Cell Stem Cell

Preferential tumor targeting of HER2 by iPSC-
derived CART cells engineered to overcome multiple
barriers to solid tumor efficacy

Graphical abstract Authors

i » ) — Martin P. Hosking, Soheila Shirinbak,
Preferential recognition and targeting of HER2 expressed by tumor cells by H,CasMab-2 chimeric
antigeneeepiog (CATER/cy Kyla Omilusik, ..., Takao Arimori,

Cytolytic activity of trastuzmab based CAR-T Cytolytic activity of H,CasMab-2 based CAR-T Y . -
ukinari Kato, Bahram Valamehr

5\ HER2

HER2* HER2*

Tumor @ 44 'E trastuzumab (i / IE vv @ Tumor
).

P v/ (R Correspondence
o == VY A TR vk martin.hosking@fatetherapeutics.com
binding sites (M . P_ H _) ,
iPSC engineering and CAR-T differentiation: _ bob.valameh r@fatetherapeutics.com
B i H2TEIT: Uniform transgene expression (B V )
Muitiplex engineering: " A Ut
Clonal iPSC selection
TRAC W & characterization ﬂ/\ ﬂj\
Tl raed % In brief
cD38 W ifferentiation Highly-engineered m ﬂj\
— e —— mEiieiclom L] Hosking and colleagues have generated
cells and preclinically characterized an off-the-
H2-7E iT : Engii d barri i lid B . .

I ngineere to overcome common barriers in solid tumors: Shelf, a"ogenelc CAR T Ce"’ derlved from
H,CasMab-2 CAR: High affinity, . . .
prferontil target cleavable CD16a: an induced pluripotent stem cell, that is
of HER2+ tumors muiti-antigen targeting

vt o =f intended to target HER2 on cancer cells

O+ &Y

ADCC-enabled mAbs

without harming HER2-expressing
healthy cells. Additional genetic edits
have been specifically introduced to
TGRBR2-IL18R: improve and sustain activity within solid
resistance to TGFB tumors.

IL-7R fusion: O
improved iPSC-derived
CAR-T persistence

CXCR2: ¢
solid tumor trafficking

Highlights
@ Differential recognition of tumor and normal cells by HER2-
directed CAR

® Multiplex editing of iPSC to generate H2-7E cells with uniform
transgene expression

® H2-7E mediate multi-antigen tumor targeting via HER2 CAR
and hnCD16

® H2-7E demonstrate enhanced persistence, improved
trafficking, and TGF-p resistance

Hosking et al., 2025, Cell Stem Cell 32, 1-15
July 3, 2025 © 2025 Elsevier Inc. All rights are reserved, including those for

text and data mining, Al training, and similar technologies.
https://doi.org/10.1016/j.stem.2025.05.007 @ CellPress


mailto:martin.hosking@fatetherapeutics.com
mailto:bob.valamehr@fatetherapeutics.com
https://doi.org/10.1016/j.stem.2025.05.007

Please cite this article in press as: Hosking et al., Preferential tumor targeting of HER2 by iPSC-derived CAR T cells engineered to overcome multiple
barriers to solid tumor efficacy, Cell Stem Cell (2025), https://doi.org/10.1016/j.stem.2025.05.007

Cell Stem Cell

¢? CellPress

Preferential tumor targeting of HER2
by iPSC-derived CAR T cells engineered to overcome
multiple barriers to solid tumor efficacy

Martin P. Hosking,-6* Soheila Shirinbak,-> Kyla Omilusik,-> Shilpi Chandra,’-> Mika K. Kaneko,® Angela Gentile,’
Susumu Yamamoto,? Bishwas Shrestha,’ Joy Grant,’ Megan Boyett,’ Demetrio Cardenas,’ Hannah Keegan,'
Samad Ibitokou,’ Carolina Pavon,’ Takahiro Mizoguchi,? Tatsuya lhara,? Daisuke Nakayama,?> Ramzey Abujarour,’
Tom T. Lee,’ Raedun Clarke,’ Jode Goodridge,! Eigen Peralta,’ Tatsuo Maeda,? Junichi Takagi,* Takao Arimori,*
Yukinari Kato,® and Bahram Valamehr'-*

1Fate Therapeutics, Inc., San Diego, CA, USA

2Minase Research Institute, Ono Pharmaceutical Co., Ltd., Osaka, Japan

3Department of Antibody Drug Development, Tohoku University Graduate School of Medicine, 2-1 Seiryo-machi, Aoba-ku, Sendai 980-8575,
Miyagi, Japan

4Institute for Protein Research, Osaka University, 3-2, Yamadaoka, Suita 565-0871, Osaka, Japan

5These authors contributed equally

6Lead contact

*Correspondence: martin.hosking@fatetherapeutics.com (M.P.H.), bob.valamehr@fatetherapeutics.com (B.V.)
https://doi.org/10.1016/j.stem.2025.05.007

SUMMARY

Chimeric antigen receptor (CAR) T cell therapies in solid tumors have been limited by on-target, off-tumor
toxicity, antigen heterogeneity, and an inability to simultaneously overcome multiple diverse resistance
mechanisms within the tumor microenvironment that attenuate anti-tumor activity. Here, we describe an
induced pluripotent stem cell (iPSC)-derived CAR T cell that combines a human epidermal growth factor re-
ceptor 2 (HER2)-targeting CAR—differentially recognizing tumor from normal cells and enabling detection of
both truncated and misfolded HER2—with multiplex editing designed to address and overcome obstacles to
maximize efficacy in solid tumor indications. The iPSC-derived, HER2-directed CAR T cells maintained
potent HER2-specific anti-tumor activity in both in vitro and in vivo settings, with limited cytolytic targeting
of HER2+ normal targets. Combination with therapeutic antibodies enabled comprehensive multi-antigen
targeting through both the CAR and a high-affinity, non-cleavable CD16a Fc receptor. Additionally, specific
engineering of interleukin (IL)-7R-fusion, transforming growth factor § (TGF-f)-IL-18R, and CXCR2 enabled

sustained persistence, resistance to TGF-f-mediated suppression, and specific migration to the tumor.

INTRODUCTION

Although effective in several hematologic settings, chimeric an-
tigen receptor (CAR) T cells have had limited success in solid
tumors. Obstacles to solid tumor efficacy include (1) the chal-
lenges in differentiating tumor-associated (TAA) expression be-
tween normal and tumor tissue, (2) the heterogeneity of TAA
expression within the tumor itself, and (3) absence of successful
strategies to simultaneously improve effector cell trafficking to,
persistence within, and resistance to the suppression found
within the tumor microenvironment (TME). "+

Human epidermal growth factor receptor 2 (HER2) is overex-
pressed in multiple solid tumor indications, including breast,
gastric, lung, ovarian, and other cancer types.® Therapeutic tar-
geting of HER2 with antibodies such as trastuzumab (Herceptin)
and pertuzumab (Perjeta), or antibody drug conjugates including
ado-trastuzumab emtansine (Kadcyla) and fam-trastuzumab-
deruxtecan-nxki (Enhertu), has shown clinical utility in some pa-

tients.® Nevertheless, cardiac and pulmonary toxicities may
emerge with trastuzumab and trastuzumab-derived therapies,
a consequence of HER2 expression in multiple normal tissues,
including respiratory epithelia and cardiovascular systems.”
Initial efforts with a trastuzumab-based HER2-directed CAR
T cell resulted in fatal respiratory failure.® Finally, intrinsic and ac-
quired resistance mechanisms to trastuzumab-based therapies,
which have been associated with treatment failure (reviewed in
Lugue-Cabal et al.® and Ascione et al.”), highlight the need for
alternative strategies to overcome escape mechanisms and
differentially target HER2 in tumor and normal tissue.

Antigen heterogeneity and antigen escape have limited the
durability and wider application of CAR T cell therapies. In B
cell leukemias and lymphomas, where B cell lineage markers
are readily, uniformly, and highly expressed, antigen escape is
a major determinant of tumor relapse.®'® TAA expression in
solid tumors is substantially more heterogeneous, '’ and antigen
downregulation and tumor escape have been reported with CAR
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T cell treatments targeting a single TAA.'? Treatment failure with
HER2-directed therapies has also been associated with the
downregulation and modulation of HER2 expression following
trastuzumab, '® ado-trastuzumab emtansine,'* and fam-trastu-
zumab-deruxtecan-nxki,'® and constitutively active C-terminal
fragments of HER2 (collectively termed p95) that limit trastuzu-
mab effectiveness in preclinical and clinical settings'® have
been observed in up to 30% of all HER2-expressing metastatic
breast cancer patients, correlating with disease progres-
sion.'”'® Clinical benefit has been observed with dual or multi-
CAR strategies for B cell lineage antigens that readily overlap
in target expression,®'® and, preclinically, dual targeting of mul-
tiple solid tumor antigens with either dual CAR or CAR T cell
secreting engagers is effective in mitigating antigen escape.?%?'
Alternatively, CD16a (FcyRillla), which is a Fc receptor typically
expressed by natural killer (NK) cells, mediates antibody-depen-
dent cell cytotoxicity of opsonized target cells. Expression of a
high-affinity®”> and non-cleavable variant®® of CD16a (hnCD16)
by induced pluripotent stem cell (iPSC)-derived CAR T and
CAR NK cells enables potent and flexible secondary TAA target-
ing driven by therapeutic antibody administration.”

