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Overview: HIV-1 vaccine approaches

' modulate natural killer i
|

' cells, regulatory T cells, !
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induce antibodies,
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neutralizing

induce responsive CD4+
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!

design immunogen
containing epitopes
recognized by T cells
when presented by
given HLA molecules

Reference: McMichael & Haynes, Nat Immunol ,(2012)



Three possible protective outcomes of an HIV-1
vaccine
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Reference: McMichael & Haynes, Nat Immunol ,(2012)



A brief history of HIV-1 vaccines

= 1984: prediction that vaccine against HIV available within 2 years [1]
= by 2008: already >50 candidate vaccines reached clinical trials [2]

= few reached large-scale testing (phase Ill) [2,3]
» AIDSVAX B/E
*STEP (MRK rAd5)
e RV144 (prime + boost):

» ongoing work to understand why RV144 showed efficacy and to design
improved vaccines [3]

2012: “There is now considerable new optimism in the HIV-1 vaccine-
development field because of the remarkable progress in research over the past 3

years.” [3]

References:
[1] Editorial, Lancet, (2009); [2] McElrath et al, Lancet, (2008); [3] McMichael & Haynes, Nat Immunol ,(2012)



HIV vaccine approaches and efficacy trials

Table 1. HN vaccine efficacy trials.

Protein subunit vaccines

Viral vector vaccines

Heterologous prime-
boost regimens

DNA vaccines

HIV-1 vaccine

Reference: Cohen et al., Ther Adv Vaccines (2013)

North America,
Netherlands

Thailand

North and South America
the Caribbean,
Australia

Thailand

United States



Current vaccine challenges & strategies

(both antibody- and T cell-based vaccines)

An effective vaccine needs to...

= closely match sequences of circulating HIV-1
= account for the variability of circulating HIV-1 strains
= avoid immune escape

= promote vaccine-induced responses over more dominant but less
effective natural immune responses

References: McMichael & Haynes, Nat Immunol ,(2012)



Strategies to deal with HIV-1 diversity

reviewed by Letourneau et al. (2007)

Immunogen design Advantages/Support

Single natural e simple e unrealistically high peptide
isolate ® many reports of cross- concentration
clade reactive T cell eunlikely to provide sufficient
responses protection
“Centralized” e evidence of * “may be stretched too far for
sequences immunogenicity and T cell optimal coverage”

response in small-scale
animal & human trials

Cocktail of e promising initial results e potential for immune interference
immunogens from  with responses to all

multiple clades antigens in cocktail

“Mosaic” e based on intact proteins e potential for immune interference
immunogen —> can be naturally e potential that responses to
designed processed and presented  variable regions detract from

computationally responses to conserved regions



Immunodominant vs. subdominant

Immunodominant: determinants are recognized by the most abundant cognate T
cell populations.
Subdominant: determinants are recognized by less abundant T cell populations.

Dominant responses limit responses to subdominant antigens.

CD8 binds the a3 domain of MHC class |

target cell
ﬁ -
mzlcroglobutin B ) un o8
[ L5
antigen
T-cell
receptor
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Vaccines targeting conserved regions

Advantages:

= highly conserved sub-protein regions are common to most HIV-1 strains

" immune escape mutations in conserved regions are costly

Challenges:

" immune responses to conserved regions tend to be subdominant

» must compete with faster-changing dominant epitopes for both T-
cell priming and target recognition

But: “it should be possible to re-direct CD8+ T-cell responses to focus on
particular conserved epitopes”

References: McMichael & Haynes, Nat Immunol ,(2012); Letourneau et al. , PLoS ONE ,(2007); M. Altfeld & T. M.
Allen, “Hitting HIV where it hurts: an alternative approach to HIV vaccine design”, Trends Immunol,(2006).



