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HIV “Rev” as the trigger

1) Rev is expressed only in HIV* cells
2) Rev is essential for HIV replication
3) Rev interacts with RRE (Maliam, 1989)

4) Rev/RRE regulates HIV mRNA splicing and
the nuclear export of unspliced mRNA

% Model of Rev oligomer
on the RRE

Other functions of Rev/RRE interaction:

- Genome dimerization and packaging
(Anson, 2003)

- HIV structural protein translation (Arrigo,
1991)

(Daugherty, Liu, and Frankel, 2010)
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sineTiear | Development of the HIV Rev-dependent lentiviral vector
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‘ - Delete all HIV genes
- Use REV/RRE to regulate Rev-dependent gene expression

GFP
,:'-]_ﬁ.:‘—_':l Wu et al. 2007, Retrovirology 4:12
5'LTR D1 A5 D4 A7 3'LTR
Wu et al. 2007, Current HIV Research 5: 395
pNL-GFP-RRE(SA)
Young et al. 2008, Retrovirology 5:36
(Available from NIH AIDS Reagent Program — Cat# ARP-11466) Wang et al. 2010, Gene Therapy 17:1063
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GFP 293T cells
IRES RRE
5 LTR D|1 A5| Dl 4 . A|7 3’ LTR
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Wu et al. 2007, Retrovirology 4:12
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HIV(HAS) + NL-GFP-RRE
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A

NL-GFP-RRE only
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Wu et al. 2007, Retrovirology 4:12 » mCD24 (HAS) (HIV+)

——» GFP
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Wu et al. 2007, Retrovirology 4:12

Young et al. 2008, Retrovirology 5:36
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Rev-CEM GFP indicator cell (available from NIH AIDS Reagent Program — Cat# ARP-11447)

Uninfected + HIV Untreated + PMA + TNF-a

o
-- E E a8
L w3 E
CEM-GFP
- ndent - -

(Tat-depe I RS S atiiit. R o NUUN

10 10 10 10 10 0 1 z ] ] T T
FLI-H " . 1 u’ o' Fﬂ?i& i’ iy

pNL-GFP-RRE(SA)-based Rev-dependent cells by others:

Wu et al. 2007, Current HIV Research 5: 395 Sup-GGP (Salasc et al, 2019, Scientific Reports, 19325)

Wu et al. 2007, Retrovirology 4:12 TZM-GFP (Gludish et al. 2020, Scientific Reports, 19900)
Rev-GGR (Benhur Lee et al. 2017, US Patent- US9,719,127 B2)
Rev-CEM-D4/-E7 (Alex Sigal, Jackson et al. 2018, elife, 30134)

23103 +edo 014

Rev-CEM s ] y ]
(Rev-dependent) * VA
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200
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5LTR D1 AsD4 } a7 3'LIR

Therapeutic gene

5LTR D1 AsD4 a7 3'LIR

* Anthrolysin O
» Diphtheria toxin A chain
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Young et al. 2008, Retrovirology 5:36
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HIV PERSISTENCE

DURINGTHERAPY | Proof-of-concept: killing of HIV* T cells in vitro
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Young et al. 2008, Retrovirology 5:36
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In vivo validation of the Rev-dependent vector in SIV/rhesus macaque

)

HSV1-tk pSIV-TK-RRE
5LTR D5 Agbha ' RRE ,,!? 3 1TR
¥ TRAFG6 pSIV-TRAF6-RRE
SLTR p1 AGD3 RRE 47 3'LTR

pSIV-eGFP-IRES-LacZ-RRE
P eGFP Lac/

5LTR py aA6D3 IRES RRE ,; 3'LR
- VX Vpr pSIV-Gag-Pol
R
Rev
AW SIV Env pLTR-SIV-Env
ELUTR p1 aAsD4 AT JLTR
SIV Nef pCGCG-SIV-Nef

pCMV

Herpes simplex virus-1 thymidine kinase (HSV1-tk)

Cellular

)Oi Cellular . Ki

KN HSV-tk Ki . inase 1.
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Ganciclovir (CGV)

- Competitive inhibitor of dGTP
- Inhibit DNA polymerase chain elogation

- Superior safety profiles: over 30 years of research
- Capable of mobilization and amplification
- High titer particles can be assembled: > 10%°

Tumor necrosis factor-associated factor 6
(TRAF6)

Frimec i the USA.

