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Next generation of multispecific antibodies for immuno-oncology

Proprietary B-Body™ platform has significant competitive advantages in discovery 
and manufacturing

Exploiting the platform to generate first-in-class therapeutics and fast-follower 
molecules, for our internal pipeline and strategic partners

About Us

Location: Madison, WI
www.invenra.com
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• OX40 is a member of the TNFR superfamily and a co-stimulatory receptor
• OX40 requires high density clustering for activation
• Preclinical data demonstrates significant therapeutic potential of OX40 agonist in 

immuno-oncology

OX40

OX40L
PDB ID: 2HEY

OX40 Biology and The Disconnect

Disconnect Between Pre-clinical and Clinical Results



First Generation OX40 Agonists
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First Generation Agonists:
• Current molecules in clinical trials all require Fc engagement for agonist activity

• Secondary cross-linking can come from effector cells binding the Fc or from anti-drug 
antibodies

• If effector cells are not present at sufficient levels, the antibodies have limited to no 
efficacy which might explain the lack of efficacy in humans

New Approaches Needed for Agonist Discovery



Hypothesis and Aim
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OX• 40 activation requires cross-linking or 
immobilization of agonist in vitro
In vivo • cross-linking may come from effector 
cells binding the Fc, which is variable in tumor 
microenvironment.

Targeted Mechanism Of Activation

Agonism in Absence of Cross-linker

mAB + crosslinker

Bispecific Ab

point of 
crosslinking

point of 
crosslinking
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Maximizes Performance in Discovery and Manufacturing

Plug-N-Play Variable Domains

WT Fab Arm

CH1/CL Domain 
Substitution

Knob-in-Hole

B-Body™ Platform Design

Bispecific
1x1 B-Body™

Bispecific 2x1 B-Body™

Binding Specificity #1

Binding Specificity #2

Binding Specificity #3

Trispecific
2x1 B-Body™

Invenra’s B-BodyTM Family



ARCHERTM Soluble Agonist Design
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Empirical Testing of Combination of Epitopes, Affinity, and Architecture

Monoclonal Antibody Biparatopic Antibody Biparatopic Antibody

Single Epitope Two Non-overlapping 
Epitopes

Two  Non-overlapping, 
constrained Epitopes

Binds 2 Receptors Weak clustering of 
Receptors

High Density clustering 
of Receptors

Format

Binding

Clustering 
Potential



B-Body™ Enables Rapid Production and Functional Testing of Candidates
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High-Throughput B-Body™ Discovery

Fab 
Discovery

Fab 
Discovery

Target A Target B

Fab 
Characterization

Fab 
Characterization

B-Body 
Testing

In vitro POC

B-Body 
Characterization

In vivo POC

Lead 
Optimization

1) Phage Display selection of Fabs
2) Reformat into IgG and B-Body™

3) IgG Characterized for:
a. Monovalent KD (0.1 nM to 100s nM)
b. Epitope Bins (>3 Bins)
c. Developability

Yield : 30-50 candidates/target

1) In-format Screening from Transient Transfection
Screens 2) 1000s to 10,000 combinations of KD, epitope, and 
architecture in reporter or primary assays
Developability3) characterization of top candidates

1) Lead candidates tested for in vivo activity
2) Lead candidate developability optimization
3) Lead Candidate validation studies



Invenra’s Antibody Library Rapidly Identifies 
Diverse Panels of Candidates 
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Invenra’s Library Produces a Diverse Set of Candidates

Phage libraries were used to isolate •
OX40-specific antibodies

NGS indicates • 100’s of variants 
enriched during panning

40 • variants were reformatted for 
characterization

Broad range of affinities•
Stringent • developability gate



Developability of Parent IgGs
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Invenra’s Synthetic Libraries Meet Stringent Developablity Criteria

• Parental IgG screened for developability before use in 
the B-Body™ In-format functional screen.