Timeline of HIVconsv vaccine development

group of Tomas Hanke (Oxford)

Publication date

Vaccine design,

* immunogen design

References
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2010- | Efficacy in animal * confirm immunogenicity in mice ng’lagr';’ﬁgéﬁggig;?m“”o’
2012 models and macaques Knudsen et al., J Virol 86:4082-
* optimize delivery regime 4090 (2012)
* other vaccine types also highly F;g’la;')o etal, ADS 26:275-284
effective!
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Main message:

e Vaccine tested: pTH. HIV consv, AdHu5.HIVconsy,
MVA.HIVconsv

e Detect HIVconsv protein by immuno histochemical stainning

e Test immunogenicity in BALB/c mice, transgenic mice HLA-
A2restricted, PBMC sample from HIV-1 infected patients



Design of the HIVconsv immunogen
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Design of the HIVconsv immunogen

E

L

« median, 95% range

1 2 3 4 5 6 7 8 9101 1213 14

Fragment Protein

HXB2

E

Mumber of Epitopes
Fi
=1

» Twes mnired scid Change

Twes s acid] changes
Bl O srmine acid change
W icertical

. |

9 IU 11 12 1.]- 14
Fmgmf. nt number



Vaccine construction and basic immunogenicity

APTH. HIV consv B MVA.HIVconsv

CAdHu5.HIVconsv

IFN-y SFUM0® cells

U D A& L D MM DAM

Immunodominant epitope H

mAb C-terminal tag

pTH DNA: pTH. HIV consv D
Human adenovirus serotype 5(AdHu5): AdHu5.HIVconsv

Modified vaccinia virus Ankara( MVA) : MVA.HIVconsv

A




Breadth of HIVconsv vaccine induced immune
responses in the BALB/c mice
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Breadth of HIVconsv vaccine induced immune
responses in the BALB/c mice
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HIVconsv vaccine induced HLA-A2-restricted
responses in transgenic mice
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Mice strain HHD, expresses MHC | molecule chimaeric human(a-1 and a-2) and mouse
(a-3)HLA-A*0201heavy chain covalently linked to the human B2m light chain.
DAM regimen.



Generation of HIVconsv-specific responses in

natural HIV-1 infection

: Table 1. Tissue types and infecting viruses of human blood

: donors
Donor Ma. HLA HIv-1 Clade
A" B* Cw*

o001’ X 44,5 7,15 .

ooz * 213 713 6 7 .

003 ® 1, 24 5,18 312 .

004 * 1, 0201 7, 40 27 na.

0as ® 3 7,15 37 .

006 * 1, 0301 7, 08 7,97 na.

007 * 2, 2324 57,42 2,17 na.

oog * 1, 2 5001, 55 36 .

009 * 0201, 29 44,13 6, 1601 ra.

o1t 0102, 3303 44, 5802 rd. B/D

on® 229 45, 5802 &, 1601 DvA2 (CRF16)
oz" 2 15, 4402 35 B

N ER 01,11 18, 35 47 B

04" 24, 3401 40, 56 1,4 B/C (CFRO7)
ms- in 15, 4402 0303, 05 B

016 © 2601, 6802 70, B1 03, 04 nd.

mr- 24 7, 18 716 nd.

me-~ 1, 6GBO1 5001, 1517 6 7 rd.

b 2601, 6802 70, 81 3,4 nd.

020 © 3,32 7, M0 1601 nd.

021~ 0201, 0205 7, 18 nd. rd.

02z~ 3, 1 4201, 5301 417 C

* {1 2-uninfected subjects

: BUK HIV-1-infected patients vaccinated with HIVA vaccines

: “Patients infected with HIV-1 in Africa [4]
: n.a. - not applicable; nud. not done
+ doi:10.1371 joumal pone 0000984, 1001

HIV-

HIV+



Recognition of HIVconsv-derived peptides by
PBMC from HIV-1 infected patient

Grey-CD8+ undepleted PBMC Grey-HIV-1 infected

A B Black-CD8+ depleted PBMC C Black-healthy donor
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Summary

The HIVconsv immunogen is a chimaeric protein assembled from protein regions rather
than epitopes, enable broader coverage.

Consensus sequences allow a geographically broad deployment of the vaccine.
Artificial clade consensus sequence designed deal with intra-clade variability.
Combines sequences of 4 clades sequentially to avoids epitope antagonism.

With lower frequency of immunodominant epitopes, induce broader T cell responses.

Have to further identify the influence of the junction regions.



