
Engineered Induced Pluripotent Stem Cells (iPSCs) are the core foundational technology for 
Century Therapeutics. In our constant effort to identify iPSC lines with diverse functional activity, 
we have  derived a large panel of clinical-grade peripheral blood mononuclear cell (PBMC)-
derived and gamma-delta T cell-derived IPSC lines (PiPSCs and TiPSCs, respectively) from multiple 
donors. These lines have been screened by multiple criteria to select the top lines for clinical 
development in our iPSC-derived NK (iNK) and T cell (iT) programs.

Initial screening included in-depth genomic analysis of PiPSC and TiPSC lines in Century’s 
genomic characterization pipeline to eliminate IPSC lines with any unwanted genetic 
abnormalities. Next, all lines were differentiated to iNK or iT effector cells and characterized 
throughout the differentiation process.  In those studies, 86.5% of PiPSCs and 69.2% of TiPSCs 
lines were compatible with our protocols, were able to be successfully differentiated, and 
acquired NK cell and gamma delta T cell phenotypes respectively. Additionally, transcriptomics 
data was collected throughout the differentiation process, to build multi-omics datasets for 
correlating gene polymorphisms and transcript variation to function.

  To evaluate the function of the differentiated immune effector cells, we measured in vitro 
cytotoxicity (innate and CAR-Mediated) for all clones that met our differentiation thresholds 
(>90% lineage commitment).   Additionally, the post target-engagement persistence of the 
differentiated effector cells was evaluated.  

For this presentation, we will be sharing the genomic characterization of both our PiPSC and 
TiPSC cell lines.  For our process  and  screening methods to evaluate functional characteristics, 
we will focus on the evaluation of the TiPSC cell lines.
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ID Age Sex Source

DON087 27 F AllCells

DON088 30 F AllCells

DON089 25 M AllCells

DON090 41 M AllCells

• Fresh Leukopaks Processed in controlled lab to 
PBMCs and cryopreserved

• All donors tested prior to and post-collection 
according to US/EU standards for infectious agents

• All donor material collected under informed consent 
for clinical use
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Tier Short description

1 No long CNV and no CNV intersecting 
CGC gene

2 Long CNV with no known genes

3 CNV impacting CGC level 2 gene

4 CGC level 1 gene intron impacted

5 CGC level 1 gene exon impacted

CNV Tiers

Tier Short description

1 No CGC gene impacted

2 1 CGC gene impacted

3 2+ CGC genes impacted

WES Tiers

Tier Short description

1 CNV & WES tier 1

2 CNV tier ≤2 and WES tier ≤2

3 CNV tier ≥3 or WES tier 3

Combined (CNV & WES) Tier

Residual Sendai Virus (ddPCR)

CNV (SNP array)

Small variants (WES)

Structural variants (OGM)

High characterized Founder lines 
used in clinical applications 

Donor derived small variants ●, CNVs ●, and structural variants ● are cataloged. iPSCs free of 
reprograming elements ●, are evaluated for reprograming derived events (● and ●). 
Functional testing identifies lead lines where structural variant analysis is used to identify 
karyotype abnormalities and smaller structural variants. Lead lines are cultured for an 
extended period and their genomic stability is evaluated (●, ●, and ●).

A tiering system is used based on impacts to Cancer 
Gene Census (CGC) genes. 

Introduction

TiPSC lines were differentiated into iT cells by using our current best 
protocols (CBPs) for hematopoietic progenitor cells (HPCs) and T-lineage (iT) 
cells. 8 days process of aggregation-mediated method allows us to obtain 
high pure CD34+/CD43+ HPCs. Downstream 21-day iT cell induction were 
supported by the Notch ligand. iT cells express typical T-lineage markers such 
as CD7, CD5, CD3, TCRgd.

γδTiPSC
(d-8)

HPC
(d0)

γδiTC 
(d21)

Hematopoietic Cytokines Lymphoid/T-cell Cytokines

• PBMC derived (PiPSC) and g/d T Cell derived (TiPSC) IPSC cell lines 
were successfully reprogrammed from clinical grade donor material

• IPSC lines were analyzed by Century’s Genomic Characterization 
Pipeline and Tiered based on potential genetic liabilities. Multiple 
lines were identified as being suitable for further clinical 
development

• PiPSC and TiPSC (data shown) were successfully differentiated to 
immune effector cells.

• d35 iT cells exhibited diverse phenotypes, yields, and function. Lines 
with specific attributes may be advanced per the requirements of 
specific programs.

(A) PCA of day 21 iT cell bulk RNA-seq. (B, C) CD5 and CD56 are the reliable 
markers that separate T-like cells (CD5+) from NK-like cells (CD56+) at this 
phase of in vitro differentiation. Among TiPSC lines, and counter-correlation 
was observed in CD5 and CD56 expression. Heatmap displays of CD5 and 
CD56 expression in (B) RNA-Seq and (C) flow cytometric analyses.

