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Lets start with definitions

The “cure” continuum

Long acting ART Sustained Sterilizing Cure
Remission (No detectable

(Qontrol of viremia infectious virus)
without drugs)

! !

Absence of rebound upon Reduction in the size of the latent,
cessation of ARVs replication-competent reservoir

(Control of viremia
with long acting
drugs)

Absence of rebound with
intermittent therapy
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The only HIV sterilizing cure

l BRIEF REPORT i Health
WORLD Us. ../ REGION BUSINESS | TECHNOLOGY | SCIENCE | HEALTH
Long-Term Control of HIV by CCRS Delta32/ | | search Heattn 2c0: o n
Delta32 Stem-Cell Transplantation o] | ™

New Hope of a Cure for H.LV.

NEJM 2009; 360: 692
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Barriers for HIV cure

The HIV reservoir:
One in a million memory CD4 T cell has a replication competent virus

2 Penn Medicine

Measures of persistent HIV in fully suppressed

patients on ART

Low-level @&
Plasma t-@
Resting memory T cell HIVRNA e

Cell-associated
HIV RNA
in resting

CD4+ T cells
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Total HIV DNA
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Not all proviruses are replication
competent. Defective integrated virus

RHPA_Consensus

TRIO_Consensus
1072 21 61

e O Whole genome sequencing of PBMC

& iranen | curen proviral DNA
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What Is New About The
Reservoir?
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HIV DNA Persists in CSF in Half of

Those on Long-term ART

HIV Persistence Measures in CSF Participants with CSF HIV DNA have
o n = 69 samples poorer neurocognitive performance
- Poorer NP by total z in Detected CSF HIV DNA
] bottar better
o™ 48% 1 iy -0
f- el :
s b
8w E o5 .
2
b 9% HY
a0 4% H H
o e . i
& Cell froe HIV RNA CA-HIV RNA CA-HIV DNA = l‘ 0 * :
Boxes indicate % positive; bars represent 85% confidence intervals worse. worse

HIV DNA Detected
ertormance

CA: cell-associated

NP: neurocognitive performance

? TG Spudich S et al, CROI 2018, #119 A ﬁ
e Robertson K et al, CROI 2018, #403LB
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Biomarkers to predict HIV rebound

Residual viremia

o Time to virus rebound after stopping ¥ eiEe
ART may reflect size of HIV reservoir! § -
£ Gt
¢ In retrospective analysis of participants £~ "
in ACTG treatment interruption studies, E e g
e
lower pre-TI residual viremia and cell- H ‘.4‘? 6,,«'“#’ ,.f

associated HIV RNA were associated
with longer time to HIV rebound?

Cell-associated HIV RNA

g Penoot
3. 5=
¢ Need to find virologic and immunologic R
markers that predict longer time to HIV 8 : @ == N
rebound in an intensively monitored g (] g
antiretroviral pause (IMAP) g ¢ -
o. .:"# & 4@#

Timing of Viral Rebound

IHill Aet al, PNAS, 2014; 2Li J, et al, AIDS, 2016
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Current ideas about curing HIV

1. KICK
2. KILL
3. PROTECT

PROTECT \
@ O G" © ©
Viral reactivation
ith I
global activation

KILL
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STEP 1. KICKING the reservoir

PROTECT‘
© ,a® . _®
600 .~ Og0
@ %ig

molecules with no
global activation

KILL

% Penn Medicine

5/19/2018

Activating the reservoir. SAHA. Proof of concept

LETTER

Admini
in patiel

ration of \'orinoﬁr:u disrupts HIV-1 latency

on antiretroviral therapy

RESEARCH

8007 = Basaine ART
-VOR 400 mg

600

+ The purpose is to
make the infected cell
more visible to the
immune system P

Relative HIV-1 gag copies
—_—
-

3

Archin et al, Nature 2012 Figure 3| VOR upregulates HIV RNA expression. The relative HIV-1 RNA

copy number (mean +1 5.d) measured in the resting CD4" T cells of cight
HIV-positive patients with plasma HIV RNA BDL is shown on background
ART andon ART following a ingle 400 mg oral dose of VOR. For each subject,
the differences are significant (P < 001)
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Romidepsin 5 mg/m2 (at 0,7,14 days)

Plasma HIV-1 RNA

Romidepsin

. b

Viral load (copies/mL)

M T
Days post first infusion
0066 00 ° e o

Viral l0ad: COBAS® TaqMan® HIV-1Test, v2.0
‘TMA: Qualitative NAT screening system (PROCLEIX ULTRIO Plus, Genprobe)

