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Access to structural information increases your understanding
and enables you to execute projects faster.
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Epitope definition to file stronger IP
Understanding MoA
Structure-based design
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protein drugs (HOYS)

» Antibody engineering: affinity
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» Antibody engineering: humanization

» Antibody engineering: ADC




MM-131 - Antigen Structures
Case Study

A Bivalent Monovalent MM-131

MM-131, a bispecific anti-Met/EpCAM mAb, inhibits
HGF-dependent and HGF-independent Met signaling
through concurrent binding to EpCAM
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Activation of the Met receptor tyrosine kinase, either by its igand,
hepatocyte growth factor (HGA), or via ligandindependent mech-
anisms, such as MET ampHication of receptor overexgression. has

in driving tumor peoliferation, metastasis, and ress-

Through computational modeling,
we found that the potency of a manovalent astody targeting

by ng
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» bispedific antibody that is monovalent for both Met and epithelal
coll adhesion molecule an(mwmnammw

Given the roles of the Met signaling pathway in tumos pro-
gression and s megative impact oe chimcal ostcomes, Met & 4
therapostic target that romans usder intensc Evestigation.
Optimal targeting of the pathway, bowever, tequires an agent
that i effective in blocking both HGF-dependent and HOF-
independent signaling. Although small-molecule tyrosime kinase
inhibicors (TKIS) designed 10 inhibit Met activity ¢
ple, achicve this, first-gencration Met TKIs suffer [
scdectivity (15). Recent clinical studies with more
TKIs have repariod encouraging Fesponse £alcs in paticats with
MET-amplificd. tamors {16-18). Usfortunatcly. paticats have
typically progressed relatively rapicdly on Met TKIs, with 45 av
crage progresion-froe survival (PFS) of 3.5 mo (19, 20). Notsbdy
Both ianate and acquired resistance to TKIs has been attriduted
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1o tumoe HGF (21). As
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a miglor; vk inhibition of tumor growth in HGF-dependent
and -independent mouse xenogratt models. Consistent with its de-

Sgn SMAL K e Fcben In SECANM MO call Yhan 8 RUCAM.
Tow coll,

by RNAL Evaluation of Met. EpCAM, and HGF Jevels In buman tu-
mor samphes covoals that EpCAM is expeessod at high bevels in &
wide range of Met-pasitive tumor types. suggesting a broad oppor-
tunty for chinical development of MM-131.

issecific antibody | Met | HGF | ECAM | ancer

ignaling by the Met 1eceptor tyrosine kisase prossotes pro-
liferation, migration, and survival, which, in turn, wsderlic the
peocesses of developmental morphogesesis, wound repais, and
cegan homeostasis (1, 2). Dystegulation of Met signaling s lisked
10 cancer progression, metistasis, and resistance 1 therapy. Ab-
crnunt Met activation ks n reported in masy cancers and can
occur via Bgand-dependent and ligand-indepeadent mechassms,
The cnty knows Met ligand, hepatocyte growth factor (HGF), can
be prodced locally through sstocrnine andios paracrine mecha.
nisms. For example. tumors of mesenchymal origia often pro-
duce their own HGF, whercas tumor-associated woblasts can
peoduce HGF w0 promote tumor progresson in & pasacrine
manner (3-5). In addition to. HGF-indwed Mct sctivation,
ligand-independent signaling can occur via MET gene amplifs-
cation or mutation, receplor overexpressioa resulting from
d upregulation, of t tovat T mem.
beane receptoes Eevated levels of Met andioe HGF can
confer resistance 10 therapy, including chemotherapy, fadio-
therapy, 2nd targeted therapics such as EGF receptor (EGFR)
aver, high HO) Met lovels arc as-
sociated with poor clinical cwtcomes, incloding increased me
tastasis and decreased survival (11-14).
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Althaugh MET Is an established cncogens that drives tumors-
nasis, metastass, and resistance 10 theragy. antbsdy ther
apeutics targeting Met have thus far sluded ticcesstul cinical
elopment. Met 73 8 particularly chafenging target because
bivalent antibodies typically agonize Met, whereas monovaient
antibodies lack potercy and the capadty 1 downreguate i We
report the design and precinical developmant of 3 purely an-
tagusistic anti-Met antibody that potenty blocks bath Sgand

concept of avidity. MA-131 b » bispectic s mon-
valot for Met, but axhilsts high avinity by concurrently binding
10 the tumor epithelial ol adhaion molecule