8 days 21 days

(A) iPSCs were generated from multiple cell type origins of 
clinical donors. (B) iPSC reprogramming by using 
CTS CytoTune -iPS 2.1 Kit. Each single cell-derived colony 
was cloned and banked at P5 and P10. (C) Pluripotent and 
embryonic tri-lineage marker gene expression of iPSC lines. 
(D) Confirmation of the removal of the Sendai Virus (SeV) 
gRNA by ddPCR. Most lines had SeV gRNA under detection 
limit. All steps were processed by using cGMP materials and in 
the controlled environment.
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(A) d21 cells were transduced with a CAR targeting Nectin-4 (M8_CAR) or 
un-transduced (UTD). Cells continued differentiation to d35 with puromycin 
to select for CAR+ cells as appropriate. A total of 21 founder lines were 
generated for screening alongside a primary T cell line expressing the same 
CAR (p5023_CAR-T) and target cells (T47D). (B) Expansion (left) and viability 
(middle) of CAR-transduced (top) and un-transduced (bottom) is shown for 
the d21-35 differentiation. CAR expression (right) is shown as percentage 
(top) and mfi (bottom). (C) M8_CAR (left) and UTD (right) founders were 
screened in a serial killing assay against T47D target cells in the presence of 
1 (top) or 10 (bottom) ng/ml of IL-15. Acute killing of targets was assessed 
as AUC for the first 42 hrs (D). Serial killing performance was assessed as 
target escape time (E). Persistence was assessed as d7 fold-expansion (F). 
The functional impact of CAR expression over innate killing was assessed as 
the delta (M8_CAR minus UTD) for acute (G) and serial (H) killing.

• The T47D target line was susceptible to innate killing (C, right)
• Lines with stronger functional impact of CAR for acute killing had 

lower ΔAUC0:42 CAR-UTD (G)
• Lines with stronger functional impact of CAR for serial killing had 

higher Δ scape   e CAR-UTD (H)

Induced pluripotent stem cell-derived γδ CAR-T cells for cancer immunotherapy
Mark A. Wallet, Toshinobu Nishimura, Christina Del Casale, Andriana Lebid, Brenda Salantes, Katherine Santostefano, Sydney Bucher, Mark Mendonca,

Marilda Beqiri, Lucas J. Thompson, Barry A. Morse, Hillary Millar Quinn, and Luis Borges

Century Therapeutics Inc., Philadelphia, PA

Figure 1: iPSC-derived cell therapies – a platform well-suited for genetic modification

Conventional method:
Zoledronic acid + IL-2

Proprietary method:
Expansion cocktail
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Figure 2: Expanding γδ T cells for reprogramming Figure 3: Reprogramming γδ TiPSC lines Figure 4: Differentiation of CAR-γδ iT cells

Figure 5: In vitro activity of CAR-γδ iT cells

Left: Exposure of T cells to zoledronic acid and
IL-2 results in γδ T cell enrichment (top),
however the total increase in γδ T cells is
insufficient for successful reprogramming in 2
of 3 donors (bottom).

Right: A new expansion method retains γδ T
cell enrichment (top), while increasing the
magnitude of γδ T cell proliferation to levels
that are sufficient for iPSC reprogramming in
the same 3 donors (bottom).
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TiPSC line A
TRGV2 / TRDV1

TiPSC line B
TRGV9 / TRDV2

Creation of new γδ TiPSC lines begins with collection of donor cells and enrichment of γδ T cells bearing the Vγ9/Vδ2 TCR. Over the course of two
weeks of expansion, the frequency of Vγ9/Vδ2 cells is initially diminished (day 7) but rebounds as the cells expand over the course of two weeks.
Expanding cells are collected and subjected to iPSC reprogramming through introduction of pluripotency genes. iPSC colonies are identified by
microscopic morphology and each colony is picked for subculture. Three experiments with two donors resulted in consistent TiPSC line yield (Table)

To enable target cell identification, γδ
TiPSC lines are engineered with a
chimeric antigen receptor (CAR) using
CRISPR-mediated gene editing with
homology-directed repair (HDR). Then,
CAR-TiPSC lines are subjected to the
first differentiation process to enforce
development of CD34+ hematopoietic
progenitor cells (HPCs). At this point,
the cells are uniformly CD34+ CD43+

and CD45+/-. HPCs are then subjected
to the second differentiation process to
enforce T lineage commitment and
development of γδ CAR-iT cells. After
four weeks of differentiation, cells
express CD45, CD3, γδ TCR, and CD7.
Comparison of two different TiPSC lines
with different γδ TCRs (bottom graphic)
demonstrates that there is some
heterogeneity in the phenotype of
CAR-iT that can be obtained through
the differentiation process.
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The ability of γδ CAR-iT cells to eliminate CD19-expressing tumors was determined with an IncuCyte
assay (tumor killing = decreased signal on y-axis). Activity of γδ CAR-iT was compared to three
different donor batches of conventional αβ CAR-T cells using the same CD19 CAR at a 1:1 effector to
target ratio (left graphs) using NALM-6 or Reh cells as targets. Activity of the effectors was assessed
in the same assay at different E:T ratios (right graphs). γδ CAR-iT cells performed as well as CAR-T.
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The importance of homeostatic cytokines for γδ CAR-iT cell persistence and activity was evaluated in
order to properly design subsequent in vivo studies. Initially, γδ CAR-iT cells were exposed to 1nM IL-2
or 1nM IL-5 and cultured for 1 hour with sampling at 0, 10, 30 and 60 minutes. Responsiveness to IL-2
or IL-15 was determined by staining for phosphorylated STAT3 (pSTAT3) and pSTAT5 (top graph). pSTAT5
mean fluorescence intensity (MFI) was similar for IL-2 and IL-15, but pSTAT3 appeared sooner and to a
higher magnitude with IL-15 compared to IL-2. To evaluate the ability of γδ CAR-iT cells to kill over
time and repeated target exposure, a serial killing assay was performed on an IncuCyte where targets
but not effectors were replenished daily for 14 days (middle graphs). γδ CAR-iT cells were able to
control tumor for 14 rounds with IL-2 or Il-15. However, killing appeared to be more rapid and
complete in the presence of IL-15. At the end of serial killing, effector cells were quantified and it was
apparent that IL-15 but not IL-2 supported γδ CAR-iT expansion during killing.
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Figure 6: In vivo activity of CAR-γδ iT cells