% Penn Medicine Ole Schmeltz Sggaard et al. TUAA0106LB 15




SEARCH 019: VHM Combination Therapy in
Pts Treated During Acute HIV Infection

* Prospective, randomized, open-label phase I/ll tria |
« Primary objective: frequency of pts in each arm who maintain virologic
suppression (HIV-1 RNA < 50 copies/mL) at 24 wks post treatment

5/19/2018

interruption
| Weekly VL
monitoring during
treatment
Adult pts who initiated
IART during acute HIV-1 interruption,
infection (Fiebig 1II/IV); resume ART if VL
NA < 50
copies/mL for > 2 yrs at > > 1000
time of screening \
N Final VL measured
Stand?rd =AIR;T Only 24 wks after
treatment
interruption
O]
I % Penn Medicine clinicaloptions.com 16

SEARCH 019: Efficacy and Safety

+ Closely monitored treatment interruption safe

+ No change in total HIV DNA in PBMCs after treatment  period and no
difference in time to VL rebound after treatment in  terruption
* Median time to VL detection: 22 days (range: 14-77 days)
* VHM-induced, low-level plasma viremia detected in some pts (P = .0078)

—ART
—VHM + ART

... ART resume at
VL >1000 ¢/mL

oy
SE
o
28
I 9o
A

0 2 4 6 8 10 12 14 16
Wks after Treatment Interruption

I & Penn Medicine clinicaloptions.com 4,

What we have learned so far about kicking
the reservoir?

+ Using SAHA (vorinostat), panobinostat and
romidepsin activates HIV from latency

+Increases HIV RNA expression
intracellularly

+ Can be associated with transient HIV viremia

+ Subsequent treatments are less effective

+ It really does not decrease the reservoir

+ If activating alone does not eliminate the
reservoir, do you really need to do this? Or
stopping therapy is enough?

J = Penn Medicine 18




STEP 2. KILLING (eliminating) the
reservoir

PROTECT ‘

P - ©
@ 1] tivatic $ @
ez o 8‘;8

global activation

KILL

% Penn Medicine

5/19/2018

Eliminating the reservoir

+ Unspecific (kill everybody)
« Graftvs host disease (like Timothy Brown or the Boston patients)
* ATG effects on reservoir in HIV+ renal transplant patients (Deirdre
Sawinski)
+ Specific (kill the reservoir)
« Boost Cellular immunity
o Improving CD8 HIV responses (T cell vaccines)
o Blocking the PD-1 PD-L1 pathway
o Gene therapy (reprogrammed CD8 cells and CARs)
« Improving Innate immunity
« Humoral immunity
o Using Neutralizing antibodies

2 Penn Medicine 20

Unspecific killing. The Boston cases

Ehe New ork Times Health

Search Health Inside Health

After Marrow Transplants, 2 More Patients Appear
H.LV.-Free Without Drugs

Table 1. Studies to Assess HIV-1 Reservoirs After Allogeneic HSCT and Before ART Interruption

sample Type Level Total Cells Tested, n postive Wells/
Total Wells, /8

Patient A (43 y after HSCT)

Total HIV-1 PEMC DNA <0.12 coples/10° colls 26 % 10° PBMCs 042

Infectious virus by viral outgrowth assay <0007 1UPM cells” 150 % 10° CD4" T cells 0730
Patient B (2.6 y after HSCT)

“Total HIV-1 PEMC DNA <013 copies/10° cels 24X 10° PBMCS o2

Infectious virus by viral outgrowth assay <0.006 1UPM cells” 160 X 10° CD4" T cells o3

Rectal tisue <2.4 coples/10° cell 123 X 10° nudeated cellst o2

ART = sntrerovial herspy, HSCT
* No replicarion-comperent HIV-1 was
+25% of CDA" T cells were tesed using flow cyromerry afie disue dsaggregarion

iecic scem cell sansplantarion; IUPM = infectious wnits per millon; PBMC = periphera blood mononuclear cell.

& Penn Medicine Henrich, T. 7th IAS Kuala Lumpur 2013. Abstract WELBAO5 21




Marrorw Transplants Fail to Cure Two HLLY. Patients

Annals of Internal Medicine ORIGINAL RESEARCH

| Antiretroviral-Free HIV-1 Remission and Viral Rebound After —
Allogeneic Stem Cell Transplantation
Reprt of 2 Cases
ity . s, O ity M, 5 P .y, M Mt . S, 5 et Ketng. .
e i, o e e 0. P Aok St e AN P, Do . i HO
Patient A

Fever, headache, nausea.
~

Symptoms resolve

S & 3

HIV-1 RNA Level, copies/mL

20 4 6 B0 100 120 10 160 150 200 20 230 260 20 W0 320
N
HIV-A o 1 Days After ATI

DA & So = B W

Patient B

10
Fever, malaise

Symptoms resolve

Plasma HIV-1 RNA level Plasma HIV-1 RNA level
<0.4 coples/mL. <0.4 copies/mL.

