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CD137 is a potent costimulatory immunoreceptor and a highly promising 

target for immunostimulatory cancer therapy. Conventional CD137-

targeting antibodies, however, suffer from a lack of tumor-selective 

activity, which may lead to peripheral toxicity and reduce the available 

therapeutic window.  

 

To develop a therapeutic that facilitates a CD137-based activation of  

T cells that is both tumor-target driven and tumor localized, we generated 

four variants of a bispecific protein binding to CD137 and the tumor target 

HER2. The bispecifics of this cancer drug program (termed PRS-343) are 

designed to promote CD137 clustering by bridging T cells with HER2-

positive tumor cells, and to thereby provide a potent costimulatory signal 

to tumor antigen-specific T cells.  
 

Here, we describe the generation and characterization of CD137/HER2 

bispecifics made by genetic fusion of a CD137-binding Anticalin® to 

modified trastuzumab. We show ex vivo that T cells are efficiently 

activated when incubated with a bispecific and HER2-positive cells, and 

that the activation is HER2-dependent. T cells are not activated by a 

bispecific in the presence of cells that express HER2 at levels that are 

similar to healthy tissue. This HER2-selective mode of action is 

substantiated by comparative experiments using anti-CD137 benchmark 

antibodies. The bispecifics exhibit an excellent developability profile, with 

high stability, a low immunogenicity risk and a trastuzumab-like half-life.  

• Four CD137/HER2 bispecifics were generated based on genetic 

fusion of high-affinity CD137-binding Anticalin and modified 

trastuzumab, displaying 

o excellent drug-like properties 

o simultaneous target engagement with an affinity comparable to 

parental building blocks 

o low immunogenicity risk 

o long, antibody-like terminal in vivo half-life in mice and 

cynomolgus monkey 

• CD137/HER2 bispecifics induce strong T cell activation via tumor 

target-dependent costimulatory T cell engagement 

• A comparison of CD137/HER2 bispecifics to benchmark CD137-

targeting antibodies reveals  

o better selectivity of bispecific towards target cells compared to 

benchmark mAb 1, which may translate to a better safety profile 

o stronger response of bispecific compared to benchmark mAb 2, 

which may translate to higher efficacy 

• We expect the approach to allow potent local activation of tumor-

specific T cells with manageable systemic toxicity 

 

 

 

 

CD137 – the prime costimulatory receptor 

Summary 

Abstract 

Background 

• CD137 is mainly expressed on activated CD4+ and CD8+ T cells, activated B cells, and 

natural killer (NK) cells 

• CD137 activation occurs via clustering by cell-surface expressed CD137 ligand (which 

mainly found on antigen-presenting cells) 

• CD137-costimulated T- and NK-cells display enhanced proliferation, proinflammatory 

cytokine expression and killing capacity 

 

 

 

 
 

Target validation 

• CD137 is a validated marker for tumor-reactive T cells in man1 

• Anti-CD137 mAbs improve expansion of CD8+ melanoma TIL in adoptive T cell therapy2 

• CD137 downstream signaling is key to success in clinical CAR-T3,4 

• CD137 costimulation in NK-cells is currently evaluated in clinical trials5 

• CD137 expression is localized in the tumor microenvironment6 

• Costimulatory T cell engagement via CD137 has been demonstrated using aptamer 

technology7 

 

 

Building block: Anticalin targeting CD137 

1 

Discovery 

• Phage display of lipocalin 

library against CD137, 

followed by affinity maturation 

 

Binding to CD137 

• KD = 2.3nM (SPR) 

• EC50(FACS) = 5.9nM 

• Non-competitive binding vs 

CD137L 

 

 

 

 

 

 

