
Cytokine release in human whole blood
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A next-generation conditional Switch-DARPin T cell engager with CD2 co-stimulation enabling selective 
activity against solid tumors which co-express mesothelin (MSLN) and EpCAM
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Activity of Switch-DARPin is minimally impacted by soluble MSLN
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Low cytokine release in vivo

Anti-tumor activity in vivo with a favorable systemic safety profile

Treatment with the MSLN x EpCAM Switch-DARPin induced significant tumor regression in PBMC-

humanized OVCAR-3 xenograft model with low systemic cytokine release in serum. In human whole 

blood assay, low non-TAA-specific cytokine release is detected with the Switch-DARPin in contrast to a 

CD2/CD3 non-Switch variant. 

Conclusions

Pan T cells co-cultured with NucLightRed (NLR) labeled OVCAR-3 cells 

were treated with increasing concentrations of Switch-DARPin in the 

presence of various concentrations of soluble MSLN (sMSLN). Cytotoxicity 

(% killing) of OVCAR-3 cells was measured by IncuCyte and calculated as 

area under the curve (AUC) of the NLR signal normalized vs AUC of a 

positive control.

Anti-tumor activity of MSLN x EpCAM Switch-DARPin TCE in OVCAR-3 OC 

tumor model. (A, B) OVCAR-3 cells were subcutaneously engrafted into immune-

deficient NXG mice and humanized with PBMC (2 donors, open/ closed sympbols) 

on day 40 post tumor cell engraftment. Treatment started on day 47. The Fc-HLE 

Switch-DARPin was injected at 2 mg/kg (i.v.) three times a week for 3 weeks; 

while the non-HLE comparator Switch-DARPin variant was dosed daily at 3 mg/kg 

(i.v.) for 2 weeks. (A) Tumor volumes are shown as mean +/- SEM, n=9 per group.

(B) Cytokines measured in serum 2 h post first-injection of Switch-

DARPins in hPBMC NXG mice OVCAR-3 tumor model. Open, 

closed symbols hPBMC donors A and B, respectively; 

(C) Whole blood from 3 human donors incubated for 24 h with non-

HLE Switch-DARPin and a CD2/CD3 non-Switch variant w/o the 

CD3 mask. Serum taken for cytokine analysis by MSD U-plex. 

LLOQ: Lower limit of quantification.
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Switch-DARPin enables preferential targeting of tumor cells

Switch-DARPin TCE induces selective killing of cells co-expressing 

MSLN and EpCAM (AND-gate), while activity against single TAA-

expressing cells is strongly reduced. 

Pan T cells co-cultured with target cells (CHO) co-expressing MSLN and EpCAM, or MSLN or 

EpCAM alone. After 48 h, T cell activation was measured by CD25 upregulation on CD8 T cell using 

flow cytometry. Shown as mean fluorescence intensity (MFI) of CD25 signal. (A), and cytotoxicity was 

measured by LDH release (B). Evaluation of MSLN and EpCAM expression on transduced CHO vs 

OC cell line OVCAR-3 by quantitative flow cytometry (C). Shown is Antibody Binding Capacity (ABC).

Pharmacokinetics (PK) of half-life extended (HLE) Switch-DARPin in mice

A B

MSLN & EpCAM are highly co-expressed in OC, with minimal 

expression in healthy tissues

MSLN and EpCAM exhibit high co-expression in OC, while co-expression is low in healthy tissues. 

Analysis of normal tissues and cell types revealed that EpCAM alone is highly expressed on epithelial 

cells (grey dots >25% EpCAM+, not labelled), while MSLN is expressed at high levels on mesothelial 

cells (see cell type labels). Co-expression of both MSLN and EpCAM is rare (<10%) and only found in a 

small proportion of cell types of the lung, intestines and the female reproductive system.

(A) Tissue sample biopsies from 

TCGA and GTEx were analyzed for 

MSLN and EpCAM expression 

(RNAseq, bulk). (B) The Tabula 

Sapiens data set was analyzed to 

determine the fraction of cell types 

across different human healthy 

tissues expressing either MSLN, 

EPCAM or both (RNAseq, single 

cell). 
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PK studies in mice indicate approximate mono-

exponential decline of serum concentrations following 

single i.v. injection. Half-life values of Fc-HLE Switch-

DARPin in the mono-exponential phase were calculated 

in a range of up to 80 h in wild-type mice. 

