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AvoooUeparncia otnpl{OUEVN TNV APON TWV AVACTAATIKWVY UNXAVIOUWYV THNG EVEPYOMOINONE TWV
T-kutTtapwv

Genomic
Target Gene Symbol Aliases Location Exons Protein Binding Partners
CTLA-4 CTLA-4 CD152 2033 4 Cytotoxic T-lymphocyte B7-1 (CD 80)
associated protein 4 B7-2 (CD 86)
PD-1 PDCD1 CD279 2q37.3 6 Programmed cell death PD-L1 (CD274)
protein 1 PD-L2 (CD273)
PD-L1 CD274 B7-H1 9p24 8 Programmed cell death 1 PD-1 (CD279)
PDCD1LI ligand 1 CD80
PD-L2 PDCD1LG2 CD273 9p24.2 7 Programmed cell death 1 PD-1 (CD279)
B7-DC ligand 2
LAG-3 LAG-3 CD223 12p13.32 8 Lymphocyte activation gene | MHC class Il
3 protein LSECtin
TIM-3 HAVCR2 CD366 5¢33.3 7 Hepatitis A virus cellular Galectin-9
KIM-3 receptor 2
IDO IDOT INDO 8p11.21 10 Indoleamine 2,3- n/a
dioxygenase 1

CTLA- 4, cytotoxic T- lymphocyte- associated protein- 4;
IDO, indoleamine 2,3- dioxygenase 1;

LAG- 3, lymphocyte activation gene- 3;

PD- 1,programmed cell death protein- 1;

PD- L1, programmed death ligand- 1;

PD- L2, programmed death ligand- 2;

TIM-3, T cell immunoglobulin 3.



Check point inhibitors: AvaotoAegic onueiwv EAEyXoU KUTTAPLKAG AVOOOAOYIKAG AITAVTNONG

T-cell Activation in the Lymph Node.

/' Suppression of T-Cell Activation in Lymph Node

T-cell activation in the lymph
node requires both immunologic
signal 1 and immunologic signal 2

DENDRITIC CELL

\"'3, Signal 1

TCR
B7

Signal 2

/\ CD28

T N

CTLA-4

SUPPRESSED
RCELL

Binding of CTLA -4 by dendritic cell
ligands blocks immunologic signal 2
and T-cell activation

:] Activation of T-Cell by Antibody Blockade of CTLA-4

DENDRITIC CELL

Signal 1

B7 TCR

Signal 2

ACTIVATED
s T CELL
B7 \
===
ey CTLA-4

Ipilimumab

Antibody blockade of CTLA-4
(e.g ipilimumab ) permits
T-cell activation

A. Ribas : NEJM 2015



Check point inhibitors: AvaotoAegic onueiwv EAEYXOU KUTTAPLKAG AVOOOAOYIKNG amavtnong

T-cell Activation in Tumor Milieu.

A Suppression of T-Cell Activation by Tumor

2§ Activation of T-Cell by Antibody Blockade of PD-1 Signaling
SUPPRESSED ACTIVATED
IRCE LI \ IgCEL[S
\
\
\\
TUMOR \ - TUMOR
ICK TCR
D1 \‘H Signal 1
ERATES /\ AN 7 fv |
_ * Antibody blockade 2
Binding of PD-1 by one 2 MHC 7 A' of PD-1 (e. Antlbody (\ .
of its ligands blocks W - g. , /4
TCR signaling and there e P ?ml ro /zbuma or %
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A. Ribas : NEJM 2015




Check point inhibitors: New spectrum of AEs- Inmune-Related AEs

>Evepyonoinon KutTtapwv avoooAoyLlkoU oUCTHUNTOC EKTOC TOU VEOTIAQOUATIKOU reptBaAAovrog
»EK6NAWOELC UIUOUUEVES AUTOAVOOEC KATAOTAOELS

Hypophysitis

Uveitis
Dry mouth L™ Orbital inflammation

Hypothyroidism

SRR Pneumonitis

Hepatitis l‘
Adrenal

Pancreatitis insufficiency

Autoimmune diabetes

Enterocolitis
Rashandvitiligo ~~

Arthralgia




Adoptive T cell transfer therapies

A T-Cell Receptor

TARGET CELL
RETTA

v Pi T
| 4
HLA l~
4

|
—— Tumor antigen

@, B
T-Cell Receptor ‘

-——

TR ; €3 “‘
G TRy 1 o B ) ) RO
LT Lol sy 'pfﬁ'ﬁ ’{,:’ | : ¥ M‘.ic SRy ,;ﬂ!