CD8+ T cell accumulation within solid tumors, along with the
expression of pro-inflammatory chemokines such as CXCL9,
CXCL10, and CCL5 that support and guide protective anti-tumor
responses, is closely correlated with improved clinical outcomes
across indications.?>™® Alternatively, the misalignment of the
chemokines present in the TME and chemokine receptor expres-
sion on CD8+ T cells contributes to their inefficient trafficking to
solid tumors while also promoting angiogenesis, tumor metas-
tasis, and directing the infiltration of suppressive lymphoid or
myeloid immune cell subsets (reviewed in Liu et al.>® and Ozga
et al.®). Inefficient effector cell trafficking can be corrected by
chemokine receptor engineering to better align CAR T cells
with the chemokine milieu present in the TME (reviewed in Foeng
et al.®"). Preclinically, the introduction of CXCR2, whose ligands
are enriched in a diverse set of solid tumors and strongly asso-
ciate with disease burden, enhances intratumoral CAR or TCR-
engineered T cell accumulation, improving tumor control.®%3

CART cell persistence is correlated with long-term remissions
and improved clinical outcomes®*; accordingly, CAR T cells have
been engineered to express homeostatic or pro-inflammatory
cytokines or their signaling components to intrinsically enhance
CART cell expansion and persistence (reviewed in Bell and Gott-
schalk®). Interleukin (IL)-7 is a y. cytokine that promotes naive
and memory T cell homeostatic proliferation.*®>” CAR T cells
have been engineered to constitutively secrete IL-7°%°° or ex-
press a constitutively active IL-7 receptor,40 promoting T cell sur-
vival and enhanced anti-tumor activity. Additionally, constitutive
expression of an IL-7-CD127 fusion receptor has been shown to
drive ligand-independent IL-7 signaling and improve cytokine-
independent engraftment in NSG mice.”’

The TME is further refractory to sustained immune cell activity,
the result of both intrinsic and extrinsic factors that converge to
restrict and restrain anti-tumor immune cell responses. Trans-
forming growth factor p (TGF-f), a pleiotropic cytokine, is
enriched in many different solid tumor types and shapes disease
progression, drives metastasis, and inhibits effector cell re-
sponses (reviewed in Massagué®). Interference of TGF-p
signaling within CAR T cells, either by TGF-BR2 deletion or the
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expression of a dominant negative version of TGF-pR2
(dnTGF-pR2), sustains in vitro and in vivo anti-tumor responses
in preclinical modeling.**** Systemic therapies targeting
TGF-p or components of the TGF-p signaling cascade have
been advanced to clinical trials for solid tumors, and although
they have been generally well tolerated, they have yielded limited
clinical benefit to date (reviewed in Kim et al.*?).

An effective cell therapy for solid tumors will likely need to
simultaneously address many of the above obstacles. This is
further complicated by available editing tools for autologous or
primary allogeneic T cells that are limited by uniformity of the
edits, transgene size, safety concerns such as DNA breaks re-
sulting in chromosome translocations,*®*’ clinical product yield,
consistency, and homogeneity of the final drug product (re-
viewed in Dimitri et al.“®). The use of iPSCs offers an alternative
approach to create off-the-shelf products that are uniformly en-
gineered.?**° Here, we report on the generation and character-
ization of a HER2-specific, 7-edited iPSC-derived CAR T cell
(H2-7E iT, also known as FT825/0N0O-8250) that has been pre-
cisely engineered to (1) preferentially and potently recognize
HER2 expressed by tumor and not normal cells via a HER2-
directed CAR in preclinical settings, (2) flexibly target secondary
TAAs with hnCD16-mediated antibody-dependent cellular cyto-
toxicity (ADCC), (3) resist TGF-p-mediated suppression by
expression of a TGF-BRII-IL-18R fusion receptor, (4) specifically
migrate to CXCR2 ligands as a result of CXCR2 expression, and
(5) persist and maintain metabolic activity via expression of an IL-
7-IL-7R fusion (IL-7RF) in order to deliver a uniform drug product
at scale and enable broad and on-demand patient access.

RESULTS

H>CasMab-2 recognizes misfolded and truncated
variants of HER2

H>CasMab-2 (also known as H,Mab-250) is a HER2-specific
antibody that selectively binds to HER2 expressed by tumor
cells, recognizing a membrane-proximal epitope in domain IV
of HER2 between amino acids 613-617 (Figure 1A).°° Accord-
ingly, HoCasMab-2 is capable of binding to both the full length
and the p95 C-terminal fragment of HER2. Trastuzumab (clone
4D5), with a more distal and discontinuous recognition epitope
between amino acids 579 and 625, is unable to recognize p95
HER2 (Figures 1A-1C). To further characterize the tumor speci-
ficity of HoCasMab-2, we performed a structural analysis of
H,CasMab-2 variable region®' complexed with amino acids
611-618 of HER2 (Figure S1A). All eight peptide residues were
assigned into the electron density observed at the groove be-
tween the Vy and V| domains of H,CasMab-2. Trp614 occupied
a central position in the binding pocket, forming van der Waals
contacts with surrounding residues and a hydrogen bond with
Ser35 of Vy (Figure S1B), underscoring our previous report
demonstrating that Trp614 was critical to HER2 recognition by
H,CasMab-2.°° Conventionally, in its native state, this region
of HER2 assumes an extended conformation, forming part of a
B sheet®®® 22.8 A in length (Figures 1D and 1F). Instead, when
bound by H,CasMab-2, amino acids 611-618 adopt a bent
conformation 15.5 A in total length, with little resemblance to
the native conformation (Figures 1E and 1F). On average, each
alpha carbon differed in position from the native conformation
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Figure 1. H,CasMab-2 recognizes misfolded and truncated variants of HER2
(A) Overview of wild-type (WT)/full-length and p95 truncation variants of HER2 with trastuzumab and H,CasMab-2 binding sites identified.
(B) Trastuzumab and H,CasMab-2 binding to Chinese hamster ovary (CHO) cells engineered to express full-length and p95 human HER2 was evaluated by flow

cytometry.

C) Surface projection of the extracellular domains of HER2 (blue) in complex with trastuzumab (PDB: 1N8Z). H,CasMab-2 binding site is shown in orange.
D and E) Comparison of HER2 611-618 in native HER2 (D, PDB: 3N85) and when bound by H,CasMab-2 (E, PDB: 9IUT).

(
(
(F) Overlay of native and H,CasMab-2-bound HER2 611-618.
(

G) Endogenous HER2 expression on HEK293T was evaluated by flow cytometry with trastuzumab and H,CasMab-2 following DTT (filled histograms) or control
(dashed lines) treatment. Representative flow cytometry histograms are shown; unstained cells are shown in gray. Normalized HER2 detection relative to the control
(no DTT treatment) was quantified; Results are displayed as mean + SEM; each datapoint represents an independent experiment. **p = 0.0002, paired t test.

(H) Summary of differential HER2 variant recognition by trastuzumab and Ho,CasMab-2.

by ~3 A, and, as a result, this bent conformation is likely to
induce local disruption to neighboring p sheets in domain IV
(Figures S1C-S1E).

