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Challenges of Developing Cytokine Therapeutics: Harnessing the Power of Cytokines Requires:

Wild type cytokines are highly pleiotropic

• Drive divergent activity on multiple cell types, and when used 
therapeutically frequently result in: 

• Dose limiting toxicities

• Limited efficacy, and 

• Narrow therapeutic window

• Half-life extended versions of wild-type cytokines (PEG or Fc) have 
the similar challenges

• Deep understanding of cytokine structure, function, 
and downstream immunological signaling

• Extensive insights into cytokine receptor expression 
on immune cells at various activation states

• Creative protein engineering to introduce selectivity 
and improve drug like properties

• Innovative development strategies to rapidly 
evaluate clinical significance

The Opportunity and the Challenge of Cytokine Therapeutics
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Cytokines: Small proteins that facilitate immune system signaling to 
maintain immune homeostasis and respond to infections and tumors



Synthekine Was Founded By Licensing World-Class Cytokine 
Receptor-Ligand Interaction Insights From Garcia Lab 
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Foundational Research and Platforms From the Garcia Lab

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



These Platforms Have Fueled a Deep, Differentiated, and Multi-
Modality Pipeline
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Oncology

STK-012: IL-2 Partial Agonist

IL-12 Partial Agonist

Undisclosed Targets +

Cell Therapy

STK-009 + SYNCAR-001 (orthoIL2 + CD19 orthoCAR)

STK-009 + SYNCAR-002 (orthoIL2 + GPC3 orthoCAR)

Undisclosed Targets

Autoimmune & Inflammation

IL-10 Partial Agonist +

IL-22 Partial Agonist +

Undisclosed Targets

Program Platform Discovery Preclinical
IND 

Enabling
Clinical 
Study

Worldwide
Rights

= Engineered Cytokine Partial Agonist = Surrogate Cytokine Agonist = Orthogonal  Cytokine + Cell Therapy



STK-012

An α/β-biased IL-2 partial agonist
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• IL-2 is a potent activator of T cells, which are 
critical for anti-tumor immunotherapy

• Proleukin® (aldesleukin) is approved as 
monotherapy in several tumor types

Synthekine’s Goal: Delivering on the Promise of IL-2 Therapy 
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1st Generation IL-2:
(Proleukin®)

2nd Generation Engineered IL-2:
(NKTR-214, THOR-707, NL-201, etc.)

Design High Dose IL-2 “Non-α” IL-2

IL-2R Bias
Binds to both trimeric high & dimeric 

intermediate affinity IL-2R
Binds only to dimeric intermediate 

affinity IL-2R

IL2Rα

IL2Rβ

IL2Rg

IL2Rα

IL2Rβ

IL2Rg

The Promise:
• Proleukin is toxic and difficult to dose for more 

than several days

• Many engineered IL-2 molecules have failed to 
deliver enhanced anti-tumor activity in the clinic

The Limitations:

Best-In-Class 
Engineered IL-2
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The Rationale for Targeting the High Affinity IL-2 Receptor on 
Antigen Activated T-cells in Cancer
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Time-course of receptor expression after CD3/CD28 stimulation

Janeway’s Immunobiology

Trimeric a/b/g
IL-2 Receptor

Dimeric b/g
IL-2 Receptor

• Antigen-induced activation of T cells induces 
expression of immune checkpoint receptors and 
the IL-2 receptor subunits IL2Rα and IL2Rβ
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The Rationale for Targeting the High Affinity IL-2 Receptor on 
Antigen Activated T-cells in Cancer

Janeway’s Immunobiology

Trimeric a/b/g
IL-2 Receptor

Dimeric b/g
IL-2 Receptor

• Antigen-induced activation of T cells induces 
expression of immune checkpoint receptors and 
the IL-2 receptor subunits IL2Rα and IL2Rβ

• Checkpoint inhibitors (e.g., a-PD1) block 
upregulated immune checkpoint receptors to 
activate TILs

• An engineered IL-2 that targets the upregulated 
IL-2 receptor subunits may:
• Further stimulate antigen-activated TILs
• Spare non-specific NK and T cell activation



10

NK Cells Mediate Capillary Leak Syndrome (CLS) in Mice

Dosing: acute IL-2 toxicity was analyzed in mice treated every second day with α/β-mIL-2-PEG (10μg), mIL-2-PEG (10μg), or non-α-IL-2-PEG (3μg).