CD3 CD3

daCELL




Adoptive T cell transfer therapies
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Increase access

CAR: chimeric antigen receptor.

TCR: T cell receptor.

TRUC: T cells redirected for universal cytokine-mediated killing.
UCAR-T: universal CAR-T cells

UTCR-T: universal TCR-T cells.

Ibrutinib
Checkpoint inhibitors
Oncolytic viruses
Small molecules

Novel CAR designs

S.Guedan, M.Ruella, C.June : Annual review of immunology 2019



SPECIAL REPORT

USE OF TUMOR-INFILTRATING
LYMPHOCYTES AND INTERLEUKIN-2 IN
THE IMMUNOTHERAPY OF PATIENTS
WITH METASTATIC MELANOMA

A Preliminary Report

STEVEN A. RosenNBerG, M.D., Pu.D.,
BEVERLY S. PackarDp, Pu.D.,

PauL M. AeBersoLp, Pu.D., DiaNeE SorLomon, M.D..

Suzanne L. ToraLian, M.D.,

StepHEN T. Tov, Pu.D., PauL Smmon, Pu.D,,
MicuHater T. Lorze, M.D., James C. Yang, M.D,,
Craupia A. Serep, R.N., CoLLEEN SmmpsoN, R.N.,

CHARLEs CARTER, STEVEN Bock, M.D.,
DouGLAs SCHWARTZENTRUBER, M.D.,
Joun P. WEL, M.D., anp DonaLp E. WaITE, M.S.

10-22-87

Protocol

Tumor deposits were resected, usually under local anesthesia;
most resected tumors weighed between 10 and 30 g. TIL were
expanded in culture for four to eight weeks, according to techniques
similar to those previously described.™ When the TIL were ready
for infusion, patients first received a single intravenous: dose of
cyclophosphamide (25 mg per kilogram of body weight) and 36
hours later the first intravenous infusion of TIL in an intensive
care unit; a maximum of 2X10"! cells were administered in 200 to
250 ml over a period of 30 to 60 minutes. Each patient received
a total of one to seven infusions over one to two days, depending
on the number of cells to be administered and the time required to
harvest the cells. After the first infusion of TIL, the patients
began receiving recombinant interleukin-2 (kindly supplied by the
Cetus Corporation, Emeryville, Calif.) (100,000 units per kilogram,
given intravenously every eight hours in 50 ml of 0.9 percent sa-
line with 5 percent albumin).?? Interleukin-2 was administered

ceendll A Tlailalii e emcclalen. mmmceme Ay L A i Al law 1

NEJM:1988



Adoptive T cell transfer therapies
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CD3¢ Costimulatory
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16avikocg urtodoxeac yia CART kUTTOpA HE LEYAAN ELSLIKOTNTA.

>

Na ekppaletol To HOPLO cUVOECNC OUOLOYEVWE OE OAA TOL KUTTOPO -OTOXO.

Na ekppaletal otnv enidpavela tou kKuttapou. Ta CART dev avayvwpilouv evdokuttapla
aviyova.

Idavikd va punv ekdppalovtal oe puoLloAoyLKA KUTTApA 1 TOUAAxLoToV va ekdppalovTal
o€ ‘amodeKTO’ KUTTAPLKO MANBUOUO.

Aev Ba pEmeL To avtyovo va dtadevyel otn KukAodopia.

Na givatl kaBopLoTIKOC yLa TNV avarmtuén kat erBiwon Tou oykou Kot va pn dtagelyel
€UKOAOL KATW QTTO ETUAEKTLKN TILEON
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Nanobodies

Cytokines o- .

