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Axicabtagene ciloleucel (Gilead/Kite) anti-CD19/CD28z

« Adults, R/R FL after 2+ lines (ZUMA-1; Neelapu S NEJM 2017)
« Adults, R/R large B-cell ymphoma after 1+ line (ZUMA-7; Locke F NEJM 2022)

°* Tisagenlecleucel (Novartis) anti-CD19/4-1BBz

« </=25yo0, B-ALL primary refractory or 2+ relapses (ELIANA, Maude S NEJM 2018)
« Adults, R/R large B-cell lymphoma 2+ lines (JULIET; Schuster S NEJM 2019)

°* Brexucabtagene autoleucel* (Gilead/Kite) anti-CD19/CD28z
« Adults, R/R mantle cell ymphoma (ZUMA-2; Wang M NEJM 2020)

°* Lisocabtagene maraleucel (BMS/Juno) anti-CD19/4-1BBz
« Adults, R/R large B-cell lymphoma; FL 2+ lines (TRANSEND; Abramson J Lancet 2020)

* |decabtagene vicleucel (BMS/Bluebird) anti-BCMA/4-1BBz
« Adults, R/R multiple myeloma 4+ lines (KarMMa; Raje N NEJM 2019, Munshi N NEJM 2021)

* Ciltacabtagene autoleucel (Janssen/Legend) anti-BCMA/4-1BBz
» Adults, R/R multiple myeloma 4+ lines (CARTITUDE-1; Berdeja J Lancet 2021)

ﬁ Dana-Farber cancer Institute 3
*same CAR vector as Axi-cel, manufacturing now includes T cell enrichment
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NEJM.ORG AUGUST 22, 2019

CAR T cell therapies provide historic advance for patients with
relapsed/refractory hematologic malignancies

Cilta-cel

Lancet 2021;398:314-24  July 24,2021
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GPRC5D as target for MM GPRC5D CAR T clinical trial Dual-targeting
Mette Staehr Sham Mailankody Carlos Fernandez de Larrea

Next-gen CARs

Intracellular targets  non-T cell types
MRNA as a target and a therapeutic
Advances in manufacturing



G Protein-Coupled Receptor Class C Group 5 Member D (GPRCS5D)

GPRC5D mRNA expression
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— QOrphan 7 trans-membrane receptor
— Expressed in subset of cells in hair follicle, hard keratinizing tissue



GPRCASD protein expression is identified on MM
cells and is expressed independently of BCMA

BCMA
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Smith EL et al. Science Translational Medicine 2019



|dentification of candidate GPRCSD-specific scFvs by

screening a human B cell-derived phage display library

#scFvs Human scFv phage library

GPRC5D-aAPC panning

N-terminus
Validation of positive phage clone
specificity by FACS

Diversity: DNA sequencing

Cell surface binding of Y scFvA
phage clones to hMMCL by FACS Y scFvB
Y scFv C

scFv cloning into CAR vectors: Y scFvD

characterization of CAR T cell properties C-terminus

Lead CAR vector candidate selection

«GPRC5D scFv CD28 TM | 4-1BB -

ViV, short (hinge only)
V| /Vy medium (hinge-CH3)
long (hinge-CH2-CH3)
° Dana-Farber cancerinstitwe /X 2 X 3 = 42 CARs 8

Smith EL et al. Science Translational Medicine 2019



GPRCS5D-targeted CAR T cells rescued mice
from BCMA negative tumor escape model

Lucifering
OPNZEEMAKD,

Radiance
(plsecjcm2fs

OPM2BCMA KO

hCD138-APC

‘Ii Dana-Farber cancer Institute
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GFP (BCMAKO) Smith EL et al. Science Translational Medicine. 2019



GPRCS5D-targeted CAR T cells rescued mice
from BCMA negative tumor escape model

D:7

Radiance
(plsecjcm2fs

JCARH125 "  MCARH109

OPM2BEHAKE (Orva-Cel) (CC-95266)
m U.S. National Library of Medicine .. MCARH109 Chimeric Antigen Receptor (CAR) Modified T Cells for the Treatment of Multiple Myeloma
= o - . 40 Sham Mailankody, Pl ClinicalTrials.gov Identifier: NCT04555551
Chn lcal T ¥ lals°g ov A A Study of CC-95266 in Subjects With Relapsed and/or Refractory Multiple Myeloma
ﬁ Omar Nadeem, PI ClinicalTrials.gov Identifier: NCT04674813
c Dana-Farber cancer Institute 10