Preferential binding to misfolded HER2 by other binders that
react to similar epitopes as H,CasMab-2 has been previously
observed.®* We therefore determined whether H,CasMab-2
and trastuzumab differentially recognize misfolded compared
with native HER2. Normal, non-tumorigenic HEK293T cells that
express low, endogenous levels of HER2 were treated with
DTT to disrupt protein folding, and HER2 binding by either tras-
tuzumab or H,CasMab-2 was assessed by flow cytometry. On

control-cultured HEK293T cells, HER2 was readily detected by
trastuzumab (red dashed line) compared with H,CasMab-2
(blue dashed line). DTT pre-treatment significantly reduced
(—3.21x, p < 0.001) trastuzumab-based detection of HER2
(Figure 1G, red filled histogram). HER2 recognition by
H,CasMab-2, on the other hand, was significantly enhanced
(+2.63%, p < 0.001) following DTT exposure (Figure 1G, blue
filled histogram). These data demonstrate that H,CasMab-2,
compared with trastuzumab, differentially recognizes both
locally misfolded HER2 and p95 truncation variants of HER2 in
addition to full-length HER2 (Figure 1H).
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Differential targeting of tumor rather than normal HER2-
expressing cells via H;CasMab-2 CAR

Given the binding properties and cancer selectivity of
H,CasMab-2,°° we generated CAR T cells utilizing trastuzumab
(clone 4D5) or H,CasMab-2 binders in a 2" generation CD28-
based CAR design with a mutated immunoreceptor tyrosine-
based activation motif ITAM) CD3( signaling domain®° and eval-
uated their respective HER2-directed cytolysis on a series of
HER2"9" tumor and HER2" normal target lines via xCELLigence
real-time cell assay (RTCA) (Figure 2A). HER2 expression of each
target tumor or normal cell line, as detected by flow cytometry
with a trastuzumab biosimilar, is shown in Figures 2B and 2E,
demonstrating high expression of HER2 upon the SKBRS3,
BT474 (clone 5), OE19, and SKOV3 tumor cells and positive
expression of HER2, above unstained or isotype-stained cells,
upon MCF10A, MeT-5A, BEAS-2B, THLE2, SV-HUC1, and
HTR-8/SVneo normal/non-tumorigenic cells. HER2 staining on
a subset of HER2" normal target lines with H,CasMab-2 re-
vealed no specific staining above unstained controls
(Figure S2). Although differences in binding affinity for trastuzu-
mab and H,CasMab-2 were previously observed on HER2H9"
tumor 'targets,56 both trastuzumab and H,CasMab-2-based
CAR T cells demonstrated similar and potent control of
HER2M9" preast, esophageal, and ovarian tumor targets
(Figures 2C and 2F). Conversely, the HER2-directed cytolytic ac-
tivity of H,CasMab-2-based CAR T cells was significantly
(o < 0.0001) reduced on HER2* normal/non-tumorigenic cell
lines MCF10A, MeT-5A, BEAS-2B, THLE2, SV-HUC1, and
HTR-8/SVneo compared with trastuzumab-based CAR T cells
(Figures 2D and 2G). These data demonstrate that, unlike trastu-
zumab-based CAR T cells, H,CasMab-2-based CAR T cells
differentially and preferentially recognize and lyse HER2"9" tu-
mor rather than HER2" normal target cells.

Generation and phenotypic characterization of H2-7E iT

Although H,CasMab-2-based CAR T cells appear to show pref-
erential cancer-specific targeting capacity, effective control of
solid tumors by adoptive cell therapy will likely require additional
attributes beyond distinguishing TAA expression between tumor
and normal tissue.” These additional attributes include (1) over-
coming TAA heterogeneity, (2) improving effector cell persis-
tence, (3) enhancing trafficking to the tumor, (4) enabling resis-
tance to the suppressive TME, and (5) preventing T cell
exhaustion. It is challenging to develop a cell therapy that con-
sists of multiple engineered attributes using primary T cells.*®
An iPSC platform presents an attractive solution as it allows for
precise multi-gene editing, single-clone selection, and homoge-
neous effector cell production.?* To overcome the listed chal-
lenges in solid tumor therapy, Ho,CasMab-2-based CAR and an
IL-7-IL-7Ra fusion protein (IL-7RF) and TGF-R2-IL-18R fusion,
hnCD16, and CXCR2 were knocked into the T cell receptor,
alpha (TRAC), and CD38 loci, respectively, of a single-cell-
derived clonal iPSC line (Figure 3A). Engineered iPSCs main-
tained normal morphology (Figure S3A) and continued to ex-
press high and uniform levels of the pluripotency markers
SSEA-4, TRA1-81, CD30, OCT4, and NANOG (Figure 3B).
Genomic stability of the engineered iPSCs was also confirmed
via karyotype (Figure S3B). iPSC-derived CAR T (CAR iT) cells
were generated in a stage-specific differentiation protocol*®*’
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from the clonal multiplex-engineered iPSC line, producing H2-
7E iT (Figure 3C). Fully differentiated H2-7E iT cells demon-
strated (1) lymphoid commitment (CD45+CD7+); (2) absence of
surface TCRaf or CD38, the result of transgene engineering
into the TRAC or CD38 loci (Figure 3D); and (3) high and homo-
geneous expression of H,CasMab-2 CAR, TGF-BRII-IL-18R,
hnCD16, and CXCR2 (Figures 3E and S3C).

Preferential and robust targeting of tumor rather than
normal HER2 by H2-7E iT
We evaluated the HER2-directed cytotoxicity of H,CasMab-2
CAR-expressing H2-7E iT on tumor targets with varying levels
HER2 expression (Figure 4A). When co-cultured with HER2-ex-
pressing SKOV3 targets, H2-7E iT readily lysed tumor target
cells, reaching an ECsq of 1.3:1 (E:T) in a luciferase-based cyto-
lytic assay. Limited cytolysis was observed upon HER2~/~ tar-
gets (Figure 4B), as expected, underscoring the specificity of
H2-7EiT via the H,CasMab-2 CAR for HER2. Next, we evaluated
the cytolytic efficacy of H2-7E iT in response to HER219" (3+)
SKOV3, HER2* (2+) JIMT1, and HER2-°" (0) PC3 tumor target
cells. Immunohistochemistry (IHC) scoring and representative
flow cytometry for HER2 expression (clone 4D5) on each target
line are shown in Figure 4C. Antigen-dependent cytolytic activity,
as evaluated by xCELLigence RTCA, was observed by H2-7E iT
across each tumor target, from HER2"9" (34) to HER2-W
(0, Figure 4D). We also evaluated the targeting of HER2* normal
cell lines MCF10A and MeT-5A by H2-7E iT and trastuzumab-
based primary CAR T cells (Figure 4E). Trastuzumab-based pri-
mary CART cells readily lysed both MCF10A and MeT-5A target
cells. H2-7E iT, on the other hand, demonstrated significantly
less (p < 0.0001) cytolytic activity on either HER2* normal
cell line (Figure 4F), replicating our previous observations with
H.CasMab-2 and trastuzumab-based primary CAR T cells
(Figure 2D) and underscoring the HER2 selectivity of H2-7E iT.
The anti-tumor efficacy of H2-7E iT was also evaluated in vivo
in two separate NSG xenograft models that mirror solid tumor
mass engraftment and growth: HER2M9" (3+) NCI-N87°¢ and
HER2-°" PC3. NSG mice were challenged with 5 x 10° NCI-
N87 subcutaneously (s.c.) and treated intravenously (i.v.) with
H2-7EiT starting on day 5 (Figure 4G). H2-7EiT readily controlled
the NCI-N87 tumor, maintaining significant tumor control for up
to 63 days post effector administration (mean tumor burden
68 days post tumor challenge: 50.2 mm® compared with
vehicle-treated mice (mean tumor burden: 1,167.8 mm%;
p < 0.0001; Figure 4H). In separate experiments, NSG mice
were also challenged with 2 x 10° PC3 s.c. and administered
H2-7E iT on day 5 (Figure 4l). Even though PC3 tumor cells ex-
press low levels of HER2 (HER2 0+), H2-7E iT still maintained sig-
nificant but intermediate tumor control (mean tumor burden day
40: 551 mm?®) compared with vehicle-treated mice (mean tumor
burden: 1,304 mm?3, p < 0.001, Figure 4J). Importantly, adminis-
tration of H2-7E iT cells into tumor-bearing or tumor-naive mice
did not manifest acute or chronic signs of toxicity, as visualized
through similar body weight gains in both settings, no adverse
clinical observations, and unremarkable multi-tissue histopatho-
logical analysis (Figure S4; data not shown). These data demon-
strate that H2-7E iT, as a single agent, demonstrates robust and
tumor-preferential HER2-targeted efficacy in both in vitro and
in vivo settings.
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Figure 2. Differential targeting of tumor rather than normal HER2-expressing cells via H,CasMab-2 CAR

(A) HER2-based cell cytotoxicity (1:1) E:T of primary CAR T cells expressing either trastuzumab (4D5, red) or H,CasMab-2-based (blue) CARs was evaluated on
HER2M9" tumor (C and F) and HER2* normal (D and G) cell targets. An overview of each HER2 CAR construct is shown, along with representative flow cytometry
for banked trastuzumab and H,CasMab-2-based primary CAR T cells.

(B and E) HER2 expression on the indicated normal and tumor-derived cell lines was determined by flow cytometry.

(C and F) Cytotoxicity on the indicated HER2"'9" tumor cell lines.