HIV-1 DNA level HIV-1 DNA level

<05 coples/10° PEMC  <0.2 coples/10° PRMC

g &

HIV-1 RNA Level, copies/mL
3 3

B R R
A S R
me DD Dbt

Days After ATI
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EpiStem: Allogeneic Stem Cell

Transplantation in HIV-1 Infected Pts

* EpiStem Consortium: prospective, observational, coho rt

« Eligibility: HIV-infected pts requiring allogeneic stem cell
transplantation for a life-threatening hematologic condition

* Overall goal: understand the biological determinant s behind
HIV-1 reservoir reduction/eradication by allogeneic stem cell
transplantation

* Thus far, 24 HIV+ pts with diverse hematologic mali ~ gnancies
have been registered,15 have received stem cell
transplantation and remain on ART

& Penn Medicine Wensing AM, et al. AIDS 2016. Abstract THAA0105. 23

EpiStem: ASCT Reduces HIV-1 Reservoirs
Independent of Donor CCRS5 Status
+ Preliminary results for 3 pts showed that ASCT redu  ces HIV-1
reservoirs to low levels independent of procedure, donor genotype
« Investigators hypothesize viral clearance can be attributed to graft vs HIV-1
reservoir effect
Outcome Ptl Pt3 Pt 19
H i Burkitt NHL NK NHL AML
Condil strategy Myoablative Reduced intensity | Reduced intensity
Donor type HLA-mi HLA-MRD (10/10) | HLA-MUD (10/10)
Donor CCRS status WT WT A32
Pt chimera status 0.2% BM/0.1% PB Full Full
GVHD No Yes Yes
HIV-1 RNA, copies/mL 5 L =
Total HIV-1 DNA, copies/106 CD4+ 25 Undetectable Undetectable
qVOA, IUPM 0.034 Undetectable Undetectable
lleum (CD4+ cells) = L Trace
& Penn Medicine Wensing AM, et al. AIDS 2016. Abstract THAAO105 24




Outcomes of BMT with delta 32 donors

5/19/2018

Table 1. Men with Human Immunodeficiency Virus Type 1 (HIV-1) Infection Who Received an Allogeneic Transplant from a Stem-Cell
Donor Who Was Homozygous for the CCRS delta32/delta32 Mutation.*
Location of Age of
Transplantation Patient Type of Cancer Type of Graft Outcome after Transplantation
"
Berlint 40 Acute myeloid leukeria HLA-matched unrelated Alive after 7 yr, no viral rebound, no ART
Utrecht, the 53 Myelodysplastic syndrome  Combined haploidentical bridge Died from relapse of the myelodysplastic
Netherlands: with umbilical-cord blood syndrome and pneumonia after 2 mo
Minster, Germanyj 51  Non-Hodgkin's lymphoma  HLA-mismatched unrelated Died from infection after 4 mo
Essen, Germany§ 30 Non-Hodgkin's lymphoma HLA-matched unrelated CXCR4-tropic HIV-1 rebound, died from
relapse of non-Hodgkin's lymphoma
after 12 mo
Minneapolis§ 12 Acute lymphoblastic leukemia Umbilical-cord blood Died from GVHD after 3 mo
Santiago, Chilef 46 Non-Hodgkin's lymphoma  HLA-matched related Died from pneumonia shortly afterward
Barcelonaf 37 Non-Hodgkin's lymphoma  Combined haploidentical bridge ~ Died from relapse of non-Hodgkin's
with umbilical-cord blood lymphoma after 3 mo
* ART denotes antiretroviral therapy, and GVHD graft-versus-host disease.
 Data are from Htter et al."
§ Data are from Kwon et al.*
 Data are from a personal communication with the transplantation center.
9 Data are from Kordelas et al.*
% Penn Medicine N Engl J Med 2014; 371:2437-2438December 18, 2014 25
What have we learned from these cases
¢ It is possible to cure HIV
+ Very difficult (The score so far is 1 of 39,000000)
+ Aggressive strategies to remove the reservoir (tota |
body irradiation+Chemo+Allo BMT with GVHD) do
not completely eliminate it
+ Treating very very early neither...
+ We may have to settle for functional cure
% Penn Medicine 26
Therapeutlc vaccines
Combined effect of Vacc-4x, recombinant human h®
lony-sti ing factor
vaccination, and romidepsin on the HIV-1 reservoir (REDUC):
asingle-arm, phase 1B/2A trial
- Vacc-4xand rhuGM-CSF Immunisation phase Activation phase Lo} AT! phase
e ey
12223 123
PR v g & o &
+ + 4
aivaon 4 4 4
R + t t
& Penn Medicine Lancet HIV. 2016 Oct;3(10):e463-72 27