Smith EL et al. Science Translational Medicine. 2019
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A Pre-infusion

8 wks post
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Smith EL et al;
Cancer Immunology
Research. 2019

' ' Dana-Farber cancer Institute

BCMA CAR T cell therapies have dramatic efficacy in RRMM

EVOLVE: Deep Tumor Burden Reduction Across Dose Levels

rease

Maxim
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25—~

Orva-cel (formerly JCARH125)
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-90

Human BCMA-
specific binding
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Modified spacer
CD28

transmembrane
11117 domain
i

18884 41BB
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CD3{ signaling
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Il 300 x 106 CAR T Cells 450 x 10° CAR T Cells [l 600 x 106CAR T Cells

Serological responses* were observed in all patients treated at 450 x 10 and 600 x 10° DLs

*Involved serum or urine paraprotein, free light chains. *Patient with baseline extramedullary plasmacytoma.

esenreo . 2020ASCO

ANNUAL MEETING

Abstract #8504
Presented by: Sham Mailankody




- LN

Memorial Sloan Kettering
Cancer Center..

Phase I First-in-Class Trial of MCARH109, a
G Protein Coupled Receptor Class C Group 5
Member D (GPRC5D) Targeted CAR T Cell

Therapy in Patients with Relapsed or
Refractory Multiple Myeloma

Sham Mailankody, Claudia Diamonte, Lisa Fitzgerald, Peter Kane, Xiuyan Wang, Devanjan
Sikder, Brigitte Sénéchal, Vladimir Bermudez, Diana Frias, Justina Morgan, Patrick Grant,
Terence Purdon, Kinga Hosszu, Sean Devlin, Urvi Shah, Jonathan Landa, Alexander Lesokhin,
Neha Korde, Hani Hassoun, Carlyn Tan, Malin Hultcrantz, Gunjan Shah, Heather Landau,
David Chung, Michael Scordo, Mikhail Roshal, Ola Landgren, Ahmet Dogan, Sergio Giralt, Jae

Park, Isabelle Riviere, Renier Brentjens, Eric L. Smith

ASH Annual Meeting 12/2021; Abstract 827

&

Memorial Sloan Kettering
Cancer Center



Key Safety Events (n=16)

25 X106 CAR+ T 50 X106 CAR+ T 150 X106 CAR+ T 450 X108 CAR+ T Total
cells (n=3) cells (n=3) cells (n=5) cells (n=5) (N=16)
Cytokine Release Syndrome,
Any Grade, n (%) 3 (100) 3 (100) 4 (100) 4 (80) 14 (93)
Cytokine Release Syndrome,
Grade 3 or higher, n (%) 0 (0) 0 (0) 0 (0) 1 (20) 1(7)
Neurologic Toxicity,
Any Grade,n(%) e e e te o
Neurologic Toxicity,
Grade 3 or higher, n (%) 0(0) 0(0) 0(0) 1(20) 1)
Macrophage Activation
Syndrome,n (%) e e L o
Infections, n (%) ~1(33) _0¢(0 1(20) | 1(20) 3(19)
Grade 1 Nail changes, n (%) 16 . 26n 240 4@0) 9 (56)
g/ra)!de 1 Maculo-papular rash, n 0 (0) 0 (0) 2 (40) 1(20) 3 (19)
Grade 1Dysgeusia,n(%) @ 0(©)  0() 10 00  1(6)
Grade 3 or higher Hematologic
Toxicities, n (%)
Anemia 3 (100) 0 (0) 1 (20) 3 (60) 7 (44)
Thrombocytopenia - 3(100) - 1(33) 1 (20) | 5(100) 10 (63)
Neutropenia 3 (100) 3 (100) 5 (100) 5 (100) 16 (100)

Mailankoday S et al. ASH 2021



Radiologic Response: Patient #1 (25M cells)

Pre-treatment

4 week follow-up

14



Clinical Responses (n=16)

