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CAR-T Cell Receptor: 
Why use an alternative to scFv for targeting?
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• High affinity not required for CAR-T
• Novel (non-CDR) topologies may bind 

to novel epitopes
• Creating multi-specific or multi-

epitopic chimeras may be less 
challenging with a less complex 
domain fold
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• ⍺3D (PDB 2A3D)
• Single-chain, anti-parallel, three-helix bundle, containing all amino acids except cysteine
• Hydrophobic core (red), surface electrostatics and alpha-helical capping structure in loops
• Exceptional thermal stability and ultra-fast folding (Zhu etal, PNAS, 2003)
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ABSTRACT Although de novo protein design is an impor-
tant endeavor with implications for understanding protein
folding, until now, structures have been determined for only a
few 25- to 30-residue designed miniproteins. Here, the NMR
solution structure of a complex 73-residue three-helix bundle
protein, !3D, is reported. The structure of !3D was not based
on any natural protein, and yet it shows thermodynamic and
spectroscopic properties typical of native proteins. A variety
of features contribute to its unique structure, including elec-
trostatics, the packing of a diverse set of hydrophobic side
chains, and a loop that incorporates common capping motifs.
Thus, it is now possible to design a complex protein with a well
defined and predictable three-dimensional structure.

Protein folding is a complex process involving van der Waals
and hydrophobic interactions, electrostatics, and hydrogen
bonding networks. One approach to understanding protein
folding is to design from scratch a particular protein fold,
thoroughly characterize its solution properties, and determine
its three-dimensional structure. The field of de novo protein
design (1, 2) has experienced some recent exciting successes in
the redesign of natural proteins to incorporate novel, func-
tional metal-binding sites (3, 4). Also, the redesign of proteins
patterned after the sequence or three-dimensional structural
motifs such as the zinc finger (5–8), coiled coils (9), or other
small protein domains (10, 11) has progressed quite signifi-
cantly. Unnatural right-handed coiled coils have been success-
fully designed (12), and small, marginally stable models for
protein secondary (13, 14) and supersecondary structures,
including helix-loop-helix (15, 16) and three-stranded !-hair-
pin motifs (17–20), have been designed and shown to adopt the
desired conformation. However, the de novo design of larger
proteins with well defined hydrophobic cores and stabilities
similar to natural proteins has proven to be more difficult.
Often, designed proteins have adopted more dynamic struc-
tures characteristic of a molten globule conformation (1). Such
structures lack the well packed apolar cores that are charac-
teristic of the native states of proteins and are essential to their
functional properties as catalysts, transducers, mechanical
devices, etc. The tight and unique packing of a protein core
also can be discerned in its thermodynamic and spectroscopic
properties, including cooperative protein unfolding curves,
well dispersed NMR spectra, and a lack of binding of hydro-
phobic dyes. Even more discriminating features include the
change in heat capacity for unfolding, the rates and mechanism
of hydrogen exchange, and—most importantly—the adoption
of a unique native-like structure.

A few helical bundles (21, 22) and a coiled coil (12, 23) have
passed many or all of these tests. However, the structures of
only a few of these are known at high resolution. The topology

of one dimeric four-helix bundle was found to differ from the
design (21), and it was not possible to calculate a unique
structure for a second dimeric four-helix bundle by using NMR
distance restraints (24). Also, the structure of a four-helix
bundle consisting of four identical "-helices (originally de-
signed to solubilize membrane proteins) interconnected by
Gly-rich loops has been determined by x-ray crystallography
(22). However, the loops were not resolved in the structure, so
it was impossible to determine whether the helices adopted a
clockwise or counterclockwise topology. Thus, the design and
structure determination of a single-chain, native-like protein
of more than !30 residues has remained an important, unre-
solved problem.

The three-helix bundle occurs ubiquitously in nature as a
robust scaffold for molecular recognition. First observed in the
helical IgG-binding domains of Staphylococcal aureus (25), this
family has grown to include DNA-binding proteins, enzymes,
and structural proteins (26). Surprisingly, despite its wide-
spread utility, there have been few attempts to design single-
chain antiparallel three-helix bundles (27, 28). Therefore, "3C
has recently been designed (27) by using as a starting point the
crystal structure of a de novo designed antiparallel three-
stranded coiled coil, ‘‘Coil-Ser’’ (29). In a hierarchic approach
(1), the helices of Coil-Ser were shortened to a length typical
of globular three-helix bundles, N-terminal capping boxes (30,
31) were included, and the electrostatic interactions between
the helices were rearranged to stabilize the desired counter-
clockwise topology (32). Finally, the hydrophobic core was
repacked with a diverse set of amino acids by using a genetic
side-chain packing algorithm (33), yielding "3C. This protein
was native-like as assessed from its cooperative thermal un-
folding, hydrogen-deuterium exchange, and the chemical shift
dispersion of its NMR spectra. Dutton and colleagues (28)
recently also designed a three-helix bundle that appears native-
like as judged by its NMR chemical shift dispersion.