To evaluate the efficacy of γδ CAR-iT cells in vivo, a study was designed to evaluate single versus multiple dosing of effector cells (schema) in
NOD.Cg-Prkdcscid Il2rgtm1Sug Tg(CMV-IL2/IL15)1-1Jic/JicTac mice. The primary outcome (tumor growth inhibition at day 21) was achieved with significant
reduction of luciferase-labeled NALM-6 tumor in the animals when one or three doses of γδ CAR-iT cells were administered (86% TGI and 95% TGI,
respectively). Multiple dosing resulted in improved survival of the mice and enhanced persistence of γδ CAR-iT cells. Overall, γδ CAR-iT cells exhibited
activity and persistence without evidence of toxicity in the form of body weight loss (not shown).
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Inflammatory cytokine expression (e.g. IFN-γ or TNF) is a concern with cell therapies due to
toxicities in patients. Unlike conventional CAR-T cells, γδ CAR-iT cells did not release IFN-γ or TNF
when interacting with CD19-expressing tumors cells in a killing assay (left graphs). A CD19-
knockout NALM-6 line was used as a control (right graphs).

γδ CAR-iT cells kill CD19-expressing tumors as well or better than CAR-T

γδ CAR-iT cells do not release inflammatory cytokines when killing targets

STAT signaling in response to cytokines

Serial killing CD19+ tumor cells

w/ 1 nM IL-2

w/ 1nM IL-15

Persistence of γδ iT cells during serial killing

IL-15 is superior to IL-2 for persistence and effector function

• γδ CAR-iT cells provide an
opportunity to deliver
allogeneic T cell therapies
without risk for GvHD

• Methods have been developed
to enable derivation of TiPSC
lines from γδ T cells of healthy
donors

• A two-stage process enables
conversion of TiPSCs lines into
γδ TCR-expressing CAR-iT cells

• γδ CAR-iT exhibit robust CD19+

tumor killing in vitro

• γδ CAR-iT eliminate tumors
without releasing large
amounts of inflammatory
cytokines which might lessen
risk for cytokine-related
toxicities

• IL-15 is superior to IL-2 for
supporting γδ CAR-iT
persistence and activity

• γδ CAR-iT cells control CD19+

tumors in a human xenograft
mouse model

Summary:

Sufficient proliferation
for reprogramming
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Introduction
• Allogenic chimeric antigen receptor (CAR)-T cell therapies provide an opportunity to deliver off-

the-shelf medicines for cancer
• Aspects of genetic engineering to prevent immune rejection of allogenic cells or to prevent 

graft-versus host disease (GvHD) by donor TCRs are challenging in blood-derived cell therapies
• Reliance upon induced pluripotent stem cells (iPSCs) enables precise and well-controlled gene 

editing that need only be performed once for the lifetime of a cell product
• Among T cells, those expressing gamma-delta (γδ) T cell receptors (TCRs) are intrinsically 

devoid of GvHD risk because γδ TCRs recognize invariant antigens that are present in all people.

Motivation for utilizing iPSCs as a source of allogenic γδ CAR-T (CAR-iT) cells
Figure 1

Aims
• Develop a robust process for reprogramming γδ T cells from donors into iPSCs (T cell-derived 

iPSCs = TiPSCs)
• Perform CRISPR-mediated gene editing on TiPSC (delivery of CD19 CAR transgene as proof of 

concept)
• Develop a scalable differentiation process to convert TiPSC into CD34+ hematopoietic 

progenitor cells (HPCs) and then into uniformly CD3+ γδ TCR+ iPSC-derived T cells (iT cells)
• Demonstrate in vitro and in vivo proof of concept for the platform using human models of B 

cell malignancies

Results
• Top row figures: we have successfully established methods for isolation and expansion of 

primary human γδ T cells, reprogramming of γδ T cells into TiPSCs, engineering of a CAR 
transgene into TiPSC, differentiation of CD34+ HPCs from TiPSC, and differentiation of γδ CAR-iT 
cells from TiPSC

• Bottom row figures: we have demonstrated in vitro and in vivo proof of concept for γδ CAR-iT 
cells whereby the cells potently eliminate CD19+ tumors without releasing inflammatory 
cytokines
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Figure 1: iPSC-derived cell therapies – a platform well-suited for genetic modification

Conventional method:
Zoledronic acid + IL-2

Proprietary method:
Expansion cocktail
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Figure 2: Expanding γδ T cells for reprogramming Figure 3: Reprogramming γδ TiPSC lines Figure 4: Differentiation of CAR-γδ iT cells

Figure 5: In vitro activity of CAR-γδ iT cells

Left: Exposure of T cells to zoledronic acid and
IL-2 results in γδ T cell enrichment (top),
however the total increase in γδ T cells is
insufficient for successful reprogramming in 2
of 3 donors (bottom).

