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ABSTRACT ARTICLE HISTORY
Next-generation antibodies include a growing number of bispecific and multispecific Received 21 October 2025
antibodies that are commonly used to redirect the immune system to fight cancer. Revised 28 November 2025
Herein, we assessed the depth and breadth of epitope coverage as a proxy for functional Accepted 1 December 2025
diversity in human immune repertoires produced by two complementary in vivo plat- KEYWORDS

forms utilizing a common light chain, in a chicken (OmniClic™) or rat (OmniFlic®) host ADCG; antibody; epitope
species. We adopted NKp46 as a model to target antigen due to its use in emerging binning; HDX-MS; machine
natural killer (NK) immune engagers that are being explored clinically as potentially safer learning; NGS; NKp46; SPR
alternatives to traditional CD3-based T cell engagers. To probe the epitope diversity of

our antibody repertoires, we performed a detailed high throughput epitope binning

study using surface plasmon resonance and corroborated our binning assignments with

epitope mapping data deduced from hydrogen deuterium exchange mass spectro-

metry. Our results revealed broad epitope coverage and nuanced diversity both within

and across repertoires, with few epitopes shared, suggesting that the complementary

use of OmniClic™ and OmniFlic® produces more comprehensive coverage than either

alone. Furthermore, our epitope binning assignments aligned with our complementar-

ity-determining region-based sequence lineage assignments, enabling a direct compar-

ison of sequence diversity across Clic and Flic repertoires despite their use of different

scaffolds, a single functionally rearranged V(D)J scaffold versus multiple combinatorially

assembled V(D)J scaffolds, respectively. The rich epitope diversity of both OmniClic™

and OmniFlic® yielded multiple candidates for functional NK activators, as determined in

an antibody-dependent cellular cytotoxicity assay, demonstrating their value as building

blocks in constructing optimized immune engagers.

Introduction

Therapeutic antibodies have revolutionized medical treatment options for patients, especially those suffer-
ing from cancer and autoimmune disorders' . Compared with other drug modalities, antibodies offer
advantages of exquisite specificity, high affinity, and long serum half-life, minimizing the dose and
frequency of dosing needed to produce a safe and efficacious response in patients*. Antibodies can be
used in various ways to bring therapeutic benefit to patients, and this is reflected in the myriad of molecular
formats in approved and clinical-stage drugs, as driven by the intended biological mechanism of action’.

The molecular and functional diversity of antibodies is further expanded by the increasing number of
bispecifics that have been approved in recent years®™® fueled by a robust clinical pipeline with emerging
multi-specifics’ '>. A major mechanism of action for approved bispecifics is immune cell engagement,
a type of immunotherapy where the antibody helps the body to fight cancer'*'. In this type of bispecific
antibody, one specificity recruits an immune cell, typically a T cell via the CD3 receptor on its surface, and
the other redirects it to a tumor cell, via tumor-associated receptors such as EpCAM, CD19, CD20, BCMA,
GPRC5D, or DLL3, thereby mobilizing immune cells directly to the tumor site where they activate immune
cell-mediated anti-tumor immune responses, while sparing healthy cells.
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Most approved anti-CD3 bispecifics are used to treat blood cancers such as lymphoma, myeloma, and
leukemia, with limited success achieved in treating solid tumors'>™"”. As a drug class, use of CD3-directed
bispecifics is often hampered by significant dose-limiting toxicities, especially cytokine release syndrome'®.
The design of CD3 engagers continues to evolve to overcome these challenges by optimizing the antibody’s
binding affinity, valency, epitope specificity including logic gating and targeting specific T cell subsets,
conditional activation, and molecular geometry, among other considerations'®. As an alternative to T cell
engagers, next-generation clinical-stage immune engagers are also exploring the use of other types of
immune cells such as natural killer (NK) cells® that can be targeted via activating receptors such as
CD16a and NKp46>"%2.

Since ‘one size does not fit all’ when optimizing the molecular format of a bispecific and multi-specitfic
antibodies'’, technologies that facilitate the combination of disparate variable antibody domains as building
blocks for custom molecular constructs are appealing. Within the engineering toolbox used to assemble
biotherapeutics are common light chain (cmLC) antibodies*’, an elegant approach that eliminates the light-
chain mispairing problem of traditional IgG-like bispecifics and facilitates their manufacture** without
compromising target-binding affinity*>. The blockbuster drug emicizumab (Hemlibra®), which represents
the first cmLC bispecific antibody to be approved by the Food and Drug Administration (in 2017), has
transformed the treatment options for the clinical management of hemophilia A*. Several cmLC antibodies
are in clinical development®”*®, An under-appreciated but substantial practical convenience of cmLC
antibodies is in the screening stages of a de novo discovery campaign because they obviate the need to
preserve native heavy and light-chain pairing, and thereby reduce selections to just the native heavy chain
variable domain, which has been optimized to pair with a germline cmLC.

We set out to explore the binding kinetics, affinity, epitope diversity, developability, and biological
functional activity of antibodies from the immunization of OmniClic™ (abbreviated as ‘Clic’) animals,
a cmLC platform producing fully human-sequence immune repertoires in a chicken host, which is
a divergent, single-scaffold gene-converting species®”. We benchmarked our results against immunization
of OmniFlic® (abbreviated as ‘Flic’) animals, a cmLC platform that produces fully human-sequence immune
repertoires in a rat host species and is an established industry standard used in clinical-stage CD3-bispecifics
: etentamig (CD3 X BCMA)*° and surovatamig (CD3 X CD19)*". As a model target, we chose NKp46, an
activating receptor on NK cells that has gained popularity in clinical-stage multi-specific immune
engagers>>*. We posit that NKp46 antibodies from our immune repertoires showing functional activation
could be reformatted as bispecific or multispecifics to provide versatile options for constructing next-
generation immune engagers.

Results
OmniClic and OmniFlic repertoires produce comparably diverse kinetics and affinities

NKp46-specific antibodies generated from protein immunizations of Clic and Flic animals were isolated in
a single B cell workflow using the xPloration® instrument, a microcapillary-based array screening system™,
and tested for their target-binding kinetics and affinities by surface plasmon resonance (SPR). Initial
phenotypic selections yielded a similar number of unique-sequence clones from each repertoire (44 Flic
and 45 Clic) with diverse-binding kinetics and affinities spanning a similar range, with Kp, values from 0.5
nM to 200 nM, with many showing Kp, values comparable to the benchmarks, which were single-digit nM
(Figure 1a,b, and S1 Fig).