Therapeutic vaccine + romidepsin
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c
& Penn Medicine Lancet HIV. 2016 Oct;3(10):e463-72 28

Therapeutic vaccine + romidepsin

Time (days) Time since BT

& Penn Medicine Lancet HIV. 2016 Oct;3(10):e463-72 29

Engineering the “kill”

Engineering T cells that target HIV

Michael H. Kershaw, Jen:
Nature Reviews Cancer 13, 52!

stwood & Phillip K. Darcy
41 (2013) | 00I10.1038/n1c3565

a
Tumour cell

Hiv R i
MHCI

ron (O e

a

By
Tumour-specific f ‘ n Tumour-specific
Tcell either § antibody from
naturally } I 1 Bcells

s T

Ye €3¢

CD3 complex

T Cell Receptors

ADAPTIMMUNE

transforming T cell therapy

Tumour cell

CHIV e
TuMea. wwongen

Vi
% HV v
A
D8 |
it
cost—4 i Teell
orfeeRly § O
Nature Reviews | Cancer

CARs

Stem cells: Jerome Zack

UCLA)

T cells: Jim Riley Upenn

% Penn Medicine
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Modified CD8 cells with high affinity TCR

Manufacturing

Vector is a SIN HIV derived vector developed at UPenn

Clinical grade vector was manufactured by the City of Hope, Duarte
Califormia, led by Larry Couture and David Hsu

T cells are manufactured at the Clinical Cell and Vaccine Production
Facility, at UPenn, led by Bruce Levine and Carl June

unique tag
V
wigerer  [(Wia PAl wis N
Transgenes
unique tag

wamerer (e ] cas 1]

5’LTR

Vector  (y3 reptaced) ef1a 3’SIQI/ LTR
Y

& Penn vicaicine
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Study Schema

Successful ART

16 week STI Successful ART
—_— e ——— —_——
-10 weeks 0 1wk 9wk 17wk Monthly omo
| | | ‘ ‘ until virus |
below detection
Screening
Study Drug Prep ST oRY
oo o
.. Ed /
N ] [ ] [ ]
rell |
Biopsy *
Revc(al Re!a\ Re!tal
Biopsy Biopsy Biopsy
Loupniests W

Safety labs
* Infusions split across day 0, 1, and 2 at 10%, 30
2 Penn Medicine

%, and 60% of total dose, respectively

Enrollment Status

Apheresis e :Ifl':::s
Patient# [ Am TR Dose | (startof | Td% | celipose | T I (startof
= infusion | S 13wk end
e of sTI)
519106 | avremic | wegag | low | 1othauly [ 21% s [P ves Yes
12 of
sto118 | avremic | wegag [ low | 2sthoct [ esw res | 201 ves Yes

Patient 1 received 20 million transduced T cells
Patient 2 received 65 million transduced T cells

2 Penn Medicine
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34

Results

:.w — / b

)

o

Viral losd / mL

e
OaysPostinusion

Patient 1 : No selection of cells seen in first patient upon virus return; pre and post
rectal biopsy not available
Patient 2 : cell persistence data pending; pre and post rectal biopsy performed

.

Important to note-no CD4 cushion provided by the infusion product

2 Penn Medicine 3

Plenary Paper

CLINICAL TRIALS AND OBSERVATIONS

Cardiovascular toxicity and titin cross-reactivity of affinity-enhanced
T cells in myeloma and melanoma

Gerald P. Linette,' Edward A. Stadtmauer,? Marcela V. Maus,? Aaron P. Rapoport,® Bruce L. Levine,? Lyndsey Emery,®
Leslie Litzky,> Adam Bagg,? Beatriz M. Carreno,' Patrick J. Cimino,' Gwendolyn K. Binder-Scholl,* Dominic P. Smethurst,*
Andrew B. Gerry,* Nick J. Pumphrey,* Alan D. Bennett,* Joanna E. Brewer,* Joseph Dukes,’ Jane Harper,®

Helen K. Tayton-Martin,* Bent K. Jakobsen,*® Namir J. Hassan,® Michael Kalos,? and Carl H. June?