Right: A new expansion method retains γδ T
cell enrichment (top), while increasing the
magnitude of γδ T cell proliferation to levels
that are sufficient for iPSC reprogramming in
the same 3 donors (bottom).
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TiPSC line A
TRGV2 / TRDV1

TiPSC line B
TRGV9 / TRDV2

Creation of new γδ TiPSC lines begins with collection of donor cells and enrichment of γδ T cells bearing the Vγ9/Vδ2 TCR. Over the course of two
weeks of expansion, the frequency of Vγ9/Vδ2 cells is initially diminished (day 7) but rebounds as the cells expand over the course of two weeks.
Expanding cells are collected and subjected to iPSC reprogramming through introduction of pluripotency genes. iPSC colonies are identified by
microscopic morphology and each colony is picked for subculture. Three experiments with two donors resulted in consistent TiPSC line yield (Table)

To enable target cell identification, γδ
TiPSC lines are engineered with a
chimeric antigen receptor (CAR) using
CRISPR-mediated gene editing with
homology-directed repair (HDR). Then,
CAR-TiPSC lines are subjected to the
first differentiation process to enforce
development of CD34+ hematopoietic
progenitor cells (HPCs). At this point,
the cells are uniformly CD34+ CD43+

and CD45+/-. HPCs are then subjected
to the second differentiation process to
enforce T lineage commitment and
development of γδ CAR-iT cells. After
four weeks of differentiation, cells
express CD45, CD3, γδ TCR, and CD7.
Comparison of two different TiPSC lines
with different γδ TCRs (bottom graphic)
demonstrates that there is some
heterogeneity in the phenotype of
CAR-iT that can be obtained through
the differentiation process.
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The ability of γδ CAR-iT cells to eliminate CD19-expressing tumors was determined with an IncuCyte
assay (tumor killing = decreased signal on y-axis). Activity of γδ CAR-iT was compared to three
different donor batches of conventional αβ CAR-T cells using the same CD19 CAR at a 1:1 effector to
target ratio (left graphs) using NALM-6 or Reh cells as targets. Activity of the effectors was assessed
in the same assay at different E:T ratios (right graphs). γδ CAR-iT cells performed as well as CAR-T.
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The importance of homeostatic cytokines for γδ CAR-iT cell persistence and activity was evaluated in
order to properly design subsequent in vivo studies. Initially, γδ CAR-iT cells were exposed to 1nM IL-2
or 1nM IL-5 and cultured for 1 hour with sampling at 0, 10, 30 and 60 minutes. Responsiveness to IL-2
or IL-15 was determined by staining for phosphorylated STAT3 (pSTAT3) and pSTAT5 (top graph). pSTAT5
mean fluorescence intensity (MFI) was similar for IL-2 and IL-15, but pSTAT3 appeared sooner and to a
higher magnitude with IL-15 compared to IL-2. To evaluate the ability of γδ CAR-iT cells to kill over
time and repeated target exposure, a serial killing assay was performed on an IncuCyte where targets
but not effectors were replenished daily for 14 days (middle graphs). γδ CAR-iT cells were able to
control tumor for 14 rounds with IL-2 or Il-15. However, killing appeared to be more rapid and
complete in the presence of IL-15. At the end of serial killing, effector cells were quantified and it was
apparent that IL-15 but not IL-2 supported γδ CAR-iT expansion during killing.
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Figure 6: In vivo activity of CAR-γδ iT cells

To evaluate the efficacy of γδ CAR-iT cells in vivo, a study was designed to evaluate single versus multiple dosing of effector cells (schema) in
NOD.Cg-Prkdcscid Il2rgtm1Sug Tg(CMV-IL2/IL15)1-1Jic/JicTac mice. The primary outcome (tumor growth inhibition at day 21) was achieved with significant
reduction of luciferase-labeled NALM-6 tumor in the animals when one or three doses of γδ CAR-iT cells were administered (86% TGI and 95% TGI,
respectively). Multiple dosing resulted in improved survival of the mice and enhanced persistence of γδ CAR-iT cells. Overall, γδ CAR-iT cells exhibited
activity and persistence without evidence of toxicity in the form of body weight loss (not shown).
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Inflammatory cytokine expression (e.g. IFN-γ or TNF) is a concern with cell therapies due to
toxicities in patients. Unlike conventional CAR-T cells, γδ CAR-iT cells did not release IFN-γ or TNF
when interacting with CD19-expressing tumors cells in a killing assay (left graphs). A CD19-
knockout NALM-6 line was used as a control (right graphs).