Apedfic antigen
Precinically, MM-131 inhibits probéeration in Met-ehven cancer
colls, ihbity hepatocyte geowth facior (HGPesediated
<oll migration, and inhibits tumoe geowth in HGF-dependent
and -independent moute xenogreft models
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Bispecific Antibody Mediating PD-L1-Dependent CD28
Co-stimulation on T Cells for Enhanced Tumor Control
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NI-3201 Is a Bispecific Antibody Mediating PD-L1-Dependent
CD28 Co-stimulation on T Cells for Enhanced Tumor Control
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potent effectar F liry: in vitro through i
Introduction
The schvent of imnunotherapy has bed to & remarkable revolutian
In cancer treal ver the past (1, 23, Immunotheragy

leverages the prwer of the imumune system to eradicate cancer celis
Oine of the most notable breakthroughs was the targeting of the P
LI/PD-1 immune checkpoint (IC) aws (5). PD-L1 expressed on

£

inhibitors
leading to tamos regres

varigble response are multifaceted and are not fully andersiood.
Tumor b an

showed favorable tolerability and pharmacokin

twcall assays with cytumegaliovinss-specific T cells
indacing tumor regression nunlogic m i
associated antigen-expressing MC38 sympeneic mouse models
Whe gagess weee

it 3201

v active doses. Cuaniitativ

PD-LI blockade with wafe

201 has the potential to
. and the clinical de-
noes Iy plasned

Impreve canc erapy
velopment of N1-3201 for PD.11"

and lsirissdc resistance mechanksms within cancer cells can con.
tribute to treatment failure (8], Newtralbizing antidrug antibodics
{ADA) may also nogativ 1 treatment (). This bighlights the
need for novel therapeatic strategies that expand the respander
population and address the Himitations of carrent immunotierapies

Agonist antibodies designed to tanget co-stimulatory path

their effector function and proli
co-stimulatory receptors on
CDa0N

expansion (11}
Several CI2-spec have been propused for therapeutic
ey rimed superagonist {SA) antibodies,

28 in cancer ireatment {13), One prombsng sirsiegy
use of bispecific antibodies (baAb) that ssmultameously
engige CDI8 and & tumor-associsted amtigen (TAA), directing
T-oell activaion specifically toward cancer cels while minimizing
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NI-3201 mediates CD28 co-stimulation
upon PD-L1 blockade.
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huCD28-transgenic mice o + Vehicle
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Crystal structure of the anti-CD28 k-arm Fab complexed to the 4 & I T
extracellular domain of human CD28 (pink, with the MYPPPY oy TR 5 o0 ]

motif highlighted by a cloud) and the Fab CDRH1-3 in green, o N
cyan, and blue, and CDRL1-3 in red, orange, and yellow, TR —
respectively (PDB code: 8562). NI-3201 shows strong single-agent antitumor activity
in immunocompetent huCD28 mice.
Residues of the Fab epitope that are unique to CD28 are
shown in purple,whereas residues that are shared between

CD28 and CTLA-4 are shown in aqua blue.
Majocchi et al,, 2024, Cancer Immunol Res, 0298.



Structural analysis of light chain-driven bispecific
antibodies targeting CD47 and PD-L1
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Structural analysis of light chain-driven bispecific antibodies targeting CD47 and
PD-L1
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ABSTRACT ARTICLE MISTORY
In contrast to matural antibodies that rely mainly on the heavy chain to establish contacts with their  Received 16 February 2024
cognate antigen, we have developed a bispecific antibody format in which the light chain (LO) drives Revised 26 May 2026
antigen binding and specificity. To better understand epitope-paratope interactions in this context, we  Accepted 28 May 2024
determined the X-ray crystaliographik strutures of an antigen binding fragment (Fab) in complex with  xevwomos

human CD47 and another Fab in complex with human PD-L1. These Fabs contain a x-LC and 8 MG, Bugecihc ight chwn: COIT;
respectively, which are paired with an iential heavy chain (HC), The structural analysis of these POLY; srnuctore; Xty
complexes revealed the dominant contribution of the LCs to antigen binding, but also that the common arystaliography

HC provides some contacts in both (D47 and PD-L1 Fab complexes. The anti-CD47 Fab was affinity

optimized by diversifying complementary-determining regions of the LC followed by phage display

selections. Using homology modeling, the contributions of the amino acid modification 10 the affinity

increase were analyzed, Our results demanstrate that, despite a less prominent role in natural antibodies,

the LC can mediate high affinity binding 1o different antigens and neutralize their bickogical function.