Zxebiaouoc CAR

=
-b !

D v

Enzymes Cytoklnes

Chemokines °

Receptors

scFv: Single —chain variable fragment
DARPins: designed ankyrin repeat protein
ICOS: inducible T cell co-stimulators

KIR2DS2: killer cells immunoglobulin-like receptor 2DS2

V,H: Heavy chain variable domain

Ligand Intracellular signalling domain mAbs Ligands
Binding domain —— Hinge zl'rans['nembrane Co-stimulation Activation —— Armour
omain

® scFv * CD8 * CD3C °*CD28 €= * CD3( e Cytokines or chemokines
* Nanobodies (camelid °*CD28 * CD8a *4-1BB €= * Cytokine or chemokine receptors

V,H domains) ° IgG1 * CD4 * OX40 ¢ Ligands or receptors
* Cytokines * [gG4 * CD28 * |COS * mAbs
* Ligands * ICOS * CD27 * BiTEs
* Peptides (adnectins * MYD88-CD40 * sckv

and DARPins) * KIR2DS2 * Peptides (IL-1Ra, off-switch receptors or

inducible suicide constructs)
* Enzymes

S.Rafig et.al Nature Reviews 2019



CAR gene transduction in T-cells

1. Construct a CAR gene 2. Subclone CAR gene into a vector

CcD19 Jins W a-tumor scFv
Vo | Ve c028(¢ chain
X e
SA

Retrovirus containing CAR gene

3. Transduce and
expand patient |
T-cells ex vivo

scFv-CD28-{
Genetically modified -

CD-19 targeted T-cell




CART cells : Mapaokeun kat yopRaynon

6. Cell Infusion 1. Leukapheresis

Deliver reprogrammed CAR-T A patient's white blood cells, including T
{:{?} cells into the patient's blood cells, are extracted through a specialized
blood filtration process (leukapheresis).
{:‘:E} The T cells are then cryopreserved and
sent to our manufacturing facility for
reprogramming

7. Cell Death

Within the patient's body, the CAR-T cells have the potential to
recognize the patient's cancer cells and other cells expressing a

specific antigen and attach to them, which may initiate direct cell
death (
CAR-T cells attach Cell death is initiated
5. Lymphodepleting to cancer cells [( J
chemotherapy
Lymphodepleting '—---_._@
chemotherapy is given to
the patient to reduce the
level of white blood cells CAR-T Cell Cancer Cell CAR-T Cell Cancer Cell
and help the body accept
the reprogrammed

CAR-T cells @ f—_?}@
(P [ ] Lo

’ BEEEBEEEEE
HBEEEEEEEH ©

I
m ‘a:;jj' )
Manufacturing Facility 4 }:’{ F e— Toolls
4. Quality Check 2. Reprogrammed cells
Strict quality testing occurs prior to the Using an inactive virus (viral vector), T cells are
release and shipment of the CAR-T cells genetically encoded to recognize cancer cells
back to the patient and other cells expressing a specific antigen

' o
. — Ol
@a}@

cells undergo expansion

CF— u{?&
3 Banaon et {3}



a ‘Armoured’ CARs
e.g. IL-12-secreting CAR T cells

IL-12

b Dual receptor/chemokine CARs
e.g. CAR T cells co-expressing
tumour-specific CAR and
chimeric cytokine receptor 403

f Targeting tumour vasculature
e.g. VEGFR-2-specific CAR T cells

T1E282

VEGFR-2-specific
scFv

Mesothelin-
specific scFv

NKG2-D
A extracellular
LA domain

¢ NK cell-receptor CARs
e.g. NKG2-based CAR

e B-cell eradication
e.g. infusion of tumour-targeted
CAR T cells together with
B-cell-specific CAR T cells

mAb

d Combination therapy
e.g. CAR T cells and checkpoint blockade

Nature Reviews | Clinical Oncology



Somatic mutation prevalence
(number mutations per megabase)

CART cell 9epancia tdiaitepa anoteAsouatikny o€ KAKONIELEG UE xatnAo @oprtio petaAAaéewv

Kat aotoyia check-point inhibitors.
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T cells

Time

Cannot
harvest
enough
T cells

CART cells
do not expand
(in vitro or in vivo)

L3O

Antigen
loss or down-

modulation

Limited CAR
T cell persistence
in vivo?