Long peptides induce polyfunctional T cells against
conserved regions of HIV-1 with superior breadth to
single-gene vaccines in macaques
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Main message:

e Vaccine tested: pTH. HIV consv, AdHuU5.HIVconsy,
MVA.HIVconsy, SLP.HIVconsv , ChAdV63.HIVconsv,
VREP.HIVconsv

* Immunophenotype and clonal composition of CM9-
specific CD8+ T-cell populations

* Test immunogenicity in macaques



DDDAM regimen induces high frequencies of HIV-1
spcific T cells responses in macaques
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Adjuvanted SLP elicit T-cell responses superior epitope
breadth compared with sORF genetic vaccines
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SORF genetic vaccines do not maintain the breadth
of SLP-induced responses
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SLP.HIVconsv induces responses to multiple CD8+
and CD4+ T cell epitopes

Table 1. Peptides and/or epitopes recognized by CD8™ T cells in HIVeonsv-vaccinated rhesus macagques

HIVconsv peptide no. HIV origin Peptide sequence ONE OZOME CTAVIA
(1, 2)¥ Gag FSPEVIPMF b } "
14 Gag EWDER-IYERWIILGLNY f

15 Gag IVERWIILGIMNEIVR i i

16 Gag WIILGLNEIVEMYSPE i

17 Gag GINEITVEMYSFVSIL 1 1 f
(18,19)*) Gag YSPVSILDI i i

36 Fol MIGGIGGFIEVEQYD 1 1 {
37 Pal ]K"JRQYDQIL]HCGIG{”J f §
45 Pal WIGRNILTQIGCTI{K”J 1

28 Pol GSPAIFQSSMTEILE i

289 Pol IFQSSMTEILEFFRA i

93 Pol ENPEIVIYQYMDDLYWV 1

a7 Pol-Vif SDLEIGOHE-MENEWQY 1 f

146 Fol SPGIWOQLDCTHLEGE f
160 Pal NGOVEDQAEHLETA f
161 Pal VEDQAEHLETAVOMA f
(162, 163)% Pol ETAVOMANT i i
164 Pol VOMAVFIHNFERKE GGI i
(167, 168) Pol YSAGERI-WK® i i

173 Fol GAVVIODNSDIEVVE 1
(175, 176) Fol VVPRREAKI }

(182, 183)® Env GSTHGAASMTL 1 f f
(194, 195) SIV Gag CM9 CTPYDINQML ; } }
198" Env-8V5 RGPGRAFVTIFNPLL i
195 Env-5V5 RAFVTIFNFLLGLD 1

2l Sequence next to two peptides in brackets indicates that an optimal epitope contained within those peptides was used.

B A positive response means that specfic IFM-y release to peptide stimulation was detected on at least two separate occasions.

=) Junction between two adjacent regions in HIVoonsv is shown by dash.

4 Peptdes 37 and 45 were modified by the addidon of two lysines at the C-terminus to increase solubility.

=) Peptides 198 and 199 are not derived from the conserved HIV-1 regions, but rather from a BALB/c mouse T-cell epitope in HIV-1 Env and mAb tag
originating from simian virus 5, which were added to the HIVconsv immunogen to facilitate preclinical development.



HIVconsv vaccines induce polyfunctional,
oligoclonal T-cell populations
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Summary

The DDDAM regimen, which mimics one of the planned clinical schedules, was
highly immunogenic in macaques .

Adjuvanted SLP.HIVconsy, partitioned and delivered at disparate anatomical
sites, elicited broader and more potent T-cell responses that were neither
induced nor maintained by single- ORF genetic vaccines.

A “ceiling”’ effect appeared to operate for certain specificities with repeated
vaccinations in a complex heterologous regimen, such that response magnitude

was not enhanced substantially beyond a certain vaccination.

The extent to which T cells elicited in response to HIVconsv vaccines actually
recognize and kill HIV-1-infected human cells remains to be determined.