6 6
Response 25X108CAR+T  50X108CAR+T 150 X106 CAR+T 450 X106 CAR+ T Total

cells (n=3) cells (n=3) cells (n=5) cells (n=5) (N=16)
:tl/il;imal Response or better, n 2 (67) 3(100) 3 (60) 5(100) 13 (81)
Pt Response CAN WE ENGINEER AROUND (100) 1(69)
veyGoodratq BCMA-low RESIVIOR FOR RELAPSE o o
C';'n;tR“:) WITH DUAL-TARGETINGTO |
nw | PREVENT ANTIGEN ESCAPE RELAPSE |  *&
BM MRD negativ AND IMPROVE DURABILITY OF (50) 8 0)
REMISSIONS?
Response Prior B(C;m;herapy Prior C?Il;l‘)therapy
Partial Response or better, n (%) 8 (80) 6 (75)
T e

° Dana-Farber cancer Institute
*MRD negativity to >10° Mailankoday S et al. ASH 2021




Mono-specific BCMA CART cells

MM patient
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° Dana-Farber cancer Institute
Simon S and Riddell S. Blood Can Discov 2020

@ Tumor cells BCMA™ GPRC5D"
(& Tumor cells BCMA°¥nes GPRC5D"
+ Tumor cells BCMA™ GPRC5D'*"/neg

+ Tumor cells BCMA°vnes GPRC5D'ownes

Tumor antigen expression



PLAT-05: Phase 1 Trial of Dual Specificity of CD19 and CD22
CAR T cell products in Rel/Ref Pediatric and Young Adult B-ALL

Study Objectives

Determine feasibility of manufacturing SCRI-CAR19x22 in patients with Rel/Ref B-ALL
Determine safety of SCRI-CAR19x22 cell product infusion
Determine toxicity profile in Rel/Ref pediatric and young adult CD19+ B-ALL

C Cotransduction

Eligibility Criteria
Age: < 27 years
Relapsed or refractory CD19+ CD22+ acute leukemia
No active GVHD
Absolute lymphocyte count of > 100/pl

@ﬁ?‘%

Product
Manufacture

one Marrow/LP
CART cell
Bone Marrow/LP
Bone Marrow/LP
Bone Marrow

Flu/Cy

Apheresis

B
o
o,
o,
o

10 21 63

@ Seattle Childrens” -
e L S Annesley C et al. ASH 2021 ClinicalTrials.gov Identifier: NCT03330691



SCRI-CAR19x22v1

Autologous PBMCs
(Leukapheresis Product)

CD4 and CD8 selection

with CliniMACS

v

CD8-Depleted T Cells

v v

CD8-Enriched T Cells CD4-Enriched T Cells

Stimulate on CD3/CD28
beads with IL-7, IL-15 and IL-21

Activated CD8 and oz
CD4-Enriched T Cells |

\ 4

Transduce with lentivirus
v (60-80% efficiency)

Transduced CD8 and
CD4-Enriched T Cells

\ 4

Expanded CD8 and
CD4 T Cells

Cryopreserve

A 4

Cryopreserved SCRI-
CAR19x22 v1

product infusions
thawed at bedside,

LARC

Annesley C et al. ASH 2021

IgG4 Transduction
= : : : .
EEr : scFv . Hinge T™M Signaling domain marker |
5 H H H HEHEE—: CD19CAR
LTR LTR

Leader Vu linker V| CD28tm 41BB CD3C T2A Her2tG

sequence —1 B CD22CAR
Hinge-CH2-CH3 EGFRt

Dosing is based off the three CAR+ populations in total .

CD19 CAR

10°

CD22 CAR

1 subject died prior to
CART cells

Toxicity: No Dose Limiting

1 X 108 CAR T cells/kg [N=4]
Toxicities Observed

RP2D established at 3 x 10¢
CAR+ T cells/kg

3 X 10° CAR T cells’kg [N=23]

27 subjects infused




SCRI-CAR19x22v1 on PLAT-05: 85% MRD-neg CR

* Product split nicely between three o L 400
CAR+ populations

Abs CAR Count

300 -~ Total Abs CAR

« Engraftment predominated by the
CD19 CAR
« Especially at later timepoints

~
N
o~

CAR Composition
Dual CAR

CAR22

B car1e

CAR not detected

50% 1 + 200

* Inferior CD22 activity:
* 2/4 non-responders were related
to CD19 negative/CD22+ disease

