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Nucleoside/Nucleotide Analogs (NRTIs)

Combivir Emtriva

(zidovudine/ (emtricitabine (lamivudine (abacavir/

lamivuding) or FTC) or 3TC) lamivudine)
» - /

" K B
| T &

Multi-Class Drug Combinations

¢

Retrovir Trizivir Truvada Videx, Videx EC Zerit Vireac
(zidovudine (sbacavir/ (emtricitabine / (didanosine (stavudine or d4T) (abacavir (tenofovir
ZDV or AZT) lamivudine/ tanofovir DF) or ddl) or ABC) or TDF

zidovudine)
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Non-Nucleosides (NNRTIs)

Entry Inhibitors

Cnnphn Stribild Edurant  intelence Sustiva Viramune Fuzeon Selzentry
(efavirenz/ (rilpivirine/ (elvitegravir/cobicistat/ (nlpivirine (atravirine (delavirdine (efavirerz (nevirapine (enfuvirtide (maraviroc of
emtricitabina/ emtricitabine/ emtricitabine/ or RPV) or ETV) or DLV) or EFV) or NVP) or ENF) MVC)
tenofovir DF) tenofovir DF) tenofovir DF)
j p e
J /"/ IE By
Integrase
Protease Inhibitors (Pls) Inhibitor
Aptivus Invirase Lexiva Norvir Prezista Viracept
(tipranavir or TPV)  (indinavir or 1DV) (saquinavir (lopinavir/ritonavir) (fosamprenavir (ntonavir or RTV) (darunavir or DRV) (stszanavir or ATV)  (nelfinavir or NFV) (raltegravir or |
or SQV) or FPV)
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HIV infection is characterized| Antiretroviral drugs are HIV rebounds after
by high levels of circulating | capable of suppressing HIV to stopping therapy
viruses in the blood undetectable levels
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Trial ID Vaccine description Category Phase Duration
RV305 ALVAC-HIV (vCP1521) and/or RV144-related Il 2012.04-2017.05
AIDSVAX B/E late boost
RV306 ALVAC-HIV (vCP1521) prime, RV144-related 1] 2013.09-2017.11
ALVAC-HIV/ AIDSVAX B/E boost
RV328 AIDSVAX B/E prime and boost RV144-related Il 2014.07-2018.12
HVTN100 ALVAC-HIV (vCP2438) prime, RV144-related /1 2015.01-2017.01
ALVAC-HIV (vCP2438)/bivalent
clade C gp120/MF59 boost
HVTN702 ALVAC-HIV (vCP2438) prime, RV144-related 1Ib/11 2016.10-2021.07
ALVAC-HIV (vCP2438)/bivalent
clade C gp120/MF59 boost
X001 CN54gp140 with GLA-AF Envimmunogens | 2013.10-2015.11
CR104488/ Trimeric gp140 with/without Envimmunogens | 2014.12-2016.04
HIV-V-A003/ aluminium phosphate
IPCAVDO008
FLSC-001 Full length single chain Envimmunogens | 2015.11-2018.07
gp120-CD4 complex vaccine
CR100965/ MVA Mosaic HIV Mosaic vaccine | 2014.09-2015.11
HIV-V-A002/
IPCAVDO006
CR106152/ Ad26 Mosaic HIV prime, Mosaic vaccine /11 2014.12-2019.04
HIV-V-A004/ Ad26 Mosaic HIV or MVA Mosaic
IPCAVDO009 and/or clade C gp140/aluminum
phosphate boost
CR108152/ Ad26 Mosaic HIV or Ad26 Mosaic4 HIV prime, Mosaic vaccine Il 2016.07-2018.09
VAC89220HPX2004 clade C gp140/aluminum phosphate and
Ad26 Mosaic HIV or Ad26 Mosaic4 HIV boost
CR108068/ Ad26 Mosaic HIV with clade C gp140/ | 2016.03-2019.01
VAC89220HPX1002 aluminum phosphate prime and boost
HVTN 090 VSV-Indiana HIV gag vaccine Replicating vectors | 2011.10-2013.01
NCT01989533 Ad4-mgag and Ad4-EnvC150 Replicating vectors | 2013.11-2020.02
HVTN 110 Ad4-mgag and/or Ad4-EnvC150 prime, Replicating vectors | 2015.03-2017.02

rcAd001/IAVI ROO1
HVTNO76

HVTN 087

CRO2059

HVTN 092

HIV-CORE 004/
IAVI N0O4
HVTN 106
HVTN 098
CUTHIVAC002

VRIO1

AIDSVAX B/E/aluminum hydroxide boost
RcAd26.Mosaic1.HIV-Env
VRC-HIVDNA-016-00-VP prime,
VRC-HIVADV014-00-VP boost