CART cell

Severe CRS

Lymphom
subtypes

a

Solid

tumours

CNS disease




Two FDA Approved CAR19 Therapies in NHL; one in ALL

EMA approved CAR19 Kymriah in the same indication on 27 August, 2018

The NEW FNOLAND JOURNAL ¢f MEDICIN B

2018 Feb 1.378(5) 43044

ORIGINAL ARTICLE ”

Tisagenlecleucel in Children and Young

Adults with B-Cell Lymphoblastic Leukemia
5.L Maude, TW, Laetsch, J. Buechner, S. Rives, M Boyer, M. Bittencourt,
P. Bader, M.R. Verneris, M E. Stefanski, G.D Myers, M. Qayed, B De Moerloose,
H. Hiramatsu, K. Schlis, KL Davis, P.L. Martin, £ R Nemecek G A Yanik,
C. Peters, A. Baruchel, N. Boissel, F Mechinaud, A. Balduzzi, J. Kr <
C.H June, B.L Levine, P. Wood, T. Taran, M Leung, KT. Mueller, Y. Zhang,
K D. MA Pulsipher, and SA Gru

Tisagenlecleucel - Kymriah
Eliana ;Novartis n=75
Study Dates: April 2015 - April, 2017
Approval Date: August 30, 2017

oy

Tisagenlecleucel in Adult Relapsed or Refractory Diffuse Large B-Cell
Lymphoma

5. Samantha faglocs. M 5. Orvalonbn. Andmadn. 8.0, jome €. vete. V0. tnbelle Faon M.D. Yerniba Bacraraova, MO MO g gh b Sha it T
SR T

Bapihot ). Schuten. S0, Mutas' € Ghop. WD, Compantone & Yoo, MO, Edmund K Sulies A0, PAD. Prter Gondmaren WD Josepd P McTowh. DO Weuh jages

Tisagenlecleucel - Kymriah
JULIET ; Novartis n=93
Study Dates: July 2015 — December 8, 2017
Approval Date: May 1, 2018

[L ORIGINAL ARTICLE “

Axicabtagene Ciloleucel CAR T-Cell Therapy
in Refractory Large B-Cell Lymphoma

S.S. Neelapu, F.L Locke, N.L Bartlett, L. Lekakis, D B. Miklos, CA. Jacobson,
I. Brauaschweig, 0.0. Oluwole, T. Siddiqi, Y. Lin, ).M. Timmerman, Pj. Stff,
J-W. Friedberg, L W. Flinn, A. Goy, B.T. Hill, M.R. Smith, A. Deol, U. Fargoq,

P. McSweeney, | Munoz, |. Avivi, J.E. Castro, | R. Westin, .C. Chavez, A. Ghobadi,

K-V, Komanduri, R. Levy. £ D. Jacobsen, T.T. Witzig, P. Reagan, A. Bot. |. Rassi,

L Navale, Y. Jiang, J. Aycock, M. Elias, D Chang, ). Wiezorek, and WY Go

Axicabagtene ciloleucel - Yescarta
ZUMA-1 Kite/Gilead n=101
Study Dates: November 2015 — September 2016
Approval Date: October 18, 2017



Differences in design, materials and clinical use of first approved autologous CAR T-cell products compared to
other CAR T-cells (Autologous and Allogeneic) currently in clinical trials.

