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Opal is a conditional 4-1BB agonistic fusion protein comprising trimerized 4-1BB ligand and a high affinity
variant of the extracellular domain of PD-1
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Background

Results

• 4-1BB is a co-stimulatory TNF receptor family member upregulated
on activated T cells that supports proliferation and enhanced
functionality1
• 4-1BB agonizing monoclonal antibodies have thus far failed to
progress beyond early clinical development, either due to hepatic
toxicities caused by FcγR-crosslinking (urelumab) or due to low
clinical activity (utomilumab)2
• An attractive next-generation approach to 4-1BB agonistic
therapeutics are multi-functional biologics that conditionally activate
4-1BB only in the tumor microenvironment, thereby localizing
activity and minimizing toxicity
• There is a strong biological rationale to combine 4-1BB agonism with
checkpoint inhibition

Figure 2: Opal exhibits high binding affinity for both PDL1 and PDL2
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Figure 3: Opal blocks engagement of PDL1/2 by PD1
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Figure 4: Opal agonism of 4-1BB is dependent on cross-linking
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Opal Rationale
• Opal is a best-in-class fusion protein that conditionally activates 41BB in the presence of PDL1 or PDL2
• The extracellular domain of PD1 is utilized instead of an anti-PDL1
antibody to facilitate activation by both PDL1 and PDL2
• The PD1 domain on Opal has been engineered for enhanced affinity
to both PDL1 and PDL2
• The use of single chain trimeric 4-1BBL is expected to optimally
agonize the 4-1BB receptor by engaging its natural binding site

Test Article
Opal (WT PD1)
Opal (MutPD1)

PDL1 KD
1,550 nM
0.72 nM

IC50 = 930 ng/ml

PDL2 KD
360 nM
1.7 nM

IC50 = 210 ng/ml

Two variants of Opal were expressed in HEK293 cells: one with wild-type PD1 (WT PD1) and one
with mutant PD1 (MutPD1). Analysis by surface plasmon resonance demonstrated significantly
enhanced affinity of Opal (MutPD1) for both PDL1 and PDL2.

Figure 5: PDL1-dependent T cell activation by Opal

• Opal lacks a functional Fc gamma domain to avoid the hepatic
toxicities associated with urelumab.

A competition ELISA was developed to evaluate whether Opal precomplexed with (A) PDL1-Fc or (B) PDL2-Fc could block binding to
plate-bound PD1. Blockade was enhanced with Opal (MutPD1).

Figure 6: Opal demonstrates robust single agent activity in vivo
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• A half-life extension domain is included in the fusion protein to
enhance pharmacokinetic properties
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Figure 1: Schematic of Opal design
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T cells isolated from human PBMCs were pre-activated with anti-CD3
antibody, then co-cultured with HEK293T-PDL1 or HEK293T WT cells
in the presence of Opal for 72h. IFNγ in supernatant was measured
by ELISA. Opal (MutPD1) was more potent than Opal (WT PD1), and
both triggered IFNγ release only in the presence of PDL1.

Human 4-1BB knock-in mice were implanted
with MC38 tumor cells expressing human
PDL1. When tumor volumes reached 100
mm3, mice were treated with vehicle or Opal
(MutPD1) at 1mg/kg BIW for three weeks.
Shown are (A) individual tumor growth
curves and (B) Kaplan Meier survival curves.
Treatment with Opal (MutPD1) eliminated
tumors in 7/10 mice.

(A) Opal (MutPD1) agonism of 4-1BB was measured using reporter cells with
or without PDL1-Fc mediated crosslinking. (B) 4-1BB agonism was
significantly enhanced in the presence of crosslinking.

Conclusions
§ Opal is a conditional 4-1BB agonist that activates T cells only in
the presence of PDL1 and/or PDL2
§ Opal is simultaneously a checkpoint inhibitor, by blocking
engagement of PDL1/2 by PD1, and a potent 4-1BB agonist
§ By utilizing the MutPD1 extracellular domain rather than an antiPDL1 antibody, the specificity of Opal is expanded to PDL2expressing cells
§ The native trimeric form of 4-1BBL is a potent activator of 4-1BB
that is dependent on crosslinking for robust activity
§ Opal is half-life extended to enhance pharmacokinetic properties
§ Preclinical data in mouse models suggests the potential for Opal
to exhibit robust single agent activity against solid tumors in the
clinic
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