*Siteman Cancer enter and Departments of Medicine and Pathology and Immunology, Washinglon University School of Medicine, St. Louis, MO:
2Abramson Cancer Center, Department of Medicine, Pathoiogy and Lat University yivania, Philadelphia, PA:
*The Greensbaum Cancer Genter, University of Maryland, Baltmore, MD; *Adaptimmune Ltd, Philadelphia and Abingdon, United Kingdom; and
immunocore Ld, Abingdon, Urited Kingdom

Clinical testing of engineered T cells expressing an affinity-enhanced TCR

against HLA-A*01-restricted MAGE-A3.

Clinical trials in patients with melanoma and myeloma

« First two patients developed cardiogenic shock and died.

« Autopsy revealed severe myocardial damage, and histopathological
analysis revealed T-cell infiltration

+ No MAGE-A3 expression was detected in heart autopsy tissues

.

% Penn Medicine 35

Chimeric antigen receptors

Ectodomain

TRAf2)| | 4-1BB, OX40

28
E b3t
3
2 Proliferation/cytokine production
= Survival
% Penn Medicine 36
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Plenary paper

Prolonged survival and ussue trafficking following adoptive ransfer of
CD4{ gene-modified autologous CD4* and CDS™ T cells in

LUME 96, NUMBER 3

A Phase Il Randomized Study of HIV-Specific T-Cell Gene
Therapy in Subjects with Undetectable Plasma Viremia
on Combination Antiretroviral Therapy
Steven G. Deeks,! Bridget Wagner,? Peter A_ Anton,* Ronald T. Mitsuyasu,*

David T. Scadden,* Christine Huang, Catherine Macken,® Douglas D, Richman,”

Cindy Christopherson,® Carl H. June,” Richard Lazar,' David F. Broad," Sayeh Jalali,”®
and Kristen M. Hege'%*

5/19/2018
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ADOPTIVE T CELL TRANSFER

Decade-Long Safety and Function of Retroviral-Modified
Chimeric Antigen Receptor T Cells

John Scholler,'* Troy L Brady,’* Gwendolyn Binder-Scholl,' Wei-Ting Hwang,”
Gabriela Plesa, Kristen M. Hege," Ashley N. Vogel,' Michael Kalos,' James L. Riley,”
Steven G. Deeks,” Ronald T. Mitsuyasu,” Wendy B. Bernstein,” Naomi E. Aronson,™
Bruce L. Levine,’ Frederic D. Bushman,®' Carl H. June''

2 Penn Medicine 38

Cell persisted

Persistence of CD4 g-modified CAR T cells over 11 years after infusion.

A Annual 1 2 3 4 5 6 7 8 9 101 Total

Detected 20 25 33 31 28 25 24 13 8 4 1 212
Tested 20 25 35 33 29 26 24 15 9 4 1 1

B c -]

€04 copiesitx1o® PBICs
oplesi1x105 PBMGS
H

Al folow-up Ann Annusi follow-up

John Scholler et al, Sci Trans| Med 2012;4:132ra53
AYAAAS
39

ruifl 3 Resin Medicine
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Upenn Delaney CAR proposal Objective

+ To evaluate the safety, tolerability and antiviral activity of the
combination of
« agenetically modified HIV resistant (CCR5 edited by zinc finger
nuclease) T cell with a CD4 chimeric antigen receptor
« with or without an activator of the HIV reservoir in the setting of well
controlled HIV infection

+ Hypothesis
« The combination of a genetically engineered CAR T with an activator
of the HIV reservoir will be safe, well tolerated and will delay or prevent
the return of HIV viremia and may be associated with a decrease of
the size of the HIV reservoir.

2 Penn Medicine o

CLINICAL PROJECT 2 STUDY: CAR/ZFN + reservoir activator

weeks

ol e o
3|5

e [we ° e
a |
5

i : i - oo
_~ P

® et
% Penn Medicine 41

Rescue the immune response against HIV

Blockade of the PD-1/PD-L1 pathway is a viable
therapeutic strategy in chronic HIV

= Restores HIV-specific immune functions in vitro and ex
vivo

= Reduces viremia and prolongs survival in animal
models

Exhausted T cell Reinvigorated T cell

y 8%,
| 08,

PD-1/-L1 -

Blockade Cytotoxicity

% Penn Medicine ‘Adapted from Freeman G. et.l., J Exp Med 2006. a2
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ACTG 5326

[ s s .
LAIDSA H
Clinical Trial of the Anti-PD-L1 Antibody BMS-936559 in
HIV-1 Infected Participants on i iretroviral
. . ‘Therapy
+ ACTG A5326: randomized trial of b
e e L T T R
single infusion of anti-PDL1 Ab Sl
2017
+ |6 participants received Ab, 2
received placebo Anti-PD-L1 Placebo