In this report, we describe the structure determination of
"3D, a derivative of "3C (Fig. 1; ref. 27). "3D contains 19 of
the 20 naturally occurring amino acids (it lacks a cysteine), and
it is native-like by all thermodynamic criteria. "3D differs from
the "3C sequence by the following amino acid changes: M1,
G2, E9Q, S16T, and S65D. Positions 9, 16, and 65 are
surface-exposed and were changed to decrease the sequence
homology between the "-helices.

MATERIALS AND METHODS
Expression and Characterization of !3D. A synthetic gene

for "3D was cloned into pET-16b (Novagen) and expressed in
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D domain Library Design
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F1 F2 F3

• ⍺3D has no inherent 
ligand

• Strategy: Randomize 
contiguous surface 
exposed positions

• F1, F2 & F3 faces (+2) 
initial designs

• Used all amino acids 
except Pro and Cys

• Phage libraries generated 
with Kunkel mutagenesis 
and trimer-codon oligos

Library Sequence-Profile-:-X-=-all-amino-acid-except-proline-and-cysteine
F1 MGSWXXFKXXLAXIKXXLEALGGSEAELAXFEXXIAXFEXXLQXYKGKGNPEVEALRKEAAAIRDELQAYRHN
F2 MGSWAEFKQRLAAIKTRLEALGGSEAELAAFXXEIXAFXXELXAYKGKGNPEVEALXXEAXAIXXELXAYRHN
F3 MGSWXEFXXRLXAIXXRLXALGGSEAELAAFEKEIAAFESELQAYKGKGNPEVEXLRXXAAXIRXXLQAYRHN
C1 MGSWXXFKXXLAXIKXXLEALGGSEAELAAFXXEIXAFXXELXAYKGKGNPEVEXLRXXAAXIRXXLQAYRHN
C2 MGSWXEFXXRLXAIXXRLXALGGSEAELAXFEXXIAXFEXXLQXYKGKGNPEVEALXXEAXAIXXELXAYRHN
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Sequence Attributes & 
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T Cell Biology Assessments
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release

Cross Reactivity
• TCR & Microarray
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Immunogenicity
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• a3D inherently low in silico immunogenicity score 
• D domains with high scores are excluded from development or deimmunized
• Abzena EpiScreen™: Assay responses, using donors representing diverse allelic population, are comparable to 

therapeutics such as trastuzumab
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Kinetics of D domains 
derived from naïve libraries

Many KDs are 1 to 100nM

Kinetics are comparable to 
those derived from naïve 
antibody libraries

1nM 10nM0.1nM 100nM

Monovalent SPR and BLI binding data
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1nM 10nM0.1nM 100nM

Single, point mutations to a 
CD123-binding naïve clone 
alter affinity over 200 fold
range

Combining mutations can 
achieve sub-nanomolar 
affinities (not shown)

naive

Monovalent SPR and BLI binding data



A l l  H a n d s  C o m p a n y  M e e t i n g
A p r i l  8 ,  2 0 2 1

D domain Scaffold

Therapeutic Platforms: ddCAR & ARC-SparX

Clinical Programs

Outline



ddCAR and ARC-SparX utilize D domains 
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ddCAR ARC-SparX

• D domain CAR
• Target-specific
• Single infusion

ARC-T Cell
• ARC-T is a universal cell
• ARC receptor contains D domain that bind to 

the “TAG” in the SparX protein  

SparX Protein
• “TAG” is a subdomain of human alpha 

fetoprotein (AFP)
• D domains are target-specific
• Mono/Bi-valent & bi-specific formats

ARC-T Cells only activated upon formation of tri-complex: ARC-T + SparX + target cell

SparX



ARC-SparX Advantage: Controllable Potency
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Control of ARC-T potency through 
SparX affinity and valency
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ARC-SparX Advantage: Adaptable Targeting
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Day 24
Flow analysis
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D domain Scaffold

Therapeutic Platforms: ddCAR & ARC-SparX

Clinical Programs

Outline



Clinical Programs
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ACLX-001
• First ARC-SparX clinical program
• 2-component therapy: ARC-T Cell + bivalent SparX, targeting BCMA
• For treatment of relapsed and refractory multiple myeloma 
• FDA clearance of IND application for ACLX-001 (March 2021)
• Phase 1 clinical trial expected to begin in the second half of 2021 