Yescarta® Kymriah" JCARO17¢ UCART-19¢ bb21217 (BCMA)5
Kite/Gilead Novartis Celgene Cellectis/Servier BlueBird/Celgene
scFv ' anti-CD19/ anti-CD19/ anti-CD19/ anti-CD19/ anti-BMCA
A FMC63 FMC63 FMC63 FMC63
Hinge
IgG1 CDS8A 1gG4 CD8A k
Transmembrane & & n
Costimulatory
domain CcD28 4-1BB 4-1BB 4-1BB 4-1BB
Signalling ‘
domain v CcD3g CD3(g CD3(C CcD3C CD3(g
Cell population PBMC PBMC CD4* + CD8* PBMC PBMC
Ablation/safety None None EGFR RQRS8 None
module cetuximab rituximab
Other modification None None None TCRo/CD52 ko None
Vector Retrovirus Lentivirus Lentivirus GE/Talen Lentivirus
T-cell activation CD3/IL-2 CD3/CD28 nk nk nk

Donor

Dose

Autologous

2 x 10° —
2 x 108/kg
CD3*/CAR*

Autologous

0.2 x 10°-

Autologous

5x 107 or

2.5 x10%/kg 1 x 10%cells

CD3*/CAR*

(total)

Allogeneic

6 x 108"
CAR* cells
total

Autologous

50 — 800 x
10 CAR* T cells
total



UCART19 (cb19cARRQRS+ TCRap-_T-cells)

Allogeneic, universal, adoptive T-cell therapy targeting CD19+ malignancies

Transgene expression using lentiviral
transduction

* CAR: anti-CD19 scFv and CD3¢ + 4-1BB
* RQRS8 (= CD20 mimotope): safety switch

Gene knock-out using TALEN® technology

* TRAC KO: to prevent TCR mediated
recognition of patient’s HLA antigens

// * CD52 KO: to permit alemtuzumab use in
~— \\ lymphodepletion

UCART19, manufacturing

10-12 days
closed
culture
Do D3 | |_system | D17
Single
healthy donor & - ' @

\ e @ . ;
Leukapheresis - 2
Frozen PBMCs ™ < = \

{qualifying testing) ‘ ‘ 5
T-cell Gene-editing’
activation b n ‘

Ready-to-use, off-the-shelf therapy approach
» Advantage of using PBMCs from one

healthy donor to treat several patients o TRAC: T cell receptor alpha constant
/m “Off-the-shelf” ll I ' ¥

product

PBMC = peripheral blood mononuclear cell Multiplepatisnts



CART cells: Awadopég ota ocuvdieyeptikd popla =  Atadopetikr) BloAoyikr cupnepidpopd.

BB{ CAR i
.§§> Ayo  T‘p.F

CAR-specific

| =—
| . | activation

$Persistence

tCentral memory

$SRC

#Mitochondrial biogenenesis
+Oxidative metabolism

- CAR-specific

activation

{Persistence

tEffector memory

+SRC

+Mitochondrial biogenenesis
1 Glycolytic metabolism

O.Kawalekar et.al Immunity 2016



Cell sources for T cell engineering

Self-renewal

TSCM !
Lytic
- CD45RA* CD45RA*  CD45RO* function
Proliferative 1 cpgpy + CDe2L+  CDeé2L*
GAREGIY CD95- CD95+ CD95+

CD45RO*

CcDe2L-
CD95+

Tscm and Tcm: Self —renewal capacity , enhanced persistence.
CART 19 products with cells related to Tscm associated with clinical response.

Presence of Tscm cells associated with CART 19 expansion.

Increased efficacy of CART 19 cells manufactured from Tcm (preclinical).




Conditioning therapy

Cy/Flu \l

Effects of conditioning therapy

Lymphodepletion B NK

Eradication of immunosuppressive cells Treg I@

_ I po
Modulation of tumor )
$4 Costimulatory molecules

Elimination of homeostatic cytokine sinks (IL-2, IL-7, IL-15)