Importantly, Fabs containing a common variabie heavy (VH) domain enable the generation of bispecific

antibodies retaining a trudy native structure, maximizing their therapeutic potential,

Introduction

Antibodies are a key component of the mammalian adaptive
immune system used to fight pathogens. Beyond their biolo.

gical impartance, the exquisite specificity of antibodics has led
to their widespread use as research tools, diagnostics, and
therapeutic agents. Indeed, since the description of hybridoma
fusion to gencrate the first mouse-derived monoclonal anti

bodies in 1975, the evolution of antibody generation and
engineering technologies have led to the establishment of
antibodies as one of the most successful and fast-growing
classes of therapeutic modalities. *

A natunal IgG antibody is composed of four polypeptides,
two copies of a heavy chain (HC) and two copies of a light
chain (LC). The variable regions of the HC and LC each
contain three hyp ble loops, named pl y-
determining regions (CDRs), that contact the antigen and
thus determine the specificity and affinity of the antibody
Antibody-antigen interfaces can vary significantly in shape
and area (from 300 to 900 A%), depending on the size and
nature of the antigen. As the structure of more than a thousand
intact 1gGs or IgG fragments has been solved (www.resb.org),
the structural features of CDRs and their contributions to
antigen binding are well understood.'” The CDR3 of HC
and LC (H3 and L3, respectively) are located at the center of

the paratope and invariably contribute to interaction with the
antigen. In general, the binding is skewed toward the HC with
CDRs H3, H2 and L3 providing most of the contact points.*”
This is also due to the dominant role of H3, which is the most
diverse CDR in length and sequence and is always involved in
antigen contact."*'" The high diversity of CDR H3 is created
during B cell development by two recombination events link-
ing V. D, and ] regions, as well as nucleotide additions and
deletions at the junctions of these segments,'>"*

In the past two decades, many approaches and technologies
1o generate bispecific antibodies (bsAbs) capable of engaging
two different antigens, or two different epitopes on the same
antigen, have been developed.'*"* In some cases, the VH and
VL of both antibodies are combined into a single molecule by
using linkers (e.g., single-chain varisble fragment (scFv)) or
reshaping interfaces to favor the correct chain pairing and thus
maintain the original antibody specificitics.”” To simplify cor-
rect chain pairing, the use of antibodies that bear a common
and invariable LC has emerged as a widespread strategy. In this
case the binding is even more skewed toward the HC, as the LC
is not diversified.'* ™

We previously described a different approach to generate
native bsAbs by co-cxpressing a common HC and two
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Crystal structure of 1gG1 with k-light chain
bound to CD47 (PDB code: 8RP8).

Crystal structure of IgG4 with A-light chain
bound to PD-L1 (PDB code: 8RPB).

Malinge et al, 2024, mAbs, 16, 2362432.



Structure-guided engineering of immunotherapies
targeting TRBC1 and TRBC2 in T cell malignancies

nature communications
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Structure-guided engineering of
immunotherapies targeting TRBC1 and Tumor (T-cell) exterior
TRBC2 in T cell malignancies

Human Jovi-1
Heavy chain_

, Human Jovi-1
Light chain
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Peripk T cell lymph are typically aggressive with a poar progr
Unlike other hematologic malignancles, the lack of target antigens to dis-
criminate healthy from malignant cells limits the efficacy of immunother-
apeutic approaches. The T cell receptor expresses one of two highly
homologous chains [T cell receptor f-chain constant (TREC) domains 1 and 2]
in a mutually exclusive manner, making it a promising target. Here we
demonstrate specificity redirection by rational design using structure-guided
computational biology to generate a TREC2-specific antibody (KFN), com-
plementing the antibody previously described by our lsboratory with unique
TRECI specificity (Jovi-1) in ing broader sy of Tcell i Y
clonally expressing either of the two chains. This permits generation of paired 2

reagents (chimeric antigen receptor-T cells) specific for TRBC1 and TRBC2, Tumor (T Ce") cytoplasm
with preclinical evidence to support their efficacy in T cell malignancies.

270°

+ To facilitate a viable treatment strategy,
TRBC2-targeting agents were sought

» Specificity to TRBC2 was achieved by
structure-guided engineering of the
antibody targeting TRBC1

» The mutant antibody, showed a 3-log

nphamc s sereraly ave segeeive cllctfesre e aTCR s TCRD A e duplcasoml ch it et e decrease in TRBC1 affinity and a 15-fold

poor progrosis™, Unlike in B cell lymphomas, where pan B cell tar- results in the expression of one of two highly homalogous chains

i bl s ol el g [T clrcetor<hnconsr TRRC dorss and ity Superimposition of Human Jovi-1 Fab-TCR complex on TCR increase in TRBC2 affinity compared

il ly toxkc since depletionof  exclusive manner following TCH locus rearrangement ', We previously

e T CD3 complex structure showing how specificity for TRBC is Wi e parent andbody