γδ CAR-iT cells kill CD19-expressing tumors as well or better than CAR-T

γδ CAR-iT cells do not release inflammatory cytokines when killing targets

STAT signaling in response to cytokines

Serial killing CD19+ tumor cells

w/ 1 nM IL-2

w/ 1nM IL-15

Persistence of γδ iT cells during serial killing

IL-15 is superior to IL-2 for persistence and effector function

• γδ CAR-iT cells provide an
opportunity to deliver
allogeneic T cell therapies
without risk for GvHD

• Methods have been developed
to enable derivation of TiPSC
lines from γδ T cells of healthy
donors

• A two-stage process enables
conversion of TiPSCs lines into
γδ TCR-expressing CAR-iT cells

• γδ CAR-iT exhibit robust CD19+

tumor killing in vitro

• γδ CAR-iT eliminate tumors
without releasing large
amounts of inflammatory
cytokines which might lessen
risk for cytokine-related
toxicities

• IL-15 is superior to IL-2 for
supporting γδ CAR-iT
persistence and activity

• γδ CAR-iT cells control CD19+

tumors in a human xenograft
mouse model

Summary:

Sufficient proliferation
for reprogramming
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Introduction
• Allogenic chimeric antigen receptor (CAR)-T cell therapies provide an opportunity to deliver off-

the-shelf medicines for cancer
• Aspects of genetic engineering to prevent immune rejection of allogenic cells or to prevent 

graft-versus host disease (GvHD) by donor TCRs are challenging in blood-derived cell therapies
• Reliance upon induced pluripotent stem cells (iPSCs) enables precise and well-controlled gene 

editing that need only be performed once for the lifetime of a cell product
• Among T cells, those expressing gamma-delta (γδ) T cell receptors (TCRs) are intrinsically 

devoid of GvHD risk because γδ TCRs recognize invariant antigens that are present in all people.

Motivation for utilizing iPSCs as a source of allogenic γδ CAR-T (CAR-iT) cells
Figure 1

Aims
• Develop a robust process for reprogramming γδ T cells from donors into iPSCs (T cell-derived 

iPSCs = TiPSCs)
• Perform CRISPR-mediated gene editing on TiPSC (delivery of CD19 CAR transgene as proof of 

concept)
• Develop a scalable differentiation process to convert TiPSC into CD34+ hematopoietic 

progenitor cells (HPCs) and then into uniformly CD3+ γδ TCR+ iPSC-derived T cells (iT cells)
• Demonstrate in vitro and in vivo proof of concept for the platform using human models of B 

cell malignancies

Results
• Top row figures: we have successfully established methods for isolation and expansion of 

primary human γδ T cells, reprogramming of γδ T cells into TiPSCs, engineering of a CAR 
transgene into TiPSC, differentiation of CD34+ HPCs from TiPSC, and differentiation of γδ CAR-iT 
cells from TiPSC

• Bottom row figures: we have demonstrated in vitro and in vivo proof of concept for γδ CAR-iT 
cells whereby the cells potently eliminate CD19+ tumors without releasing inflammatory 
cytokines

Induced pluripotent stem cell-derived γδ CAR-T cells for cancer immunotherapy
Mark A. Wallet, Toshinobu Nishimura, Christina Del Casale, Andriana Lebid, Brenda Salantes, Katherine Santostefano, Sydney Bucher, Mark Mendonca,

Marilda Beqiri, Lucas J. Thompson, Barry A. Morse, Hillary Millar Quinn, and Luis Borges

Century Therapeutics Inc., Philadelphia, PA

Figure 1: iPSC-derived cell therapies – a platform well-suited for genetic modification

Conventional method:
Zoledronic acid + IL-2

Proprietary method:
Expansion cocktail
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Figure 2: Expanding γδ T cells for reprogramming Figure 3: Reprogramming γδ TiPSC lines Figure 4: Differentiation of CAR-γδ iT cells

Figure 5: In vitro activity of CAR-γδ iT cells

Left: Exposure of T cells to zoledronic acid and
IL-2 results in γδ T cell enrichment (top),
however the total increase in γδ T cells is
insufficient for successful reprogramming in 2
of 3 donors (bottom).

Right: A new expansion method retains γδ T
cell enrichment (top), while increasing the
magnitude of γδ T cell proliferation to levels
that are sufficient for iPSC reprogramming in
the same 3 donors (bottom).

CD3+ TCRgd+ Vg9+ Vd1+ Vd2+

0

25

50

75

100

P
e

rc
e

n
t

Day 0

Day 7

Day 9

Day 12

Day 14

Source TiPSC colonies

Donor 1 25

Donor 1 
(repeat)

17

Donor 2 32

Illustrations created with BioRender.com

TiPSC line A
TRGV2 / TRDV1
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Creation of new γδ TiPSC lines begins with collection of donor cells and enrichment of γδ T cells bearing the Vγ9/Vδ2 TCR. Over the course of two
weeks of expansion, the frequency of Vγ9/Vδ2 cells is initially diminished (day 7) but rebounds as the cells expand over the course of two weeks.
Expanding cells are collected and subjected to iPSC reprogramming through introduction of pluripotency genes. iPSC colonies are identified by
microscopic morphology and each colony is picked for subculture. Three experiments with two donors resulted in consistent TiPSC line yield (Table)