HIV-MAG vaccine with/without IL-12 pDNA
adjuvant electroporation prime, VSV HIV

gag boost

HIV DNA (CN54ENV/ZM6GPN) prime, MVA-C/
CN54rgp140/GLA-AF adjuvant boost
DNA-HIV-PT123 prime with/without
NYVAC-HIV-PT1 and NYVAC-HIV-PT4 boost
Ad35-GRIN/MVA.HIVconsv with/without pSG2.
HIVconsv DNA with/without electroporation
DNA Nat-B env or DNA CON-S env or DNA
Mosaic env prime, MVA-CMDR boost
PENNVAXR-GP HIV-1 DNA vaccine with

electroporation with/without IL-12 DNA adjuvant

HIV DNA-C CN54ENV prime with and without
electroporation, CN54gp140 boost

LIPO-5 or MVA HIV-B or GTU-Multi HIV B prime
and LIPO-5 or MVA HIV-B boost

Replicating vectors
DNA based

DNA based

DNA based
DNA based
DNA based

DNA based

DNA based
DNA based

Lipopeptides

I/

2015.01-2016.06
2011.05-2013.09

2012.05-2014.09

2014-2016

2013.04-2014.09

2014.03-2015.08

2015.01-2020.09

2015.04-2016.08

2015.11-2017.04

2014.03-2016.03

Recent Ongoing HIV
vaccine Clinical trials

Gao Y, McKay PF, Mann JFS.

Viruses. 2018 Apr 1;10(4).



RV-144: Evidence that an AIDS Vaccine Can Prevent
HIV-1 Infection in Humans

The NEW ENGLAND
JOURNAL of MEDICINE

Vaccination with ALVAC and AIDSVAX
to Prevent HIV-1 Infection in Thailand

im, M.D., D.T.M.H., Sor
is, M.D., Nakorn Prerr

han, M.D., Ph.D.
n Na

tF
1ael Benenson, M.D., San,

Tartag

s, M.D., D.Sc., Donald St n, Ph.D., Deborah L. Birx, M.D.
it Chunsuttiw Khamboonrt M.D., Pr Thongcl M.D., Ph.D,,
Merlin L. Robb, M.D., Nelson L. Mi Ph.D., Pr H. Kim, M.D.,
fort AIOPH-TAVEG Investig
ABSTRACT
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subjects (with the exclusion of 7 subjects who were found to have had HIV-1 infec- :'V :’“(E:'f*‘ (PF;°E'3""A ‘l'zz'seé g’z"
: i : S rmy Institute of Research, . Gude
tion at bas_clmc), the vaccine efficacy was 31.2% (95% CI, 1.1 to 51.2; P=0.04). Vac- p, YR“kw“e' MD 20850, or at jkim@

cination did not affect the degree of viremia or the CD4+ T-cell count in subjects in  hivresearch.org.

whom HIV-1 infection was subsequently diagnosed.

At L .. Wiy

*The names and affiliations of the Minis-
try of Public Health-Thai AIDS Vaccine
CONCLUSIONS Evaluation Group (MOPH-TAVEG) in-
This ALVAC-HIV and AIDSVAX BJE vaccine regimen may reduce the risk of HIV infection ~ vestigators are listed in the Appendix
in 2 community-based population with largely heterosexual risk. Vaccination did not af: ~ This article (10.1056/NEJM0a0908492) was
% 4 5 : : 3 o i published on October 20, 2009, at NEJM.
fect the viral load or CD4+ count in subjects with HIV infection. Although the results show 4.
only a modest benefit, they offer insight for future research. (ClinicalTrials.gov number, = gngi) Med 2009361
NCT00223080.) Copyright © 2009 Massachusetts Medical Society.
10.1056/NEJMOA090B492  NEJM.ORG 1

Downloaded from www.nejm.org at HHS LIBRARIES CONSORTIUM on October 24, 2009
Copyright © 2009 Massachusetts Medical Society. All rights reserved.

Cumulative Infection Rates in RV144
(“Thai Trial”) - modified ITT Analysis
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Proof of concept for a
protective vaccine
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Diversity of primate lentiviruses

HIV-1 HIV-2
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HIV spread pattern worldwide
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Global distribution of major HIV subtypes

North America

Africa

South America

CRFO1_AE,

OB CRFO7_BC

Oceania

Curr Opin HIV AIDS 2019, 14:153 - 161



Mechanism of HIV diversity

» Error-prone reverse transcriptase, a high propensity for recombination, and an
extremely rapid turnover in vivo, HIV’s capacity for mutation and adaptation is

enormous.

> Retrovial recombination was first described * *
in 1970 by Dr. Temin.