The T cell receptor (TCR) ks expressed by the majoricy of mature T strategy allaws th Jetion of T celk

cell {and <30% of T cell acu a5 llmI'RDC](halnnomhcalms'ammlllmn.whmsﬂannzha‘l:h&‘ mediated in the ConteXt ofthe CD3 Sheath.
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Structure-based engineering of a novel CD3e-
targeting
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Structure-based engineering of a novel CD3z-targeting antibody for reduced

polyreactivity
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ABSTRACT
Bispecific antibodies continue to represent a growih anes for antibody therapeutics, with roughly a thisd  Kecerved 18 Novemiber 1022
of malecules in clinical development being T-cell engagers that use an anti-CD3 binding am. €03 Fevied 2 February 2023
antibodies possessing cross-reactivity with cynomolgus monkey typically recognize a highly electrone-  Accepted & March 2023
gative linear epcpe 3t the exreme W-terminus of (D3 epsilon (CD36). Such antibodies have hah  yevwoans

Esoelectric points and dispiay problematic polyreactivy (comelated with poor PRArMICOKINEEkS 190 Assbosy: bopeces COL
manespecific antibodies). Using msights from the crystal structure of anti-Hu/Cy CD3 antibody ADI-  deveicgabity:

26906 in complex with CD3& and antbady Mglnmme wsing & yeast-based puro-m Tads have derived  polprestevity RTCC:

high-atfinity €03 antsbody variants with very lor

sracare: Ky

developabiity. Comparison of these varlants mm €03 ansibodies in the diric [.u uan nl bi- Gr k-

specifics) shows that affinity for (D3 is correlated with polyreactivity. Our engineered (D3 antibodies

break this comelation, forming a broad affinity nge wih 0o 10 low polyreactady. Such antbodies wil
improved d saf

safety profikes and

that will beneit the larpe nd growing sector of T-cel ngagers

Introduction

Immune-cell engaging bispecific antibodies are a promising
clm of therapeutics that have shawm pmemmlm u:aung bmh
logsc and solid tumor malig
<‘ng;gu|g|.po|<|xan cells ar natural killer cells and tumor cells
via a tumor-asociated antigen (TAA), these bispecific antibo-
dies engage immune cells to kill cancerous cells that have
evaded the immune system.™ Starting with blinatumomab,
the first bispecific T-cell engaging antibody to be approved
by the US Food and Drug Administration (FDA) for patient
treatment, many bispecific therapeutics are moving toward
elinical use and some have more recently been approved in
the US and European Union. include the l «’I engagers
and

T ccll.mmuhlxm is mediated by the T cell receptor (TCR)

CD3 comples with CD3 as the signaling component, where
CD3 needs to be cross-linked to Belinare T-cell activation.
Stimulation leads to carly sctivation markees CD65 and CD25
being transcriptionally upregulated on the T-cell surface."*
These markers regulste the magnitude of the T cell prolifera
tive resporse, Stimalation also causes the T cell to release pro.
inflammatory cytokines such as IL-2, [FNy, TNFa/f and
others for Thi-biased cells. A growing body of literature sug-
gests that CD3-targeting bispecific antibodies mimic the prin
ciples of kinetic segregation rooted in the mechanism of TCR/
pMHC-mediated immunological synapse formation.”™'" The
resulting TCR signaling coupled with cross-linking of

cytotoxic CD8+ T-cells to targets cells expressing the TAA
arm of the bispecific molecule can redirect cytotoxic effects
toward the targeted cells'"

Far a bispecific antibody to be therapeutically effective, it
must simultaneously engage the correct effector and target
cells to elicit killing and have favosable pharmacokinetic (FK)
properties. Numerous assays bave been developed 1o ausess
developability concerns in antibodses during preclinical devel
apment. Such assays include baculovirus particle (BVE) and
palyspecilicity reagent (PSR) binding, as well as heparin suliste

y, which assesses binding, and af
nity-capture sell-interaction nanoparticle spectroscopy (AC
SINE), wlm.h measures propensity for antibody el
Interaction."" ™

Historscally, the tesms polyspecificity and polyreactivity
have been used interchangesbly. Recently, there has been an
effort to distinguish between the two such that polyspecificity
refers to antibodies displaying “specific” and moderate of-
target binding affinity to a discrete number of proteins that
are pot structurally or functionally related 1o the intended
target antigen.” On the other hand, polyreactivity refers 10
an antibady's abillity to bind nonspecifically 1o many unselsted
Proteins and liphds with weak affinity. These “sticky” interac
tions are thought to be encoded by excessive charge or hydro
phobic content in the antibody variable fragment (Fv).™ We
believe our PSR assay sdentifies palyreactivity, as defined this
way, and therefore adopt this terminalogy herein. Through the
process of heteroligation, polyreactivity can enhance the
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antibody for reduced polyreactivity