Variational autoencoder-based hit expansion retrieved higher affinities than those from phenotypic
selections

To retrieve even higher affinity clones than those from our phenotypic selections, we performed a data-
driven antibody hit expansion of Clic repertoires using a variational autoencoder (VAE) trained on next-
generation sequencing (NGS) data from the same immunized antibody repertoires. Artificial intelligence
(AI)-expanded hits were, on average, 10-fold higher affinity than those from our original phenotypic
selections. This improvement can be seen in the iso-affinity plot and Kp, scatter plot shown in Figures 1la,



MABS (&) 3

/’l}b( K o //DP( o
N
107 1pM 10pM 100pM 1nM 10nM 100 nM ) 1000 AN A AN 1054 -
® Al Expansion ] | e Clic(n=13)
® Clic Minus Seed - = 6
= 10%3 o i =
| CioSeed 100+ ‘:. < 3 . ¢ Flic (n = 5)
105 u Flic _ ¥ 1074 . 0 . e Benchmark (n=4)
- 10 % ] o
LJ ® Benchmark = = o © 4 -
e E : ¥ ¥ O+ IRl IR
€ a E 2
s I~ . ] ¥
g E
01d & & 1070
10% exfrrrrmfrn. o Sererfrrrrmd 001 T T T T 107 T
104 105 104 103 102 101 100 . . RO S S S S )
ke (s (\;,\00 & &m“ RSSO
2 &
sy N
v\‘V < Human NKp46 Kp (M)

Figure 1. Binding kinetics and affinities for human NKp46. (A) Isoaffinity plot and (B) Scatter plot for human NKp46 affinity
determinations of Clic (Al-expanded hits; original with or without ‘seeds,” which are clones selected for Al hit-expansion
based on their high-affinities), Flic, and benchmarks (see S1 table). (C) Scatter plot of binding affinities for human NKp46
compared with cyno NKp46 for a subset of clones (see S2 table). In panel C, Clic clones from original, seed, and Al-hit
expansion are treated as one ‘repertoire.” Data in panels A and B were determined using in-house-produced NKp46,
whereas data in panel C was determined using commercially sourced (Acro) proteins.

b, respectively, where Al-expanded hits (in red) ‘burst’ from the ‘seeds’ (in cyan) giving slower dissociation
rate constants, resulting in lower Kp, values. Additionally, we selected a subset of clones for binding affinity
to cynomolgus (cyno) NKp46 (sharing 86% identity with human NKp46) and found many cyno cross-
reactive clones within both Clic and Flic repertoires. We also found examples of human-specific NKp46
clones that did not cross with cyno NKp46 (see S2 Table).

Clic and Flic repertoires show broad and complementary epitope coverage

We performed a detailed and statistically powered high-throughput (HT) epitope binning study on
a merged panel of clones from Clic and Flic repertoires to assess the breadth and depth of their epitope
coverage. We incorporated a small panel of literature clones (Innate-1, 2, 3, 4, and 9)** as benchmarks to
determine whether our antibodies could overlap known epitopes and expand coverage beyond them. Of
these five benchmarks, two (Innate-1 and Innate-4) served as structural benchmarks (PDB:6IAP). Innate-1,
2, 3, and 4 reportedly target distinct, non-overlapping epitopes, which we empirically confirmed (S2 Fig).
Innate-2 and Innate-9 reportedly overlap with one another. We also included three previously described
single domain heavy chain-only antibodies (OmnidAb® clones, herein called ‘dAbs’) as tool compounds
defining the Innate-3 epitope™.

Figure 2 shows network plots from an epitope binning analysis of 119 total clones comprising 70 Clic
(including expanded hits), 41 Flic, five benchmarks, and three dAbs. In a network plot, each node is
a unique antibody and each chord connecting two nodes suggests a blocking relationship between the two
antibodies. It is assumed that all antibodies have been tested against one another in a combinatorial pairwise
manner such that the absence of a connecting chord between two nodes indicates the lack of a blocking
relationship, which is detected in our so-called “classical sandwich” epitope binning assay format, as the
formation of a ternary or “sandwich” complex, due to the binding of a solution antibody (as analyte) to
NKp46 that is first tethered by an immobilized antibody (as ligand) on our SPR chip surface. Based on the
observed (or in some cases, inferred) blocking relationships (see Methods), antibodies are clustered into
epitope groups. To determine an appropriate clustering level, we first assigned clones to five groups or
‘super-communities’ and named them (1 through 5) based on their blocking relationships with the bench-
marks (Innate-1, 2, 3, 4 and none); these were then split into more granular groupings to give a total of 14
‘communities,” as shown by the network plot in Figure 2a that is colored by community.

Table 1 lists the 14 assigned epitope communities and how they were populated by Clic, Flic, and the
benchmarks. The four benchmarks (Innate-1, Innate-2, Innate-3, and Innate-4) were thus assigned to four
discrete communities (Com-1, Com-2a, Com-3, and Com-4a) with Innate-2 and Innate-9 sharing the same
community. Despite their non-overlapping epitopes, Innate-1 and Innate-4 epitopes were strongly
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Figure 2. Epitope binning network plots. Plots are colored by (A) Community, (B) Repertoire, or (C) Clones selected for
further characterization. See S3 fig for binning heat maps and dendrograms.

Table 1. Epitope communities and their distribu-
tion within and across repertoires.

Community Repertoire
Com 1 Flic + Innate-1

Com 1C2a Clic

Com 1C2b Flic

Com 2a Clic + Flic + Innate2 + Innate-9
Com 2b Clic

Com 2C3 Clic

Com 2d Clic

Com 2U Clic

Com 3 Flic + Innate-3

Com 4a Flic + Innate-4

Com 4b Flic

Com 4C1 Clic + Flic

Com Sc Clic

Com Sf Flic

Community names are based on their blockade of bench-
marks: Com 1, 1C2a, and 1C2b are related to Innate-1; Com
2a, 2b, 2c3, 2d, and 2U are related to Innate-2; Com 3
blocks Innate-3; and Com 4a, 4b, and 4C1 is related to
Innate-4. Com Sc (Clic-only) and Sf (Flic-only) are special
communities that do not block any benchmark. Capital
letter ‘C" in the community’s name indicates a community
that ‘connects’ two otherwise non-overlapping commu-
nities. See S1 Table for community assignments for all
clones tested.

overlapped by a large group of clones, likely due to immunogenicity of those epitopes and our Clic AT hit-
expansion that focused on four communities (1, 4a, 4b, and 4C1). Three Flic clones fall into the Innate-3
community (Com-3), anchored by our Innate-3-like dAb clones. We identified a Special epitope cluster
distinct from and non-overlapping with the benchmark comprising Flic (Com-Sf) and Clic (Com-Sc)
clones. Another novel epitope cluster connecting Innate-1 and Innate-2 is composed Com-1C2a and
Com-1C2b. Of the 14 defined communities, six were Clic-only and six were Flic-only with two shared
across Clic and Flic (Table 1). As observed in Figure 2b, where the nodes are colored by repertoire, Flic
recapitulated the epitopes of all benchmarks tested, while Clic only recapitulated that of Innate-2 (which fell
into the same community as Innate-9). Taken together, Clic and Flic produced clones that blocked the
benchmarks in many ways as seen by the complex network of chords emanating from the benchmarks
connecting Clic and Flic clones that cross-talked across communities. Additionally, Clic and Flic accessed
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epitopes not represented by the benchmarks, as shown by nodes that have no chords (no blocking
relationships) connecting them to any benchmarks.

