The immunogenic composition of claims 99-102, wherein the unfused

polypeptide comprises one or more of gpl20, gp140 or gp160.

104. The immunogenic composition of any preceding claim, wherein one of the
25 one or more antigens in the immunogenic composition is from an HIV-1 strain

from clade B.
105. The immunogenic composition of any preceding claim, wherein when two

antigens are present in the immunogenic composition, both antigens are from an

30 HIV-1 strain from clade B.
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111. The i mmunogeni ¢ conposition of any preceding claim wherein the total
20amount of all antigens in a single dose of the immunogenic conposition is
0. 5- 50i LwQ,202/4@Mbag, 5-30 jig, 7-20 jig or around 30 jipgT/ERe@unsic®hDlag or
around ' Ogg. 112. The i nmunogeni ¢ conposition of any preceding claimfor
use in inducing long termnenory of an antiviral immune response agai nst

H V-1 strains from 25said one or nore clades different fromthe one or nore
H V-1 cl ades in the i mmunogeni ¢ conposition. 113. The i munogeni c
conposi tion of claim 112 for use in inducing |l ong term menory of an

antiviral i e response agai.nst Hl ains.frgmsajd one or 30nore
clades 11 t e mundde AT B RERb SISO o S 56 bty BB36% 1/ 054654
114. The i nMmunoyeaiattiLogresicidnOin tkm‘inﬁmmo@hmmw@tmi all mrde@ntigegeart n i nduci ng
persi stent anti |raI 15. The i mmunogeni c conposition of
cl ai m 114, mher HgP%fd¢n$°@%Vﬁ§£5persist for at |east 6 nonths. 116.
The i nmunogeni ¢ conp05|t|on of cIa|n1114 115, wherein the CD4+ T cells
persi st _for 0 24 nt hs or .9- non for j.nstance
10117. The |nﬁﬂ%ogen|fm88%t5)§f’lf‘f 8‘?%“16’15”18‘?19 Qﬁeéﬁl%cl@f“a}VH‘?r?IBr‘”jhﬁ%g%fn the
treatment or pravgssiaRprébntdh S18 asRuIgenid t@BHdsHion Y fhillrMntgeat draifdm from sai d
one or nore clﬁ%éipglfferﬁﬂg frog1the one or nore H V-1 clades in the
i munogeni ¢ co g FBiBt he conposition is initially adninistered
to a subject as two or three doses, mhereln t he doses are separated by a
period of two eks o t hr ee 15nDnths eferal:)cL%gr nth 118. The

J8hp

i nMmunogeni ¢ 0Si t'i BHn@FmﬁﬁycﬁF@%ﬁﬂPﬁﬁ CVERIHY ﬁmPﬁ? #2bat nent or

preventipon of dinsR@sE cdh dnfifiGh kb eigldYloddlo¥thk 1ﬁltﬂua¢gaﬁlcfc5ﬁms&amds @me or nore

cl ades different fron1the one or nore H V-1 clades in the i munogenic
25ug, 2-20ug, S-15pg, or around 10pg.

109. The immunogenic composition of claim 95-98, wherein the total amount
fusion protein in a single dose of the immunogenic composition is 10pg.
15
110. The immunogenic composition of claim 99-103, wherein the total amount

of unfused polypeptide in a single dose of the immunogenic composition is 20ug.

111. The immunogenic composition of any preceding claim, wherein the total
20 amount of all antigens in a single dose of the immunogenic composition is 0.5-

50ug, 2-40ng, 5-30ug, 7-20ug or around 30ug, around 20ug or around 10ug.

112. The immunogenic composition of any preceding claim for use in inducing
long term memory of an antiviral immune response against HIV-1 strains from
25 said one or more clades different from the one or more HIV-1 clades in the

immunogenic composition.
113. The immunogenic composition of claim 112 for use in inducing long term

memory of an antiviral immune response against HIV-1 strains from said one or

30 more clades in the immunogenic composition.
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20conposition, wherein the conposition is admnistered to a subject (for

i nstance as a booster) every 6-24, or 9-18 nonths, for instance annually.
119. The womnogessc conposition of clains 1-117 for usecCTrEPRdI@/ 0546684t ment
or prevention of disease or infection by H V-1 strains fromsaid one or
nore cl ades 25different fromthe one or nore HV-1 clades in the