The animals in this study cannot be challenged.
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Main message:

e Vaccine tested: pTH. HIV consv, DREP.HIVconsv,
MVA.HIVconsv, ChAdV63.HIVconsv

e Specific CD8+ T-cell responses

e Test immunogenicity in mice and macaques



DNA constructs and HIVconsv immunogen
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Much lower doses of DREP.HIVconsv than plasmid
pTH.HIVconsv DNA are required for indution of
CD8+ T cell responses
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The DREP.HIVconsv vaccine potently primes CD8+ T cells
prior to a heterologous boost immunization
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MVA.HIVconsv dose test
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A 20-fold-lower dose of DREP.HIVconsv than of plasmid
DNA induces an equivalent response in rhesus macaques
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Summary

 Immunogenicity of DNA vaccines can be strongly enhanced by the use of an
alphavirus replicon DNA vector (125 times lower dose) and EP (625 times lower dose).

T cell responses primed by replicon DNA can be further boosted by recombinant
MVA- and attenuated chimpanzee adenovirus-vectored vaccines.

* Does titration in macaques is necessary.



Prime-boost regimens with adjuvanted synthetic long
peptides elicit T cells and antibodies to conserved
regions of HIV-1 in macaques
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e Vaccine tested: pSG2.HIVconsv DNA(D)
,imiquimod/montanide-adjuvanted SLP.HIVconsv (S),
MVA.HIVconsv(M), ChAdV63.HIVconsv (C)

e Specific CD8+ T-cell responses

e Test Prime-boost regimens of DDDCMS, DSSCMS and
SSSCMS in rhesus macaques.



DDD, but not DSS or SSS, primes consistently low

T cell responses
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DDD primes for robust CD4+ T-cell expansions by CM, and
SLP.HIVconsv boost broadens CD4+ T cell responses
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DDD primes for robust CD8+ T-cell expansions by CM

IFM-y SFUM0® CD4 PBMC

199 individual 15/11 peptides across HIVeconsy
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HIVconsv-specific T cells proliferate and are
oligofunctional
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SLP.HIVconsv induces antibodies to conserved
regions of Env
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Summary

 DDD primed for the largest subsequent expansions of HIV-1-specific T cells.
e DSS primed for the highest titres of Env-specific antibodies .

* Electroporation spares the DNA vaccine dose and SLP broadens the specificity of
T cells induced by single-gene genetic vaccines.
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Table 1
Summary of animal treatments.

Group? Treatment MNumber of animals Dosing
Male Female Day 1 Day 15 Day 29 Day 43
1 Control 10 10 PBS PBS PBS PES
2 DoDC 10 10 S50pg S0pg S50pg 595 107 vp _
pSG2.HIVoonsy® pSG2 HIVconsy pSG2 HIVconsy ChAdVE3. HIVconsv™
3 Control 10 10 PBS PBS PBS ND
MMM 10 10 2« 107 pfu 2 107 pfu 2 10F pfu ND
MVAHINconsve MVAHIVconsv MVAHIVconsv
MND - not dosed.

3 This summiarised two studies UNOO12 and UNO011 testing toxicity of DDDC and MMM regimens, respectively.

b Injected volumes i.m. of the pSG2 HIVconsy DNA and ChAdVE3. HIVconsv vaccines were 50 pl.
¢ Injected volume i.m. of the MVAHIVoonsy vaccine was 20 ul.



Table 2

Tissues examined at necropsy, weighed and subjected to histopathological

examination.

Macroscopic abnormalities

Adrenals

Aorta - thoracic

Brain

Caecum

Carcass

Colon

Duodenum

Epididymides

Eyes

Femurs®

Gall bladder

Harderian glands

Heart

lleumn

Jejunum

Kidneys®

Lachrymal glands

Larynx

Liver®

Lungs®

Lymph nodes
-Mandibular
-Popliteal

Desophagus

Optic nerves

Ovaries®

Pancreas

Parenteral sites (right hind

limb, muscle and overlying

skin)

Peyer’s patches

Pituitary

Prostate

Rectum

Salivary glands
-Submandibular**
-Parotid*
-Sublingual*"

Sciatic nerves®

Seminal vesicles”

Skeletal muscles

Skin with mammary glands

Spinal cord

Spleen®

Sternum

Stomach

Testes?

Thymus?

Thyroid with parathyroids

Tongue

Trachea

Ureters

Urinary bladder

Uterus and cervix®

Vagina

# Only one processed for examination.

b Weighed (salivary glands weighed together, lung weight included mainstem

bronchill.
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Table 2a
Haematology for DDDC?