Detailed epitope binning studies reveal nuanced epitope diversity that is corroborated by epitope
mapping

To justify the community-level grouping of our SPR-based high throughput binning approach, hydro-
gen deuterium eXchange mass spectrometry (HDX-MS) was used to epitope-map a subset of clones.
HDX-MS measures the exchange rate of amide hydrogens, with this rate primarily dependent on
secondary structure stability, making it well suited to capturing changes conformational dynamics
induced by antibody-antigen interactions®>°. Differences in deuterium exchange were deemed sig-
nificant if they fulfill all the following criteria: percent difference greater than 5%, difference in number
of deuterons incorporated greater than 0.4 and p-value less than 0.01 after applying a two-tailed T-Test
(n=3). The peptide coverage of NKp46 was ~40%, with any epitopes present in these regions being
unmappable. This is not uncommon in heavily disulfide-linked proteins®’. Despite these challenges, we
were able to define conformational differences in NKp46 upon binding to distinct classes of antibodies.
When interpreting HDX-MS results, understanding that differences can be caused by direct-binding
interactions (epitopes), but also by allosteric conformational changes, is critical. To explore epitope
breadth, we chose clones from distinct epitope communities (1C2b, 2a, 2 U, 3, and 4C1) and, to explore
epitope depth, we chose clones from the same community (2a) showing highly similar blocking profiles.
The alignment across our binning and HDX-MS mapping studies reinforced the reliability of our
binning experiments (Table 2).

Figure 3 shows examples of three clones mapped via HDX-MS superposed with deduced epitopes from
structural benchmarks Innate-1 and Innate-4 (PDB:6IAP): F31 (Com 4C1), C24 (Com 2a), and D01
(Com 3). The blocking relationships from SPR binning experiments via pairwise combinatorial antibody
competition are shown as chords in the community network plots and can be used to explain the HDX-MS
mapping data. Visual navigation of the community network plot is facilitated by comparing Figure 2a
(colored by community) with Figure 2c (colored by the clones selected for further characterization). See S4
Fig for the mapped epitopes deduced for each antibody tested.

The binning data suggests that clone F31, a member of Com-4C1, competes with Innate-4 (B04) but not
with Innate-1 (B01). HDX-MS data identifies residues L39-F62 as protected upon engagement of antibody
F31 with NKp46 (Figure 3a). This protection profile aligns with the B04 epitope (identified by PDB:6IAP)
while having no overlap with the BO1 epitope. This agreement between the binning and mapping data
rationalizes the community assignment for antibody F31, one of the Com-4Cl1 clones that recognizes a large
antigen surface area connecting B04 and B01 epitopes.

Table 2. Epitope mapping deduced by HDX-MS.

Clone ID Hu Kp (nM) Cy Kp (nM) Com Difference >10% (5-10%)°
F23 6 N/B 1C2b L135-Y147, 5172-F180, (G148-C169)
C65 19 4.8 2a S130-F132, L135-F154, S172-Y173, (P155-G171, P181-L187)
24 0.19 N/B 2a L135-Y147 (H108-F121, G148-A177)
C70 2 N/B 2a L135-Y147, (G148-C169)
cos? 9 27 2U S$130-F132, G148-Y173
D01 61 N/B 3 H108-F121
F15° 4.1 79 4a N/T
F31 17 170 4C1 L39-F62
(@ 0.085 6.9 41 N/T
Epitope Deduced from PDB:6IAP¢
BO1 25 4.6 1 20-21,67-70,96,98-102,104,125-127,173,180,183
B04 49 25 4a 35-36,38,40,43,45,48,54,76,78,80-88

Summary of clones selected for further characterization by HDX-MS and/or ADCC. See S3 Table for statistical analysis; S4 Table for NKp46
alignment showing deduced epitopes; and S1 File for source data. N/B = non-binder to cyno NKp46. N/T = not tested.

Clones selected for ADCC analysis: C08 (Com 2U), F15 (Com 4a), and C44 (Com 4C1).

bResidues showing %D difference >10% (regions with %D difference between 5-10% shown in brackets) all listed residues also met criteria of #D
difference >0.4 Da and p<0.01 (n=3). Underlined residues indicate peptide L735-Y747 anchoring Com 2a, also present in Clone F23's epitope
(Com 1C2b) ‘connecting’ Com 1 and Com 2.

“Epitopes for the structural benchmarks were deduced from PDB:6IAP within 4.5 Angstrom.
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Figure 3. Epitope mapping by HDX-MS. Images of (A) F31 (Com 4C1), (B) C24 (Com 2a), and (C) D01 (Com 3) showing HDX-
MS results compared with epitopes of the structural benchmarks, BO1 and B04 (PDB:6IAP): red = BO1, blue = B04 (exclusive),
yellow = HDX-MS results of F31, C24, D01 (exclusive), mapped regions showed a decrease in exchange with %D difference

>10% (also met criteria of #D difference >0.4 Da and p<0.01 [n=3]), green = NKp46 regions with HDX protection in presence
of F31 which overlap with the B04 epitope.

Clic produced a unique clone, C08, that is assigned to its own community (Com-2U). Binning data
suggests that C08 is the only clone that not only blocks select Com-2a members but also directly blocks B01,
contrary to being indirectly related to B01, through Com-1C2. On the nodal plot, chords connecting C08 to
its competitors are highlighted in red for ease of visualization (Figure 2c). Mapping data identifies NKp46
residues S130-F132 and G148-Y173 were protected upon binding to antibody C08. While no residue is
shared between C08 and B04 epitopes, one residue, Y173, is shared between C08 and B01, which could
justify the competition between C08 and BO1 observed in the binning data.

In the absence of HDX-MS data for a Com-1C2a clone, we can only postulate that Com-1C2a epitope
likely wedges between that of Innate-1 and Innate-2. Based on binning data, F23 belongs to Com-1C2b,
which is the other community that connects Com-1 to Com-2a. Mapping data identifies residues L135-Y147
and S172-F180 as the regions with the most significant protection. Peptide S172-F180 overlaps with C08
epitope at the dipeptide S172Y173, in line with the observation that F23 is in direct competition with C08.