*

Increased HIV-specific CD8+ T cell
responses in 2 of 6 who received
anti-PD-L1

No sustained changes in measures of
HIV persistence (but small numbers)
1 participant developed
asymptomatic hypophysitis (immune
related AE)

*

-

5/19/2018
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Improving the innate immune system

2 Penn Medicine “

An interferon trial

Subjects on ART, vI<50 copies/ml, CD4>450 cells/ml,  nadir>200 cells/ml

A~

[Visitweek [o [4 J8 Jro J13 | 27 [ 21 (25 ] 20 [ 33 [ 37 [ 41 [ 45 [ 49 |
ART ~ ART

Arm A: Peg-IFN- a2A 180 pg/week

Am B: Peg-IFN- a2A 90 pgiweek

Proportion of subjects with

viral load<400 copies/ml at

12 weeks of monotherapy
The Journal of

% Penn Medicine Azzoni L etal. J Infect Dis. 2013;207:213-222 Infectious D
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Viral load (VL) response to Peg-interferon alfa-2a.

VL <400 copies/mL
(proportion of subjects)

02

1.0

08
L

06

04

2 Penn Medicine

Azzoni L etal. J Infect Dis. 2013;207:213-222

Decreases of the HIV reservoir

A

Integrated HIV-1 DNA

+
Peg-IFN-02A -

Associated with improvement of NK
function

Endpoint outcome B
Failure Success 2 o
15 P=03125 364 P=0.0313 g E
—— —— Y
- BES
= = sutjetio st 8§
3 o <
sl - w0 bl £
= - . < g E?
8 - - =2
i . 8 be 4
£ 10 » 104 3%
8 Bg'
g8
10°% 10° E-
ART + + + - Failure  Success.
+ - + + i
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Azzoni L etal. J Infect Dis. 2013;207:213-222

WISTAR / BEAT HIV Study

Study design

Visit 1 2 33544555 6657 8 9 10 11 12
Study week (5) 0 468101214161820 24 28 32 36 48
o o o L J L J [ ]
vy vy v
s IFN-a
Target population * z R v ART ART
+sa () v Grvizso)
infected indviduals
- Maleorfemae,a5e A A | v
218 years S N o
- AR 1year Z| arr ART
VL<50¢/mifora 1 Ed ART
year
- D3> as0 cells/ul
“camoaomanss| o t—Y v
sectonis s l anr
Ed

Legend

Screening {7 Envollment Y Randomization, start {7 End point, end of study

{up to 5 wks)

@ Integrated HIV proviral DNA assessments Vit 3s: safety vistt, arms 1 and 2 on

of study treatment treatment

Visits 4s, 5s, 65 and 75 safety visits, arm 1 only

¥ THEWIsTAR INsTITUTE

5/19/2018
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Improving the humoral response

Broadly neutralizing antibodies

+ Several novel monoclonal antibodies that have been derived
from cells from HIV-infected persons combine extrao rdinarily
high potency with breadth of neutralization

H H Antibodies advance
CLINICAL IMPLICATIONS OF BASIC RESEARCH the search for a cure
! Elzsbeth . i, D, Edior ! —eeeeee
Immunotherapy for HIV Infection ;ﬁ?%ﬁﬂm;“ "&‘:“.,‘,"r'“""“i“:;:w“""#‘

Robin

s, PhD [ —

nenglj med 370;4 january 23, 2014 Nature 303; November 14, 2013

5/19/2018
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There has been an explosion of bNABs against HIV

V3/Asn332 glycan patch
PGT121-123, PGT125-131
PGT135, 10-1074, 2G1

gp120/gp41-interface
PGT151, 35022, 8ANC195

MPER

Viral membrane MPER

2F5, 4E10, 10E8

The paper was the combination of 2 studies

Would the presence of passively given VRCO1 would prevent the rebound
of viremia during an ATI?

A AS340 Trial (Ne=14)
ART

ART Interuption

¥ VRCOL infusion Step1 v v v Step2
Wk Wk Mo

Sceening -1 0 1 2 3 4 5 6 7 8 012 3

VRCOL concentration I EEEEEEEX] (X X]

Plasma viremia e o 000000000 [ XX N

Safety and CD4 T-cell count R EEEEREEE] ee g0

Leukapheresis and rectal biopsy

HIV env sequencing ) .

B NIH Trial (N-10)
ART
ART ineruption

¥ VRCOL infusion v v v v v v ovw
Day Wk Mo Mo

Sweeing 3 0 1 2 3 4 5 6 78 3 4 5 612345

VRCOL concentration e 00000 o

Plasma viremia e o 00000 o

Safety and CDA Tcel count e o e o o

Isolation of nfectous HIV

HIV env sequencing . .