Groupjsext Het (1) Hbgdl) REC{=1071) Rebic(¥) MCH(pg) MOHC(gdl) MOV WEBC[«10%T M{=1091) L{=10%1) E[=10°%1) B{=10°1} M{=10°} LIC([=10°%1) PIb{=10°1)
M Mean 0518 160 1069 221 150 DB 484 443 0E7 37 o2 ool ] 003 1100

D 0Im3 025 0.153 o1s 015 o017 048 16 0Es 1297 0041 0os 0033 0026 485
pit} Mean® 0512 159 1067 278 1449 310 481 (320 1.3 53E™ [ R E] oorr 013" 0os 118"

D 00087 023 0210 0144 031 042 080 17 0723 1108 o.os1 005 0042 002 E50
IF Mean 0492 153 o7 226 155 312 408 283 054 231 o7 0.0 ogs ooz 1018

D 00080 033 0217 0344 o4 0.45 0831 1522 o033z 1181 o3z 0os 0021 003 2
¥ Mean® 05097 16T 10.46™ 1EE 157 114 487" 4mD DES 294 om ool noe o0z 1nig-

D 00167 054 0387 D583 017 0.58 086 240 0545 1.755 o053 005 0057 0021 L |

Ht - haematocrit; Hi - haemaglabin: RBC — erythrocyte: Retic - reticulocyte; MOHC - mean cell hasmogiotin concentration: MOV - mean cell volume; WEC - total white cell count: N — newtrophils: L- lymphacytes: E -
eosinophils; B- basophils: M - Manacytes: LUC - large unstained cefls: Pt — plateist.

* Amimals received 3 doses LT of pSG2 HIVoosy DMA follawed by | dose Lm. of ChAGVEE HIVoansy.

b 1M - males contral: 28 - makes receiving DOOC; 1F - females control; 2F - females receiving DODC.

© [-Test: *p<0.05, ™ p< 0.01.

Table Ib

Haematoiogy for MMM

Groupjsext Mct(I) Hbgidl) REC{-10"1) Rebic(%) MCH(pg) MOHC(gdI) MOV WEBC[=10%T) N{=10%1) L{x10%M) E(=10%1) B(=<10°[1} MA{=10°(} LUC[=10°%1) PIt(=1071)

M Mean 0456 153 10,62 259 148 118 411 112 £.00 098 551 o1 om nis 00s
o 00143 043 0318 sz 021 0.48 057 213 [.B56 0253 0.683 0ois 0.006 0.048 noe

M Mean® D458 157 1058 143 145™ 314 437 1053 4357 066" 138 o oo oo ngz-
D 0073 040 0241 0242 014 052 053 410 0o 09 0840 0040 0005 0044 0008

IF Mean 0448 153 10.08 250 152 241 446 a7z 3.03 073 209 om 000 011 ooz
o 00Is3 039 0218 077 020 o053 054 498 1.245 0213 1.097 0034 0.005 0031 a1

IF Mean® 0453 155 1028 230 152 317 450 1047 4.31 07s 113 o1z om” 008 Ty
D 00172 038 03z 0.389 043 1.09 035 903 1476 0317 1.242 [iLiE] 0004 0016 nma

Hct - haematocrit; Hb - haemaglabin: RBC - erythrocyte; Retic - reticulocyte; MCHC - mean cell haemoglotn concentration: MOV - mean cell volume; WEC - total white cell count; N - neutrophils: L - lymphacytes; E -
eosinophils: B- basophils: M - Manacytes: LUC - large unstained cells: PIt- plateist.