C24 does not compete with B04, BO1, or C08. Mapping data identifies L135-Y147 as the regions
undergoing the largest protection (Figure 3b), which does not overlap at any residue with the known
epitopes of structural benchmarks or the mapped epitope of C08. At the community granularity level, both
C24 and C65 are assigned to Com-2a, but they are sufficiently distinct from each other in that only C65
directly competes with C08 in binning. Mapping data identifies S130-F132, L135-F154, and S172-Y173 as
protected when NKp46 is bound by C65. This overlaps with the protection profile of C08, which showed
differences at regions S130-F132, G148-F154, and S172-Y173.

Clone C70 competes with C61, a Com-2C3 clone that connects Com-2a and Com-3. Mapping data
identifies L135-Y147 as regions with the strongest protection (greater than 10% difference), G148-C169 had
a difference in exchange between 5% and 10%. On the PDB:6IAP structure, the G148-C169 patch extends
C70 epitope beyond L135-Y147 and reaches toward the distal end of NKp46 C-terminal domain, which
aligns with Com-3 (D01) HDX changes. C70 is the Com-2a member with a blocking profile extending
closest to Com-3 yet does not directly block Com-3 clones.

Finally, we mapped a dAb clone, D01, which showed protection in residues H108-F121, suggesting the
Com-3 epitope (co-populated by Innate-3) is localized to the distal end of the C-terminal domain of NKp46
(Figure 3c). Peptide H108-F121 also covers a surface that immediately neighbors G148-C169, this region
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showed a stabilization (decreased HDX) when NKp46 bound the C70 antibody. This could provide an
explanation as to why C70 competes with C61, a Com-2C3 clone, in binning.

Epitope communities aligned with sequence lineage assignments

We observed agreement between antibody sequence lineage assignments and epitope binning communities
in both Clic and Flic repertoires. Figure 4a shows that 70 Clic clones (including expanded hits) were
assigned to 19 sequence lineages or ‘clusters’ and 8 epitope communities. Seed clones for our hit expansion
were chosen from Com 2a and Com 4C1 and these epitope communities were preserved in expanded hits.
The use of multiple birds further increased opportunities for sequence diversity, as shown by C69, C23, and
C05, each from different birds converging on Com-4C1, while C36 and C09, also from different birds, both
hit a rare epitope (Com-2d).

Figure 4b shows that 40 Flic clones were assigned to 16 sequence lineages covering 8 epitope commu-
nities, using multiple germlines (Figure 4c). Like Clic, the use of multiple animals contributed to the overall
diversity, with some epitope communities uniquely produced by some animals, while other communities
were shared across animals by convergence of disparate sequences. In this cohort, we noticed a rare case of
clones assigned to the same lineage showing an epitope shift. This was seen by F28, a lineage 2 clone (red
innermost color wheel in Figure 4b), whose epitope shifted to Com-4b, deviating from its lineage siblings
that belong to Com-4Cl1 (see S3d Fig showing sensorgrams supporting this observation).

The Venn diagram (Figure 4d) and Table 1 show how the 14 epitope communities are distributed within
and across Clic and Flic repertoires. Clic (70 clones, including expanded hits) uniquely populated six
communities (1C2a, 2b, 2C3, 2d, 2 U, and Sc) while Flic (40 clones) also uniquely populated six commu-
nities (1, 1C2b, 3, 4a, 4b, and Sf), with only two communities shared (2a and 4C1), providing repertoire-
distinct opportunities, within the sample size tested. Flic (rat host species) thus recapitulated the epitope
communities of all four benchmarks (Innate-1, 2, 3, and 4: Com-1, Com-2a, Com-3, and Com-4a,
respectively) likely because those were also produced by immunization of a rodent (mouse), while Clic
only recapitulated one of them (Innate-2: Com-2a), but provided multiple options for other, Clic-only
epitope communities, likely due to differential target recognition possible in a divergent host species. While
Flic showed large sequence diversity as defined by its germline usage, Clic showed large sequence diversity
in the HCDRs. As such, Clic and Flic show comparable diversity when considering epitope diversity, with
complementary opportunities for epitope coverage.

Both Clic and Flic repertoires yielded functional NK engagers across various epitope communities

We next investigated whether our NKp46 antibodies could induce NK cell-mediated killing of tumor cells in
an antibody-dependent cellular cytotoxicity (ADCC) assay. To enable the use of a well-established EGFR-
expressing cancer cell line (A549) we formatted our NKp46 antibodies as EGFR bispecifics using
a symmetrical tetravalent 2 + 2 scFv-IgG Morrison format®, a commonly used format for producing
multispecifics and among the many used in clinical-stage NK engagers'>*” and in preclinical studies*.
We tethered cetuximab scFv from an anti-NKp46 IgG backbone, explored two different tethering locations
(at C-terminal of the heavy chain or light chain) and tested both STR-silenced (mAbsolve, see Methods for
details) and active IgG1-Fc backbones to determine whether NKp46-engagement alone was sufficient to
produce ADCC (on a silent Fc backbone), and whether NKp46 engagement could augment ADCC on an
active Fc backbone (via the ‘normal’ CD16a/IgG1-Fc-mediated activation). Three clones from disparate
epitope communities with similar or higher affinities than the benchmarks were selected for reformatting
into EGFR bispecifics. From Clic, we chose C08 because of its unique epitope (Com 2 U) and C44 (Com
4C1) because of its high affinity and tested each of them in a different Morrison format. From Flic, we chose
F15 (Com 4a) and tested it in both Morrison formats.

We first confirmed that the bispecific compounds had negligible effect on the growth of tumor target
cells alone in the absence of NK cells along with appropriate controls (S5 Fig). We then tested the bispecific
compounds (and vehicle, representing phosphate-buffered saline (PBS) alone) for their effect on the growth
of tumor target cells co-cultured with NK cells compared with untreated co-cultures: Table 3 summarizes
these results. Eight bispecific compounds were tested (Figure 5a) and split by Morrison format (HC-
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Figure 4. Sequence analysis. Circular sequence dendrograms for (A) Clic (n = 70) and (B) Flic (n = 40) repertoires merged
with epitope binning data. Color wheels (inner to outer) indicate sequence lineage (or ‘cluster’ for Clic), epitope community,
expansion (Clic only), and animal (bird or rat). (C) Pie chart showing Flic V+J germline usage. (D) Venn diagram showing how
the 14 epitope communities are distributed across Clic and Flic repertoires.

tethered or LC-tethered scFv-IgG) across six total donors, using three donors per Morrison format. There
was significant donor-to-donor variability. Within the first set of donors (donors 1, 2, and 3) used to test
HC-tethered scFv-1gG, donor 2 appeared mostly resistant/non-responsive. Donors 4, 5, and 6 (used to test
LC-tethered scFv-IgG) were generally poorer responders than donors 1, 2, 3 (S6 Fig and S7 Fig). All
bispecific compounds on an active Fc backbone produced a moderate reduction in tumor cell growth,
comparable to or slightly worse than cetuximab IgG control (Figure 5b). None of the active Fc bispecifics
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Table 3. ADCC results.