CD137/HER2 bispecifics: genetic fusion of  

anti-CD137 Anticalin with modified trastuzumab 

Figure 2. Design of four CD137/HER2 bispecifics: genetic fusions of backbone-engineered 

trastuzumab to the anti-CD137 Anticalin were generated to either one of the four termini of the 

antibody. The IgG1 backbone of trastuzumab was exchanged for an engineered IgG4 backbone 

containing the stabilizing S228P mutation. Additional mutations to silence Fcg-receptor 

interaction were made to exclude the possibility both of Fcg-receptor-driven CD137 clustering 

and antibody-dependent cell-mediated cytotoxicity (ADCC) against CD137-positive cells. 
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Figure 1. Concept of costimulatory T cell engagement: Within a patient´s tumor, tumor-specific T 

cells are bridged with tumor cells by a costimulatory bispecific. The resulting clustering of the 

costimulatory T cell receptor provides a local co-activatory signal to the T cell, further enhancing 

its T cell receptor (TCR)-mediated activity and leading to tumor destruction. Toxic side effects are 

expected to be manageable, as target-negative cells do not lead to costimulation of T cells due to a 

lack of target-mediated receptor clustering, and healthy tissue is spared by tumor-costimulated T 

cells due to the absence of a primary, TCR-mediated signal.  
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Brief methods.  
SKBR3 tumor cells were grown overnight on 96-well plates 
that had been precoated with anti-CD3 antibody. The next 
day, T cells purified from healthy donor PBMC were added 
to the wells together with the titrated CD137/HER2 
bispecific molecules (constructs A-D). After three days in 
culture, IL-2 and IFN-g levels in the culture supernatants 
were measured by an Electrochemoluminescence 
immunoassay. The experiment was performed also in the 
presence of an excess of trastuzumab to inhibit the binding 
of CD137/HER2 bispecifics to the SKBR3 cells. 
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Potent costimulatory T cell activation is dependent 

on both HER2 binding and bispecific geometry 
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Figure 6. Ex vivo T cell activation: The four CD137/HER2 bispecific constructs A-D display 

different capabilities of eliciting IL-2 and IFN-g production by costimulatory engagement. In all 

cases, the response is diminished to background levels by disrupting the binding of the 

bispecifics to cellular HER2 by adding an excess of trastuzumab.  
 

 

References.  
[1] Ye, Q. et al., Clin Canc Res 2014 Jan 1; 20(1):44-55. [2] Chacon, J. A. et al., PloS One 2013 8(4):e60031. [3] Kalos, M. et al., Sci Transl Med 2011 
Aug 10; 3(95): 2-21. [4] Maude, S. L. et al., N Engl J Med 2014 Oct 16; 371(16):1507 – 1517. [5] Kohrt, H. et al, J Clin Invest. 2012 
Mar;122(3):1066-75.[6] Palazon, A. et al., Cancer Discovery: 2012 (2): 608 – 623. [7] Pastor F. et al., Mol Ther. 2011 Oct;19(10):1878-86. [8] 
Mukai, Y. et al., Sci Signal.: 2010 (3): ra83. [9] Press, M. F. et al., Oncogene: 1990 5(7):953-62. 
Parts of images on this poster based on material from Servier Medical Art under  a Creative Commons Attribution 3.0 unported license. 

CD137/HER2 bispecifics bind with same affinity as 

building blocks and bind both targets at same time 
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Figure 5. HER2 and CD137 ELISA: CD137/HER2 bispecifics bind both targets with identical 

affinity compared to the individual building blocks anti-CD137 Anticalin and trastuzumab. Dual 

binding: CD137/HER2 bispecifics are capable of binding both targets at the same time according 

to Sandwich ELISA. 

D
u
a
l 

Dual binding Dual binding Dual binding 
Dual binding 

CD137/HER2 bispecifics are stable 

Figure 4. Storage stability: CD137/HER2 

bispecifics display a monomeric SEC profile 

before (blue) and after (green) incubation of 

20mg/mL samples for 4 weeks at 40°C in 

PBS, pH 7.4. SEC curves are plotted with an 

offset on the y-axis for better visualization.  
 