Oxygen
Nitrogen

CDRL3

¢ ~ CDRL2

X-ray structure of ADI-26906 Fab in complex with
N-terminal peptide from CD3e

Electrostatic surface potential

* (D3 antibodies possessing cross-
reactivity with cynomolgus
monkey typically recognize a
highly electronegative linear
epitope at the extreme N-
terminus of CD3e

* Using insights from the crystal
structure of anti-Hu/Cy CD3
antibody ADI-26906 in complex
with CD3e and engineering, we
have derived high-affinity CD3
antibody variants with very low
polyreactivity and significantly
improved biophysical
developability.

PDB code: 8FOL
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Abstract

Tha pandemic of severe acula respiratory syndrome coronavirus 2 (SARS-CoV-2) is cur-
ranitly tha biggest healthcare issue woridwida. This study aimed 1o davelop a monoclonal
antibody against SARS-CoV-2 from B ceds of recovered COVID-19 patients, which might
have beneficial therapeutic purpases for COVID-18 pasients, We successtully generated
human monocional antibodies (hmAbs) against the receptor binding domain (RBD) protein

of SARS-CoV-2 ] y The apainat the
RBO protein (wid-typa) binding activity and d the
batween the RBD and the celular receptar angs enzyme 2 (ACEZ) pro-

tein. Epitope binning and crystallography results displayed target epitopes of these antbod-
s in distingt regions beneficial in the mix as a cocktail. The 3D2 binds to conserved

epitopes among mulll-varants. P it tha
antibody cocktail. 101 and 302, showad high potency in multiple variants of SARS-CoV-2
imfaction. I vivo studies showed the ability of the troatment {intrap

(i) admi o) to reduce vi d (Beta variant) in blood and varius fissues. While

the antibody cocktail treatment (i
reduce the viral load in nasal lurbenate and lung Bssue, it could reduce the viral load in blood,

(in) could not s

B4173 May 4. 2023 1

SARS-CoV-2 Fab complexes

(a) ’)101 Fab

RBD(Beta) -
RANY I»V-!ax

Crystal structures of two Fab fragment complexes.

PDB code: 8BSE, 8BSF

Boonkrai et al., 2023, PLoS ONE,
18(5): e0284173.
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checkpoint facilitating T cell checkpoint

T cell inhibition responses inhibition

The three mechanisms of action of ALPN-202:

* Blockade of PD-1-PD-L1 interaction

* PD-L1-dependent CD28 costimulation

* Blockade of CTLA-4-CD80/CD86 interactions.

PD-L1 IgV

PD-L1IgC

PDB code: 7TPS

X-ray structure of ALPN-202 CD80 vigD in
complex with PD-L1

Published in Nature Communications! Maurer et al., 2022, Nat Comm, 13:1790.
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SUMMARY

Intereukin-27 (IL- '24\vmqu*b sssemb)
o

mediated
site explal g its potent antago
interrogation, engineering, and therapet

INTRODUCTION

Interieukin-12 (L-12) family cytokines §L-12, -2, and L-27,
and the more recently reported IL-35 and iL-39) are distinguished
by the pairing of their hellcal L-4-like cytokine subunis (a-sub-
ubunit),

sharing of signaling receptors that reguiate innate and a:mmm
immune fesporses i T cell populations (Hasegaw

015}, 1L-27 Is produced by activated smmn—pm

has dencritic celts and

and has emerged as perhaps the Most uaue member of the
IL-12 family. IL-27 comprises a heterodimeric assembly of a
£28 helical cytokine subunit with the compact sokible receptor
Epstein-Barr virus-induced gens 3 (EBI3), respectively serving
88 the z- and F-cytokine subunits of & non-covalently Inked het-
orodimeric cytokine, IL-27 signals through its specific cognate
recoptor IL-27Rz (also known as WSX-1 or TCCR) and the shared

3 Ubbmb to a heterodimeric cytokine that sig

o (S.NS)

nals via

receptor gpi30 (P1

04) to drive Signad Trans-
son (STAT) 1 and 3 signaling

ducer and Actv
patnways (Pflanz 2
Sinuctural homology of I

th the rcheﬁpnca IL-12 and IL-

tor fi-subunit). and the similarity of the p28 cytokine a-subunit
with IL-6, imparted a pro-inflammatory skew 10 its abiity 1o pro-
mote the production of interferon-y JFN-v) by natural kilier (NK)
and T cellsvia Th1 responses, However, the cumently understood
functional landscape of 1.-27 calls for a much broader influence
on the inflammation spectrum due 1o its abity to modidy CD4+
and CD8+ T cell etfector functions, to promote T regulatory coll
responses, and to a