(D and G) Cytotoxicity on the indicated HER2* normal cell lines.

Results shown in (C), (D), (F), and (G) are representative of 2—4 independent PBMC donors and displayed as mean + SEM. Target alone control cultures are
shown in gray. Area under the curve analyses are displayed beneath each respective cytolysis trace. Significance was determined by unpaired, two-tailed t test;
**** p < 0.0001. Individual cell line and indication or tissue derivation are noted.
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Figure 3. Generation and phenotypic characterization of H2-7E iT
(A) The iPSC multiplex engineering strategy for H2-7E iT.

(B) Representative expression of the pluripotency markers TRA-1-81, SSEA-4, CD30, OCT4, and NANOG as determined by flow cytometry, from fully engineered,

T cell-derived iPSCs.

(C) T cell differentiation from TiPSC to a fully differentiated and expanded CAR iT cell: H2-7E iT.

(D and E) Flow cytometry, representative of 3 independent batches of fully differentiated H2-7E iT, shows lymphocyte commitment (CD45+CD7+), no surface
TCRaf or CD38 expression (D), and high and homogeneous expression of engineered transgenes: H,CasMab-2 (HER2) CAR, TGF-pR2-IL-18R, hnCD16, and
CXCR2 (E). Fully differentiated, unengineered iT cells are shown in gray on the respective histograms.

hnCD16 enables potent and flexible multi-antigen
targeting by H2-7E iT

TAA heterogeneity is a significant impediment to CAR T cell func-
tion in solid tumors; however, introducing an additional CAR for
secondary antigen targeting may increase immune-mediated
toxicity.® To enable a multi-antigen strategy that can be tempo-
rally controlled and offer flexibility in targeting various antigens in
a universal manner, we evaluated whether Fc receptor, namely
hnCD16, can enable and support multi-antigen targeting on
both HER2"9" or HER2-°" tumor targets with therapeutic anti-
bodies targeting (1) a separate epitope of HER2 with trastuzu-
mab or (2) epidermal growth factor receptor (EGFR) with cetux-
imab at low (E:T) ratios. H2-7E iT cells constitutively expressing
high levels of hnCD16 (Figures 3E and S3C) were combined with
monoclonal antibodies and monitored for cytolytic activity by
xCELLigence RTCA (Figure 5A). We utilized HER2"" SKOV3
and HER2-°" PC3 tumor target cells, which both readily ex-
pressed EGFR, as detected by flow cytometry (Figure 5B). At
low E:T ratios, H2-7E iT demonstrated intermediate targeting
of SKOV3 target cells (blue, Figure 5C). The inclusion of either
anti-HER2 (green, top) or anti-EGFR (green, bottom) significantly
enhanced the anti-tumor efficacy of H2-7E iT compared with H2-
7E iT alone (Figure 5C). Additionally, hnCD16-mediated ADCC
was not inhibited by non-specific polyclonal human immuno-
globulin G1 (IgG1) (Figures S5A and S5B), underscoring the abil-
ity and preference of hnCD16/CD16a to recognize opsonized
targets rather than monomeric antibodies.®®°! Importantly, the
enhanced efficacy observed when anti-HER2 or anti-EGFR
antibodies were combined with H2-7E iT was the result of
specific hnCD16 activation of ADCC, as no enhanced cytolytic
activity was observed in the absence of hnCD16 expression
(Figure 5D). CAR expression for H2-7E iT and hnCD16"%9
HER2 CAR iT cells is shown in Figure S5C. Significantly
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improved (p < 0.0001) anti-tumor activity was also observed
with the inclusion of EGFR-targeting antibodies alongside H2-
7E iT and HER2°" PC3 co-cultures (Figure 5E), demonstrating
that ADCC via hnCD16 can support multi-antigen targeting on
both HER2"9" and HER2-°" target cell lines.

Next, we compared the in vivo efficacy of primary HER2 CAR
T cells with H2-7E iT, with and without in vivo ADCC activation.
NSG mice were challenged with 2 x 10® SKOVS3 cells s.c., and
8 days later recipient mice were treated separately with either
(1) primary H,CasMab-2 CAR T cells generated from three
healthy, independent peripheral mononuclear blood cell
(PBMC) donors, (2) trastuzumab, (3) H2-7E iT, or (4) H2-7E iT
and trastuzumab. Tumor burden was monitored for 40 days
following tumor challenge (Figure 5F). All treatment regimens
significantly (p < 0.0001) delayed tumor growth compared with
vehicle-treated mice (Figure 5G). The anti-tumor efficacy exerted
by healthy donor primary HER2 CAR T cells was variable, with
final tumor burdens ranging on average from 44 mm? for donor
3- and 219 mm? for donor 1-derived cells. H2-7E iT as a mono-
therapy reduced tumors by approximately 50% and showed
comparable activity to trastuzumab-treated mice (mean day 40
tumor burden: 244 versus 189 mm?®, p = 0.0681) and primary
CART cell donor (donor 1, p = 0.8130, Figure 5H). The combina-
tion of H2-7E iT and trastuzumab led to the rapid, complete, and
sustained clearance of tumors in all evaluated mice (8/8) that was
significantly enhanced relative to H2-7E iT alone, trastuzumab
alone, and primary CAR T cell donors 1 and 2 (p < 0.0001,
Figure 5H). Notably, tumor clearance was only observed in
mice receiving the combination of H2-7E iT and trastuzumab.
Similar results were seen in similar SKOV3 experiments where
the combination of H2-7E iT and trastuzumab led to complete tu-
mor control (5/5 mice) that was significantly enhanced compared
with single-agent treatment with either trastuzumab (p < 0.0001),
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Figure 4. Preferential and robust targeting of tumor rather than normal HER2 by H2-7E iT

(A) Experimental outline for evaluating HER2-mediated targeting of tumor and normal cell lines by H2-7E iT.

(B) HER2 expression of HER2*"* and HER2 '~ SKOV3 was determined by flow cytometry. The cytolytic activity of H2-7E iT (n = 3) was evaluated on HER2*/* and
HER2~/~ SKOV3 targets.

(C) HER2 expression of SKOV3, JIMT1, and PC3 tumor cells was evaluated by HER2 IHC (pathway anti-HER2, 4B5, 20x magnification; scale bar, 200 pm) and
flow cytometry. HER2 scoring was performed by an independent pathologist.

(D) The cytolytic activity of H2-7E iT against HER2-expressing tumor cells SKOV3, JIMT1, and PC3 (4:1) E:T was determined via xCELLigence RTCA.

(E and F) Experimental outline for comparing the cytolytic efficacy of primary trastuzumab (4D5)-based CAR T and H2-7E iT on HER2+ normal cell lines (E). Area
under the curve analyses are shown beside each respective cytolysis trace (F).

(G=J) The anti-tumor in vivo efficacy of H2-7E iT was evaluated in NSG xenograft models with (G) HER2"9" NCI-N87 or (I) HER2'° PC3. Tumor growth and final
tumor burden at the end of each experiment are shown in (H) and (J), respectively. Each dot represents an individual mouse. Exogenous cytokine support was
provided in (G).

Data in (D) and (F) are representative of three separate batches of H2-7E iT. Results in (F), (H), and (J) are shown as mean + SEM, and significance was determined
by unpaired, two-tailed Student’s t test where ****p < 0.0001 and *** p < 0.001.
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Figure 5. hnCD16 enables potent and flexible multi-antigen targeting by H2-7E iT

(A) Experimental design to evaluate in vitro ADCC activation of H2-7E iT compared with hnCD16™® CAR iT cells (TRAC: HER2 CAR/IL-7RF) with HER2"9" and
HER2-°Y target cells.

(B-E) EGFR expression, as determined by flow cytometry, on HER2M9" SKOV3 and HER2-°" PC3 cells (B). The anti-tumor efficacy of (C) H2-7E iT or
(D) hnCD16"*° CARIT cells with or without anti-HER2 or anti-EGFR antibody was evaluated versus HER2"9" SKOV3 target cells (1:1) E:T via xCELLigence RTCA.
The anti-tumor efficacy of H2-7E iT with or without anti-EGFR antibody against HER2-°" PC3 target cells (1:1) E:T (E). The dark and light gray lines represent
target alone cultures with and without anti-HER2 or anti-EGFR antibody, respectively.

(F) The in vivo efficacy of primary CAR T (n = 3 donors) and H2-7E iT with or without trastuzumab was evaluated in an NSG xenograft model with s.c. SKOV3
tumor cells.

(G and H) Tumor growth (G) was monitored via caliper measurement, and final tumor burden (H) is shown.