 

• Straightforward expression in CHO cells 

• Fully active after 1 week at 37°C in human and 

mouse plasma 

• Fully stable and active after 4 weeks at 40°C  

in PBS at a concentration of 20mg/mL 

 

 

 

 

Figure 3. Plasma stability: CD137/HER2 

bispecifics remain fully active after 1 

week at 37°C in human plasma (green) 

and mouse plasma (blue; quantitative 

ELISA). 

 

Biophysical properties 

• 100% monomeric expression 

• TM =74°C (DSC) 

• Fully stable after 1 week at 37°C in  

PBS pH7.4, human plasma or 

mouse plasma 

 

Functional activity 

• Ex vivo activation of T cells when 

coated; no activation when in 

solution 

 

 

 

 

• In mice, terminal half-lifes of CD137/HER2 bispecifics at a dose of 10mg/kg range 

from 15-21 days compared to 13 days for trastuzumab 

• In cynomolgus monkey, the terminal half-life of CD137/HER2 bispecific construct A at 

a dose of 3mg/kg lies at 99 hours compared to 86 hours for trastuzumab 

 

 

 

 

 

The pharmacokinetics of CD137/HER2 bispecifics 

is comparable to trastuzumab 

Figure 9. Pharmacokinetics of CD137/HER2 bispecifics compared to trastuzumab: (A) Male CD-1 

mice (3 mice per timepoint) were injected intravenously with test articles at a dose of 10mg/kg. (B) 

Male cynomolgus monkeys received test articles as an intravenous infusion at a dose of 3mg/kg. 

Drug levels were detected using a Sandwich ELISA detecting the full bispecific construct via the 

targets HER2 and CD137. Trastuzumab plasma levels were determined using a Sandwich ELISA 

with targets HER2 and human Fc. The data were fitted using a two-compartmental model.    
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CD137/HER2 bispecifics exhibit a   

low immunogenicity risk 

• An in vitro T cell immunogenicity assessment was performed (Epibase, Lonza) using 

a PBMC-based format with 32 donors and HLA allotypes reflective of the distribution 

in a global population 

• The number of responding donors is low and comparable to trastuzumab for all 

CD137/HER2 bispecifics 

• This indicates that the clinically demonstrated low immunogenicity of trastuzumab 

may be retained in CD137/HER2 bispecifics 

 

 

 

Figure 8. In vitro T cell immunogenicity assessment of CD137/HER2 bispecific constructs A-D, 

trastuzumab and the positive control keyhole limpet hemocyanine (KLH): (A) Stimulation index 

(proliferation in the presence vs. absence of test article). The average responses are indicated 

as bars. The threshold that defines a responding donor (stimulation index > 2) is indicated as a 

dotted line. (B) Number of responders. 
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HER2 expression at levels similar to healthy cells 

does not induce bispecific T cell activation 

• T cell activation assays were performed using the HER2high SKBR3 and BT474 cell 

lines and cancer cell lines with HER2 expression levels that are similar to healthy 

tissue,9 HepG2 and MCF7 

• IL-2 production was determined as a measure of T cell activation 

• CD137/HER2 bispecific construct A selectively leads to activation of T cells with 

SKBR3 and BT474 cells 

• Anti-CD137 benchmark mAb 1 leads to T cell activation with all cell lines 

• Anti-CD137 benchmark mAb 2 shows no response with any cell line 

Figure 7. Relative IL-2 induction by CD137-driven T-cell activation in the presence of highly HER2-

positive cells (SKBR3, BT474) and cell lines expressing HER2 at a level similar to that of healthy, 

HER2low cells (HepG2, MCF7). (A) CD137/HER2 bispecific (solid lines) and negative control 

trastuzumab (dotted lines). (B) Anti-CD137 benchmark mAb 1. (C) Anti-CD137 benchmark mAb 2. 

The experiments were performed as described for Figure 6. The plotted relative IL-2 response 

corresponds to the ratio of the responses obtained in the presence and in the absence 

(“background”) of test articles.   
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