Petwork (4 1

which suppresses the development of Th17 celts

I Fsports 41, 111490, Octobar 18, 20?? :'mm.\mmvw )
nse (ot

Cel
This is an open access article under the CC BY-NC-ND license

F _ SRF388,

X-ray structure of SRF388 Fab in complex with IL-27

PDB code: 7ZXK

Skladanowska et al., 2022, Cell Reports, 41, 111490.

gp130

recruitment
+

signaling

* |L-27Ra interacts both with the p28 and EBI3
subunits of IL- 27

* SRF388 and IL-27Ra occupy mutually exclusive
binding sites on IL-27

* [L-27 mediates receptor assemblies distinct
from IL-12 and IL-23
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Increased ligand specificity can be accomplished by using the

Sactiies-ahaaiu [luana oL ex.tra}cellular domains of bgth the type | and type Il receptor to

traps using natural sets mimic the naturally occurring signaling complex.

of type | and type Il TGFB receptors
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SUMMARY
The 30+ unique ligands of the TGFji family signal by forming complexes using = g ~
different combinations of type | and type Il receptors. Therapeutically, the extra- \ > N
cellular domain of a single receptor fused to an Fc molecule can effactively VH

neutralize subsets of ligands. Increased ligand specificity can be accomplished

by using the extracellular domains of both the type | and type Il receptor to mimic

the naturally occurring signaling complex. Here, we report the structure of one

“type li-type I-Fc* fusion, ActRIIB-Alk4-Fc, in complex with two TGF family Fab
ligands, ActA, and GDF11, providing a snapshot of this therapeutic platform

The study reveals that extensive contacts are formed by both receptors, repli

cating the ternary signaling complex, despite the inherent low affinity of Alk4

Our study shows that low-affinity type | interactions support altered ligand spec- “-
Hicity and can be visualized st the molecular level using this platform.

INTRODUCTION L ) - ACtRlIB
ActA

and five typa Il receptors. T
e rs, with e

Fingertip -+, % \

od 1o

g paradhgms &

Structure of ActA/ActRIIB:
Alk4/anti-ActRIIB Fab complex

PDB code: 70LY

Thia % 30 open accem arvcle under the CC HY-NC-ND

Goebel et al., 2022, iScience, 25, 103590.
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ATOR-1017 (evunzekibart), an Fc-gamma receptor conditional 4-1BB
agonist designed for optimal safety and efficacy, activates exhausted T
cells in combination with anti-PD-1
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Abstract

Background 4-1BB (CD137}is & co-stmulatory receplor highly expressed on umaor reactive effector T cells and NK cells,
which upon stimulation prolongs persistence af tumar reactive effector T and NK cells within the tumor and induces long-
tived memory T cells, 4- 1B agonistic antibodies have been shawn to induce strong anti-lumers effects that synergize with
immune checkpoint inhibitors. The first generation of 4-1BB agonists was, however, hampered by dose-limiting loxicities
resulting in subaptinsal dose levels or poor agonistic activity.

Methods ATOR-1017 {evunzekibart), a secand Fe 5 Pt 4-1BB agonist in IgG4 format,
was designed 1o overcome the limitations of the first generation of 4-1BR agonists, providing strong agonistic effect while
minimizing systemic immune activation and risk of hepatoxicity. The epitope of ATOR- 1017 was determined by X-ray crys-
tallography. and the functional activity was assessed in vitro and in vivo as monotherapy or in combination with anti-FD1.
Results ATOR-1017 binds to a unique epitope on 4- 1B enabling ATOR-1017 to activate T cells, including cells with an
exhausied phenotype, and NK cells, in a cross-linking dependent, FoyR-conditional, manner. This translated into a tumor-
directed and potent anti-tumor therapeutic effect in vive, which was further enhanced with anti-PD-1 treatment.
Conclusions These preclinical dsia demonstrate a strong sufety profile of ATOR-1017, together with its potent therapeutic
effect as monotherapy and in combination with anti-FD., supp further clinical develop of ATOR-1017.

Keywords 4-IBB . CDI37 . PD-1 - Immunotherapy - Antibody - T cell activation

Introduction

Immunotherapy using approved immune inhibi-

anti-tumoral properties. There is a need for improvement
of curtent cancer immunotherapies by combining mult.
ple dulatory largeting regimens and developing

tors (ICT) has femly established immuno-oncology as the
fourth pillar of cancer therapy. Sull. mot all patbents respond
o ICT fior multiple reasons, including absence or exhaustion
of existing indil lymphocytes, sub ng their

Karin Esell Smith and Sara Fritaedl hane contribated equally 1o this
work.