TRAF6 Regulates Cell Fate Decisions by Inducing Caspase
8-dependent Apoptosis and the Activation of NF-xB™

Recaived for pudl mmww 9,2005, 3nd In revised form, January 10,2006 Published, JBC Papers in Press,Januaty 25, 2006, DO1 10.1074//bcMS 08779200
Liusheng He'", Xiaoli Wu', Richard Siegel”, ai dPth_Llpky

- endogenous human gene

S10)00A Jad|oH

- low level expression is tolerated
- over-expression triggers apoptosis

From the *Flow Cytometry Section, Office of Science and Technole
National Institutes of Health, Bethesda, Maryland 20892

ity Branch, NIAMS,
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pAD-SIV3+ pSIV-eGFP-IRES-LacZ-RRE vSIV-eGFP-IRES-LacZ-RRE

+3IV -SIV
O ()0 wrmanan ;

e
| 2
\l/ O pCGCG-SIV-Nef o
=
: =
@ HEK293T
R in
@
v 5 &
500-1000 folds concentration to 0.5 ml
Filtration Safety test of SIV Rev-dependent vector particles in mice
. = o Q o o
Transfection Nd iy O i g T o 5 Concentrated  i.v. injection No.of Dayspost Observed
e 3 © 7] ol articles ml mice injection results
o g 2 2% p (mi) j
E‘) — ;—é‘ — % % — vSIV-LacZ-GFP-RRE 0.1 5 14 No adverse effects
= feH] g; g vSIV-LacZ-GFP-RRe 0.1(1:5) 5 14 No adverse effects
Q@ VvSIV-HSV-tk-RRE 0.1 5 14 No adverse effects
5 S o~}
HERZ33L =5 E T 0"_; T = O VSIV-HSV-tk-RRE 0.1(1:5) 5 14 No adverse effects
B E B VSIV-TRAF6(R)-RRE 0.1 5 14 No adverse effects
5“ VSIV-TRAF6(R)-RRE  0.1(1:5) 5 14 No adverse effects

* Female BALB/cJ mice aged seven weeks were used for intravenous (i.v.) tail vein injection
All animals were reported healthy two weeks after particle injection.
1:5is 1 to 5 dilution of the concentrated particles.

Hetrick et al. Gene Therapy, 2024, DOI: 10.1038/s41434-024-00467-9
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HIV PERSISTENCE

DURINGTHERAFY | Schematic of in vivo proof-of-concept animal study design

SIV-HSV1-tk-RRE
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A single Rev-HSV1-tk injection
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Hetrick et al. Gene Therapy, 2024, DOI: 10.1038/s41434-024-00467-9
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Lessons learned:

- It is very difficulty, if not impossible, to kill all reservoir
cells.

- Can we use Rev-targeting to partially modulate reservoir
cells to stimulate immunity for immune control ?
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Hetrick et al. Gene Therapy, 2024, DOI: 10.1038/s41434-024-00467-9
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10°

E 10% — JT43
3 — KC50
a 1074
3
e Proof-of-concept:
O 5. . °
g "’ Rev-dependent vector may also target microglia
E 10
> 10% /
n
101
WK 01y T T T T T
Post Infection 0 8 16 24 32 40 483 % 83 & 8
h‘# ‘ ART I | ART
+ SIVmac239
+C\?Sfi\(/j_i|pslffti1ci?k_g + vSIV-TRAF6(R)-RRE
QVOA of KC50 peripheral CD4 T cell reservoir at week 159 p.i.
CD4 T cell Assay Co-culture  Viral RNA Number
number/well  replicates days copies/ml  SIV+ well
3 060,600 g i ogn 0 - Peripheral CD4 T cell reservoir undetectable
200,000 3 14 <83 0 _ H : H H
6000 . I e : Tissue reservoirs may still persist
8,000 3 14 <83 0
1,600 3 14 <83 0
320 3 14 <83 0

* The calculated IUMP is 0.18 IU/ml
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Hetrick et al. Gene Therapy, 2024, DOI: 10.1038/s541434-024-00467-9
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e Reduce viral reservoirs

ART only * Inhibit viral rebound
- ART + ART .

Stimulate neutralizing antibodies (nAB)

A. Direct killing (HSV1-tk/GCV)
HIV* cell reservoir

+ Rev-targeting HIV immunotherapy (RHIT)

3 Rev dependent

. B. Remodeling C. Anti-HIV immunity
\ ;‘ T \]r/
nAB

— i —
Defective
Interfering

HIV* cell reservoir
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