« 5/7 relapses were CD19 negative
« Only 2 had concurrent CD22

dim/negative findings

(ri/s1199) HyD aInjosqy |elol

25% 1 + 100

CAR Breakdown Percentage

0% 1

Product D1 D3 D7 D10 D14 D21 D28 D63

@ Seattle Childrens® - Annesley C et al. ASH 2021



SCRI-CAR19x22v2: A re-engineered CD22 CAR construct

« Although SCRI-CAR19x22v1 is safe and tolerable with strong initial efficacy,
the CD22 CAR lacked activity

* Re-engineered the CD22 CAR (C Summers et al, ASH 2021 abstract #403) to create
SCRI-CAR19x22v2

Trans- Transduction
CD22(m971) scFv Spacer membrane Signaling domain marker

1L ]l 15 J L 1

L L) L} L1 L4 I 1
5 EF1p 3
SCRI-CAR22v1 ¥ H H K - R
Leader Vy (G4S)3 V_ IgGé4hinge CD28 41BB CD3¢ T2A EGFRt
sequence CH2(L235D)-CH3

Cerro . - Co g
SCRI-CAR22v2 LiR—pEH HIH HEHE H HH TR

Vy G4S V. CD8a 41BB CD3{ T2A EGFRt

* Modified the PLAT-05 protocol to investigate SCRI-CAR19x22v2 with dose finding and
expansion cohort

@ Seattie Childrens” - Annesley C et al. ASH 2021



SCRI-CAR19x22v2 engraftment favors CD22 CAR

\A| V2
100% - + 400 100% 4 - L 400
Q -]
> =)
8 75% 300 75%:+ r 300 o Abs CAR Count
5 > - Total Abs CAR
(8]
— (/2]
a % CAR Composition
c o Dual CAR
g 50% 200 50%+ + 200 o CAR22
T >
® o | carig
0 —
5 a CAR not detected
T 25%. 100 25%: 100 &
o L
0% 0 0% 0
Product D1 D3 D7 D10 D14 D21 D28 D63 Product D1 D3 D7 D10 D14 D21 D28 D63

Q Seattie Children’s

Annesley C et al. ASH 2021



Mono-specific BCMA CART cells

MM patient
T. ’ BCMA-specific
| CART cells
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Dual BCMA/GPRC5D CART cells
2 virus

Single-stalk

CARpool Bicistronic
Coadministration of

two mono-specific

CAR T-cell populations bicistronic vector

of two vectors

Coexpression Expression of a single Tandem CAR

Tumorload <% pyal-targeted
A #. . CARinfusion de Larrea et al Blood Can Discov 2020
U ‘ g .‘o- .
. b ". "
. o. e\ !
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2% @\
.. @ "v‘
- ' ;
. e
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»Time

° Dana-Farber cancer Institute
Simon S and Riddell S. Blood Can Discov 2020

@ Tumor cells BCMA™ GPRC5D"
(& Tumor cells BCMA°¥nes GPRC5D"
+ Tumor cells BCMA™ GPRC5D'*"/neg

Tumor antigen expression

+ Tumor cells BCMA°vnes GPRC5D'ownes



Dual-targeting model
Hypothesis: Dual-Antigen
targeting may
Iincrease avidity

for dual-antigen expressing
target cell

\Z

° Dana-Farber cancer Institute 23
de Larrea et al Blood Can Discov 2020



Logic Gated/Conditional CARs to increase specificity

a AND b NOT IF->THEN

Tumour cell Tumour cell Non-malignant cell Tumour cell - Tumour cell B
Antigen A Antigen A Antigen B Antigen A Antigen B W/ synNotch
receptor
N-VHL NTAD
Transcription
factor
CD3( CD28 g N-VHL
QOVIVGT
4-1BB ® CAR-encoding C-VHL
gene turned on
NTAD

A\ \ £

CART cell

— CAR
No T cell activation| T el SynNotch CARs: in which a

CAR CAR CAR

iCARs: inclusion of inhibitory CAR against a specific non-tumour

receptor for one TAA drives
expression of a second receptor
for a different TAA, requiring

HIF-CARs designed
to be expressed
selectively in the

Split CARs: one receptor with a CD3( activation domain and a second

with a co-stimulatory domain, requiring binding to multiple TAAs for
CART cell activation

antigen, requiring the absence of this antigen on tumour cells for
CART cell activation