Prior to a recombination event, heterodiploid
virus must be produced from cells co-infected
with two different viruses. Following de novo
infection with a heterodiploid retrovirus,
recombinant or chimeric genome are created
by reverse transcriptase jumping between the
two (+) RNA or (-) DNA templates during
proviral DNA synthesis.




HIV Recombinants

HIV-1 CRF

Reference
Name strain Subtypes CRF20 BG Cu103 B,G CRF40 BF 05BRRIOS5 B, F1 CRF60 BC BAV499 B, C CRF80_0107 YA285 CRFO1, CRFO7
CRFO1 AE CM240 AE CRF81
= CRF21 _A2D 99KE_KER2003 A2, D CREAL €D CO6650V1 C,D CRF61 BC JL100010 B, C
CRF02_AG IbNG A G CRF82_cpx mSSDU12 CRFO1, B, C
CRF22 01A1  02CMLT72 CRFO1, AL
CRFO3 AB  Kalls3  AB CRF42 BF  IuBF_13 058, F1 CAr2BC s o CRF83 SSDUS4  CRFOL,B,C
CRF23 BG cB118 B,G LRSS cpx - m r
CRFO4 cpx  94CY032 A, G,H,K U CRRA3 026 J11223  CRF02,G CRF63_02A  10RU6637  CRF02, A6 CRE84
CREzeBe 378 &6 CRF44_BF CH80 B, F1
CRFO5 DF  VI1310 D, F o ' CRF64_BC YNFL31 B C CRESS BC  SCYR2 B.C
CRF25 cpx 02CM_1918LE A, G,U
CRF45_cp 04FRAKU A, K, U
CRFO6 cpx  BFP90 A G,J,K Cpx CRF65_cpx YNFLO5 CRF01, B, C CRF86_BC 15YNHS18 B, C
CRF26_A5U 02CD_MBTB047 A, U CRF66
CRFO7 BC ~ 97CN54 B, C CRF46_BF 01BR0O87 B, F1 e CRF87 cpx  DH32 CRFO1, B, C
CRF27 cpx 04FRKZS G' EGH LK CRF67_01B MAS59 CRF01,B
CRFO8 BC ~ 97CNGX-6F B',C
iR 4 CRF88_BC O05YNRL25 B,C
CRF28 BF BREPM12609  B,F1 CRRA7_BE P1942 B.F1 CRF68 _01B  XC46 CRF01, B
CRF89
CRFO9 cpx  96GH2911  A,G,U CRF29 BF BREPM16704 B, F1 CRF48 01B 07MYKTO14CRFO1, B CRF69 018 10JP- CRFOL. B
5091N200 ’ CRF90_BF1  BRGO6043 B, F1
CRF30 0206 OONE36 CRF02, CRFO6
CRF10 CD  TZBFO61 c,D
CRF31 BC 04BR142 8,C CRF49_cpx N28353  ALG KU CRF70_BF PEOO4 B, F1 CRF91
CRF11 cpx  GR17 AEG,JU CRF32 06A6  EE0369 CRF06, A6 CRF92_C2U  DRC699 cu
CRF50_A1D 8179 A1,D — PEC08 B, Fl
CRF12 BF  ARMA159  B,F1
CRF33 01B 05SMYKLO07 CRF01, B
CRF51 01B HMO021 CRFO1,B CRF72_BF MGO002 B, F1 A1, AS5,C,
CRF13_cpx 96CM-1849 SRFOLA' G, CRE3_cpx DRC817 CRFO2,U
CRF34 018 OUR2275P CRFO1, B CRF52 01B  MO043 CRFO1,B
CRF14 BG X397 B,G CRFS3 018 111FIR164 |CREOL B CRF73_BG 9196_01 B,G
CRF35 AD AF095 A D e ’ CRF94_cpx  32FR0916 CRF02, B, F2
CRF15_01B  99TH.MU2079CRFO1,B CRF54_01B  09MYSBO23CRFO1, B CRF74_01B 10MYPR268 CRFO1, B
CRFO1, CRF02, e — d CRF95
CRF36_cpx NYU830
P e crss 018 NG10205¢peoy g CRF75
CRE16.A2D 97KRO04  A2,D CRES5 018 ¢ : SESs CRF96_cpx  JLRFO1 CRF01,B,C
CRFO1, CRFO02,
CRES7 cox  INYUS26 AGU CRF56_cpx  URFS CRF02,8, G CRE/6 018 NE28 CRFOL,B
CRF17_BF  ARMA038  B,F1
oprs7 B 439 B c CRF77_cpx  14MYNBB09O CRFOL, B, C
CRFI18 cox  CU76 ALF, G, H, K, e e e CRF98_06B  A-Bordeaux CRFO6_cpx,B
CRF18_cpx - )
u CRF58_01B  09MYPR37 CRFO1,B CRF78_cpx YNTC19 CRFO1, B, C - -
CRF19_cpx  CU7 AL,D, G CRE0 BE 03BRRI03 1B, F1 CRF59_01B  O9LNA423 CRFO1,B CRF79_0107  SX15DT013  CRFO1, CRFO7
Refi
HIV 2 CRF Name ee:rence Subtypes
- strain
HIV2- HIV2-A,
CRFO1_AB 7312A HIV2-B

https://mww.hiv.lanl.gov/content/sequence/HIV/CRFs/CRFs.html
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Study on HIV recombination
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Schematic for HIV-1 Env FRP system.