Sample? Epitope Com Donors ADCC Potencyb
C08-HC-Active Com 2U 1,2, 3 (++)
C08-HC-Silent (++) in 2 of 3 donors
F15-HC-Active Com 4a (++)
F15-HC-Silent (+) in 2 of 3 donors
C44-LC-Active Com 4C1 4,5,6 (++/+++)
C44-LC-Silent (++)
F15-LC-Active Com 4a (++)
F15-LC-Silent (+++)

2Sample name indicates Clone ID (C08, F15, or C44), Morrison format (Heavy Chain or Light Chain
tethered scFv-lgG) and Active or Silenced Fc backbone.

bADCC potency is scored as slight (+), moderate (++) or substantial (+++) reduction in tumor cell
growth. Cetuximab control is (++). See S2 File for statistical analysis supporting this simple
categorization.
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Figure 5. ADCC results. (A) Morrison formats of bispecific compounds tested. (B) IncuCyte AUC data showing tumor growth
reduction for A549 cells co-cultured with NK cells upon treatment with or without vehicle (PBS), cetuximab control or
bispecific compounds. Student T-test shows statistical significance of the F15-LC-Silent bispecific compound. See S2 File for
statistical analysis of all samples tested. (*) C44-LC-Active showed slightly more reduction in tumor cell growth than the
cetuximab control. (C) IncuCyte time-course data showing format-dependent tumor cell killing by F15 on a silent backbone,
compared with controls. Panels B and C show data for one out of the three tested donors: donor 1 is representative of
donors 1,2, 3 and donor 4 is representative of donors 4, 5, 6. See S5-57 figs.

augmented tumor cell killing beyond that for the cetuximab IgG control, except LC-tethered scFv-I1gG C44,
which consistently appeared slightly better than the cetuximab control in all three donors tested. Since
vehicle (PBS alone) showed a mild inhibitory effect, we provided two sets of statistical T-tests for each
bispecific sample and cetuximab-IgG control, one comparing untreated and another comparing vehicle: see
S2 File.

Comparing the tumor cell killing of silent Fc constructs to one another, all showed some reduction of
tumor cell growth, with LC-tethered scFv-IgGs appearing more potent than HC-tethered scFv-IgGs
(Figure 5b). This was clearly demonstrated by clone F15, which was tested in both Morrison formats.
Furthermore, of all eight bispecific compounds tested, including active and silent Fc backbones, the most
potent one was on a silent Fc backbone (LC-tethered scFv-IgG F15-silent), significantly outperforming its
active Fc counterpart in the same format, suggesting that NKp46-engagement was sufficient to produce
a greater tumor cell killing than cetuximab IgG Control, but that the geometry of the molecule likely
hindered co-engagement of both mechanisms of action (the Fc-mediated CD16a pathway and the NKp46-
mediated pathway) required to augment tumor cell killing.
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Discussion
Clic’s single germline scaffold facilitated Al hit expansion

Clic’s use of a single germline scaffold facilitated our Al-assisted hit expansion and successfully retrieved
clones with an order of magnitude higher affinity than the ‘seeds,” representing high-affinity clones from
original selections. The VAE approach is agnostic to prior structural or functional knowledge of antibodies,
relying solely on the observed sequence and activity data. This enables unbiased exploration of the sequence
landscape and supports the discovery of diverse, functionally relevant antibody candidates beyond known
motifs or germline constraints. Unlike rodents and most mammals, including humans, that use V(D)]
(variable-diversity-joining) recombination as a primary mechanism to diversify their repertoires from the
combinatorial assembly of multiple gene segments, the chicken is a single-scaffold species relying instead on
gene conversion, starting with a functionally rearranged V(D)J gene®'. Clic, an engineered chicken,
leverages the chicken host’s natural mechanisms of diversification. Our lineage definition allowed direct
comparison of epitope diversity across Clic and Flic repertoires despite them reaching diversity in different
ways: single scaffold versus multiple, combinatorially assembled scaffolds.

High throughput epitope binning uncovered nuanced and complementary diversity

Herein, we demonstrate that Clic and Flic repertoires provide complementary platforms for producing
in vivo-optimized human immune repertoires for drug discovery, yielding high-affinity clones with cyno
cross-reactivity, broad epitope coverage, and functional activity as NK engagers. In addition, our clones
exhibited favorable developability properties when assessed by both in-silico and in-vitro methods (S5
Table). Our detailed epitope binning study revealed that both repertoires showed broad and complementary
coverage, with most epitope communities being found in only one repertoire and not another, and few
shared epitope communities. This intricate diversity can be appreciated in the community network plot
(Figure 2b), the Venn diagram (Figure 4d) and Table 1, which collectively show the distribution of epitope
communities within and across repertoires. We intersected our analysis with a small panel of literature
benchmarks sourced from the immunization of mouse>. Flic was able to recapitulate their epitopes when
analyzed at the epitope community level in our analysis. While Clic only recapitulated one of them (the
Innate-2/9 epitope), Clic generated many Clic-unique epitope communities. This additional epitope cover-
age may reflect Clic’s different recognition of human targets relative to mammalian host species (rodents)
because the chicken is a divergent host species**. Both Clic and Flic expanded epitope coverage beyond the
benchmarks and provided multiple cyno cross-reactive clones from different epitope communities
(Figure 1c and S2 Table).

It is well-established that high throughput epitope binning assay can discriminate antibodies, aiding in
the triage of large antibody panels to prioritize candidates for further study*>™** and that the deduced
epitope differences can be confirmed by structural methods*®™**, increasing confidence in binning assign-
ments that may allow for the identification of antibodies with differentiated binding modes and unique
mechanisms of actions. However, to fully appreciate the depth and breadth of epitope coverage contained in
antibody repertoires, a few caveats must be met to optimize the information content of these assays. Not
only are the choice and number of antibodies used for probing epitope coverage key but the ‘granularity’ of
binning assignments is often a subjective exercise, relying on both good biosensor practices and statistically
powered experimentation.