Bar, et al. New England Journal of Medicine 375.21 (2016) : 2037-2050
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Table 1. Characteristics of the Participants at Baseline.
Historical Controls
rom Previous
A5340 Trial NIH Trial ACTG Studies
Characterstic (N=14) (N=10) (N=61)
Sex—no. (%)
Male 14.(100) 8(50) 53 (87)
Female o 2(20) 803)
Age—yr
Median (IQR) 38 (34-44) 51 (44-56) 44 (40-50)
Range 2752 3359 2773
Race or ethnic group — ro. (%)
White non-Hispanic 6(43) 6 (60) e
Black non-Hispanic 6(43) 3(0) 13
Hispanic, regardiess of race 2019 100, 701
Weight — kg
Median (IQR) 86 (77-102) 83 (78-89) NA
Range 60-115 75-100 NA
HIV RNA — copies/no. (%)
<50 copies/ml 1363 10 (100) 61(100)
=50 copies mi 10 0 o
CD4 Tcell count — eells/mm®
Median (IQR) 896 (579-1053) 724(630-926) 852 (686-1048)
Range 470-1586 577-1616 350-1667
Nadir CD4 T-cell count — no. (%)
<201 cells/mm? o 220 30
201-500 cells/mm® 12 86) 330, 39 (64)
500 cells/mm® 2014 4(40) 16 26)
Unknown o 100 36
Duration from initiation of ART to study entry —yr
Median (IQR) 47(8-60) 100 (77-13.3) 56 (4.1-6.7)
Range 27-145 70172 07-168

5/19/2018

The answer was simple: just a little bit...
Despite high levels of antibody, everybody rebound. Some participants
took longer

Vil Suppresion (%)

NEW ENG
URNAL of MEDICINE

Bar, et al. New England Journal of Medicine 375.21 (2016) : 2037-2050

Why?

Most likely preexisting resistance

A parcipunt Dt

F 1Cy, Virus Neutralization Tiers

Participants

1Cg0 (ug/mi)

Before ART _ Rebound

Bar, et al. New England Journal of Medicine 375.21 (2016) : 2037-2050
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LETTER

ly 3BNC117 ral rebound in
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& Penn Medicine J F Scheid et al. Nature 535, 556-560 (2016) 55

First combo bNABs studies
3BNC117 plus 10-1074 appear to delay viral rebound
for longer period of time

3BNC117
10-1074
(30 mg/kg)
| preliminary
ATI
Screen 0 1 2 34 56 7 8 9 1011214 24 30 weeks
e
Fovron Rebound
(30 mglkg)

n=15 (8 enrolled)

L

10° E 100 — NobNAb
3 — 3BNC1L7
~ 10 ~ g8 75 — 3BNCIL7
£ x ~ S 10-1074
3 =
g o & S5
S o 8 o S
e = %
< & g 2
2 1w @
= B3
ER o2t 0 5 10 15 20 25
Sween Pe 012345676 010111213141516171819202122 921 Weeks of ATI
Weeks afte nfusion
TSceenPre 012345678 010111213141516171819202122 Marina Caskey
Weeks after ATI

Step 3. Protecting the uninfected cells

@ PROTECT ‘@
©

@@ Viral reactivation @@

global activation

©

KILL

% Penn Medicine
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The NEW ENGLAND
JOURNAL o MEDICINE

ESTABLISHED 1N 1812 MARCH 6, 2014, VoL 370 NO. 10

Gene Editing of CCRS in Autologous CD4 T Cells
of Persons Infected with HIV

Pablo Tebas, M.D, David Stein, M.D, Winson W. Tang, M.D., lan Frank M.D, Shelley Q.-Wang, M.D, Gary Lee, Ph.D.
S. Kaye Spratt, Ph.D., Richard T. Surosky, Ph.D., MartinA. Giedlin, Ph.D,, Geo
Michael €. Holmes, Ph.D., Philip D. Gregory, Ph.D,, Dale . Ando, M.D., Michael Kalos, Ph.D.
Ronald G. Collman, M.D., Gwendolyn Binder-Scholl, Ph.D., Gabriela Plesa, M.D., Ph.D.
vang, Ph.D, Bruce L. Leving, Ph.D, and Carl H. June, M.D.

