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Problem #1: Traditional Antibody Discovery Provides
Little to No Control Over the Epitope Binding Site

Junctional Epitope
sIL6R:IL6

Dominant epitope – generates many antibody hits(1,2)

Subdominant epitope – generates few/no antibody hits 

Subdominant

Dominant

junction
Dominant

Epitope
Dominance(3)

Dominant Subdominant
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Problem #2: Traditional Antibody Discovery is Saturated with
Conventionally Easier Targets

Number of Approved Antibodies by Target

40% of approved 
antibodies bind the 

same 10 targets
Missed Opportunities

GPCRs,
Membrane Transporters,
Protein-Protein Junctions,
Disease Variants, …
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Engineered Epitopes Focus Antibody Repertoires On Desired Binding Sites

Efficient discovery of 
epitope-specific Abs

Focus library with 
engineered epitopes

Naïve in vivo or in vitro 
antibody library

epitope

de novo scaffold full-length targetepitope-specific Ab
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AI 
Discovery 

Engine

Match Structure 
to Target

Refine for 
Greater Stability

Optimize for 
Water Solubility

AI-Engine Optimizes Engineered Epitope Structure, Stability, and Solubility
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Sequence and Structure are Jointly Refined Until Loss Terms are Satisfied

Contact Probabilities

Loss Term #1: Epitope structure match to antigen

Loss Term #2: Structural stability of overall design

Loss Term #3: Solubility of peptide design
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Sequence Probabilities

Epitope Epitope

Sequence Optimization

Structure Prediction
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Multi-Loss Function Enforces Epitope Structure Match and Stability

Ideal Target Distogram

Loss Term #1 Loss Term #2

Predicted Distogram

Minimize Cross-Entropy 
between boxed regions

Maximize KL-Divergence 
between distograms

Predicted DistogramRandom Coil Distogram

Average predicted 
distograms across 
random sequence 

space



Non-confidential 8

Multi-Loss Function Optimizes Peptide Solubility

Loss Term #3

Average peptide hydropathy is minimized

I:  4.5 V:  4.2 L:  3.8 F:  2.8

C:  2.5 M:  1.9 A:  1.8 G: -0.4

T: -0.7 S: -0.8 W: -0.9 Y: -1.3

P: -1.6 H: -3.2 E: -3.5 Q: -3.5

D: -3.5 N: -3.5 K: -3.9 R: -4.5

Amino Acid Hydropathies
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Scaffold Size is Minimized to Reduce Off-Target Immune Response

N

C

N

C

Iteratively trim 
scaffold residues 

until epitope 
destabilizes

Starting Template

Minimized Scaffold
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Deleted Scaffold Residue

?
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?

Optimized
Topology

#Epitope residues
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Engineered Epitopes Undergo In Silico and Experimental Cross Validation

Folding Simulations

Structure Determination

Biophysical CharacterizationAI Discovery 
Engine

e.g. AlphaFold2

e.g. SPR, thermostability

e.g. NMR
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NMR Structure Validates Engineered Epitope Design Engine

Predicted structure vs. Actual
Backbone RMSD: 3.2 Å 

NMR Solved Structure
Predicted Structure



Non-confidential 12

NMR Structure Validates Engineered Epitope Design Engine

Predicted structure vs. Actual
Backbone RMSD: 1.6 Å 

NMR Solved Structure
Predicted Structure
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B Cell

13

Multivalent Display of Engineered Epitopes Enhances Immune Response

B Cell

Engineered Epitope Immunization
Weak B cell activation

Nanoparticle Immunization
Strong B cell activation
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Nanoparticles are Optimized for Correct Epitope Orientation and High Valency
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Epitope Residues: Outward
Scaffold Residues: Inward

Nanoparticle Nanoparticle + Engineered Epitopes

1    2     3     4     5

Valency ~50 Epitopes

ValencyOrientation
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Immunizations Alternate between Nanoparticle and Full-Length Protein

Week 1

nanoparticle full-length protein final boost

Week 2 Week 3

nanoparticle full-length protein 

Week 4 Week Final

. . .
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Case Study #1
Target: EGFRvIII
MOA: Tumor-Specific ADCC

16



Non-confidential

EGFRvIII is a Splice Variant of EGFR1 that Contains a Tumor-Specific Epitope

Skin toxicity

No skin damageAb binds EGFRvIII Tumor Size 
Reduction

Ab does not bind 
to EGFR1 in skin

Ab binds to 
EGFR1 in skinAb binds EGFRvIII Tumor Size 

Reduction

Non EGFRvIII specific antibodies kill cancer cells but can cause skin toxicity

EGFRvIII-specific antibodies exclusively kill cancer cells

17



Non-confidential 18

Engineered Epitopes are Designed for the EGFRvIII Splice Site

EGFRvIII
Tumor Specific Epitope

Epitope 1
(splice site)

Epitope 2 
(proximal to splice site)

Epitope 1+2
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Epitope 1 Epitope 2 Epitope 1+2

Time (seconds)

Bi
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g 

(n
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)

MR1 Amgen 13_1_2 Affimed 478 Abbvie AbA

Engineered Epitopes Bind to their Corresponding Benchmark Antibodies
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~50 epitopes per 
nanoparticle
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Nanoparticle Conjugations