Increased expansion, function, and persistence of CAR T cells

Favorable cytokine profile
e Higher day O MCP-1
e Higher peak IL-7

Outcome post-CAR-T
¢ Higher CR rate
e Higher PFS

Unfavorable cytokine profile
® Lower day O MCP-1
* Lower peak IL-7

Outcome post-CAR-T
® | ower CR rate
e Lower PFS

Enidépaon tou oxnuatog
MPOETOLUOIOC OTHV
QITOTEAECUATIKOTNTA TWV
CART cells

MPC-1: monocyte chemoattractant protein-1
IDO: indoleamine 2,3 -dioxygenase

Sattva Neelapu . Blood 2019
Hirayama AV. et.al . Blood 2019
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Robust in vivo CAR-T cell eéxpansion is associated with
achievement of MRD-negative CR

MRD-neg CR

20 40 60
Time after CAR-T cell infusion (days)

Peak CAR-T cells by gPCR

—
wO

-—
e

—>
N

T
A
(=
° !
o
—
J

MRD-neg CR Not MRD-neg CR

Hay et al., Blood 2019 and Abstract #7005, ASCO 2018
HAY KA et al. Blood 2019 :blood-2018-11-883710




KAwvikn avranokpion otn Yspancia pue CD19 /CART-cells

Study Disease CAR vV N Cond. Tcells CRrate
Davila, 2014 ALL(Ad.) CD28 ~RV 16 CY Auto 88%
(ref. 72)

Maude, 2014  ALL (Paed.) 4-1BB LV 25 CF Auto 90%
(ref. 73)

Lee, 2015 ALL (Paed.) CD28 ~RV 21 CY Auto 68%
(ref. 74)

Turtle, 2016 ALL (Ad.) 4-1BB LV 29 CY/CF 1:14/8 93%
(ref. 75)

Qasim, 2017  ALL (Paed.) 4-1BB LV 2 IC Allo 100%
(ref. 150)

Kochenderfer, NHL/CLL CD28 ~RV 15 CF Auto 53%
2015 (ref. 71)

Kochenderfer, B-mix CD28 ~RV 20 IC Allo 30%
2016 (ref. 137)

Turtle, 2016 NHL 4-1BB v 32 CY/CF 1:14/8 79%

(ref. 132)

M. Sadelain, I.Riviere ,S.Riddell :Nature 2017



ALL relapse: Antigen escape in CD19/CART cells clinical trials

CD19-negative

Trial Population CD19 CAR construct| Relapse rate relapse rate
Children's Hospital of Philadelphia phase|  Pediatric FMC63-4-1BB-( 36% (20/55) 24% (13/55)
Novartis phase Il (ELIANA) Pediatric  FMC63-4-1BB-(, 33% (20/61) 25% (15/61)
Seattle Children’s Research Institute phase | Pediatric FMC63-4-1BB- 45% (18/40) 18% (7/40)
NCl phase | Pediatric  FMC63-CD28<C 29% (8/28) 18% (5/28)
Memorial Sloan Kettering phase | Adult SJ25C1-CD28-¢ 57% (25/44) 9% (4/44)
Fred Hutchinson Cancer Center phase | Adult FMC63-4-1BB-( 31% (9/29) 1% (2/29)




AnwAeLla avtiyovikoU otoyou

Activated CART cell

Antigen recognition,
T-cell activation, and
tumor cell Killing

Antigen escape

No antigen recognition,
no T-cell activation, and
no tumor cell killing

Lineage switch

@
@@G

No antigen recognition,
no T-cell activation, and
no tumor cell Killing

Antigen downregulation

Antigen recognition,
minimal T-cell activation, and
inadequate tumor cell killing



A Coadministration B Bicistronic

CD20 '@
cD19
CART cell

C Cotransduction D Tandem

A) Coadministration—involves production of two separate CAR-T cell products infused together or sequentially
B) Bicistronic vector—allows expression of 2 different CARs on the same cell.

C) Cotransduction—encode 2 CAR constructs via transduction with multiple vectors. With this process, one will also obtain
cells that express each CAR alone

(D) Tandem—encode 2 CARs on same chimeric protein using a single vector.