* Amimals received 3 doses L. af MVAHIVCosy.

b 1M - males contral: 26 - mabes receiving MMM: 1F- females contral: 2F- females Teceiving MMM

© [-Test: *p<0.05, ™ p=< 001

Table 3
Blood Chemi stries- Par aneters with satisti cally sgnificant differences,
Group'Sex ALT(UA) AST(USI) Bk Urea Creat Glue Tng Na K Ca Phos Total Prot Alb Gamma NG
(wmolll)  (mmelfl)  (umolil) (mmolfl}  (mmoll) (mmolil) (mmolfl} (mmelfl} (mmoll) (gfl) (&) (g} ratio
MMM?® (=10 per group)
™ Mean 40 4 6.16 1.00 2 1 162
sD 93 100 0287 0.241 1.4 ao 0119
™M Mean =0 a 701* 1.56** 54~ r* 150*
sD 129 08 100 0.519 13 0.4 0079
1F Mean 40 74 151 4.1 248 5 313 1 1587
SD 198 ns 11 0,36 nos2 1.6 1.6 0o 0157
2F Mean = " 1} T 250 - o 35 k o 177
sD 164 ns 14 0.38 0463 1.6 11 ns one
DDDC (n=10 pergroup)
M Mean 10 1.52 4.0 4 0 148
sD 13 0.233 0.3 1.2 as 007%
M Mean | 2.0 4.r 48* w 1427
sD 15 0.768 0.4 1.6 1.0 0065
1 Mean 1 870 10,12 1.49 238 21
sD 0o 1276 1.25% 0,24 00% 0.322
2F Mean > [ 1247 nor 240 .00
sD as 1023 2.257 0.222 Q066 0.5

ALT ~ alanine aminotransder ase; AST - aspatate aminotranderase; Bili - Total bilirubin; Creat - aeatinine; Gluc - glucose; Trig - triglycerides Phos -~ inorganic phosphorus; Alb ~ Albumin; Gamma - y-globulin; A/G
albuminiglobulin ratia,

& 1M~ maies controi; 2M - maies receiving MMM ; 1F- femai es control; 2 F-femaies receivi ng MMM,

® Animals received 3 dosesi.m. of MV AHVcosvy.

© Animaks received 3dases im of pSG2HN cosw DNA followed by 1 dase im of ChAdVEL HNconsy.
4 p.Test: *p<005; **p<Q01,



Table 4
Tissue= enlargement.

Group Treabmeni Diay af Number of animals] Drpan/iissue examined?
Framenason tissues s ined Spleen Popliteal lymiph node Inguminal lymph node
{right] [right)
Male Fernal= Male Female Mal= Female
1 Control Day 50 L] 1] o 1] i 1] 1]
2 Dooice Day 50 L] 1] 50 1] i 1] 1]
3 Control Day 36 L] 1] o 1] ] o 1]
4 MMM Day 36 L] 1] o o BI10 &ria aro
2 The numkbsers in the tabls indicate the number of animals in sach group with significantly enlarged organs.
b Animals rec=ived 3 doses Lm. of pSGZ HIV oosw DNA followed by 1 dos= im of ChAdWEI HIVconsy.
= Animals received 3 doses Lm. of MVAHIVoon=sy.
Table 5
Microscopic pathology at the injection site.”
Dbs=rvation Group 1 (oontrod) Cm.lpIiIJEDE"] Group 3 (control) Group & (MMM
Male Femul= Male Femal= Male Female Male Female
Myahbre inflammation ] ] 1Wio arno
Miyafbre regeneration 1] o S0 o
Myafbre necrosis/degeneration ] ] 30 3o
Intersttial imflammation ] ] 410 aro
Intermyafibrel imterfascicular] perimysial i} a 10710 1071
inflammatory cell infiltrate
Dermal inAlammatory c=ll mfltrabe 4o 5o BIo 8o
Number of tiszuss sxaminsd L1 o L1 1 o 10 o o
Table &
Microscopic changes in the lymph nodes.
Obs=rvation Group 1 Graup 2 Group 3 Group 4 {MMNM©]
[controd) [NDDCE) [camtral)
Popliteal Ingainal Popliteal Iy ezl Poplibeal Irszuinal Popliteal Irezuinal
M F M F M F M F M F M F M F M F
Increassd cellularity - peneralised ] 1710 1] 1] 7ra (1] ] ]
Masmacytosis ] 1] 1] 1] 471a [iz] ] 1710 1] [i] 471a 4ria
Perinodal Inflammation ] 1] 1] 1] 5710 19 ] ]
Increas=d perminal centre development o a 10 1071 516 78
Mumber of Hssues sxarminsd B 10 10 10 10 g 10 10 ] g 1] i 10 10 [ B