In Gauthier et al.’s assessment of 17 NKp46 clones, the authors observed that NKp46-2 (Innate-2) and
NKp46-9 (Innate-9) cross-block one another but are non-identical because they can be differentiated by
other antibodies (NKp46-8 and NKp46—12)32 (see S2 Fig). While our study recapitulated their observation
that Innate-1, 2/9, 3, and 4 target non-overlapping epitopes, we were unable to distinguish between Innate-2
(B02) and Innate-09 (B09) because we lacked such a discriminatory antibody, despite analyzing a much
larger panel of (119) antibodies. This shows that, while increasing the number of antibodies in an epitope
binning study increases the chances of finding antibodies that resolve epitope differences between highly
similar epitopes, a smaller panel can suffice if they contain appropriate discriminatory power.

While we attempted an empirical full 119 x 119 pairwise competition of our multi-repertoire merged
panel of clones, most clones (73%) did not regenerate as ligand when tested in a classical sandwich assay
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format. Despite significant ligand attrition, we were still able to assign epitope communities to all antibodies
in the study by relying on a core set of antibodies that performed well bidirectionally (as both analyte and
ligand) and using them as ligands to probe a larger set of analyte-only tested clones. Our approach yielded
precise epitope discrimination that was corroborated by epitope mapping data using HDX-MS, and our
community assignments matched the granularity of sequence lineage assignments, further validating our
approach. Com-4C1 mapped to residues L39-F62, Com-3 mapped to H108-F121, and Com-2a (all three
members tested) was anchored by residues L135-Y147 (Table 2).

Molecular format affects the potency of NK engagers

Our ADCC results showed that NKp46 antibodies from Clic and Flic targeting different epitopes could all
reduce tumor cell growth to varying extents on a silent-Fc backbone, via a mechanism independent of the
CD16a-mediated pathway. Format mattered, as LC-tethered scFv-IgGs appeared more potent than HC-tethered
scFv-IgGs. Affinity did not seem to drive potency as C44, our highest affinity clone (with Kp value of 70 pM)
was not the most potent, although it was only tested as an LC-tethered scFv-IgG, suggesting its potency may be
improved if tested in an alternate, more optimum, format. Silenced Fc bispecifics could outperform their active
Fc counterpart, suggesting that the molecular geometry could be optimized to favor co-engagement of both NK
activation pathways (NKp46-mediated and CD16a/active-Fc-mediated). Indeed, molecular format, size, geo-
metry, and valency are important factors that must be co-optimized in designing therapeutic NK engagers'>>”.

While the cmLC technology is conventionally used to simplify the generation of a 1 + 1 IgG-like format using
a knobs-into-holes or similar Fc heterodimerization strategy, this study leveraged cmLC antibodies in an
alternative configuration to create multivalent NK engagers. This approach was selected because multivalent
formats are widely regarded as optimal for NK engagement, as supported by both literature and clinical evidence.
Specifically, we utilized cmLC NKp46 antibodies to construct Morrison formats in which a benchmark anti-
EGFR antibody (cetuximab) was incorporated as an scFv at various positions within a cmLC anti-NKp46 IgG
backbone.

Notably, use of cmLC in a 1:1 IgG-like format necessitates that both target specificities (NKp46 and
EGFR) be generated using the same cmLC platform. However, as this study focused exclusively on the
discovery of novel NKp46 clones without a concurrent campaign against a tumor-associated target, we
adopted an alternative strategy. We leveraged established ADCC assays using a commonly utilized EGFR-
overexpressing cell line (A549, derived from a lung cancer patient) and incorporated cetuximab, a clinically
validated benchmark antibody, to provide the EGFR-targeting component of the bispecific constructs.

The primary advantage of using cmLC antibodies in this context was the streamlined discovery process.
Our single B-cell screening workflow concentrated solely on the heavy-chain variable domain, eliminating
the need to maintain native LC-HC pairing, as all VH domains were inherently compatible with a single LC
of known sequence.

In summary, our study demonstrates Clic and Flic as highly complementary antibody discovery plat-
forms, each providing unique and synergistic contributions to sequence diversity, epitope diversity, and
cross-species reactivity. The collective repertoires of Clic and Flic are impactful tools to generate next-
generation NKp46 antibodies optimized for potent and tunable NK engagement.

Materials and methods
Trademark acknowledgements

OmniClic and OmnidAb® are trademarks of Crystal Bioscience, Inc.; OmniFlic® is a registered trademark of
OmniAb, Inc.; xPloration® is a registered trademark of xCella Biosciences Inc.; and Hemlibra® is a registered
trademark of Chugai Seiyaku Kabushiki Kasiha.

Immunizations and single B cell screening

Immunizations of OmniClic animals with human NKp46 and recovery of B cells were performed as
described for OmnidAb animals®*. The OmniFlic animals were subcutaneously immunized with the same
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protein antigen in hock every 3-4 days for 6 weeks and B cells were recovered from lymph nodes instead of
spleen. Single B cells were screened on the xPloration instrument, a microcapillary-based array screening
system™ using a bead-adsorbed protein target or a stable NKp46 CHO cell line (CHOK1-NKp46-Cell-Line,
Kyinno Biotechnology, catalog number KC-1789). Hits were sequenced and unique-sequence clones were
synthesized from custom-ordered DNA, expressed as full-length IgG1 and protein-A purified, prior to
analytical characterization.

NGS processing

NGS data is preprocessed using pRESTO (0.7.1) from the Immcantation (Version 4.4.0) package
and the resulting reliable antibody sequences from the preprocessing are annotated using IgBlast
(1.18.0) that sources custom libraries for our OmniFlic- and OmniClic-derived antibodies. We then
performed lineage analysis, clustering sequences with the same V and ] gene, same heavy-chain
CDR3 length, and an edit distance of two amino acids in the heavy-chain CDR3 region, to the
annotated sequences from NGS libraries. When selecting clones, we first narrowed down to the
lineages that contain both bead binders and cell binders from high throughput screening technique
xPloration, reasoning that there is statistically high confidence in those lineages to bind with the
target of interest. Clones are further selected using two methods. Method A selects clones based on
the clone representation, picking the top and bottom 10 greatest representation clones from each
overlap lineage. Method B selects clones that span across most lineages to capitalize on the
diversity of the sequence space; the number of selected clones within each lineage is proportional
to the size of the lineage. After selecting clones from both methods, we apply the liability
assessment on both sequence and structural level to eliminate clones that have a high-risk devel-
opability issue.

