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All reproducibly effective cancer immunotherapies
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Gene-modification of T cells
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Complete regression of metastatic breast cancer
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Why do our efforts focus on adoptive cell transfer (ACT) therapy for
treating metastatic cancer?

1. Identify and enrich for qualities associated with anti-tumor efficacy.

2. Pharmacologically or genetically modify T cells to enhance their
therapeutic efficacy.

3. Confer new specificity in transferred T cells (eg CAR, TCR).
4. Administer large numbers of tumor antigen-specific cells.

5. ‘Lymphodeplete’ host prior to cell transfer, reducing immunosuppressive
cells in the tumor microenvironment.



CELLS AS DRUGS
New paradigms in tissue distribution and pharmacokinetics
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Melanoma-specific survival in patients treated with
autologous tumor infiltrating lymphocytes (n=194)
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Not all T cells are equal...
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T cells don’t live forever

« Cancer cells are generally immortal, but the T cells used
to kill tumor cells are themselves programmed to
experience aging, senescence and death.
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What is T cell stemness and why does it matter?

Stemness: Noun; Etymology stem + -ness

“An essential characteristic of a stem cell”
1. The capacity to self-new

2. Multipotentcy (can generate differentiated T cell subsets)
3. Persistence and proliferative potential.
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Individual (clonotypes)
are capable of

Many organ systems in adult metazoans involve
stem cells

Stem cell-like T cells have been identified in mice
and in humans

The TCF7 transcription factor is centrally involved
In T cell stemness



Stem-like behavior:
“‘Lymphodepleted” patients can experience clonal repopulation of anti-tumor T cells
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T cell survival at 1 month is highly correlated with
objective clinical response

Patient response status
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A Waddington model of T cell differentiation
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Tcf7 high T memory stem cells (T,,,,) cells are more effective and can
be used to treat large established tumors at lower doses
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TCF/7*CD8* T cell frequency Iin tumor tissue predicts
response and better patient survival after checkpoint blockade
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Each T cell clonotype is a stem cell system
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How do we consolidate these advances to make
cancer immunotherapy more effective?

Disrupt the cell death program to keep T cells alive longer (eg use CRISPR
to remove mediators of senescence and apoptosis).

Use drugs to uncouple T cell proliferation from differentiation (eg inhibitors
of cell signaling cascades like PI3K - Akt - mTOR pathway

Metabolically or epigenetically alter T cells to improve their longevity

Senescence Apoptosis
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Fundamentally reprogram the T cells to make
them young and vibrant again
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IPSC-derived T cells treat established solid

tumors and prolong survival
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Characterization of human TIL-IPSC

OCT-4
TRA-1-60

NANOG
TRA-1-81

SOX2

Endoderm Mesoderm Ectoderm




IPSC derived from human T cells are mutation specific
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> 800 individual IPSC lines derived from mutation-
reactive T cells from a variety of cancer histologies
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Summary

« Stemness, the capacity of T cells to self renew, proliferate,
persist and form large numbers of more differentiated progeny,
may be an emerging concept of cell-based therapy.

* The transcription factor, Tcf7, is central to the stemness
phenotype.

« IPSC-derived T cells are clonal (specific for one antigen) and
retain a great degree of proliferative capacity and specificity for
tumor neo-antigens.



What we need to bring cell-based therapies
to the many patients who need them:

. Concerted and continued commitment to basic science.

. Clean space for at or near scale experimental pre-clinical
work (eg CRISPR, IPSC).

. Arobust vector production laboratory.

4. Large, GMP-quality cell production laboratories to

produce cells for patients.
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