PK characteristics of Fc-HLE Switch-DARPin in female wild-type BALB/c mice 

following single i.v. bolus injection of 1 mg/kg. Results represent two groups with n=3 

mice per time point (mean, SD). Concentrations were measured by sandwich ELISA.

CD2 co-stimulation enables sustained T cell function
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Repetitive exposure - CD2/CD3

Repetitive exposure - CD3

Freshly stimulated - CD2/CD3

Freshly stimulated - CD3

…and a higher cytotoxic activity compared to 

T cells exposed to CD3-only DARPin

T cells repetitively exposed to CD2/CD3 Switch-DARPin show 

superior activation and proliferation profiles…

T cells were repetitively exposed to CD3 or CD2/CD3 DARPins on TAA-coated plates. 

After each 3-day round of stimulation, part of the cells were analyzed by flow cytometry. 

CD3  

CD2/CD3 

After 3 rounds, T cells were co-cultured with labelled 

EpCAM+ MSLN+ target cells and DARPins for 48 h, and 

cytotoxicity was measured by IncuCyte.
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Round 1 Round 2 Round 3 Round 4 Cytotoxicity (IncuCyte)

Development of T cell engagers (TCEs) for solid tumors is hampered by limited availability of specific 

tumor-associated antigens (TAAs), resulting in reduced TCE selectivity and increased risk of on-

target/off-tumor toxicity due to antigen-expression in healthy tissues. Particularly in ovarian cancer (OC) 

immunotherapy has had limited success due to the absence of ‘clean’ TAAs, the presence of 

dysfunctional T cells and an immunosuppressive tumor microenvironment.1,2 OC remains the leading 

cause of cancer mortality in women, with a 5-year overall survival rate of ~51% due to late diagnosis 

and a high relapse rate.3 To address this unmet need, we developed a MSLN and EpCAM-targeting 

multispecific, logic-gated CD3 TCE with a CD2 co-stimulatory effector function. 
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Minimal inhibition of functional activity of the 

MSLN x EpCAM Switch-DARPin by soluble MSLN 

at concentrations found in OC patients: <5 nM4,5
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CD3-engaging DARPin is masked by a 2-in-1 

Switch-DARPin (single TAA-expressing cells)
OFF

Switch-DARPin T cell engager: TAA-dependent activation (AND-gate)

CD3-engaging DARPin released in presence 

of both TAAs (MSLN x EpCAM co-expression)
ON

Killing

Tumor CellT Cell

αCD3 αCD2 αMSLN

✓Potent and sustained antitumor efficacy: conditional CD3 T cell 

activation with high specificity and selectivity, CD2 co-stimulation

✓ Favorable safety profile: reduced systemic toxicity and on-

target/off-tumor effects on single TAA-expressing healthy cells

αCD3

αCD2

αMSLN

2-in-1 

DARPin

αMSLN

αCD2
αCD3

2-in-1 

DARPin

2-in-1 

DARPin

Healthy Cell

MSLN+
T Cell

Healthy Cell

EpCAM+

T Cell

➢ Clinical development of TCEs for solid tumors is often limited by systemic toxicity in the absence of 
single tumor-specific antigens, and impaired efficacy due to T cell exhaustion.

➢ We designed a logic-gated Switch-DARPin TCE (AND-gate) for tumor-localized immune activation 
targeting MSLN & EpCAM which are highly co-expressed in OC and other solid tumors.

➢ Our preclinical findings demonstrate selective T cell cytotoxicity of the Switch-DARPin against cells 
co-expressing both TAAs, with attenuated activity against cells expressing only MSLN or EpCAM.

➢ CD2 co-engagement induced sustained T cell proliferation and activity.

➢ The Switch-DARPin induced significant tumor regression in a MSLN+ EpCAM+ xenograft model 
without causing systemic cytokine release, indicating a favorable safety profile. 

➢ This approach provides an opportunity for novel cancer treatments through logic-gated tumor-
directed immune activation with increased efficacy & safety over single MSLN-targeting modalities.
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