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Abstract ID: 194

T cell mediated immunotherapy has gained credible

traction for cancer treatment. To date experimental

and clinical strategies have relied on antibody-

mediated co-stimulatory blockade, or the

administration of high doses of naturally occurring

or engineered cytokines to increase T cell

activation. Cytokine therapy is by limited

undesirable off-target side effects as well as

terminal differentiation and exhaustion of

chronically stimulated T cells. Here we describe

functionality of a unique chimeric cytokine by

design, called OMCPmutIL-2, binds with high

affinity to the cytotoxic immunoreceptor NKG2D

but signals through the common γ- chain cytokine

receptor, thus eliminating IL-2R mediated off-

target side effects. In addition to precise activation

of cytotoxic T cells due to redirected binding we

describe that OMCPmutIL-2 results in superior activation of both human and murine

CD8+ T cells by improving their survival, decreasing exhaustion, and improving

memory cell generation. This functional improvement is the result altered signal

transduction based on the reorganization of surface membrane lipid rafts resulting in

JAK-mediated phosphorylation of the T cell receptor (TCR) rather than canonical

STAT/AKT signaling intermediates activated by other common γ-chain cytokines.

Experiments

Figure 1:(A)Superior in-vitro expansion of CD8+T cells and improvement in survival when expanded with

OMCPmut.IL-2 compared to other IL-2 family of cytokines.(B) Decreased levels of exhaustion markers which

might be because (C) OMCPmut.IL-2 does not signal through canonical STAT5 pathway like other IL-2 family of

cytokines.
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Superior expansion, decreased exhaustion and lower STAT5 mediated signaling in CD8+ T cells expanded 

with OMCPmut.IL-2 
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Enhanced memory signature in CD8+ T cells expanded with OMCPmut.IL-2 driven by increased mitochondrial biogenesis
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Figure 2:(A) Heat map showing upregulation of memory driving transcription factors by RNA-seq. analysis. (B) OMCPmut.IL-2

CD8+ T cells shows a memory phenotype after in-vitro expansion for 14 days. (C) Increased mitochondria as depicted by deep red

staining and electron microscopy, and enhanced mitochondrial biogenesis in CD8+ T cells expanded in OMCPmut.IL-2, with

higher oxygen consumption.

OMCPmut.IL-2 expanded CD8+ T cells rely on NFAT activation and increased T-Cell-Receptor signaling

Figure 3:(A) Heat map showing enhanced NFAT transcription factors. (B) Expansion, proliferation and cytolytic function of

OMCPmut.IL-2 expanded CD8+ T cells depends on NFAT activation which is significantly hindered by FK506(NFAT inhibitor).

(C) Pathway analysis shows enhanced T Cell receptor (TCR) signaling in OMCPmut.IL-2 expanded CD8+ T cells.
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Enhanced TCR signaling is due to surface re-organization of membrane lipid rafts leading to a novel complex formation
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Figure 4:(A) Heat map showing enhanced TCR signaling genes.(B)Nur77, an index of TCR activation is highest in OMCPmut.IL-

2 expanded CD8+ T cells. (C) phosphorylation of TCR downstream signaling molecules. (D) Surface receptor organization of

OMCPmut.IL-2 expanded CD8+ T cell involving formation of a novel receptor complex and clustering (as shown by yellow

arrows) of CD3ζ(TCR component, red) IL-2Rβ( purple) within lipid rafts(green).
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Increased anti-tumor activity of OMCPmutIL-2-expanded CD8+ T cells provide significant 

improvement in tumor immunotherapy
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OMCPmut.IL-2, a first in class re-engineered cytokine that improves functionality of CD8+ T cells.

This enhanced functionality is due to novel signaling pathways based on the reorganization of

surface membrane lipid rafts that lead to Janus Kinase-3 (JAK-3)-mediated phosphorylation of the T

cell receptor (TCR) rather than STAT/AKT signaling intermediates. This novel signaling pathway

increases CD8+ T cell response to low affinity antigens, activates Nuclear Factor of Activated T

Cells (NFAT) transcription factors, and promotes mitochondrial biogenesis. OMCPmutIL-2 thus

outperforms other common γ-chain cytokines as both a catalyst for in vitro CD8+ T cell expansion

and in vivo CD8+ T cell-based immunotherapy. Our data for the first time highlights novel

interaction between T cell receptor and IL-2 receptor subunits shaping downstream signaling

pathways and creating improved CD8+ T cells, which can be utilized in CAR-T cell therapy as well

as adoptive transfer therapy to achieve better clinical outcome. Taken together our data points to the

utility of designing novel cytokines that tap into unique signaling pathways to improve

immunotherapy.

Figure 5: (A) In vitro cytotoxicity of anti-CD19 CAR-T cells, expanded in various cytokines,

against NALM6 CD19 expressing tumors. (B) Experimental design, tumor growth and survival of

B16 melanoma bearing mice treated with adoptive transfer of pmel anti-GP100 TCR transgenic

CD8+ T cells expanded in the presence of IL-2 (blue), IL-15 (green) or OMCPmutIL-2 (red).(C)

Tumor growth and survival % of mice bearing tumor antigen ovalbumin expressing Lewis lung

carcinoma (LLC-ova) in combinatorial immunotherapy with cytokines and checkpoint inhibitors

CTLA-4 and PD-1.
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Summary

• Superior T cell survival, memory formation as well as cytotoxicity occur due to mitochondrial

biogenesis in OMCPmutIL-2 expanded T cells further strengthens the link between mitochondrial

biology and T cell fitness

• The high affinity OMCP moiety causes surface re-organization of macro lipid domains which then

forms novel receptor complex involving TCR and IL-2Rβ.

• This altered signaling causes enhanced TCR signaling and NFAT activation which contributes to

cytolytic properties.

• Predominance of NFAT and inactivation of the canonical JAK-STAT pathway (as in other IL-2

family of cytokines) causes less exhaustion and better CD8+ T cell potential.

• OMCPmutIL-2 outperforms other common γ-chain cytokines as both a reagent for T cell

expansion and in vivo CD8+ T cell-based immunotherapy


