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Surrogate Cytokine Agonist (SCA): 
unlocking natural and novel 
cytokine signals with VHH-based 
therapeutics
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Cytokine therapeutics: limitations and potential

• Approved drugs: IL-2, type I IFNs, EPO, HGH, G-CSF

• In clinic: IL-2 muteins, IL-12, IL-22, IL-18, IL-10

• Cytokine agonism within the immune system is pleiotropic

leads to both positive and negative effects → partial agonism to decouple efficacy and toxicity

For example, the broad effects of IL-2 
on multiple cell types limit therapeutic 
potential of wild type molecule
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Partial agonism of engineered cytokines can elicit unique 
therapeutic properties

Structural information on the cytokine 
ligand / receptor interaction

Engineering of wild type 
cytokine to alter response

Selection of optimized lead based 
on signaling in specific cell type(s)

Modify receptor 
affinity

Cytokine 
“muteins”

• Engineered cytokine partial agonists enable targeted activity on cell subtypes with 
high receptor expression
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A wealth of examples from the Garcia Lab
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Synthekine three-pronged approach to engineering cytokines

Developing potentially 
paradigm-changing
programs using three 
distinct protein engineering 
platforms

Cytokine Partial Agonists Platform
• Engineered from cytokine structural insights
• Published in Science, Cell, and Immunity
• Ph1 dose escalation ongoing for lead program

Orthogonal Cytokine Cell Therapy Platform
• Engineered cytokine receptor expressed on CAR-T 

and other ACTs
• Ph1 enrolling for lead program

Surrogate Cytokine Agonist Platform
• Novel cytokine engineering approach using 

surrogate binders
• Collaboration with Merck and robust internal pipeline



6

Pursuing partial agonism via Surrogate Cytokine Agonists (SCA)

Cytokine Partial Agonists Platform
• Engineered from cytokine structural insights
• Published in Science, Cell, and Immunity
• Ph1 dose escalation ongoing for lead program

Surrogate Cytokine Agonist (SCA) Platform
• Novel cytokine engineering approach using 

surrogate binders
• Collaboration with Merck and robust internal pipeline

Garcia Lab
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Cytokines enable pairing of a limited set of “natural” receptors
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SCAs enable both natural as well as novel receptor pairing
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SCAs enable both natural as well as novel receptor pairing
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Our approach to developing best in class IL-10 for autoimmune 
and inflammatory disease

IL-10 Partial Agonists IL-10 SCA

• Garcia lab solved complete IL-10.IL-10R1.IL-10R2 complex
• Based on the structure, IL-10 partial agonists were designed to 

weaken IL-10Rb interaction and decouple immunostimulatory from 
immunosuppressive functions

• SCA Discovery is Structure-agnostic
• Partial agonism can be achieved via screening
• Activity is tunable through scaffold engineering
• Antibody-like development properties

Efficacy in autoimmune disease

Anemia, Thrombocytopenia, 
platelet count drop

IL-10 SurrogateIL-10
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“Med Chem” approach to discovery of SCA at Synthekine

Advance to 
in vivo PoC

Discover library of binders

• Llama immunization

• Yeast/phage display with cytokine 
receptor

• Sequence and sort binders (VHH)

In vitro screening for 
desired signaling activity 
or cell type bias

Generate panels of dimers

• Produce panels containing an 
all-by-all matrix of VHH 
dimers

• Express/purify protein
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IL-10 SCAs demonstrate broad range of signaling and cell type bias
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IL-10 SCA delivers partial agonism and shows biased activity in vitro

Similar results for the IL-10 
surrogate suppressing LPS-
induced:
• IL-6
• TNFa

Similar results for the IL-10 
surrogate producing equally 
less:
• IFNg
• Granzyme B
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Monocyte 
Cytokine 
Secretion

Stimulated CD8 
T-Cell Blasts 

Cytokine 
Secretion

Goal: Uncouple immunostimulatory effects

Goal: Retain immunosuppressive effects
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IL-10 SCA gene activation on Monocytes is consistent with IL-10

• Human Monocytes treated with Emax concentration of IL-10 PEG (10 nM) and IL-10 SCA PEG (1 uM) for 6 hours
• Cell lysates were sent to Nanostring Technologies for RNA isolation and analysis using the Myeloid innate immune panel (780 genes)

*Volcano plots of molecules compared to media alone treated monocytes

IL-10 PEG IL-10 SCA PEG

➢ IL-10 SCA modulates many of the same genes as IL-10
➢ IL-10 PEG and IL10-SCA PEG are active on human monocytes and modulate gene expression

IL-10 SCA PEG

Media

IL-10 PEG

Multidimensional scaling analysis
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IL-10 SCA PEG shows selective STAT3 induction on monocytes and 
high and durable exposure in cyno

SC dosing
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• PEGylated IL-10 SCA showed preferential 
signaling on monocytes at both the high and 
low concentrations

• IL-10 SCA PEG have a stable PK profile
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IL10-SCA shows superior expression yields and thermostability 
compared to IL10
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IL-10 SCA is competitive with IL-10 for binding to the IL-10 
receptors
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IL-10 SCA crystal structure reveals a compact conformation that 
mimics a cytokine

IL10 dimeric complex
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Resolution: 1.5Å
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Conclusions

1. Surrogate cytokine agonists (SCAs) composed of 
two receptor binding VHH can mimic cytokine 
signaling

2. Combinatorial screens of VHH pairs can identify 
molecules with a range of agonist activity

3. An IL-10 SCA achieves myeloid-biased IL-10 partial 
agonism in vitro and in vivo

4. Our IL-10 SCA displays improved development 
and pharmacokinetic properties over IL-10
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