* The numbers in the tabls indicate the mumbs=r of animals in each group with significant microscopic changes.
b Animals recsived 3 doses Lm. of pSE2-HIY cosv INA followsd by 1 dose i.m. of ChAJVE3. HIVoonsy.
= Animals received 3 doses Lm. of MVAHIVoonzv.
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HIVconsv vaccines induced high frequencies of
HIV-1-specific T cells
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HIVconsv vaccines induced high frequencies of
HIV-1-specific T cells
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HIVconsv vaccine-elicited T cells were of broad specificities
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HIVconsv vaccine-elicited T cells were of broad specificities
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HIVconsv vaccine-elicited T cells were of broad specificities

Pool 1
Pool 2

Pool 3

Pool 4

Pool 5

Pool 6

HIV-1 vaccine

(w0607 | Car'nris  Dw'neon | Ca"oemn |G Co"onon | Car"nae | D" | 'm0z | Ga'oome | Dw'oesot | Car'o40n | Cw'mog | Ce'oecn | Cw'ooos | Ce'oeoe | Ce"oron
("o | Car®1.402 | Dor"oosce | Cs”corn | T Do | e § D" | Cw'rean | Car'oorme | Dw'omn | Co'nens | Cw'oros | Cefonos | Cw'1801 | Ce" 13| Cu®imne
B | Brsse | B'som | EMoros E'swn | B'ore | E'ooon | Bas0z | Boeme | B'osn | B'ason | B'oone | Eomz | s | B'asox | Eos
H'spon | Efmion | Bam | Efoscd | B'svos | E'oscn | Bocn | B'wos | Bhison | Baaoe | B'4ne | BPeood | BMgoves | B'wen | B'ssn | Baooz | BT
Koo | Amaon | A'om | Ao Aoan [ Ameo | A'mon | Koz | Kem | Aten | A'ooaon | Aosot | Aot | Aoemn | A'oem | Ao
Aoom | Ao | Ao | A Axmg | A'opon | A'ooon N A'mown | Ao | Atonon | oo | Atsoos | Apenp | A™ion | Apeoe | ATion | A%3mo |
Prupiscls Bagumnca = = e 4m a1 azA 413 414 ars ane 417 EET am an a=F
MNIDMZ AT LA 53
WBIONE  EYPNFTLSEGAT am [ omme
SO IY  SOVAITMILAATAD | oET
RO L DUAMDWOR PR [TEm]  4sm e ST 4 g C wm
WD M PWBRNDTATLO =3 w1
WD WIRCIATRUNS neT ny
RO I U RRTSREL =3 T =T
DN M NEAVILIRD oo
WD T ERCOWEDRKICHINE 2
e
e LT T T I
WD 1] CTEROAWLGEFS omn -
1 —
EIRODH 11 LGARFE-PWERG 2800 wr ]
DM IS O GG =T a7
DN TYLAGPTRMGAN =
VOO GEMLTORCTLRRE =nr
o T =0
DN T =3 =3
g =
WIRDH G DETEA RRLADRRILN m
SO AT LSRR )
WCODHT? | WIDMIRRDEGTR oy F=r)
ECOH | YT EGIRETA -
ECEM D GPRESTAFTE =T
SN RN TR o | =TT =T
SRR TR RENITES Hm
ECDHAD R TG =m0
T e e e
e i il ol Ty nT 2mn0 =0 ey
DR EnTIRAERRA o7
ECOMSE UATOE A =
SRR s -
HOTDN G Rl el
DR RS = nr T m EG =m0
- (R ol -__Il
T T
i el A PR 00
HCDM 1] BARWCNTR AR =3 EaF--] (=1
mmoa uy oepavesivecces | IS @ W ny _mm |
el L T me e = == | owem
HRADM | PARRY O TR =
et U L i \3
HRACH U @ 1
HRCOM LI RLSH T RS X0
HRADH 111 SENUAT AT Ll
[ ny =
WO LR A TR ar 0T 40
| AN FERERTEFI | Cama
WEACH IR PRALASTERL AT 450
T "7 g
HRTON [F] R R R ) ar
| MO L] e Pl e . Com | 2|
A 1 s o) = g T Bz
T e e =
w7 467 ]
e o | WA TRRET, = TEmEn
[T T T R TS TE P PR 43
MO U s 420 m E ]
HANOH |38 DRAD G T =T
DN L] G RCR o0
=
=
m3
[
=7
=0
-y i = =7 &0 =y
7
—_— =
RN e L]
= Sl e I =
m T L
o7
] o
B = =0
o =0 a7
amo
T | 17
ny
L oo
— 00
ey 00
(o v = -
__ 00
=m0
- — -
B30 s
=
=
NA ImYnYaYal\W,|
CIVI UUUCIVI