To enable target cell identification, γδ
TiPSC lines are engineered with a
chimeric antigen receptor (CAR) using
CRISPR-mediated gene editing with
homology-directed repair (HDR). Then,
CAR-TiPSC lines are subjected to the
first differentiation process to enforce
development of CD34+ hematopoietic
progenitor cells (HPCs). At this point,
the cells are uniformly CD34+ CD43+

and CD45+/-. HPCs are then subjected
to the second differentiation process to
enforce T lineage commitment and
development of γδ CAR-iT cells. After
four weeks of differentiation, cells
express CD45, CD3, γδ TCR, and CD7.
Comparison of two different TiPSC lines
with different γδ TCRs (bottom graphic)
demonstrates that there is some
heterogeneity in the phenotype of
CAR-iT that can be obtained through
the differentiation process.
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The ability of γδ CAR-iT cells to eliminate CD19-expressing tumors was determined with an IncuCyte
assay (tumor killing = decreased signal on y-axis). Activity of γδ CAR-iT was compared to three
different donor batches of conventional αβ CAR-T cells using the same CD19 CAR at a 1:1 effector to
target ratio (left graphs) using NALM-6 or Reh cells as targets. Activity of the effectors was assessed
in the same assay at different E:T ratios (right graphs). γδ CAR-iT cells performed as well as CAR-T.
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The importance of homeostatic cytokines for γδ CAR-iT cell persistence and activity was evaluated in
order to properly design subsequent in vivo studies. Initially, γδ CAR-iT cells were exposed to 1nM IL-2
or 1nM IL-5 and cultured for 1 hour with sampling at 0, 10, 30 and 60 minutes. Responsiveness to IL-2
or IL-15 was determined by staining for phosphorylated STAT3 (pSTAT3) and pSTAT5 (top graph). pSTAT5
mean fluorescence intensity (MFI) was similar for IL-2 and IL-15, but pSTAT3 appeared sooner and to a
higher magnitude with IL-15 compared to IL-2. To evaluate the ability of γδ CAR-iT cells to kill over
time and repeated target exposure, a serial killing assay was performed on an IncuCyte where targets
but not effectors were replenished daily for 14 days (middle graphs). γδ CAR-iT cells were able to
control tumor for 14 rounds with IL-2 or Il-15. However, killing appeared to be more rapid and
complete in the presence of IL-15. At the end of serial killing, effector cells were quantified and it was
apparent that IL-15 but not IL-2 supported γδ CAR-iT expansion during killing.
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Figure 6: In vivo activity of CAR-γδ iT cells

To evaluate the efficacy of γδ CAR-iT cells in vivo, a study was designed to evaluate single versus multiple dosing of effector cells (schema) in
NOD.Cg-Prkdcscid Il2rgtm1Sug Tg(CMV-IL2/IL15)1-1Jic/JicTac mice. The primary outcome (tumor growth inhibition at day 21) was achieved with significant
reduction of luciferase-labeled NALM-6 tumor in the animals when one or three doses of γδ CAR-iT cells were administered (86% TGI and 95% TGI,
respectively). Multiple dosing resulted in improved survival of the mice and enhanced persistence of γδ CAR-iT cells. Overall, γδ CAR-iT cells exhibited
activity and persistence without evidence of toxicity in the form of body weight loss (not shown).
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Inflammatory cytokine expression (e.g. IFN-γ or TNF) is a concern with cell therapies due to
toxicities in patients. Unlike conventional CAR-T cells, γδ CAR-iT cells did not release IFN-γ or TNF
when interacting with CD19-expressing tumors cells in a killing assay (left graphs). A CD19-
knockout NALM-6 line was used as a control (right graphs).

γδ CAR-iT cells kill CD19-expressing tumors as well or better than CAR-T

γδ CAR-iT cells do not release inflammatory cytokines when killing targets

STAT signaling in response to cytokines

Serial killing CD19+ tumor cells

w/ 1 nM IL-2

w/ 1nM IL-15

Persistence of γδ iT cells during serial killing

IL-15 is superior to IL-2 for persistence and effector function

• γδ CAR-iT cells provide an
opportunity to deliver
allogeneic T cell therapies
without risk for GvHD

• Methods have been developed
to enable derivation of TiPSC
lines from γδ T cells of healthy
donors

• A two-stage process enables
conversion of TiPSCs lines into
γδ TCR-expressing CAR-iT cells

• γδ CAR-iT exhibit robust CD19+

tumor killing in vitro

• γδ CAR-iT eliminate tumors
without releasing large
amounts of inflammatory
cytokines which might lessen
risk for cytokine-related
toxicities

• IL-15 is superior to IL-2 for
supporting γδ CAR-iT
persistence and activity

• γδ CAR-iT cells control CD19+

tumors in a human xenograft
mouse model

Summary:
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for reprogramming
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Introduction
• Allogenic chimeric antigen receptor (CAR)-T cell therapies provide an opportunity to deliver off-

the-shelf medicines for cancer
• Aspects of genetic engineering to prevent immune rejection of allogenic cells or to prevent 

graft-versus host disease (GvHD) by donor TCRs are challenging in blood-derived cell therapies
• Reliance upon induced pluripotent stem cells (iPSCs) enables precise and well-controlled gene 

editing that need only be performed once for the lifetime of a cell product
• Among T cells, those expressing gamma-delta (γδ) T cell receptors (TCRs) are intrinsically 

devoid of GvHD risk because γδ TCRs recognize invariant antigens that are present in all people.

