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BACKGROUND

RESULTS

Bispecific antibodies (BsAbs) present significant analytical challenges due their increased
structural complexity, molecular heterogeneity, and multiple degradation or misassembly
pathways relative to conventional monoclonal antibodies. Rapid and reliable characterization
of these attributes requires orthogonal analytical strategies that can be broadly applied across
diverse BsAb formats. In this work, we present an integrated HPLC-based platform
technology designed to support analytical method development and multi-attribute
characterization of BsAbs. The platform combines size exclusion chromatography (SEC) for
aggregate and fragment analysis, 1on exchange chromatography (IEX) for charge
heterogeneity profiling, hydrophobic interaction chromatography (HIC) for hydrophobicity-
related variant analysis, and affinity chromatography for selective capture and enrichment of
target subpopulations.

Bispecific Antibody KN026

“+ Anbenitamab (KNO026) is an anti-HER2 bispecific
antibody developed using the proprietary Fc-based
heterodimer bispecific platform technology called CRIB
(Charge Repulsion Induced Bispecific). Anbenitamab can
simultaneously bind two non-overlapping epitopes of
HER2, resulting in HER2 signal blockade. Through
antibody-induced receptor clustering, it enhances ADCC
and CDC effects while promoting the down-regulation of

Bispecific Antibody IB1363

*»IBI363 i1s a first-in-class PD-1/IL-2a-bias bispecific
antibody fusion protein to block PD-1 checkpoint and
rejuvenate exhausted tumor-specific T cells by cis-
activating a-bias IL-2. IBI363 utilizes a structural
interlocking Knob-into-Hole (KIH) technology to ensure
precise heterodimerization and superior molecular
stability. It has potential to address the unmet clinical
need of patients (pts) with immunotherapy-resistant and

cold tumors. HER2 receptors on the cell surface.
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To demonstrate the versatility of the platform, two structurally distinct BsAbsl!-?] were
evaluated as representative case studies. These examples were selected to reflect differing
molecular architectures and physicochemical behaviors, thereby challenging method
robustness and transferability across formats.
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Affinity: Targeted Capture & Enrichment

Size Exclusion Chromatography (SEC) is the gold standard for
detecting and quantifying aggregates (HMWS) and fragments
(LMWS). Given the increased propensity for BsAbs to form
dimers and higher-order aggregates, the high-resolution resins
in the Sepax portfolio ensure accurate separation of these
species from the monomeric therapeutic.

Affinity Chromatography acts as the primary gatekeeper,
before deep characterization can occur. By utilizing specific
ligands (such as Protein A, G, or L), the Sepax platform
enables the selective capture of the BsAbs from complex cell
culture supernatants, ensuring that downstream analysis is
performed on clean, relevant samples.

% HIC: Assessing Hydrophobicity Variants

Hydrophobic Interaction Chromatography (HIC) is critical for
identifying variants that differ in surface hydrophobicity, often
caused by misfolding or post-translational modifications. In
BsAbs analysis, HIC is particularly useful for separating
"product-related impurities" such as mispaired homodimers
from the desired heterodimeric bispecific molecule.

lon Exchange Chromatography (IEX) is employed to resolve
charge variants resulting from deamidation, C-terminal lysine
clipping, or sialylation. Because BsAbs often combine different
heavy or light chains, subtle shifts in the isoelectric point (pl)
require the high-efficiency salt or pH gradients provided by
Sepax resins to ensure purity.
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The innovation of this work lies 1n the establishment of a coordinated, modality-spanning HPLC platform rather than a single format-specific assay. By integrating orthogonal separation
modes 1nto a unified analytical workflow, this strategy enables rapid method deployment, improved variant resolution, and more comprehensive assessment of critical quality attributes
across BsAb candidates. The results demonstrate that platformed SEC, IEX, HIC, and affinity methods can provide a practical and scalable foundation for BsAb analytical development,

supporting candidate screening, process development, comparability assessment, and overall developability evaluation.

Affinity: Targeted Capture & Enrichment

The ProAqa Excel phase enables rapid, accurate mAb titer quantification for cell line screening,
upstream optimization, and QC. Built on rigid, monosized PS/DVB beads with a recombinant
Protein A ligand, 1t selectively captures Fc-containing immunoglobulins except IgG3 and
supports high-flow, high-pressure, high-throughput analysis.
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Figure 1. Loading capacity assessment of two selected BsAbs on a 2.1 x 30 mm ProAqa Excel column.
Both BsAbs exhibited excellent linearity over an injection range of 10-50 ug at a flow rate of 1.0 mL/min.
The mobile phases: loading: 50 mM phosphate buffer with 150 mM NaCl, pH 7.0; and eluting: 100 mM

glycine, pH 2.5. Detection was performed at 214 nm.

Sepax SEC phases separate analytes based on the hydrodynamic size relative to the pore size of the
stationary phase. Smaller particles improve separation efficiency and provide higher resolution.
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Figure 2. Aggregation analysis of two BsAbs on Sepax SRT-C 300 A and Zenix-C 300 A columns (7.8
X 300 mm) showed good resolution at 1.0 mL/min, with the 3 um Zenix phase delivering superior
performance. The mobile phase, 50 mM phosphate buffer with 250 mM KCl at pH 7.0, was optimized to
enhance recovery and minimize non-specific interactions. Detection was monitored at 280 nm.

Mispairing Analysis of BsAbs — BioMix SEC-300 Column

For bispecific antibody mispairing analysis, mixed-mode SECD! offers dual selectivity and
superior resolving power by combining hydrophobic selectivity with size-exclusion effects.
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Figure 3. Bispecific antibody mispairing analysis on Sepax Biomix SEC 300 A columns (7.8 x 300 mm).

After optimization, MM SEC demonstrated effective selectivity for the separation of mispaired species.

Proteomix IEX phases are designed to achieve high ion-exchange capacity and performance,
resolving charge variants resulting from deamidation, C-terminal clipping, or sialylation.
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Figure 4. Charge-variant analysis on Sepax Proteomix SCX columns (4.6 X 250 mm) was performed
using both pH-gradient and salt-gradient methods, which showed different selectivities for BsAb charge
heterogeneity. A pH-gradient screen was first conducted for a sample with unknown pl, followed by salt-
gradient optimization. Final conditions were: mobile phase A, 20 mM MES, pH 6.5; mobile phase B, 20
mM MES + 0.3 M NaCl, pH 6.5; flow rate 0.5 mL/min; detection at 280 nm.
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Consistent and good separation
' profiles were obtained across
‘I » © columns of different particle
sizes. Owing to the shorter
column dimensions, the 1.7 um
and 3 um formats enabled
reduced analysis time while
maintaining high separation
efficiency.
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Proteomix HIC phases separate analytes according to hydrophobicity and their interaction strength
with the hydrophobic stationary phase.
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207 ., Proteomix HIC NP1.7 Phenyl column (4.6 X 100 mm)
égg . using 2.0 M ammonium sulfate/20 mM KH:POa., pH 7.0
) as MPA and 20 mM KH:PO., pH 7.0, as MPB at 0.5
A~ NI ————  mL/min with UV detection at 280 nm. Modified heavy-
~——  chain and light-chain species showed distinct HIC
selectivity, and separation performance was optimized by
- Retention T (rin) N * column temperature.
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