Zenix Interaction Chromatography
Passing Candidates

Cross-Interaction Chromatography

Passing 
Candidates



⍺-OX40 mAbs Recognize Diverse 
Set of Epitopes
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OX40 Candidates Bind Multiple Non-Overlapping Epitopes

• Comprehensive epitope binning was performed

• >100 non-overlapping antibody pairs

• Multiple epitopes from naïve selection



HTP B-Body™ Purification
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One-Step Purification Yields High Quality Material for Screening

Small• -scale transient 
expression and one-step 
purification resulted in B-Body™

of sufficient yield and purity for 
downstream assays

Representative B-Body ™ Purification
A1-A12 of 96-Well Plate
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High-Throughput Cell Assay Screening
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HT Candidate Discovery by B-Body™ Platform

• > 900 B-Body™ agonists generated in a 
single experiment  both 1x1 and 2x1 
formats

• A range of activities were observed in 
reference to crosslinked OX40L and clinical 
mABs (cMAbs)

OX40 Agonist Discovery Panel
Model cell line: HEK293/NFκB/GFP-Luc:OX40



Primary T-cell Activation by Soluble Agonist
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Bispecific OX40 Agonist is Potent in Soluble Format on Primary Cells

Real Time CD4+/CD45RA+/CD25- T-cell Activation

Soluble Clinical mAB

Soluble Bispecific

The Kinetics
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Lead Agonist Selection
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Bivalent and Trivalent Bispecific are Effective Soluble Agonist

• ARCHERTM bispecifics out perform cross-linked clinical candidates and combinations of 
parent IgG in primary T-cell activation assays.

• Soluble IgG have no activity without secondary cross-linking



Lead Binding Characterization
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Lead Candidate Achieved Original Binding Design Specs

Epitope Binning

b-OX40
OX11
OX24

OX11
OX24 b-OX40 b-OX40

b-OX40

OX11 OX24OX40L OX40L

OX40L

OX40-L Competition Binding

• OX24 and OX11 IgG can simultaneously bind OX40

• Both OX24 and OX11 prevent OX40L binding to OX40



Proliferation of CD4+ T-cells
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Soluble OX40 Agonist Induces CD4+ T-cell Proliferation

• Soluble OX40 agonists 
maximize proliferation 
between ~ 0.1 to 0.4 nM

• Proliferation of CD4+ T-
cells initiates ~ 3 days 
post treatment

T-cell Proliferation
OX24-11x11

T-cell Proliferation
OX24-24x11



Kinetics of Cytokine Expression
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Cytokine Expression Kinetics Similar to Proliferation Rate 

OX24-24x11

OX24-11x11

• Soluble OX40 agonists 
maximize cytokine 
expressions  at ~ 1 nM

• Cytokine expression  
from CD4+ T-cells 
initiates ~ 3 days post 
treatment



Suppression of iTregs
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Soluble OX40 Agonist can Suppress IL-10 Secretion from iTregs

• Agonist added to CD4+ T-cells 
co-cultured with iTregs or 
iTregs alone

• Soluble OX40 treatment 
inhibits IL-10 secretion from 
induced Tregs

• Soluble OX40 agonists 
outperform the suppression 
level of clinical candidate



OX40 agonist suppresses TAM function
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Treated CD4+ T-cells Suppress IL-10 Secretion from M2a Macrophages

• Tumor associated macrophages (TAMs) 
are known to secrete immunosuppressive 
cytokines such as IL-10, TGF-beta, that 
suppress T-cell function.

• CD4+ T-cells were co-cultured with IL-10 
secreting monocyte derived M2a 
macrophages, in presence or absence of 
OX-40 agonist (100pM)



CPG-C and INV24-11x11 combination studies
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TLR9 Agonist Improves Activity of INV24-11x11

Day 4
CPG-C, 50pM
INV241111, 10nM



OX40 Agonist in Rhesus T-cell Model
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Soluble OX40 Agonist is Active in Rhesus Models

• Human OX40 agonist is active in 
the Rhesus T-cell activation model



Next Steps
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• In vivo efficacy models
– NSG GVHD model to monitor T-cell activation 
– Single-dose Rhesus efficacy/PK study
– Human tumor efficacy model

• Preclinical Development
– Cell line development (underway)



• The B-Body™ is a robust, versatile platform capable with multiple formats

• High-fidelity assembly and favorable biophysical properties enable HT in-format bispecific 
discovery

• OX24-11x11 is able to enhance CD4 function (proliferation and cytokines) while reducing 
immunosuppressive (IL10 from Tregs and Macrophages) function in soluble format

• The concept of bispecific agonist is generally applicable to receptors where clustering is a 
critical component for the mechanism of action
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Summary
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