CAR T kUttapa evavtiov T- kakon9siwv:

»30Bapoi mePLOPLOUOL OL KOLVOIL QVTLYOVIKOL OTOXOL KOl OL TTAPOLOLEC AELTOUPYIKES LBLOTNTEC.
PASuvauia diakplong HETAEU TEPATEUTIKWVY, PUOLOAOYIKWV Kol KakonSwv T KUTTAPpwWV.
>EmuoAvvon tou CART npoiovrog e kakonydn kuttapa (CAR tumor T-cells).

Target Ag KO

T-CELL o> CAR receptor

MALIGNANT
CAR T-CELL*

Tumor eradication Fratricide T-cell aplasia No recognition
Remission Absence of CAR T-cells Immune suppression Immune escape
>Selective targeting T- cell subsets »Selective targeting T- cell »Allogeneic CART-cells
subsets
»Gene editing preventing expression . »Non -T CAR cells (CAR- NK cells)
»Safety switch

of target T-cell Ag SAllo-HSCT ?
o- ?

>Short-lived CAR cells

>Non T- CAR cell ( CAR-NK cell)
(alloCART-cell, CAR-NK )

M.Alcantara et.al Leukemia 2018 »Allo-HSCT




Use of CAR-Transduced Natural Killer Cells
in CHO19-Positive Lymphoid Tumors

Enli Liu, M.D., David Marin, M.D., Pinaki Banerjee, Ph.D.,

Hormer A. Macapinlac, M_D_, Philip Thompson, M.B., B.S., Rafet Basar, M.D_,
Lucila NMassif Kerbauy, M. D., Bethany Owverrman, B.S.N., Peter Thall, Ph.D.,
Mecit Kaplan, M.S., WVandana MNandivada, M.S., Indresh Kaur, Ph.D.,

Arna Nunez Cortes, M.D., Kai Cao, M.D_., May Daher, M.D., Chitra Hosing, M.D_,
Evan MN. Cohen, Ph.D., Partow Kebriaei, M.D., Rohtesh Mehta, M.D .,
Sattva MNeelapu, M.D_, Yago Nieto, M._.D., Ph.D., Michael Wang, M.D._,
William Wierda, M. D., Ph.D., Michael Keating, M.D., Richard Champlin, M_.D.,
Elizabeth J. Shpall, M.D., and Katavoun Rezvani, M.D., Ph.D.

iC9/CAR19/IL15 CAR-NK cells

Armored CAR
(B -NiCaEpM-BAl - scFv  — cp28 — cp3z — @A ToRIEST B
t t t t
Suicide switch CAR.19 Signaling cytokine

The administration of CAR-NK cells was not associated with the development of
cytokine release syndrome, neurotoxicity, or graft-versus-host disease, and there
was no increase in the levels of inflammatory cytokines, including interleukin-6,
over baseline. The maximum tolerated dose was not reached. Of the 11 patients
who were treated, 8 (73%) had a response; of these patients, 7 (4 with lymphoma
and 3 with CLL) had a complete remission, and 1 had remission of the Richter’s
transformation component but had persistent CLL. Responses were rapid and seen
within 30 days after infusion at all dose levels. The infused CAR-NK cells expanded
and persisted at low levels for at least 12 months.



iC9/CAR19/IL15 CAR-NK cells

Pre therapy

Day +29 post
CART-NK cells

Male 61 yrs CLL = Richter transformation

E. Liu et.al NEJM 2020



CAR-NK Uepancia

NK cells

T cells

JUOTATIKO GUCLKNC OvVOoLag

JUOTOTIKO ULOBETOUEVNC avooiag

CD56+CD3-

CD3+CD4+ /CD3+CD8+

Awadopormoinon otov HUEAD

Awadoporoleital oto BUHO

Aev amatteitol aVTlyovikn TipoEpyacia

Amtatteitol avtyovikn SLEyepon

Kuplwg otn nepldpépela

Epudavitouv avtiyovikn el8IkOTNTA

Oxt / eAayiotoc kivduvoc GVHD

AAdoyevn T kuttapa ercayouvv GVHD

H avayvwpion yivetat uéow ouvIetou Stktuou
LUITOS0YEWV

H avayvwption yivetat uéow TCR
110aYeYeN 700!