CART-ddBCMA
• First ddCAR clinical program
• Targeting BCMA
• For treatment of relapsed and refractory multiple myeloma 
• Phase 1 clinical trial is in progress

ARC-T



Study Design & Patient Disposition

• 9 subjects enrolled (as of 2 Nov 2020)
⎼ All subjects were successfully manufactured
⎼ 7 subjects treated

• 1 subject is pending first assessment
⎼ 1 subject pending treatment
⎼ 1 subject d/c prior to cell infusion due to AE

CART-ddBCMA cell 
infusion, Day 0

Response and
Safety Assessments, 2 years

Long term
Safety 

Follow-up,
≤15 years

Consent, 
screening, 
enrollment

Cell processing &
release

Dose levels: 
1x10^8
3x10^8

• Relapsed and refractory multiple myeloma
⎼ Prior IMiD, PI, and CD38-targeted therapy
⎼ Received ≥3 prior therapies or triple 

refractory

• Key Endpoints: Safety and disease response per 
IMWG criteria

LD Chemo
Cy (300 mg/m2), Flu (30 mg/m2)

Day -5, -4, -3
Apheresis

3

Clinical Programs: CART-ddBCMA
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Eligibility
• Prior IMiD, PI, and 

CD38-targeted therapy
• Received ≥3 prior 

therapies or triple 
refractory

Penta-refractory: refractory to ≥2 PIs, ≥2 IMiDs, and anti-CD38                                                                                                                 *Vector Copy Number

Dose 
(+/- 20%)

CAR+ T Cells

1 73/M IgA 5 /  No penta-refractory t(4;14), 1q+ 95% Yes 100 million 2.34 78

penta-refractory
+ BRAFi

penta-refractory 
+ anti-CS1 mAb

4 74/F IgG 5 / Yes penta-refractory del17p, 1q+ 70% No 100 million 2.33 76

penta-refractory
+BRAFi

penta-refractory
+ anti-CS1 mAb

Extra-
Medullary VCN* % CAR+

CART-ddBCMA Release

2.33 73

3.07 87

2.12 76

2.61 72

No 100 million

6 66/F IgA 7 / Yes 1q+ < 5% Yes 100 million

5 66/F Light 
Chain 5/ Yes 1q+ 10%

Yes 100 million

3 75/M IgA 7 / No 1q+ 95% Yes 100 million

Bone 
Marrow 

Plasma Cells

2 73/F Light 
Chain  5 / No sample not 

evaluable 0%

Subject # Age/Sex Myeloma Prior Lines / 
Prior ASCT

Prior Therapy 
Status

High Risk 
Cytogenetics

Adapted from Frigault et al, ASH 2020 Abstract #3199; please refer to full ASH presentation for safety and efficacy data.



Time on Study from CART-ddBCMA Infusion (as of 29 Oct 2020)
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Time on Study from CART-ddBCMA Infusion (as of 29 Oct 2020)

26
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NE***
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PD Retreated** PRMRD+

Subject 1*
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Subject 5

Subject 6

• First 6 patients received 100 million CART-ddBCMA+ cells and 
showed robust cell expansion
• 100% response rate among first six patients per IMWG criteria
• 4 stringent complete responses (sCR), 2 partial responses (PR) 
• 5/6 subjects experienced rapid clearance of sFLC and SPEP 

within 2 months

VGPR 
PR 

CR/sCR

Response Legend

Subject 1       

• Baseline: High disease burden (95% BMPC) 
with IgA myeloma, extra-medullary disease, 
penta-refractory, and high-risk cytogenetics.
• Month 1: Bone marrow negative, Minimal 

Residual Disease (MRD)-negative, and PET-CT 
negative

Adapted from Frigault et al, ASH 2020 Abstract #3199; please refer to full ASH presentation for safety and efficacy data.



Summary
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• D domains are a robust scaffold for the generation of binders to a 
variety of targets and exhibit properties required in a targeting 
domain

• The ddCAR and ARC-SparX platforms offer high performance and 
novel solutions to difficult therapeutic situations 

• CART-ddBCMA facilitates deep and durable responses in patients with 
poor prognoses



A l l  H a n d s  C o m p a n y  M e e t i n g
A p r i l  8 ,  2 0 2 1

Arcellx Team 

Clinical Teams 
• University of Chicago Comprehensive Cancer Center
• Massachusetts General Hospital Cancer Center
• Beth Israel Deaconess Medical Center
• Dana-Farber Cancer Institute

Patients and their families

David LaFleur 
dlafleur@arcellx.com

Thank You

mailto:dlafleur@arcellx.com