Hit expansion

The data used for model building and selection included 69,000 unique heavy-chain amino acid
sequences from NGS on three different OmniClic common light-chain chickens immunized with
NKp46. Sequences were filtered for duplicate count greater than or equal to two. Activity data was
provided for 178 unique amino acid sequences. Of the 178 sequences with activity data, 90 were inactive
and the remaining 88 sequences had Kp, values ranging from 2 to 500 nM. Error values for the 88 active
sequences were obtained by propagating uncertainty for association and dissociation kinetic rate
constants (k, and kg) from the SPR measurements. Ky, values were scaled by -log2(Kp) with inactive
values set to zero corresponding to a Kp 2000 nM. This placed all the activity data for regression in the
range of 0 to 10.

Variational autoencoder model

Antibody sequences were modeled using a VAE model*>*°. Input sequences were embedded using 1-hot
encoding into a 21 x 134 matrix where 21 corresponds to the 20 standard amino acids plus an end character
and 134 is the maximum sequence length. Encoding was performed using an LSTM layer with 134 nodes
and dropout regularization followed by batch normalization. The size of the latent layer was 50 nodes and
was modeled using a multivariate normal distribution from tensorflow-probability with learned variances
and covariances. The prior was a N(0,1) distribution and KL weight was 0.75. The decoder layer consists of
an upsampling dense layer of size 67 x 36 followed by a 1D deconvolutional layer with 18 filters and kernel
size and strides of 2 and ReLU activation, and an LSTM layer with 134 nodes. Each of the preceding 3 layers
in the decoder is followed by batch normalization. A final dense layer of 21 nodes® forms the model output.
A Gaussian progress regression model also comes off the latent layer. This model has one dense variational
layer with trainable prior and 1 node with ReLU activation followed by a Gaussian Process regression layer.
Dropout regularization is applied off of the latent layer input to the regression layer. Overall, the Encoder
has ~260K trainable parameters, the decoder has ~210K trainable parameters and the regression model has
230 trainable parameters for a total of ~470K trainable parameters.
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Model training

Model training was performed for 500 epochs using a batch size of 500 using an Adam optimizer with
Nesterov momentum with a learning rate of 0.002. The autoencoder and Gaussian progress regression
models were trained simultaneously in one global model. Loss weights of 1 and 50 were applied to the
reconstruction loss and Gaussian process log-likelihood loss, respectively.

Clone selection

Sequences were selected from the VAE model using the Expected Improvement (EI) Bayesian Optimization
acquisition function. All sequences with an EI value greater than an internal reference set by sequences with
a measured affinity <25 nM. Sequences were filtered for liabilities at the structural level. In this case, six
homology models were generated per sequence using the Molecular Operating Environment (MOE)
software. Mean and standard deviation of the standard descriptors used in MOE were computed across
all six models and these values were used for filtering the selection.

Surface plasmon resonance

Binding kinetics (capture kinetics) and epitope binning (classical sandwich) experiments were conducted
using a high-throughput SPR (HT-SPR) on Carterra’s LSA platform equipped with HC30M as previously
described®*. Recombinant His-tagged human NKp46 protein was produced in-house (Uniprot Accession #
076036-1, residues 22 to 255) or sourced from Acro Biosystems (cat. no. NC1-H52H4) and recombinant
His-tagged cyno NKp46 protein was sourced from Acro Biosystems (cat. no. NC1-C52H4). NKp46 proteins
were polished by preparative size-exclusion chromatography (SEC) and monomeric fractions were isolated
immediately prior to use. An anti-His mAb was used as a universal sandwiching control for all epitope
binning experiments. Data were processed, analyzed, and figures generated using the Carterra EP™ software.
Clones that performed as both ligand and analyte were amenable to a fully comprehensive bidirectional
analysis, whereas clones that failed as ligand, were tested as analyte-only and therefore were not tested for
mutual competition. To simulate a full heat map to facilitate hierarchical clustering into epitope commu-
nities, the blocking data from the 119 x 33 ‘many-on-few’ analyte-on-ligand heat map was used to infer
‘missing’ data (for analyte-only clones lacking a ligand counterpart) by transposing the measured blocking
results (block or not block) and assuming a fully symmetrical pairwise competition matrix. The ‘inferred’
reconstructed heat map was then subjected to a user-defined cut-height to generate 14 epitope ‘commu-
nities’ (S3 Fig).

HDX-MS epitope mapping

Samples for HDX-MS analysis were named as follows: Sample-7 (F31), Sample-8 (F23), Sample-10 (C24),
Sample-11 (C08), Sample-12 (C70), Sample-13 (C65), and Sample-15 (D01). Sample-7 to Sample-12 were
analyzed in a separate experiment than Sample-13 and Sample-15. In-house-produced NKp46 was used for
the HDX-MS experiments.

Sample preparation

HDX reactions comparing apo NKp46 to NKp46 incubated with Sample-7 to Sample-12 were carried
out in a 10 pl reaction volume containing 30 pmol of NKp46 and 30 pmol of Sample-7 to Sample-12.
The exchange reactions were initiated by the addition of 7.8 uL of D20 buffer (50 mM HEPES pH 7.5,
150 mM NaCl, 92.6% D20 (V/V)) to 2.2 uL of protein (final D20 concentration of 72.3%). HDX
reactions comparing apo NKp46 to NKp46 incubated with Sample-13 and Sample-15 were carried out
in a 15 pl reaction volume containing 30 pmol of NKp46 and 30 pmol of Sample-13 or Sample-15. The
exchange reactions were initiated by the addition of 11.8 pL of D20 buffer (50 mM HEPES pH 7.5, 150
mM NaCl, 92.6% D20 (V/V)) to 3.2 L of protein (final D20 concentration of 72.8%). Reactions
proceeded for 10s, 100s, 1000s and 10000s at 20°C before being quenched with ice cold acidic quench
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buffer, resulting in a final concentration of 0.6 M guanidine HCI and 0.9% formic acid post quench. All
conditions and timepoints were created and run in independent triplicate. Samples were flash frozen
immediately after quenching and stored at —80°C until injected onto the ultra-performance liquid
chromatography (UPLC) system for proteolytic cleavage, peptide separation, and injection onto
a QTOF or Orbitrap for mass analysis, described below.

Protein digestion and MS/MS data collection

Protein samples were rapidly thawed and injected onto an integrated fluidics system containing a HDx-3
PAL liquid handling robot and climate-controlled (2°C) chromatography system (LEAP Technologies),
a Waters Acquity UPLC I-Class Series System, as well an Orbitrap Exploris 120 Mass Spectrometer
(ThermoFisher). The full details of the automated LC system were previously described”'. The samples
were run over an immobilized pepsin column (Affipro; AP-PC-001) at 200 uL/min for 4 minutes at 2°C. The
resulting peptides were collected and desalted on a C18 trap column (Acquity UPLC BEH C18 1.7 ym
column (2.1 x 5mm); Waters 186,004,629). The trap was subsequently eluted in line with an ACQUITY
3004, 1.7 um particle, 100 x 2.1 mm BEH C18 UPLC column (Waters), using a gradient of 3-10% B (Buffer
A 0.1% formic acid; Buffer B 100% acetonitrile) over 1.5 minutes, followed by a gradient of 10-25% B over
4.5 minutes, followed by a gradient of 25-35% B over 5 minutes, finally, after 1 minute, at 35% B a gradient
of 35-80% B over 1 minute was used. MS experiments acquired over a mass range from 150 to 2200 m/z
using an electrospray ionization source operated at a temperature of 200°C and a spray voltage of 4.5 kV.
Same LC system, gradient and columns were used for all samples.