° Dana-Farber cancer Institute

binding to multiple TAAs for
CART cell activation

hypoxic TME

Rafiq S, Hackett C, Brentjens R. Nature Rev Clin Onc. 2020 24
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GPRCS5D as target for MM GPRC5D CAR T clinical trial Dual-targeting
Mette Staehr Sham Mailankod Carlos Fernandez de Larrea

2022 MIT Health Science Technolagié:

°* Next-gen CARs
* Intracellular targets ¢ non-T cell types
_ Conference |
o
MRNA as a target and a.therapeutlc The Future of Cell & Gene Therapies %
* Advances in manufacturing April 12,2022 !

° Dana-Farber cancer Institute 25




CARPOOL: A library-based platform to rapidly identify next generation
chimeric antigen receptors

A

}
. Taeyoon Kyung, Khloe S. Gordon, Caleb R. Perez, Patrick V. Holec,Azucena Ramos, Angela Q. Zhang, Yunpeng Liu,
Catherine Koch,Alina Starchenko, Brian Joughin, Douglas A. Lauffenburger, Darrell ). Irvine, Michael T. Hemann,

Michael E. Birnbaum

-

bioRyiv EHEAEAERSEE =0 |

a CD19 CAR lentiviral backbone vector

THE PREPRINT SERVER FOR BIOLOGY

Randomly ananged ICDs (89°)

20 Co-stimulatory
(CD28, 4-1BB

\ O ’l .
4 (@) O N PacBio
N O' o Nos & s - | | sequencing
CAR encoding Lentiviral library T cell Sorting for GFP+ cells
plasmid library transduction
. - <ol % o
Analysis flumina DA A 08
sequencing D%(N at *ogih <%
gDNA Expansion Antigen é
extraction stimulation
Sorting for
phenotypic markers |Ch ae]

v Dana-Farber cancer Institute I ‘

Birnbaum
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blome dlcal engmeer mg https://doi.org/10.1038/s41551-020-00625-5

Intracellular targets CART colls targeting a mucleonhosmin

neoepitope exhibit potent specific activity in

CAR N K Ce I Is mouse models of acute myeloid leukaemia

Guozhu Xie"? Nikola A. lvica®'?, Bin Jia'?, Yingzhong Li©"?, Han Dong>#, Yong Liang®,
Douglas Brown'? Rizwan Romee® and Jianzhu Chen®"25<

ARTICLES

Membrane-associated proteins

~27% of the proteome
A. NPM1c-CART cell/NK cell \ |
) : « Potential CAR and TCR targets ‘
) - * Examples: |
- ’ Human PBMC CAR introduction CAR
16 hrs via 72 hrs
Intracellular proteins _> . —p
~73% of the proteome lL_lS unconventional
—_ AlQ-HLA-A2 ) ! fas
oomplox d * Exclusively targets 1L-12 Ient|\/|ra|
g + Examples: IL-18 transduction
i. Tissue differentiation antigens
ii. Shared - ifi i H
il e ot Dong H et al (Chen, Ritz, and Romee). ASH. 2020

AML cell (N PMlc+ HLA-A2+) ‘ -Endogenous retroviruses

-Viral antigens

iii. Public neoantigens

iv. Private neoantigens

° Dana-Farber cancer Institute 27




; Therapeutics to edit mMRNA

ADAQm dCas13b  guide RNA

i . / A ] A
R 4 5 i3| \ \

—

, target A specified conversion of
by mismatching C target Ato |
- on guide RNA
target mRNA 176 €77 C78 R79 V8@ E81 A82 A83 GB4 X85 F86 R87 T8B FB9 Y98
(Cluc W85X) 5'= .. AUU GAA UGC AGA GUA GAG GCC GCA GGA UAG UUU AGA ACA uuC uvAu..-3'

MR
U G ACCUGGAAGGUGUUG ACG 1 AU CUC CGG CGU CCU ACC AAA UCI

guide RNA S e
U G GGGGCUAUUACAACA -~ 3'

'
p—— mismatch distance ————
spacer length

Science 358, 1019-1027 (2017)

RNA editing with CRISPR-Casl3

David B. T. Cox,2%%%6*% Jonathan S. Gootenberg,>>>*7* Omar O. Abudayyeh,>23*6*
Brian Franklin,’?>-®>* Max J. Kellner,>>% Julia Joung,%** Feng Zhang"%3*t