Peter Ellpark
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b Allhgasor Bioscosence AB, Lusd, Swedess
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Depusterest of Imunctechaology, Lund Usbversity, Lund,
Swedem

Pubdisbed nlime: 03 Okctober 302

novel therapies. Immunostimulstory antibodies 1argeting
co-stimulatory receptors such as 4- 1BB have been shown
in preclinical models 1o induce synergistic effects with ICI,
for example programmed cell death protein-1 (PD-1) [1, 2],
and with radiotherapy [3] or chemotherapy [4).

4-1BB (CD137, TNFRSF9) is a co-stimulatory receptor
transiently expressed on various immune cells, primar-
ily on effector T cells upon antigen recognition through
their T-cell receptor, but also on regulatory T cells {Treg)
and natural killer (NK) cells [S, 6], Importantly. 4-1BH i
highly expressed on tumar infilirating CD8 + T cells, cells
with the capacity to specifically recognize and kill umor
cells, while 4-1BB expression an circulating T cells is low
[7-9]. More specifically, 4-1BB is expressed on exhausted
CD8 + T cells within the lumor mictoenvironment. These

£) Springer

Utomilumab

Poor efficacy

ATOR-1017 Fab-1618

Good safety profile and efficacy

Urelumab

High toxicity

Tumor growth

3000 -0+ hulgG4 isotype n
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ATOR-1017 (evunzekibart),a second-
generation Fc-gamma receptor conditional
4-1BB agonist, was designed to overcome
the limitations of the first generation of 4-
1BB agonists, providing strong agonistic
effect while minimizing systemic immune
activation and risk of hepatoxicity.

ATOR-1017 binds to a unique epitope on 4-
1BB enabling ATOR-1017 to activate T cells

This translated into a tumor- directed and
potent anti-tumor therapeutic effect in vivo,
which was further enhanced with anti-PD-1
treatment

Enell Smith et al., 2023, Cancer Immunol, Immunother.



The bispecific 4-1BB x 5T4 agonist, ALG.APV-527, mediates
strong T cell activation and potent anti-tumor activity
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3. Cytotoxic
tumor cell killing

4-1BB(CD137) is an sctivation. indisced costinulatory receptor  in reporter and primary cell sssays in wira, ALG APV 517 triggers
that regulites imemune responses of activated €D8 T and natural  dose-dependent. 4-1BB 2 mediated oely by ST4 cross
proliferation, survival cytolytic activity,  Enkieg Ie vive, ALG. demonstrates robust antitusor

liller cells, by enby

and 1FNy productio ¢ ahility ® polrmn anstumor  fesporse, by Enhibuaieg growih of catablished tamoes expeessing
activity by stinmulating 4- 1B on fumer-specific cytotonic T cells T4 followed by a long lasting memary immune resporse
makes 4-1BB an attractive target for designing novel immuno-  ALG.A s an antibody-like half-life in cynamalgus mac

ancology therspeutics. To minimize systemic immune faxicities  ques and was well tolerated at 505 mpkg ALGAPV.S:

and enbance activity ot o mar sile, we have develaped 3 novel  w devigeed for ST4-conditionsl 4-1ER-medisted antity k!
bispecific antibody that stimsdates 4-1B mor activity with potential 2o minimize systemic insmuse acti Anti-5T4
engaged with the tumor-associated antiges vation and hepatotaxicity scFv

was built on the basis of the ADAPTIR bispecific placiorn with  specific responses in a range
ired binding damains to 4-VHE snd 5T4 arigmating from a5 thows by rebust activ
ATOR-GOLD hisman singhe-chain varisble fragnsent  models, On the busis of the ¢
dal s 4 p
eatmnesit of 5Td-expressing 1

the A
Ebrary. The epitope of ALGAPY:
at dosain 1 and 2 on 4- 188 using X-ray crystallography. As hown

TP TR P -

was determined 1o be located

Introduction

Checkpoknt ishibitor teeatmsent has revobotionized cancer treat-
esulting in sustainsble clenical benefic Howeves, not all

respond to this type of therapy, and there is need for

* ALG.APV-527 directs the stimulation of T
cells and NK cells to 5T4+ tumors and is
designed to minimize the toxicity observed
with other 4-1BB therapeutics

* Binding sites of ALG.APV-527 and the
4-1BBL on 4-1BB are distinct

aic T calls, CI4 bel
additional improvements. & promising approach for cancer lmmu.  © ey rani by i