Week 28

blue, Gag
, Pol
, Vif
purple, Env
: peptides
containing a junction

54



HIVconsv vaccine-elicited CD4+ and CD8+ T cells
were polyfunctional
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HIVconsv vaccine-elicited CD4+ and CD8+ T cells
were polyfunctional
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HIVconsv vaccine-elicited T cells inhibited HIV-1
replication in vitro

e Exp design

virus-inhibition assay (VIA)
vaccine-induced CD8+ T cells VS autologous CD4+ T cells

Different clade of virus tested: ELI, CHO77, CH106, 247Fv2, ZA97012, U455, Bal and Nef-
mutated IIIB



HIVconsv vaccine-elicited T cells inhibited HIV-1
replication in vitro

Q

CM DDDCM

Clade
411 418

—— |IIB B
ELI

- CHO077

- CH106
247Fv2

-0~ ZA97012

-0- U455

-4 Bal

Virus Inhibition (log,)

o — M (7] e w (=]
ES— 1 1 1 1
L]

6
5
4
3
2
1
0

@®>OOE®

0 9 12 28 0 21 22 28
Time (Week)



HIVconsv vaccine-elicited T cells inhibited HIV-1
replication in vitro
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Replicative capacity of HIV-1 isolates in autologous
CDA4+ cells
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Both Gag- and Pol-specific CD8+ T-cell frequencies
correlated with in vitro HIV-1 inhibition
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Both Gag- and Pol-specific CD8+ T-cell frequencies
correlated with in vitro HIV-1 inhibition
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Summary

Chimeric immunogen HIVconsv made of consensus clade sequences, which may not be
present in natural isolates, elicited T cells that recognized HIV-1-infected cells.

The CM and DDDCM regimens induced transgene-specific, IFN-y—producing T cells, which (i)
reached unprecedented high median total frequencies of 5.2 k and 5.8 k SFU/106 PBMC,
respectively; (ii) included both CD8+ and CD4+ T-cell subpopulations;(iii) were broadly
specific; (iv) produced multiple intercellular signaling molecules; (v) proliferated to recall
antigens; and (vi) showed efficacy in vitro by inhibiting HIV-1 replication in cultured
autologous cells.

Correlation of ex vivo IFN-g ELISPOT assay frequencies with virus inhibition.

Pol specific CD8+ T-cell responses correlated as well as or better than the Gag-specific
responses with virus inhibition.



Outlook

HIVconsv-specific responses were detected in 100% of vaccinees and recognized an average
of 8 naturally subdominant HIV-1 epitopes, which originated from conserved regions
common to many circulating viruses.

Some modification of the delivery regimen may be needed.

Demonstrate protection of humans against HIV-1 infection in conjunction with a vaccine that
elicits effective anti-Env antibodies.









Overview: Past HIV-1 vaccine trials

AIDSVAX B/E gp120
envelope glycoprotein .. / .gp reported 2006 [1]:
I:> clinical trial:

gp120 vaccine high-risk cohort no protective

effect

vaccine targeting Gag, od 2008 [2
reporte ;

Pol & Neff vectored by STEP clinical trial p _ [2] |

adenovirus type 5, I:> (MRK rAd5 :> no protective effect;

imi ' . may even increase
aiming to induce CD8+ T vaccine) . ky s
cell response rs (vector Sa ety.)

prime with ALVAC-HIV reported 2009 [3]:

recombinant canarypox RV144 clinical trial: )
: - estimated 31%
vector vaccine + boost :> lower-risk cohort :> Srotective effecot

with AIDSVAX B/E gp120
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