Motivation for utilizing iPSCs as a source of allogenic γδ CAR-T (CAR-iT) cells
Figure 1

Aims
• Develop a robust process for reprogramming γδ T cells from donors into iPSCs (T cell-derived 

iPSCs = TiPSCs)
• Perform CRISPR-mediated gene editing on TiPSC (delivery of CD19 CAR transgene as proof of 

concept)
• Develop a scalable differentiation process to convert TiPSC into CD34+ hematopoietic 

progenitor cells (HPCs) and then into uniformly CD3+ γδ TCR+ iPSC-derived T cells (iT cells)
• Demonstrate in vitro and in vivo proof of concept for the platform using human models of B 

cell malignancies

Results
• Top row figures: we have successfully established methods for isolation and expansion of 

primary human γδ T cells, reprogramming of γδ T cells into TiPSCs, engineering of a CAR 
transgene into TiPSC, differentiation of CD34+ HPCs from TiPSC, and differentiation of γδ CAR-iT 
cells from TiPSC

• Bottom row figures: we have demonstrated in vitro and in vivo proof of concept for γδ CAR-iT 
cells whereby the cells potently eliminate CD19+ tumors without releasing inflammatory 
cytokines
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Figure 1: iPSC-derived cell therapies – a platform well-suited for genetic modification

Conventional method:
Zoledronic acid + IL-2

Proprietary method:
Expansion cocktail
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Figure 2: Expanding γδ T cells for reprogramming Figure 3: Reprogramming γδ TiPSC lines Figure 4: Differentiation of CAR-γδ iT cells

Figure 5: In vitro activity of CAR-γδ iT cells

Left: Exposure of T cells to zoledronic acid and
IL-2 results in γδ T cell enrichment (top),
however the total increase in γδ T cells is
insufficient for successful reprogramming in 2
of 3 donors (bottom).

Right: A new expansion method retains γδ T
cell enrichment (top), while increasing the
magnitude of γδ T cell proliferation to levels
that are sufficient for iPSC reprogramming in
the same 3 donors (bottom).
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TiPSC line A
TRGV2 / TRDV1

TiPSC line B
TRGV9 / TRDV2

Creation of new γδ TiPSC lines begins with collection of donor cells and enrichment of γδ T cells bearing the Vγ9/Vδ2 TCR. Over the course of two
weeks of expansion, the frequency of Vγ9/Vδ2 cells is initially diminished (day 7) but rebounds as the cells expand over the course of two weeks.
Expanding cells are collected and subjected to iPSC reprogramming through introduction of pluripotency genes. iPSC colonies are identified by
microscopic morphology and each colony is picked for subculture. Three experiments with two donors resulted in consistent TiPSC line yield (Table)

To enable target cell identification, γδ
TiPSC lines are engineered with a
chimeric antigen receptor (CAR) using
CRISPR-mediated gene editing with
homology-directed repair (HDR). Then,
CAR-TiPSC lines are subjected to the
first differentiation process to enforce
development of CD34+ hematopoietic
progenitor cells (HPCs). At this point,
the cells are uniformly CD34+ CD43+

and CD45+/-. HPCs are then subjected
to the second differentiation process to
enforce T lineage commitment and
development of γδ CAR-iT cells. After
four weeks of differentiation, cells
express CD45, CD3, γδ TCR, and CD7.
Comparison of two different TiPSC lines
with different γδ TCRs (bottom graphic)
demonstrates that there is some
heterogeneity in the phenotype of
CAR-iT that can be obtained through
the differentiation process.
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The ability of γδ CAR-iT cells to eliminate CD19-expressing tumors was determined with an IncuCyte
assay (tumor killing = decreased signal on y-axis). Activity of γδ CAR-iT was compared to three
different donor batches of conventional αβ CAR-T cells using the same CD19 CAR at a 1:1 effector to
target ratio (left graphs) using NALM-6 or Reh cells as targets. Activity of the effectors was assessed
in the same assay at different E:T ratios (right graphs). γδ CAR-iT cells performed as well as CAR-T.

1000

1500

2000

Time (Min)

M
F

I 
(p

S
T

A
T

5
)

IL-2

IL-15

0 10 30 60
0

200

400

600

Time (Min)

M
F

I 
(p

S
T

A
T

3
)

IL-2

IL-15

0 10 30 60

0 100 200 300

0

500000

1000000

1500000

2000000

2500000

Time Elapsed (hours)

R
e
d

 o
b

je
c

t 
to

ta
l 
a

re
a
 (
μ

m
2
/i
m

a
g

e
)

 CAR-iT

CAR-T A

CAR-T B

CAR-T C

0 100 200 300

0

500000

1000000

1500000

2000000

2500000

Time Elapsed (hours)

R
e

d
 o

b
je

c
t 

to
ta

l 
a

re
a
 (
μ

m
2
/i

m
a
g

e
)

CAR-iT

CAR-T A

CAR-T B

CAR-T C

0 100 200 300

0

500000

1000000

1500000

2000000

2500000

Time Elapsed (hours)

R
e

d
 o

b
je

c
t 

to
ta

l 
a

re
a

 (
μ

m
2
/i

m
a

g
e
)