° Dana-Farber

b c
BzoCas13b cas13bt3 (775 aa)
— D
cas13bt2 (802 aa)
— D -
Cas13bt3 cas13bt1 (804 aa)
Cas13bt1 — D
'T‘ Cas13bt2 T 1 36-bp CRISPR repeat
AAV2 vector BGH
HIVNES Linker 3xHA polyA guideRNA
ITR | | N S/ ITR
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Compact RNA editors with small Cas13 proteins
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A Next-gen cell therapy manufacturing

' Single-stranded DNA vectors for gene insertions
Rational Design of rAAV Production via Mechanistic Modeling and replacement
Richard Braatz — — — Floris Engelhardt

Gilliland Professor, Chemical Engineering CEOQ, Kano Therapeutics

Faculty Research Officer

Tam Nguyen
Ph.D. student in chemical engineering at M
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Label-Free Biophysical Critical Quality Attributes (CQAs) for Cell Therapy Products

Jongyoon Han

. : . . . . . The future in cell therapy discovery and
Professor of Electrical Engineering and Professor of Biological Engineering

manufacturing
Paulo Garcia
‘ y Dana-Farber cancer Institute CEO & Co-founder, Kytopen



= Next-gen manufacturing: automation to increase scale

y

STEM CELL
BIOLOGY

MACHINE
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Making personalized cell therapies scalable Cell therapy manufacturing, enabled by robotics
Marinna Madrid Fred Parietti
Co-founder, Cellino Founder & CEQO, Multiply Labs
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New cell/gene/mRNA GMP capabilities:

L ANDMARKBIO

Landmark Bio is building a multi-
modality, state-of-the art innovation and
development laboratory and GMP
manufacturing facility in Watertown, MA
to help turn today’s cutting-edge research
into tomorrow’s breakthrough therapies.

Ran Zheng L —
CEO, LANDMARK BIO ,

Wpage: Algyandria Real Esiale Eqﬁllbz‘ 2

The Massachusetts Center for Advanced Biological Innovation and Manufacturing has closed a $76 million funding round
will open its headquarters and a biomanufacturing facility in Watertown's Arsenal on the Charles.

»,J Dana-Farber cancer Institute 32



Manufacturing platforms — big picture
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Summary

A

' * Cellular and genetic based immunotherapies are rapidly translational
with the potential for substantial efficacy even in the most heavily pre-
treated patients (example: GPRCS5D CAR T cells)

* Advances in design/bioengineering and manufacturing will drive
Improvements in patient outcomes

 Given the rapid advances in technology and practical advantages of
cell/gene/mRNA clinical translation, these platforms are likely to
supplant traditional biologics over the next several years

FENWAY PARK
123 456 789 10

TEXAS 0
BOSTON 10

' y Dana-Farber cancer Institute
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Thank you

Eric Smith, MD PhD

Director of Translational Research,
Immune Effector Cell Therapies
Dana-Farber Cancer Institute
Email: EricL_Smith@dfci.harvard.edu
Smith Lab for Gene and Cell Engineering
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A

Expanding Cell/Gene Immunotherapies @ DFCI

4
Lead Scientist - Immunotherapy Platform for Antibody

and CAR Therapeutics discovery (IMPACT)

APPLY REFER A FRIEND SAVE JOB BACK

SHARETHISJOB @ © @ ©

mAb engineering

Job Ib: 23920 High throughput screening

Location: 450 Brookline Ave, Boston, MA 02215
Category: Research Technician/Scientist

Employment Type: Full time EricL_Smith@dfci.harvard.edu

ericsmithlab.dana-farber.org
Overview

Dana-Farber Cancer Institute is seeking an experienced PhD scientist to lead IMPACT, a new pre-clinical group with the mission to
speed “discovery to translation” of antibody-based therapies for immunotherapy of cancer. The IMPACT team will work closely with DFCI
Pls and outside antibody discovery groups to develop and carry out streamlined ‘hit-to-lead’ functional screening and protein engineering
approaches for potential therapeutic antibodies/nanobodies/bispecifics and CAR T cell immunotherapies. The candidate should be an
exceptionally motivated individual with substantial past lab and management experience in the area of antibody screening and/or protein
engineering.