1

Engineered Epitopes are Conjugated to Nanoparticles

2

1+2
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Immunizations Steered Towards Epitope 1 Produce EGFRvIII Specific Binders

21

Epitope 1 Steered

3F1 1D4 16A4 4B12 15G6

11A10 9E2 9G5

16F522A1

18G45F9

9C7 12E5 22G4 13A3

22B11

21A7

Epitope 2 Steered

5A6

19H11

Epitope 1
       Epitope 2
       Epitope 1+2

10 bind EGFRvIII 
and not EGFR1

0 bind EGFRvIII 
and not EGFR1
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Lead Antibodies Specifically Bind EGFRvIII-Expressing Cells

EGFRvIII Cells EGFR1 Cells
Negative Control
Cetuximab
iBio Ab #1
iBio Ab #2
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Lead Antibodies Specifically Kill EGFRvIII-Expressing Cells by ADCC

EGFRvIII Cells EGFR1 Cells
Negative Control
Cetuximab
iBio Ab #1
iBio Ab #2
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Lead Antibody Inhibits Tumor Growth in EGFRvIII Tumor Xenograft Mouse Model 

Day 0Day -7 Day 0, 3, 8, 
11, 14, 17

Tumor 
implantation

Subsequent 
dosing

Test article 
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hIgG1 Negative Control (30 mg/kg)
Cetuximab (30 mg/kg)
iBio EGFRvIII-Specific Ab (30 mg/kg)
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Case Study #2
Target: Latent TGFβ1
MOA: Anti-Immune Suppression in Tumors
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Latent-TGFβ1 is a Potential Oncology Target for Immune Modulation

Epitope 5

Latent-TGFβ1 is a Multimeric Complex

Epitope 1

Epitope 2

Epitope 3

Epitope 4

LAP

TGFβ1
GARP

TGFβ Release is Immunosuppressive

Release mechanisms include 
protein interations (integrin), 

protease activity, pH…

Latent 
TGFβ
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Engineered Epitopes are Designed for Sites Across TGFβ1, LAP, and GARP

Epitope 5 Epitope 1

Epitope 2

Epitope 3
Epitope 4
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Engineered Epitope 3 Binds to Benchmark Antibody SRK-181

KD = 41 nMLatent-TGFβ1

Octet Binding:

Epitope 3

ELISA Binding: KD = 66 nM

Consistent with HD exchange data(1)
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Engineered Epitope 5 Binds Integrin αvβ6

KD = 26 nM

KD = 5-8 nM

Latent-TGFβ1

Epitope 5
Octet Binding:

ELISA Binding:
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MEM4.2 - 1st Serum Titer by ELISA
on antigen (OVA-MEM4.2 peptide)

After 5x immunizations
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Mice Immunized with Engineered Epitopes are Serum Positive for Latent TGFβ1
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MEM 6.1 - 1st Serum Titer by ELISA
on huLTGFb1 protein after

7x immunizations and lots of rest
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Epitope 4 Mouse Serum Titers

Epitope 4 – OVA
+ Latent TGFβ1
+ SRK-181 

Negative Control

Positive Control

Epitope 4 – OVA
+ Latent TGFβ1

Epitope 4 – OVA

Immunogen

Epitope 4 – OVA
+ Latent TGFβ1
+ SRK-181 

Negative Control

Positive Control

Epitope 4 – OVA
+ Latent TGFβ1

Epitope 4 – OVA

Immunogen

Epitope 5 Mouse Serum Titers

Serum is latent TGFβ1 positive even for mice immunized with the engineered epitope only
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No stain SRK-181 (1µg/mL)

293T
(naïve)

293T 
(huLTGFb1+)

Hybridoma Supernatant Screening Generates Hundreds of Cell Binders

Cell Line
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TGFβ Release Assay Identifies Potential Hits from Hybridoma Supernatants
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Purified Antibody Hits Show Inhibition of TGFβ Release 
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Case Study #3
Target: MUC16
MOA: Tumor-Associated Antigen
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Can Engineered Epitopes be Used for Conditionally-Activated Antibodies?

intra-tumor
protease

cleaved 
epitope-mask

target

Healthy Tissue Diseased Tissue

target

activated
antibodies
(binding)

inactive
antibodies

(no binding)

engineered 
epitope mask
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Non-shed
Non-glycosylated 

29-mer

36

Engineered Epitopes Steer Immunizations to the MUC16 Non-shed Domain

Glycosylation Site

Binding

No Binding

Binding

MUC16 can get Proteolyzed

Extracellular
288-mer

Shed
230-mer
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Engineered Epitope Mask Conditionally Activates Anti-MUC16 Antibody

Octet Binding to MUC16 Non-Shed Domain

Masked Ab + MMP9 ProteaseNo Mask Masked Ab

Mask Cleavage
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iBio Engineered Epitope Platform

1. Engineered epitopes are designed to match the target sequence and structure
2. Epitope-specific antibodies are discovered from immunizations
3. Engineered epitopes are used as masks for improved therapeutic safety

Summary

1 2 3
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Martin Brenner
Matt Greving
Dillon Phan
Cody Moore
Alex Taguchi
Cory Schwartz
Domyoung Kim
Matt Dent
Tom Hsu
Tam Phuong
Jenny Le
John Chen

Thanks to the iBio Scientific Team!
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