Data in (C)-(E) and (H) are mean + SEM, and each symbol in (G) and (H) represents an individual mouse. Significance in (C) and (E) was evaluated by unpaired
Student’s t test and in (G) and (H) by one-way ANOVA with Tukey correction for multiple comparison where ***p or adjusted p < 0.0001.

H2-7EiT (p < 0.0001), the antibody drug conjugate fam-trastuzu-  targeting via H,CasMab-2 CAR and hnCD16-mediated ADCC
mab-deruxtecan-nxki (p = 0.0005), or the combination of by H2-7EiT leads to potent and flexible enhancements in anti-tu-
hnCD16™® HER2 CAR iT cells with trastuzumab (o = 0.0113, mor efficacy on HER2"9" and HER2-°" tumor targets in both
Figures S5D-S5F). These data demonstrate that multi-antigen  in vitro and in vivo settings.
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Figure 6. Functional evaluation of TGF-pR2-IL-18R, CXCR2, and IL-7RF in H2-7E iT

(A) dnTGF-pR2 or TGF-pR2-IL-18R were introduced into CARiT cells and TGF-f resistance was evaluated via repeat tumor challenge in the presence of TGF-f at

@.5:1) ET.

(B) Round 4 cytolysis and area under the curve analysis are shown comparing mock-transduced (open circles), dnTGF-BR2 (red circles), and TGF-pR2-IL-18R-

expressing CAR iT cells (blue circles).

(C) H2-7E iT or TGF-pR2-IL-18R"°9 HER2 CAR iT cells (TRAC: HER2 CAR/IL-7RF) were repeatedly challenged with HER2M9" SKOV3 tumor cells + TGF-p.
(D) Cytolysis traces at (2.5:1) E:T for TGF-pR2-IL-18R"*9 HER2 CARiT (top row, red and purple) and H2-7E iT (bottom row, blue and green) with (purple and green)

or without (red and blue) TGF-f for each round of SKOV3 challenge is shown.
(E) Area under the curve analyses were calculated for rounds two and three.

(F) In vitro and in vivo evaluation of CXCR2-mediated trafficking by H2-7E iT and CXCR2"°® HER2 CAR iT cells (TRAC: HER2 CAR/IL-7RF).
(G) An in vitro transwell migration assay with recombinant CXCL8 (IL-8) was performed with H2-7E iT and CXCR2"*® HER2 CAR iTs. Fold-specific migration,

normalized to baseline chemotaxis, and area under the curve analysis are shown.

(H) SKOV3 tumors from mice previously receiving H2-7E iT or CXCR2"*? HER2 CAR iTs were removed and intratumoral CAR iTs were enumerated via flow
cytometry at the indicated days post tumor challenge. Representative flow plots and the kinetics of CAR iT accumulation are shown.
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Functional evaluation of TGF-pR2-IL-18R, CXCR2, and
IL-7RF in H2-7E iT

We evaluated whether the additional transgenes engineered into
H2-7E iT: TGF-pR2-IL-18R, CXCR2, and IL-7RF can enable (1)
resistance to TGF-p-mediated suppression, (2) migration to
CXCR2 ligands, and (3) enhance their persistence and metabolic
functionality, respectively. We first compared the performance of
dnTGF-pR2, another common solution for TGF-p resistance,** or
TGF-pR2-IL-18R in a short-term (48 h) repeat tumor challenge
system in the presence of TGF-f via Incucyte assay
(Figure 6A). CAR iT cells transduced to express TGF-pR2-IL-
18R maintained significantly (p < 0.0001) greater anti-tumor
activity compared with mock-transduced or dnTGF-BR2-ex-
pressing CAR iT cells after four rounds of tumor challenge
in the presence of TGF-p (Figure 6B). Next, we evaluated the
ability of H2-7E iT or TGF-pR2-IL-18R"® HER2 CAR iT cells
(Figure S6A) to similarly resist repeat challenges in an extended
round (72-96 h) repeat challenge model with HER2HS" SKOV3
tumor targets and TGF-f, via xCELLigence RTCA (Figure 6C).
In the absence of TGF-p, both TGF-BR-IL-18R"*9 HER2 CAR iT
cells (red, top) and H2-7EiT (blue, bottom) maintained high levels
of cytotoxicity over three rounds of tumor challenge (Figure 6D).
TGF-p inclusion in the assay significantly (p < 0.0001) limited the
cytolytic activity of HER2 CAR iT cells lacking TGF-pR2-IL-18R
expression (purple, top) in rounds 2 and 3 (Figure 6E). H2-7E
iT, on the other hand, maintained high levels of anti-tumor effi-
cacy over each round of tumor challenge in the presence of
TGF-p (green, bottom, Figure 6D) that was 2-6x greater
(o < 0.0001) than similarly treated TGF-pR2-IL-18R™? HER2
CARIT cells (Figure 6E). These data demonstrate that the TGF-
BR2-IL-18R enables potent and sustained resistance to TGF-p--
mediated suppression of effector activity.

Next, we evaluated CXCR2-mediated trafficking of H2-7E iT or
CXCR2"™? HER2 CAR iT cells in an in vitro transwell assay and
then separately determined the kinetics of CAR iT accumulation
in vivo within SKOV3 xenografts (Figure 6F). H2-7E iT or
CXCR2"? HER2 CAR iT cells were challenged in a transwell
chemotaxis assay with serial dilutions of recombinant human
CXCLS8 (50 ng/mL-80 pg/mL) and migrated cells were enumerated
after 3 h, normalized to their baseline migration in the absence of
chemokine. Fold-specific migration and area under the curve anal-
ysis are shown in Figure 6G, demonstrating specific and dose-
dependent migration of only H2-7E iT in response to multiple con-
centrations of CXCL8. Next, H2-7E iT and CXCR2"*9 HER2 CAR T
cells (Figure S6B) were administered to NSG mice previously chal-
lenged with SKOV3 tumor cells (Figure S5D). SKOV3 tumors
were excised and intratumoral CAR iT cells were quantified
(huCD45+msCD45—) by flow cytometry at the indicated days
post tumor challenge. Representative flow plots and the overall ki-
netics of CAR iT accumulation are shown in Figure 6H. SKOV3
cells,®? like many solid tumors,®® overexpress CXCR2 ligands.
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Accordingly, the intratumoral accumulation of CXCR2-expressing
H2-7E iT within SKOV3 xenografts was significantly greater
(p = 0.0243) than CXCR2"*® HER2 CAR iT cells throughout the
course of tumor challenge. These data demonstrate that CXCR2
expression by H2-7E iT enables specific migration to CXCR2
ligands and this correlates with enhanced intratumoral accumula-
tion in mouse xenograft models.

Finally, we assessed the role of IL-7RF in sustaining the effi-
cacy of H2-7E iT. We first assessed the expression of phosphor-
ylated STAT5 by H2-7E iT and IL-7RF"®® HER2 CAR iT cells
(Figure S6C) at rest and in the absence of any exogenous cyto-
kine stimulation and after IL-7 stimulation (Figure S6D). In the
absence of y, cytokine stimulation (e.g., IL-2, IL-7, and IL-15),
H2-7E iT expressed more pSTATS5 relative to IL-7RF"™9 HER2
CAR iT cells, indicating that IL-7RF expression by H2-7E iT
was supporting sustained STAT5 phosphorylation (Figure SGE).
Importantly, both IL-7RF"*9 HER2 CAR iT and H2-7E iT cells re-
mained similarly sensitive to IL-7, rapidly increasing STAT5
phosphorylation within 20 min of stimulation (Figure S6E) and
demonstrating that expression of IL-7RF by H2-7E iT does not
disrupt endogenous y. cytokine signaling. Because IL-7 pro-
motes T cell homeostasis and survival,>® we next evaluated the
persistence of H2-7E iT and IL-7RF"®® HER2 CAR iT cells after
72 h of (1) neglect or (2) CAR activation in the absence of exog-
enous cytokine support (Figure 6l). Cell viability was evaluated
with viability dye exclusion and flow cytometry. In both stimula-
tion and neglect conditions, a significantly (p < 0.001) greater
proportion of H2-7E iT cells remained viable (viability dye™®?) at
the conclusion of the assay compared with IL-7RF™9 HER2
CARIT cells (Figure 6J). Continual IL-7 signaling has been corre-
lated with elevated T cell apoptosis“; therefore, we evaluated
the expression of activated caspase-3 and -7 by H2-7E iT and
IL-7RF"™9 HER2 CAR iT cells at the end of the assay. As shown
in Figure 6K, the frequency of apoptotic cells with or without
tumor challenge was significantly reduced (p < 0.01) in H2-7E
iT compared with IL-7RF"™®® HER2 CAR iT cells. Transgenic
expression of IL-7 has been correlated with sustained metabolic
activity of CAR T cells after activation®®; we therefore measured
the mitochondrial respiration of H2-7E iT or IL-7RF"*® HER2 CAR
iT cells following tumor challenge via Seahorse assay. As shown
in Figure 6L, H2-7E iT demonstrated (1) higher overall metabolic
activity at baseline and (2) significantly (o < 0.05) greater spare
respiratory capacity compared with IL-7RF™9 HER2 CAR iT
cells. Interestingly, (3) the majority (>70%) of metabolic activity
measured following FCCP treatment of H2-7E iT was from
endogenous fatty acid stores as etomoxir (Eto) had little effect
on overall oxygen consumption rate. These data demonstrate
that IL-7RF mediates sustained STAT5 phosphorylation within
H2-7E iT, and this correlates with enhanced persistence
and sustained metabolic activity of H2-7E iT following tumor
challenge.