(A) pREC 5" LTR nfl envA (aka
5" LTR envA) is the major plasmid
containing all genes except the 3’ LTR
sequence and expresses all of the
viral proteins. The
pREC_ nfl A pol 3’ LTR envD (aka
3’ LTR envD) is a helper plasmid
containing a truncated HIV-1 genome
devoid of the 5’ LTR and pol
sequences. The HIV-1 strain NL4-3 env
genes in the two plasmids have been
replaced by subtype A and D env
sequences, respectively. (B and C)
I1lustration of how intersubtype
recombination occurs using the HIV-1
Env FRP system. The two defective HIV-
1 genomes, if co—packaged, can
complement each other to initiate and
complete reverse transcription;
however, (B) infectious complete
genomes will only result when
recombination occurs within the env
region, while (C) recombination in gag
region will result in defective viral
genome and noninfectious viruses.

J Mol Biol. 2017 May 1; 2836 (17):30192-4
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Study on HIV recombination
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Persistent, latent infection of memory CD4 cells
decays slowly over time.

Viral activation or cell death
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HIV-1 latency reversal can be achieved
more readily using HIV-1 antigens
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ACT-VEC cloning strategy

(A fully native but “dead” virus particle)
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ACT-VEC are morphologically
similar to HIV-
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Percentage RNA remaining (%)

ACT-VEC contain no viral RNA
and are non—infectious
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VLP vaccine formulations
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ACT-VEC are a polyvalent quasi-—
specles
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Induced virus has the 5°LTR and wild type sequence for ¥ but
ACT-VEC lack the 5°LTR and has mutated ¥ (DS.1 mutations)
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Evolution of CARs design

1st Generation 2"d Generation 3" Generation 4% Generation

scFv
Antigen _/
Binding @) cytokines
Transmembrane/l"}_ RiRiRIRIRIRS RigigigiRg
domain ':-f-.] .......
,.-;:' Costimulatory Costimulatory Costimulatory;,
domain 1 domain 1 domain 1 e
Costimulatory
CD3¢ domain 2 cos @
Signalling ( CD3¢ ¢
CD3¢
\_ ROV

The CAR is composed of 3 components: 1) Extracellular antigen-binding domain derived from a monoclonal
antibody single chain variable fragment (scFv); 2) A transmembrane domain anchoring the CAR to the T cell;
3) An intracellular T cell activation domain of CD3 with or without costimulatory molecules. The
transmembrane domain connects the scFv, which specifies the T cell binding to an antigen, and the
intracellular CD3¢ domain responsible for T cell activation. CARs can recognize cell surface antigens in an
MHC-independent manner. When the CAR binds to a tumor antigen on the surface of a target cell, the CAR
T cell will induce apoptosis using the same mechanism as normal T cells.



Combination vaccination with Flu and HIV vaccine to maximally expand bNAb-CAR
T cells in vivo
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Broadly neutralizing antibodies against HIV-1
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The sites recognized by best in class antibodies

From Klein et al. Science 2013

CD4 binding site
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Optimal Combinations of Broadly Neutralizing Antibodies for Prevention and
Treatment of HIV-1 Clade C Infection
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Combination of two bnAbs offers >98% coverage.

PLoS Pathog 12(3): 1005520




Challenges associated with bNAb application

in HIV prevention/treatment

Passive Immunization Gene Transfer
« Short half life requires + Autoimmunity from
repeated injections sustained bNADb
production

 Efficient antibody
expression and yield

* Auto-reactive bNAbs with the long-term antibody expression achieved by gene
therapy creates a potential for autoimmunity

* How to achieve a protective bNAb level while minimizing the side effects caused
by long-term bNAb expression. i.e. Controlled expression of bNAb?



Hypothesis

Based on memory response dynamics, bNADb expression
from the transduced antigen-specific B cells can be activated
and modulated by the same immunogen (i.e. Flu vaccine) in

the preimmunized animal.

VRCO1 Retrovirus- Anti-HA 1gG
mediated
gene delivery AAAAANAAA y Y
and integration

Expression
VRCO01 bNAb

Flu Hemagglutinin (HA)
Specific IgG+ B Cells



Schematics of Project
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