Lung weight increase with WT and non-a-
IL2 abrogated after NK cell depletion
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Depletion of NK cells using NK1.1 antibody abrogates IL-2 
mediated lethality for WT and non-a-IL2 in C57BL/6 mice 

Toxicity of IL-2 is mediated by NK cells, where:

• CD25 expression is low 

• IL-2 signaling is primarily mediated by IL2Rβ/IL2Rγ



High CD25 expression increases IL-2 potency on 

activated T cells

Targeting the High Affinity IL-2 Receptor by Disrupting the IL-2R𝛄
Binding Site on IL-2

IL2 + IL2Ra/IL2Rβ: 
KD ~ pM

IL2 + IL2Rβ alone: 
KD ~ 1 uM

No signaling

CD25/IL2Rα

IL2Rβ IL2R𝛄 IL2Rβ IL2R𝛄

Antigen activated T cells: CD25 high Naïve T-cells and NK cells: CD25 low

Low CD25 expression reduces IL-2 potency on 

naïve T cells and NK cells

P-STAT5
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Targeting the High Affinity IL-2 Receptor by Disrupting the IL-2R𝛄
Binding Site on IL-2

IL2 + IL2Ra/IL2Rβ: 
KD ~ pM

IL2 + IL2Rβ alone: 
KD ~ 1 uM

No signaling

P-STAT5

CD25/IL2Rα

IL2Rβ IL2R𝛄 IL2Rβ IL2R𝛄

Antigen activated T cells: CD25 high Naïve T-cells and NK cells: CD25 low

Hypothesis: weakening the IL2R𝛄 interaction will widen the IL-2 

activity window between activated T cells and naïve T cells + NK cells
12
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Structure/Function-Based Discovery of an α/β-Biased IL-2

Design goal: Engineer an IL-2 mutein with: 
1) Strong selectivity for CD25+ cells

2) P-STAT5 “signal strength” (EC50 and Emax) 
equivalent to wild type IL-2 

EC50 CD25+
EC50 CD25-

Emax CD25+  P-STAT5 MFI

STK-012

Cell based screen to identify muteins with:
– P-STAT5 selectivity for CD25+ cells
– Emax maintained at similar level to wt IL-2
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α/β-Biased STK-012 is Highly Selective for CD25+ Cells
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mSTK-012 is Highly Selective for CD25+ CD8+ T Cells
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• Pegylated mouse surrogate of STK-012 (mSTK-012) is highly selective for CD25+ CD8+ T cells (similar 
for CD4+)

• Little to no activity seen on CD25- CD8+ T cells or NK cells

• Mirrors the activity of STK-012 on human PBMCs
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mSTK-012 Induces Complete Responses in Syngeneic Mouse Models 
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Dosing: mIL-2-PEG (2.5µg every other day) or non-α-IL-2-PEG (3µg, weekly) were dosed at their 

maximum tolerated dose while mSTK-012 was dosed at 10µg weekly or every other day.



STK-012 Specifically Activates CD25+ T cells in Non-Human 
Primates (NHP)
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STK-012 Does Not Induce CLS in Non-Human Primates

STK-012 does not induce 
lymphopenia in NHPs

STK-012 does not induce infiltration of 
immune cells into the lung in NHPs

STK-012 does not activate NK cells 
in the lung in NHPs

NK cells
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Dosing: aldesleukin (37μg/kg every 8 hours, x8), non-α-IL-2-PEG (50μg/kg, x2) or STK-012 (250 μg/kg followed by 150μg/kg) (both every 36 hours) 
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STK-012: Next Generation Pegylated α/β-Biased IL-2

1st Generation IL-2:
(Aldesleukin)

2nd Generation Engineered IL-2:
(NKTR-214, THOR-707, NL-201, etc.)

Best-In-Class Engineered IL-2:
STK-012

Design High Dose IL-2 “Non-α” IL-2 α/β-biased IL-2 

IL-2R Bias
Binds to both trimeric high & dimeric 

intermediate affinity IL-2R
Binds only to dimeric intermediate 

affinity IL-2R
Binds to trimeric high affinity IL-2R

IL-2R Subunit Sparing None Reduced binding IL-2Rα Reduced binding to IL-2Rγ

Cell Selectivity No selectivity NK cells and naïve T cells Antigen-activated T cells

IL2Rα

IL2Rβ

IL2Rg

IL2Rα

IL2Rβ

IL2Rg

IL2Rα

IL2Rβ

IL2Rg
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STK-012: Synthekine’s α/β-biased IL-2

• Designed to improve efficacy 

– Selectively proliferate and activate-antigen activated T-cells, the driver 
of anti-tumor efficacy

– Single agent efficacy including complete responses demonstrated by 
murine surrogate of STK-012

– Superior to WT IL-2 and non-a-IL-2 in multiple syngeneic models

• Designed to reduce toxicity

– Avoids proliferation and activation of NK cells, the driver of IL-2 toxicity

– Improved safety demonstrated in mice and NHPs versus WT IL-2 and 
non-a-IL-2

• IND cleared in Q4 2021; First patient dosed in Q1 2022



Harnessing the power of cytokines

with a world class team and using multiple 
engineering platforms to build novel, selective 
cytokine therapeutics for cancer and inflammatory 

diseases as part of a rapidly maturing pipeline
with emerging partnerships
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