(I-K) Persistence and metabolic profiling evaluation of IL-7RF comparing H2-7E iT and IL-7RF"®9 HER2 CAR iT cells (TRAC: HER2 CAR, |) after 72 h of neglect

(J) or tumor challenge (K).

(L) Metabolic profiling of H2-7E iT and IL-7RF"® CAR iT cells analyzing overall oxygen consumption and spare respiratory capacity.

Results are presented as mean + SEM in (B), (E), (G), (H), (J), (K), and (L); symbols represent individual replicates. Significance in (B), (E), (J), and (K) was determined
by one-way ANOVA with Tukey correction. Significance in (H) was determined by multiple unpaired t tests with false discovery rate (Benjamini, Krieger, and
Yekutieli); and significance in (G) and (L) was determined by unpaired Students t test. “***p or adjusted p < 0.0001, **p or adjusted p < 0.001, **p or adjusted

p < 0.01, *p, adjusted p, or g < 0.05.
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DISCUSSION

In this study, we describe H2-7E iT (also known as FT825/0ONO-
8250), an allogeneic iPSC-derived CAR T cell therapy that com-
bines a HER2-directed CAR that preferentially targets tumor-ex-
pressed HER2 and multiplex engineering to enable multi-antigen
targeting, enhanced solid tumor trafficking, improved cell
persistence, and resistance to TGF-p-mediated suppression.
HER2-directed therapies, and, in particular, therapies derived
from trastuzumab (Herceptin, Kadcyla, and Enhertu), although
effective in treating HER2-positive cancers, have significant
pulmonary and cardiac toxicities®® due to widespread HER2
expression in normal epithelia.* Moreover, early efforts with
primary CAR T cells utilizing a trastuzumab-based CAR resulted
in fatal respiratory failure.° Here, we have characterized
H,CasMab-2,°°" a HER2 binder (Figure 1) that recognizes (1)
full-length HER2 on HER2-overexpressing tumor cells; (2) p95
HER2, a carboxy truncation of HER2 that correlates with poor
clinical outcomes in HER2+ patients®®®® and a possible resis-
tance mechanism to trastuzumab-based therapies'®; and (3)
locally misfolded HER2, which may be enriched within the TME
as a result of a dysfunctional unfolded protein response (re-
viewed in Oakes’®). Primary and iPSC-derived CAR T cells utiliz-
ing the HoCasMab-2 binder exhibited robust in vitro and in vivo
HER2-directed cytotoxicity toward both HER2™9" (3+) and
HER2°Y (0) tumor target lines. Importantly, both primary and
iPSC-derived H,CasMab-2 CAR T cells produced consistently
lower levels of cytotoxicity across a battery of targets from
diverse non-tumorigenic tissue sources compared with trastuzu-
mab-based primary CAR T cells (Figures 2 and 4), supporting the
hypothesis that HER2-targeted cytolytic activity mediated by the
H,CasMab-2-based CAR of H2-7E iT may preferentially target
tumor rather than normal tissue.

In addition to the challenges in limiting the on-target, off-tu-
mor targeting of normal tissue, effective cell therapies for solid
tumors have been further limited by antigen heterogeneity and
antigen escape, where single-antigen targeting via CAR T cells
can lead to a loss of antigen expression within solid tumor set-
tings.”>”" Here, we have demonstrated that expression of a
high-affinity and non-cleavable version of CD16a°>*° by H2-
7E iT enables specific, potent, and flexible ADCC, an effector
mechanism more commonly associated with NK cells. We
have previously demonstrated that iPSC-derived CAR NK or
CAR T cells can specifically activate through hnCD16 to
enhance anti-tumor targeting and mitigate antigen escape,””
and a recent report with iPSC-derived CAR NK cells under-
scored their clinical safety.”” Utilizing antibodies targeting
either EGFR or a separate epitope of HER2, we show in both
in vitro and in vivo settings that hnCD16 co-activation with
CAR enhances the anti-tumor efficacy of H2-7E iT (Figures 5
and S5). hnCD16-specific activation of H2-7E iT occurred inde-
pendent of CAR antigen density of the target, demonstrating
that hnCD16 and CAR, though they both activate via CD3( in
iPSC-derived CAR T cells, are compatible with and indepen-
dent of each other. Other solid tumor TAAs that could be tar-
geted in combination with H2-7E iT and FDA-approved,
ADCC-enabled therapeutic antibodies, including PD-L1 (avelu-
mab), GD2 (dinutuximab), and VEGFR2 (ramucirumab), can
improve outcomes in challenging disease settings.
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In addition to the challenges of differentiating between
normal and tumor tissue and the heterogeneity of antigen
expression within the tumor itself, the TME limits effective im-
mune-mediated anti-tumor responses, a consequence of inef-
ficient effector cell trafficking, direct and indirect immune cell
suppression, and limited effector persistence. A defining
feature of solid tumors with poor prognoses is often limited
effector cell infiltration and their associated inflammatory
signature, due, in part, to a mismatch between the chemokines
produced within a tumor and the receptor repertoire on im-
mune cell subsets critical for tumor control.?>® CXCR2 Ii-
gands are enriched in solid tumors from diverse indications,
associating with poor clinical outcomes.?® CXCR2 expression
by H2-7E iT enabled specific in vitro migration toward CXCL8
and increased their intratumoral accumulation within CXCL8-
expressing SKOV3°%? tumor xenografts (Figure 6). A recent
report highlighted the dynamics of CD8+ T cell accumulation
within solid tumors, demonstrating a role for endothelial
derived CXCL12, a ligand for CXCR4, in promoting lymphatic
egress and peripheral localization.”®> We hypothesize that
constitutive expression of CXCR2 by H2-7E iT may offset the
CXCL12-CXCR4-directed exit, improving intratumoral CAR
T cell accumulation and retention. TGF-p and its associated
signaling signature are widely detected across tumor indica-
tions, promoting immune cell suppression and treatment resis-
tance.”*"® As a result of TGF-pR2-IL-18R engineering, H2-7E
iT resisted the suppressive effects of TGF-p, maintaining effec-
tive tumor control over multiple rounds of tumor challenge and
TGF-p exposure in vitro (Figure 6). Limited clinical efficacy to
date has been observed with systemic interference of TGF-p
and TGF-p-signaling,”® underscoring the need for specific
and targeted engineered approaches to subvert TGF-B-medi-
ated effector suppression. Finally, CAR T cell persistence
has been correlated with long-term efficacy in liquid tumors®*
and is considered a key determinant in solid tumor efficacy.
We have engineered H2-7E iT to express IL-7RF, a fusion
between IL-7 and IL-7Ra that promotes STAT5 phosphoryla-
tion in the absence of exogenous ligand (Figure S6). As ex-
pected, IL-7RF expression mediated enhanced persistence
of H2-7E iT in both conditions of cytokine and antigen
withdrawal (neglect) and CAR activation, similar to previous re-
ports.>”4%41 Additionally, H2-7E iT maintained enhanced
metabolic activity following CAR activation compared with
HER2 CAR iT cells (Figure 6), due, in part, to sustained IL-7
signaling via IL-7RF.®°

As an off-the-shelf, iPSC-derived CAR T cell, engineered to
simultaneously address and mitigate many of the primary bar-
riers to CAR T cell therapies for solid tumors, H2-7E iT has
been designed to provide significant advantages over similarly
targeted autologous or primary allogeneic CAR T cells, including
(1) the ability to precisely engineer complex and multiplexed
effector strategies, (2) single clonal selection of an iPSC master
line that is capable of representing a clonal starting cell source
to generate consistent and uniform CAR T cells, and (3) scaled
manufacturing to enable off-the-shelf and on-demand patient
treatment.”®

In summary, we have characterized H2-7E iT, an investigational
iPSC-derived CAR T cell therapy that combines a HER2-specific
binder that preferentially targets tumor-derived HER2 along with
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engineered strategies to flexibly enable multi-antigen targeting,
avoid TGF-p-mediated effector suppression, improve solid tumor
trafficking, and enhance effector persistence. H2-7E T is currently
under investigation in a clinical trial to evaluate safety, pharma-
cology, and evidence of anti-tumor activity in patients with
advanced HER2+ and other solid tumors (Clinicaltrials.gov
NCT06241456).