CAR-iT

CAR-T A

CAR-T B

CAR-T C

IL-2 IL-15

0

5

10

15

20

F
o

ld
 c

h
a
n

g
e
 d

u
ri

n
g

 s
e
ri

a
l 
k
il
li
n

g

CAR-iT

CAR-T A

CAR-T B

CAR-T C

The importance of homeostatic cytokines for γδ CAR-iT cell persistence and activity was evaluated in
order to properly design subsequent in vivo studies. Initially, γδ CAR-iT cells were exposed to 1nM IL-2
or 1nM IL-5 and cultured for 1 hour with sampling at 0, 10, 30 and 60 minutes. Responsiveness to IL-2
or IL-15 was determined by staining for phosphorylated STAT3 (pSTAT3) and pSTAT5 (top graph). pSTAT5
mean fluorescence intensity (MFI) was similar for IL-2 and IL-15, but pSTAT3 appeared sooner and to a
higher magnitude with IL-15 compared to IL-2. To evaluate the ability of γδ CAR-iT cells to kill over
time and repeated target exposure, a serial killing assay was performed on an IncuCyte where targets
but not effectors were replenished daily for 14 days (middle graphs). γδ CAR-iT cells were able to
control tumor for 14 rounds with IL-2 or Il-15. However, killing appeared to be more rapid and
complete in the presence of IL-15. At the end of serial killing, effector cells were quantified and it was
apparent that IL-15 but not IL-2 supported γδ CAR-iT expansion during killing.
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Figure 6: In vivo activity of CAR-γδ iT cells

To evaluate the efficacy of γδ CAR-iT cells in vivo, a study was designed to evaluate single versus multiple dosing of effector cells (schema) in
NOD.Cg-Prkdcscid Il2rgtm1Sug Tg(CMV-IL2/IL15)1-1Jic/JicTac mice. The primary outcome (tumor growth inhibition at day 21) was achieved with significant
reduction of luciferase-labeled NALM-6 tumor in the animals when one or three doses of γδ CAR-iT cells were administered (86% TGI and 95% TGI,
respectively). Multiple dosing resulted in improved survival of the mice and enhanced persistence of γδ CAR-iT cells. Overall, γδ CAR-iT cells exhibited
activity and persistence without evidence of toxicity in the form of body weight loss (not shown).
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Inflammatory cytokine expression (e.g. IFN-γ or TNF) is a concern with cell therapies due to
toxicities in patients. Unlike conventional CAR-T cells, γδ CAR-iT cells did not release IFN-γ or TNF
when interacting with CD19-expressing tumors cells in a killing assay (left graphs). A CD19-
knockout NALM-6 line was used as a control (right graphs).

γδ CAR-iT cells kill CD19-expressing tumors as well or better than CAR-T

γδ CAR-iT cells do not release inflammatory cytokines when killing targets

STAT signaling in response to cytokines

Serial killing CD19+ tumor cells

w/ 1 nM IL-2

w/ 1nM IL-15

Persistence of γδ iT cells during serial killing

IL-15 is superior to IL-2 for persistence and effector function

• γδ CAR-iT cells provide an
opportunity to deliver
allogeneic T cell therapies
without risk for GvHD

• Methods have been developed
to enable derivation of TiPSC
lines from γδ T cells of healthy
donors

• A two-stage process enables
conversion of TiPSCs lines into
γδ TCR-expressing CAR-iT cells

• γδ CAR-iT exhibit robust CD19+

tumor killing in vitro

• γδ CAR-iT eliminate tumors
without releasing large
amounts of inflammatory
cytokines which might lessen
risk for cytokine-related
toxicities

• IL-15 is superior to IL-2 for
supporting γδ CAR-iT
persistence and activity

• γδ CAR-iT cells control CD19+

tumors in a human xenograft
mouse model

Summary:

Sufficient proliferation
for reprogramming
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Introduction
• Allogenic chimeric antigen receptor (CAR)-T cell therapies provide an opportunity to deliver off-

the-shelf medicines for cancer
• Aspects of genetic engineering to prevent immune rejection of allogenic cells or to prevent 

graft-versus host disease (GvHD) by donor TCRs are challenging in blood-derived cell therapies
• Reliance upon induced pluripotent stem cells (iPSCs) enables precise and well-controlled gene 

editing that need only be performed once for the lifetime of a cell product
• Among T cells, those expressing gamma-delta (γδ) T cell receptors (TCRs) are intrinsically 

devoid of GvHD risk because γδ TCRs recognize invariant antigens that are present in all people.

Motivation for utilizing iPSCs as a source of allogenic γδ CAR-T (CAR-iT) cells
Figure 1

Aims
• Develop a robust process for reprogramming γδ T cells from donors into iPSCs (T cell-derived 

iPSCs = TiPSCs)
• Perform CRISPR-mediated gene editing on TiPSC (delivery of CD19 CAR transgene as proof of 

concept)
• Develop a scalable differentiation process to convert TiPSC into CD34+ hematopoietic 

progenitor cells (HPCs) and then into uniformly CD3+ γδ TCR+ iPSC-derived T cells (iT cells)
• Demonstrate in vitro and in vivo proof of concept for the platform using human models of B 

cell malignancies

Results
• Top row figures: we have successfully established methods for isolation and expansion of 

primary human γδ T cells, reprogramming of γδ T cells into TiPSCs, engineering of a CAR 
transgene into TiPSC, differentiation of CD34+ HPCs from TiPSC, and differentiation of γδ CAR-iT 
cells from TiPSC

• Bottom row figures: we have demonstrated in vitro and in vivo proof of concept for γδ CAR-iT 
cells whereby the cells potently eliminate CD19+ tumors without releasing inflammatory 
cytokines
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