i nmmunogeni ¢ conposition, wherein the conposition is admnistered to a
subject (for instance as a booster) at six nonth or 1 year intervals. 120.
The i fmunogeni ¢ conposition of claim 118 or 119, mherein subsequent
30adn1n|strat gns oﬁfthe conFOS|t|on to ﬁald su gﬂp S

response of eé 1ier ZEHTRISEFAES FOHDSEPT P gyggﬁ% ! Vﬁefﬁg 5#9 subject
WO 2011/ 117408 REHidedr2 OritivirBISAB64T dd%. The |nnunogen|c conposi tion of any
preceding claimfor use in the treatnent or prevention of disease or
infection by H V-1 strains fromsaid one or nore clades different fromthe
one or nore Hi¥-1 CHadeﬁmhm%¢M60&ﬂMEhﬁgehﬂﬁmﬂﬂéﬂﬂﬁﬁﬁﬁﬂ@ﬂIMMthﬂin t he
conposiglon i s used.as paraﬁg pri me-boost reginen. 122. The i munogenic
conposi 0i on of RIS AQTbEast 5 n the conposition is the primng dose.
10123. The i mmunogeni ¢ conposition of claim 121, wherein the conmposition is

t he boosting se. 4. The i nfmunogenic C 0Si ti f clai 21-123,
wherein two g)m)re F TRy SEHY mﬁ@ﬁ%?ﬁﬂ% ééiyéﬁ@ ﬁ?ﬁb%f red.

cells persist for 6 to 24 months or 9-18 months, for instance for 12 months.

10 117. The immunogenic composition of any preceding claim for use in the
treatment or prevention of disease or infection by HIV-1 strains from said one or
more clades different from the one or more HIV-1 clades in the immunogenic
composition, wherein the composition is initially administered to a subject as two
or three doses, wherein the doses are separated by a period of two weeks to three

15 months, preferably one month.

118. The immunogenic composition of any preceding claim for use in the
treatment or prevention of disease or infection by HIV-1 strains from said one or
more clades different from the one or more HIV-1 clades in the immunogenic

20 composition, wherein the composition is administered to a subject (for instance as

a booster) every 6-24, or 9-18 months, for instance annually.

119. The immunogenic composition of claims 1-117 for use in the treatment or
prevention of disease or infection by HIV-1 strains from said one or more clades
25 different from the one or more HIV-1 clades in the immunogenic composition,
wherein the composition is administered to a subject (for instance as a booster) at

six month or 1 year intervals.
120. The immunogenic composition of claim 118 or 119, wherein subsequent

30 administrations of the composition to said subject boost the immune response of

earlier administrations of the composition to the same subject.
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15 125. The i nmunogeni ¢ conposition of any preceding claimwhich is a
vacci ne conposition. 126. Use of the i nmunogeni c conposition of clains

1- 124 or wbeouaaciose of 20claim 125 in the manufacture eCTEPrwdiosssent for
the treatnment or prevention of disease or infection by H V-1 strains
according to clains 1-125. 127. A nethod of treating or preventing H V-1
di sease or infection according to clains 1-125 conprising the step of

adm nistering to a subject the 25i nmunogeni ¢ conposition of clains 1-124 or
t he vaccine of claim125.

121. The immunogenic composition of any preceding claim for use in the
treatment or prevention of discase or infection by HIV-1 strains from said one or
more clades different from the one or more HIV-1 clades in the immunogenic

5 composition, wherein the composition is used as part of a prime-boost regimen.

122. The immunogenic composition of claim 121, wherein the composition is

the priming dose.

10 123. The immunogenic composition of claim 121, wherein the composition is
the boosting dose.
124. The immunogenic composition of claim 121-123, wherein two or more

priming and/or boosting doses are administered.

15
125. The immunogenic composition of any preceding claim which is a vaccine

composition.

126. Use of the immunogenic composition of claims 1-124 or the vaccine of
20 claim 125 in the manufacture of 2 medicament for the treatment or prevention of

disease or infection by HIV-1 strains according to claims 1-125.
127. A method of treating or preventing HIV-1 disease or infection according

to claims 1-125 comprising the step of administering to a subject the

25 immunogenic composition of claims 1-124 or the vaccine of claim 125.
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