. : . Y
¢ is to activ . ing T "
notherapy is to activate tumser-inflhrating T cells and natural killer (1 CL R R L povid h e Sl ik n

y signal that activ ling cascades, for
ay, inducing an increase in prok
i activity {3, 4, and pe

e R o e 4 e L

‘Aptavn Tharapeutics in:
Saten
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antigen rl'u,ﬂp...y.l .M.nm‘.m... phoblasts. In friapen
has limited normal tissue expression restricied to some specialized
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Targeting platelet GPVI with glenzocimab: a novel mechanism for
inhibition
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Pl Platelet glycoprotein VI (GPVI) ks attracting interest as a potential target for the development

of new antiplatelet molecules with a low bleeding risk. GPVI binding to vascular collagen
initiates fon and GFV § with fibrin promote the growih and
stability of the thrombus. In this study, we show that glenzocimab, a clinical stage
humanized antibody fragment (Fab) with a high affinlty for GPVI, Blocks the binding of bath
ligands through a combination of steric hindrance and structural change. A cocrystal of
glenzocimab with an extracellular domain of monomeric GFYI was obtained and its

= w'bli"hm structure determined 1o a resolution of 1.9 A The data revealed that (1) glenzocimab hinds
GPVI intaractions with to the D2 domain of GPVL, GPVI dimerization was not observed in the crystal structure
CRP, collagen, and . x
it by loes of because gl D2 h and the of dimers
R artion that have a high al'ﬂml) for collagen and fibring and (2) the light variable domain of the
# :iulnll GPVI-bound Fab causes steric hindrance that is predicted 1o prevent the collagen-related

changes, and steric peptide (CRPNcollagen fibers from extending out of their binding site and preclude GFVI

hindrance. and signaling. Gl did not bind to a truncated GPVI
missing loop residues 129 to 136, thus validating the epitope identified in the crystal
structure. Overall, these findings demonstrate that the binding of glenzocimab to the D2
domain of GPVI induces steric hindrance and structural modifications that drive the
inhibitlon of GEVI interactions with its major ligands.

Introduction

The finely tuned formation of a platelot plug &t sites of vascular injury ensures hemostasis by proventing
excossive biood loss. By contrast, uncontrolied platelet actvation causes thrombotic events and acute
tachamic avents such as myocardial infarction or stroke. Momover, platelets and immune cels act jointly
in injured Bssues, keading te thromboinflammation that contributes to cell death and cegan dysfunction,

Antiplatelet drugs are largely used for the treatment and prevention of arterial thromboss, including

Submized 14 Aprl 2033: sccopted 4 Oclober 2023, prepublished onioe on  Tha fub-ieat version of this ariicls contane a data sappieman
izl Advarcas Fest Exfisen 14 Nowerrbor 022 frial verson published erine 31
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X-ray structure of glenzocimab in complex with GPVI

PDB code: 7R58
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Glenzocimab inhibits fibrin-
induced platelet aggregation

GPVI binding to vascular collagen initiates thrombus
formation and GPVI interactions with fibrin promote
the growth and stability of the thrombus.

Crystal structure information enables the
elucidation of a novel mechanism for the powerful
anti thrombotic effect of glenzocimab, in which both
ligands are blocked through a combination of steric
hindrance and structural change.

Billiald et al, 2022, Blood Adv (2023) 7 (7):1258-1268.
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DutaFabs are engineered therapeutic Fab
fragments that can bind two targets simultaneously
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[

We report the development of a platform of dual targeting Fab (DutaFab) molecules, which
comprise two spatially separated and independent binding sites within the human antibody
COR loops: the so-called ide paratope encompassing HCDR), HCDR3 and LCDR2, and the
L-side paratope encompassing LCDR), LCOR3 and HCDR2. Both paratopes can be inde
pendently selected and combined into the desiced bispecific DutaFabs in a modular manner.

Xeray crystal structures illustrate that DutaFabs are able to bind two target molecules
simultaneously at the same Fv region comprising a VH-VL heterodimer. In the present study
this platform is applied to generate Dutafabs specific for VEGFA and PDGF-B8, which show
high affinities, physico-chemical stability and solubdity, as well as superior efficacy over anti

VEGF monotheragy in vivo. These molecules exempify the usefuin DutaFabs 35 a

distinct class of antibody therapeutics, which is currently being evaluated in patients.

Published in Nature Communications!

b
The DutaFab concept of
separating paratopes on a
single Fab

Fab library 1
(generation of antigen
binding site 1)

Fab library 2
(generation of antigen
binding site 2)

X-ray structure of the DutaFab in complex
with PDGF-BB dimer and VEGFA dimer

PDGF-BB complex VEGFA complex

PDB code: 6TOE 679D Beckmann et al., 2021, Nat Comm, 12:708.
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