CD19+CAR NK

CART

AAAoyevec rpoiov
Aueoa SltaGeatuo
AuvNTIKA Xo(UNAOTEPOU KOOTOUG

1UCB=2>100 600¢i¢

AutoAoyo nipoiov
XpovoBopa rtapaokeun
YYnAo kootog
1 aoUevnc =1 66on

Arntouoia n eAaytoto GVHD
TouAdytotov amo apxLKEC UEAETEC, yaunAn toélkotnta

AAdoyevec: Kivébuvoc GVHD
2o0Bapn toéikotnta: Juvdpouo
kuttapokivwy , Neupotoélkotnta
~50% anattei vooniAeio MEO




Extracellular antigen recognition domains of chimeric antigen receptors (CARs): specificity for HIV-1
by targeting different regions of the HIV envelope protein (Env).

HIV-1-infected gp41
cell trimer
|
Plasma membrane
V1-V2 loop
of gpl20

CcD4
extracellular
domain

Intracellular

Co-stimulatory—

domain 4

CD4-binding
site of gp120

Membrane-proximal | ———
external region -~
] Gl
=y ycan | ¢
J j shield
\s
~— V3 loop
of gpl20

4

)

—CD3¢
signalling

a CD4 CAR

domain

11
C

1

b bNAb CAR

c Bispecific d Bispecific
CAR CAR

a | The full- length extracellular domain .

b | CARs containing broadly neutralizing
antibody (bNADb): (e.g Ad VRCO1 and PG9)

¢,d | Bispecific CARs : Dual specificity for HIV .
= CD4—gp120 interaction + scFv to an alternative
region in Env.

= CD4—gp120 interaction + carbohydrate
recognition domain (CRD) of a C- type lectin to
glycan motifs on Env.

C.Maldini et.al Nature review
immunology 2018



a Naturally occurring HIV-specific CTLs b HIV-specific CAR T cells

B cell follicle

Follicular
dendritic cell

CD4- T, cell

| Cytotoxic killing |

HIV-specific

@

T cell zone

CD4-Tecell

d CXCR5
‘ P - Cortex
CD8 Tecell
Medu“a CAR T CC“..

Engineering CAR T cells to traffic to B cell follicles.

b | CXCR5 gene engineering could enable HIV- specific CAR T cells to enter into the B cell follicle.

a | Naturally occurring HIV- specific CD8+ cytotoxic T lymphocytes (CTLs) are present in the extrafollicular region of a lymph node.
CTLs fail to access the B cell follicle because they lack expression of the follicular homing receptor CXC- chemokine receptor 5 (CXCR5),
which can mediate chemotaxis along a CXC- chemokine ligand 13 (CXCL13) concentration gradient.

C.Maldini et.al Nature review
immunology 2018




Towards the first clinical trial of CAR- expressing regulatory T cell therapy

Allospecific Treg cells: Chimeric antigen receptor (CAR)-expressing regulatory T (Treg) cells that recognize HLA molecules.

I6avikd oevaplo: NPokANon avoGoAOYLKNC AVOXNG O HETapOoxeuon e HLA Stadopa cupBatotntac.

Pan-stimulation with
artifical antigen-
presenting cells

Viral transduction of

T, cells to express

HLA-A2-specific CAR

e Safety switches

CD3-specific = A 3
antibody © o A Y to turn off
0%, - CART,, cells?
. L oS . ® Gene editing
Co-shinmulatory IL-2 - strategies such

HLA-A2" recipient
of organ transplant

as CRISPR?

molecule

Leukapheresis FACS-based
to enrich for isolation of Polyclonal
white blood cells Treg cells expan5|on
] CD4"
\ CD25"%
€Dy 27% ‘
CD45RA" &
Dosing and Washing and (I-ZIkAR/#Z scpee“ilﬁc
HLA-A2* timing? concentration
organ donor Choice of
costimulation
domain for CAR

—> fHLAAZ

Organ
transplant

Quality control

FACS, fluorescence-activated cell sorting.