WeiTing

2 Penn Medicine 58 8
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Autologous CCR5 Modified CD4+ T-cells

SBSB1962 S

iR
e

SB-728

SBSB267
»% Plasmid transfected into
Ad5/35 chimeric vector
SB-728
Enrich
Apheresis  CD4+ - Infuse
Expand
13-36% Cryopreserve
RS disruption  Test cell product
(SB-728-T)
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Study Design
(N=12)
N
Successful ART (12 weeksmaxsTI ) Successful ART
D e O ————
-10 weeks 0  2lday 4wk 12wk Monthly
| | ‘ | until virus
below detection
STEP 1 STEP 2 S ART
(cohort 2)
L L N J [ ] [ ]
ol
Infusion
el | 10Bcels  Rebial ReVl
ENDPOINTS
Biopsy Biopsy Biopsy « Safety and tolerability
+ CD4 T-cell count, CD4:CD8
vy ratio
Leukapheresis W « Persistence of ZFN CCRS
Safety labs modified cells
+ HIV-RNA
HIV + doing well with high nadir and current CD4 counts
2 Penn Medicine 0
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What happened to the viral load during ATI?

106 -
Treatment Interuption Cohort 1
—o— 201
5 o —0— 203
10 v 204
—A— 205 Y
= —m— 251
£ —-— 253 4
2
2
5
e
3
g 104
B
>
102
v
0 Dotted ins denctes reinsttuion of HARRT
) 28 56 84 112 140 168 196 224 252

Days

= 108

— 102
-LoD

Historical Viral Setpoint (Copies/imL)
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Did the modified cells have a survival advantage?
2500 S
~—&— Unmodified CD4 T Cells
-
1500
3
o
© 1000
g
g
£ s
o
o 28 56 84 112 140 168 196 224 252
Days
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Next study at UPenn
(IND approved). Electroporation with CTX
ZFNno CTX
Cohort 1 N=3
fnoDLT,ifDLT
dose willbe
maintained
Cohort 2 ZFN+CTX ZFN+CTX
WT CCR5 1g/m? — 1.5g/m?
N=3 N=3
Open
simuttaneously
Cohort 3 ZFN+CTX ZFN+ CTX
A(SJZGh e 1g/m? — 1.5g/m?
eterozygous N=3 N=3
% Penn Medicine 63
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Another strategy for protection at Penn

Blocking R5 and X4 tropic virus using C34

HIV-1 Entry as a Therapeutic Target

€46 blocks formation of 6-Helix Bundle

Native CD4 Binding CoR Binding 6-Helix Bundle
Trimer ™= T20 binding site ™= Fusion peptide ™=  Formation
T exposure insertion? Membrane Fusion
Figure 1. Model of HIV Entry This model highights how cisruption of formation of 6-Helix Bundle) expression make an excellent
therapeutic targe

% Penn Medicine

Cloning C34 into CXCR4

JRFL C34 Enrichment

o570 0 —+cD4TCell
Fo GEP
3 ~+-Ca T Cenl
S0 e C34.CXCRe

Day0 Day5 Days Dayil Dayi4

Enrichment of C34:CXCR4 exposed
o o) : :
to various HIV strains
¢ Day5 Virus Enrichment C34:X4
H start  Final
JRFL (R5-topic) 25%  66%
Bal. (RS Tropic) 21%  53%
US1 (R5-topic) 21%  60%
CMUO1 (X4-topic) ~ 25%  59%
| J L2y MN (X4-topic) 21%  78%
2 i R3A (R5/X4- 21%  76%
Ll topic)
SF2 (RS/X4-topic)  25%  69%

Figure 2_Selestive Enrichment of C34:CXCRM T cells. CD4 cells transduced with either GFP or C34:CXCR4 were diluted
with uransduced CD4 cells to a ratio of 1:4 (A, 1 row), and infected with JRFL HIV. Cells were monitored for enrichment using
flow cylomelry for GFP o C34, and also moritored for HIV infection by intracelular gag staining. Enrichment over time is shown
graphically in panel B. This experiment was replicated with muliple strains of HIV with various tropisms, each resutting in
dramatic enrichment of the C34:CXCRd-modified cells

2 Penn Medicine 65
C34-X4 modified cells
Proposed study
e ) IR N e ) (e
66
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UPENN gene therapy collaborative group

Penn ACTU Penn CFAR
Larisa Zifchak/Amber/Jenna/Mark ~ Clinical Core
Joe Quinn lan Frank
Pablo Tebas Immunology Core
Rob Roy MacGregor Jean Boyer

Viral/Molecular core

Jacoby Medical Center Farida Shaheen
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David Stein Ron Collman
Angelo Seda Rick Bushman
Jim Hoxie

U. Penn Abramson Inst. .

Carl June ViRxSys

Bruce Levine Sangamo

Jim Riley Adaptaminue

Richard Carroll

Gwen Binder Penn CTRC

Liz Veloso NIH-NIAID

PacTG
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