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Definition and Discovery

Cytokines:

Proteins that signal between cells during immune re sponses to elicit an effect.

ce =i 9@

DC T cell T cell — tumor killing enabled

Often act in a defined, local environment; certain cytokines also act systemically.
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DC T cell Vasculature Bone marrow
Lymph node

Primarily secreted into extracellular space; membra ne-bound versions exist.
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Definition and Discovery

Cytokines, Interleukins and Interferons:

All are proteins that signal between cells during immune responses
to elicit an effect.

Cytokines can be made by many cells
Interleukins are generally made by immune cells

Interferons are made by many cells (type | interferon, IFN-a/) or
immune cells (type Il interferon, IFN-y) during infection

Act in a defined, local environment and/or systemically.

Primarily secreted into extracellular space; some membrane-bound versions
exist.



Definition and Discovery

Evidence for “colony-stimulating factors”

Late 1960s - 1970s : _ . .
iIn bone marrow cultures; cytokine activity

Purification of “colony-stimulating factors”;

Late 1970s - 1980s . e :
protein purification of cytokines

Cloning of “colony-stimulating factors”
Late 1980s - 1990s and their receptors; generation of
recombinant proteins (cytokines)

Gene targeting studies
Mid 1990s - present Elucidation of signaling cascades
Associations with human disease
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Activity, A Tale of Two Cytokines

Interleukin-2 (IL-2)
9C%i()

Made by: T lymphocytes and NK cells T cell (')
= NK cell

e Acts on: T lymphocytes, NK cells, B lymphocytes, monocytes

e Primary function: immune cell growth and activation
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 Used in: treatment of metastatic melanoma and renal cell carcinoma,
generation of T cells for adoptive therapy



Activity, A Tale of Two Cytokines

Interferon- a (IFN-a)

Made by: B and T lymphocytes, NK cells, pDCs, macrophages, fibroblasts,

endothelial cells, osteoblasts ™\ \ / /
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*Acts on: macrophages, dendritic cells, NK cells, T cells

| &Z.)

NK cell
DC
*Primary function: increase MHC expression/Ag presentation, anti-viral response
° Infected cell killing
o
-7 7 % ‘o'

*Used in: treatment of melanoma, hematologic malignancy (e.g., CML), advanced
renal cancer (anti-angiogenic), AIDS-related Kaposi's sarcoma
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Key Molecular Features

cytokine-receptor interaction

High affinity
binding
Kd = pM
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Key Molecular Features

Intracellular signal transduction

STAT transcription factor:

x Phosphorylation
on tyrosine residue
O —

Jak protein kinase:

T Increased tyrosine Dimerization //—
kinase function //TV

Nuclear gene
expression




Key Molecular Features

Intracellular signal transduction

IFN-a IL-2

IFNAR1 IFNAR2
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Anti-viral genes gehl
Antigen-presentation genes Immune-activating genes
Cell growth genes Immunoregulatory genes



Key Molecular Features
Why is this important?

— High affinity interaction = exquisite specificity

Rapid enzyme activation = quick change in cell function

/ Selective gene response =

cell type-specific response
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Key Molecular Features
Why is this important?

— High affinity interaction = targeting opportunity

Rapid enzyme activation = targeting opportunity

/ Selective gene response =

targeting opportunity
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Cytokine Function in Broad Context

NK cell

Lymphocyvtes, NK cells and progenitors

Activated by cytokines
utilizing similar signaling mechanisms
e.g., IL-2, IL-4, IL-7, IL-9, IL-15, IL-21

Activated by type I or type Il IFN
Additional pathways, e.g., IL-1, IL-6, IL-12, IL-

18, IL-23, TNF-a (T cells); IL-1, IL-5, IL-6, IL-18,
TNF-a (B cells)

Immunomodulatory: TGFg, IL-10
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macrophage

monocyte

DCs, monocytes, macrophages and progenitors

Activated by cytokines defined by “colony-
stimulating” or growth factor activity
e.g., GM-CSF, M-CSF, IL-3, FIt3L

Activated by type | IFN

Immunomodulatory: IL-10
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Future Directions

* In-depth understanding of cytokine function in vivo
e Transcriptional response
* Epigenetic regulation
* Role Iin infection
* Role in cancer

« Using knowledge for improved cancer immunotherapy



Lessons and Take Home Messages

o Key points: cytokines are cell:cell messengers,
acting on immune cells to elicit specific responses

e Lessons learned: numerous cytokines exist and
operate within our Immune system; exquisite
cytokine sensitivity derives from high affinity
binding to receptors, receptor expression patterns
and unique intracellular signaling cascades

« Potential impact on the field: cytokines provide
new opportunities for immmune therapy