Limitations of the study

There are limitations to the data presented in this manuscript.
First, to compare the HER2 reactivity of trastuzumab and
H>CasMab-2-based primary and iPSC-derived CAR T cells, we
have relied upon well-characterized and immortalized cell lines
derived from tumor (n = 4) or normal tissue (n = 6), and although
each cell line is expected to be only an approximate representa-
tion of its source, we have observed consistent and differential
HER2 binding and tumor-selective activity by H,CasMab-2-
based primary and iPSC-derived CAR T cells across these
evaluated tumor indications and tissue sources. Second, to illus-
trate the functionality of specific transgenes engineered into H2-
7E iT cells, we have relied upon in vitro or in vivo xenograft
models that are unable to completely capture and replicate the
full complexity, heterogeneity, and diversity of patient solid tu-
mors. Ultimately, the translation and application of these preclin-
ical observations, which we hypothesize will enhance the safety
and efficacy of H2-7E iT cells, into a clinically relevant and
diverse HER2-expressing solid tumor patient population remains
to be investigated.
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Antibodies

Anti-HER2 (H,CasMab-2) This Paper N/A

Anti-HER2 (4D5/trastuzumab biosimilar, R&D Systems Cat#: FAB9589R; RRID: AB_3654059
)

conjugated

Anti-HER2 (4D5/trastuzumab biosimilar,
unconjugated)

APC anti-mouse IgG1 (clone RMG1-1)
Anti-HER2 (trastuzumab)

Anti-EGFR (cetuximab)

Anti-Thy1.1 (murine, clone OX-7)
Anti-SSEA4 (human, clone MC813-70)
Anti-TRA-1-81 (human, clone TRA-1-81)
Anti-CD30 (human, clone BerH8)
Anti-OCT4 (human, clone 40/Oct-3)
Anti-Nanog (human, clone N31-355)
Anti-CD7 (human, clone M-T701)
Anti-CD45 (human, clone HI30)
Anti-TCRap (human, clone T10B9.1A-31)
Anti-CD3 (human, clone UCHT1)
Anti-CD38 (human, clone HB-7)
Anti-TGFBR2 (human, clone W17055E)
Anti-CD16 (human, clone 3G8)
Anti-CXCR2 (human, clone 5E8)
Anti-EGFR (human, clone AY13)
Anti-STAT5, pY694 (human, Clone 47)
F(ab’). Fragment Goat Anti-Mouse IgG

R&D Systems

Biolegend
Roche
MedChemExpress
BD Biosciences
BD Biosciences
BD Biosciences
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Jackson ImmunoResearch
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564019; RRID: AB_2738545
563792; RRID: AB_2869519
563825; RRID: AB_2687420
300452; RRID: AB_2564148
356614; RRID: AB_2562183
399712; RRID: AB_2927906
562874; RRID: AB_2716865
320706; RRID: AB_439807
352904; RRID: AB_10896794
562984; RRID: AB_2737931
115-606-072; RRID: AB_2338928

Anti-CD45 (murine, clone 30-F11) Biolegend Cat#: 103147; RRID: AB_2564383
Fixable viability dye Invitrogen Cat#: 65-0865-14
Activated Caspase 3/7 Invitrogen Cat#: C10423
Bacterial and virus strains

HER2 (4D5) CAR lentivirus This paper N/A

HER2 (H,CasMab-2) CAR lentivirus This paper N/A

dnTGFpR lentivirus This paper N/A

TGFPR2-IL18R lentivirus This paper N/A

Biological samples

Human Peripheral Blood Mononuclear StemCell Technologies Cat#: 200-0078
Cells, Fresh

Chemicals, peptides, and recombinant proteins

Recombinant human HER2, biotinylated Acro Biosystems Cat#: HE2-H82E2
Streptavidin-PE BD Biosciences Cat#: 554061
Recombinant human IL-8/CXCL8 R&D Systems Cat#: 208-IL/CF
TGFp R&D Systems Cat#: 7754-BH/CF
IL-2 Clinigen NDC: 76310-022-01
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Critical commercial assays

xCELLigence Real-Time Cell Analysis MP Agilent Technologies N/A

Incucyte S3 Sartorius RRID: SCR_023147

ONE-Glo Luciferase Assay System Promega Cat#: E6110

SpectraMax ID5 Molecular Devices N/A

XFe96 Extracellular Flux Analyzer Seahorse RRID: SCR_019545

Deposited data

HoCasMab-2 Fv-clasp complexed with This paper PDB: 9iut

HER2 (611-18)

Experimental models: Cell lines

SKBR3 ATCC Cat#: HTB-30; RRID: CVCL_0033
BT474 (Clone 5) ATCC Cat#: CRL-3247; RRID: CVCL_AQO07
OE19 Sigma Cat#: 96071721-1VL; RRID: CVCL_1622
MCF10a ATCC Cat#: CRL-10317; RRID: CVCL_0598
Met-5a Ono Pharmaceuticals N/A; RRID: CVCL_3749

SKOV3 ATCC Cat#: HTB-77; RRID: CVCL_0532
BEAS-2B ATCC Cat#: CRL-3588; RRID: CVCL_0168
THLE-2 ATCC Cat#: CRL-2706; RRID: CVCL_3803
SV-HUC1 ATCC Cat#: CRL-9520; RRID: CVCL_3798
HTR-8/SVneo ATCC Cat#: CRL-3271; RRID: CVCL_7162
JIMTA AddexBio Cat#: C0006005; RRID: CVCL_2077
NCI-N87 ATCC Cat#: CRL-5822; RRID: CVCL_1603
PC3 ATCC Cat#: CRL-1435; RRID: CVCL_0035

Experimental models: Organisms/strains

Mouse: NOD.Cg-Prkdcscd|12rg™m Wi/
SzJ (NSG)

Software and algorithms

The Jackson Laboratory Cat#: 005557; RRID: IMSR_JAX:005557

FlowJo BD Biosciences Version 10.8.1

Prism GraphPad Version 10.4.1 (627)
FACSDiva BD Biosciences Version 9

CytExpert Beckman Coulter Version 2.6

oMIQ oMIQ https://www.omig.ai/
SoftMax Pro Molecular Devices Version 7.1.2
Incucyte Sartorius Version 2022A
RTCA Software Pro with Immunotherapy Agilent Version 2.3.4.2001

module

EXPERIMENTAL MODEL AND STUDY PARTICIPANT DETAILS

Animals

6-week-old male or female NSG (NOD.Cg-Prkdcs® 112rg"™'"Il/SzJ) were purchased from Jackson Laboratories. And subcutane-
ously inoculated in the left flank with NCI-N87 (5x10°), PC3 (2x10°), or SKOV3 (2x10°) tumor cells diluted 1:1 in HBSS and Matrigel
(NCI-N87, SKOV3) or Cultrex (PC3). HER2 CARIT (10x10°) or primary CAR-T (2x10°) cells were administered intravenously and tumor
burden was measured 2x weekly via caliper measurement.”” Prior to effector, antibody, and/or antibody drug conjugate treatment,
mice were randomized based on tumor burden to equalize tumor burden between treatment groups. Trastuzumab (20mg/kg; Her-
ceptin, Roche) and fam-trastuzumab-deruxtecan-nkxi (5.4mg/kg; Enhertu, Daiichi Sankyo,) was administered intravenously where
indicated. Intratumoral CAR iT cells were evaluated ex vivo from excised and digested tumors (gentleMACS, Miltenyi Biotec) by
flow cytometry. All studies were approved by the institution’s Institutional Animal Care and Use Committee and were conducted
in accordance with the National Institutes of Health’s Guide for the Care and Use of Laboratory Animals at Fate Therapeutics Torrey
Pines campus. Mice were group housed in irradiated caging in one of two 300 square foot rooms maintained between 68°F-76°F and
30-70% humidity. Irradiated or autoclaved enrichment was provided. In addition to oversight by a board-certified laboratory animal
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veterinarian, all animal technicians are rigorously trained and certified. Microbiological, clinical pathological, and necropsy diagnostic
services are available.