Peptide identification

Peptides were identified from the non-deuterated samples of NKp46 using data-dependent acquisition
following tandem MS/MS experiments (precursor scan from 300 to 1500 m/z, 4 data dependent scans from
300 to 1500 m/z, dynamic exclusion set to n =1 with 10s exclusion time, 6s expected LC peak width on
Orbitrap system). MS/MS datasets were analyzed using FragPipe v18.0 and peptide identification was
carried out by using a false discovery-based approach using a database of purified proteins and known
contaminants®>~>*, MSFragger was utilized, and the precursor mass tolerance error was set to —20 to 20
ppm. The fragment mass tolerance was set at 20ppm. Protein digestion was set as nonspecific, searching
between lengths of 4 and 50 aa, with a mass range of 400 to 5000 Da.

Mass analysis of peptide centroids and measurement of deuterium incorporation

HD-Examiner Software (Sierra Analytics) was used to automatically calculate the level of deuterium
incorporation into each peptide. All peptides were manually inspected for, for example, correct charge
state, correct retention time, and appropriate selection of isotopic distribution. Deuteration levels were
calculated using the centroid of the experimental isotope clusters. Results are presented as relative levels of
deuterium incorporation and the only control for back exchange was the level of deuterium present in the
buffer (72.3% or 72.8%). Differences in exchange in a peptide were considered significant if they met all
three of the following criteria: 25% change in exchange, >0.4 Da difference in exchange, and a p value <0.01
using a two-tailed student T-test. Samples were only compared within a single experiment and were never
compared to experiments completed at a different time with a different final D20 level. The data analysis
statistics for all HDX-MS experiments are in S3 Table according to published guidelines> (see S1 File for the
source data file). The MS proteomics data have been deposited to the ProteomeXchange Consortium via the
PRIDE partner repository’® with the dataset identifier (PXD069455).

In-vitro developability assessment of anti-NKp46 antibodies

Thermal stability (Tm) and aggregation (Tagg) were determined by differential scanning fluorimetry (UNCLE-
0330, Unchained Labs); and homogeneity and purity were assessed by analytical SEC as described previously™*.
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Generation of antibody models and in silico assessment of potential liabilities and
post-translational modifications

For each of the eight clone sequences of interest (F15, F23, F31, C08, C24, C44, C65, C70), 25 Fv models
were generated using Antibody modeler in MOE”’. In all cases, a maximum of five different frameworks
and five different CDR combinations of structural templates were used. All models generated were then
subjected to energy minimization prior to structure-based annotation of potential post-translational
modifications and liabilities. Liability score A, derived from previous work by Thorsteinson et al.>®, was
calculated for each model. It reflects the presence of exposed high-risk Asn deamidation and Asp isomer-
ization motifs in the CDRs or framework, potential glycosylation sites within the CDRs, total CDR length,
Fc total charge, VH-VL absolute charge difference, and size of CDR hydrophobic patch areas. We also used
these models to evaluate potential unpaired cysteines in the CDRs and aggregation prone motifs (none to be
reported), as well as to calculate the average isoelectric point (pI) and net charge at neutral pH>”.

Production of bispecific antibodies for ADCC

Clones C08, C44, and F15 were selected for reformatting into a symmetrical tetravalent 2 + 2 scFv-IgG
Morrison format using cetuximab scFv tethered from the C-terminal of the heavy chain (HC) or light chain
(LC) of NKp46 Clic or Flic IgG backbone. Constructs were prepared in pairs: one construct had an active
IgG1-Fc, the other incorporated STR silencing mutations™”. Plasmids were constructed by following the
manufacturer’s protocol of Gibson Assembly® Cloning Kit (NEB, E5510S) and amplified with EndoFree
Plasmid Maxi Kit (Qiagen, 12,362). Proteins were expressed in HEK293 cells and protein-A purified
followed by preparative SEC (Fig. S5c and S5d).

Antibody-dependent cellular cytotoxicity assay

A 2D ADCC assay was performed by Charles River Laboratories, Inc. using the IncuCyte Live-Cell Analysis
System for continuous visualization and automated analysis of immune cell-mediated killing of tumor cells
(Sartorius, Inc). Donor-derived NK cells and EGFR-expressing target cells (A549) were used to test a panel
of eight NKp46 X EGFR bispecific compounds, representing two Morrison formats. Six total donors were
used, split into cohorts of three donors per Morrison format (to test four compounds per set of three
donors) and each experimental condition was tested in triplicate. Each immune-assay readout was per-
formed once. Readouts were tumor cell growth over time by IncuCyte.

The ADCC assay comprised 4 steps: target cell seeding, CD56-positive cells isolation, tumor killing assay,
and data analysis, as follows. NucLight Red (NLR) expressing A549 cells were cultured under standard aseptic
conditions. On day —1 these cells were seeded into Poly-L-Lysine coated 96-well plates at 7.5x10° cells/well.
Human peripheral blood mononuclear cells (PBMCs) were isolated from three healthy donors via density
gradient separation. CD56+ NK cells were isolated from PBMCs by magnetic separation and CD56 purity was
confirmed by flow cytometry prior to co-culture with target A549 tumor cells. Following CD56+ cell isolation,
NK cells were incubated with target tumor cells expressing the NucLight Red (NLR) nuclear dye at a 10:1
effector:target (E:T) ratio. Co-cultures were incubated with 20 pg/mL bispecific compounds. Appropriate
controls were included: tumor cells alone, tumor cells/NKs in the presence of 20 ug/ml Cetuximab (IgGl
targeting EGFR Control), 20 ug/ml IgG1 isotype control, 1 pM bortezomib (cytotoxic control) or 10 ng/ml IL-
2+IL-12+4IL-15 (NK activation positive control). Tumor cell growth was determined as the total red count
(A549 NLR cells) per well normalized to T=0. Area under curve (AUC) growth data was calculated in
GraphPad Prism and reported as mean + SEM (shown as error bars) of triplicate biological replicates. All
samples were compared with untreated or vehicle (PBS alone): see S2 File for statistical T-tests.
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