Cell line culture and reagents

The human cell lines SKOV3 (HTB-77), SKBR3 (HTB-30), BT474 Clone 5 (CRL-3247), PC3 (CRL-1435), NCI-N87 (CRL5822), MCF10A
(CRL-10317), MeT-5A (CRL-9444), THLE-2 (CRL-2706), SV-HUC-1 (CRL-9520), BEAS-2B (CRL-9609), HEK293T (CRL-3216), and
HTR-8/SVneo (CRL-3271) were obtained from ATCC. JIMT1 and OE19 cells were acquired from AddexBio and Millipore Sigma,
respectively. HER2 knockout SKOV3 cells were a kind gift from Bruce Walcheck, University of Minnesota. CHO-K1 cells were ob-
tained from JCRB Cell Bank (Japanese Collection of Research Bioresources Cell Bank) and engineered to express full length or
p95 HER2. All cell lines were cultured according to manufacturer instructions. HER2 immunohistochemistry was performed with
overnight fixed (10% neutral buffered formalin) and paraffin-embedded cells. HER2 staining and pathologist scoring were performed
at Mosaic Laboratories according to manufacturer guidelines.

Effector assays

Primary CAR Ts were generated from healthy donors following activation with anti-CD3/28 Dynabeads (1:1, Thermofisher). After 24
hours, cells were spinoculated (650xg, 1hr 32°C) with lentivirus encoding each specific CAR construct and polybrene (4 pg/mi).
Dynabeads were removed on day 4 and transduced cells were enriched by Thy1.1 positive selection (Stemcell Technologies) on
day 8. CAR transduction efficiency was evaluated by Thy1.1 expression.

Luminescence Cytoxicity analysis

Target cells engineered to express firefly luciferase were co-cultured with effector cells at serially diluted effector-to-target (E:T) ratios
in CTS OpTmizer media (Gibco) in 96-well plates. After overnight incubation, the remaining viable target cells were assessed by
measuring the production of luciferase using the ONE-Glo Luciferase Assay System (Promega) and the SpectraMax iD5 plate reader
(Molecular Devices). The luminescent signal across different E:T ratios was normalized to target cell only signal and the dose-depen-
dent curve was fitted to a 4-parameter logistic curve to calculate the half-maximal effective concentration (EC50) values using
SoftMax Pro software (Molecular Devices).

xCELLigence RTCA analysis

Target cells (1-4 x10%) were plated in culture media in a 96 well E-Plate (Agilent Technologies). Approximately 24 hours later, culture
media was removed and effector cells in CTS OpTmizer media (Gibco) were added at indicated E:T ratios. For restimulation assays,
effector cells were collected at the end of each round, counted and replated on fresh target cells at the indicated E:T ratio. For eval-
uation of ADCC, 10ug/ml of Herceptin/trastuzumab (Roche) or Erbitux/cetuximab (MedChemExpress) was added with effectors. For
functional assessment of TGFBR2-IL18R, media was supplemented with 10ng/ml of TGFp (R&D Systems). Cytolysis was measured
by xCELLigence RTCA MP and RTCA Software Pro with Immunotherapy module (Agilent Technologies). Area under the curve ana-
lyses were performed in GraphPad Prism.

Incuctye Live cell analysis

Target cells expressing NucLightGreen (NLG) were seeded in 48-well plates at 2.5 x10* cells/well and incubated overnight. On the
day of effector addition, culture media was removed and effector cells diluted in CTS OpTimizer media (Gibco) were added at indi-
cated E:T ratio with IL-2 (125U/ml; Proimmune). At the end of each round, effector cells were collected, counted and replated on fresh
target cells at the indicated E:T ratio. Target cell cytotoxicity was monitored with Incucyte software v2022A using a mask on NLG+
nuclei. Collected data underwent a two-step normalization process prior to visualization. Targets were normalized to the number of
NLG+ nuclei at time zero, and then normalized a second time to the number of NLG+ nuclei in the target cell alone negative control
well at each time point. Area under the curve analyses were performed in GraphPad Prism.

TiPSC engineering, characterization, and differentiation of iPSC-derived CAR-T cells

H2-7E iT was engineered from T cell-derived induced pluripotent stem cells as previously described.*®*" Briefly, H,CasMab-2 CAR
and IL7RF and TGFB-IL18R, hnCD16, and CXCR2 were CRISPR engineered into TRAC or CD38 loci, respectively, via Neon electro-
poration (ThermoFisher) according to manufacturer instructions. Following electroporation, individual clones were separated and
screened for site specific integration, genomic stability, and preserved pluripotency. Human TiPSC differentiation to iCD34+ cells,
differentiation into T cell lineage, and T cell expansion were performed as previously described.*’

METHOD DETAILS

Flow cytometry

Single cell suspensions were surface stained with fluorophore-conjugated antibodies to human SSEA4, TRA-1-81, CD30, CD7, CD45,
TCRap, CD3e, CD38, TGFpR2, CD16, and CXCR2 and murine CD45 (BD Biosciences and BioLegend, San Diego, USA). HER2 expression
was evaluated with either a fluorophore-conjugated or unconjugated trastuzumab biosimilar antibody (4D5, R&D Systems) or with uncon-
jugated H,CasMab-2 antibody. The unconjugated antibodies were secondary stained with fluorophore-conjugated anti-mouse IgG
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(BioLegend or Thermo Fisher Scientific). HoCasMab-2 CAR expression was detected by staining with biotinylated HER2 recombinant pro-
tein (Acro Biosystems) then PE-Streptavidin (BD Biosciences) or with directly conjugated goat anti-mouse IgG, F(ab’). fragment specific
(Jackson Immunoresearch). For surface staining, cells were incubated for 30 min at 4°C with antibodies/protein diluted in BSA Stain Buffer
(BD Biosciences). Intracellular staining with fluorophore-conjugated antibodies to human OCT4 and NANOG (BD Biosciences) was per-
formed using FoxP3 Transcription Factor Staining Buffer Set (eBiosciences). STAT5 phosphorylation was evaluated in effector cells rested
overnight in CTS OpTmizer media (Gibco) then incubated 20 min with and without IL7 (15ng/ml; R&D Systems). Cells were fixed and per-
meabilized with Phosphoflow Perm Buffer Il according to manufacturer’s instructions (BD Biosciences) and stained with anti-phosphor-
ylated STAT5 (pY694; BD Biosciences). Fluorescently stained cells were collected on SA3800 Cell Analyzer (Sony Corp.), BD Fortessa
(BD Biosciences), or CytoFLEX (Beckman Coulter) and analyzed with FlowJo (BD Biosciences) or OMIQ (OMIQ) software.

H>CasMab-2 and HER2 peptide crystallization

As previously described,®" the C-terminus of the V}; (1-113) and V,_ domains of H,CasMab-2 were fused to the SARAH domain from hu-
man MST1 and the Fc domain of hulgG1 (234-447). Fc-fused H,CasMab-2 Fv-clasp were expressed and purified from Expi293F cells
(Thermo Fisher Scientific). Fc-fused H,CasMab-2 Fv-clasp were subsequently digested with IdeS protease for 2 hours at 37°C, purified
via anion-exchange chromatography, and concentrated by ultrafiltration (Amicon Ultra, Merck Millipore). HoCasMab-2 Fv-clasp were
mixed with 611-618 of HER2 (MPIWKFPD) to a final concentration of 3.5 mg/ml H,CasMab-2 Fv-clasp and 0.3 mM peptide. Diffraction
quality crystals were generated via hanging drop vapor-diffusion with 0.2 M MgCl,, 0.1 M Bis-Tris pH 5.7, 25 % w/v polyethylene glycol
(PEG) 3350, cryoprotected in mother liquor with 30% PEG3350, and flash cooled in liquid nitrogen. Diffraction data were collected at 100
K on beamline BL44XU at SPring-8 (Harima, Japan). The data were indexed, integrated, and scaled using X-ray Detector Software.”®
Initial phases were determined by molecular replacement method with PHASER"® in the CCP4 package®® using the coordinates depos-
ited in Protein Data Bank (PDB): PDB: 3liz (V), PDB: 3sge (V\), and PDB: 7cea (SARAH domain). The structural models were refined with
PHENIX®' and COOT®* and subsequently validated with MolProbity.®* Data collection statistics and refinement parameters are summa-
rized in Table S1.

Chemotaxis assay

Thawed effector cells were rested overnight in CTS OpTmizer media (Gibco) and then washed twice with RPMI media (Cyitva) sup-
plemented with 0.5% BSA Fraction V (EMD Millipore). CXCLS8, serially diluted 1:5 in 0.5% BSA RPMI to achieve a concentration range
of 50ng/ml to 0.08ng/ml, was aliquoted in the bottom chamber of 24-well transwell plates and incubated for 10 min. Effector cells
(1x10%) were then plated in the upper chamber of the transwell plates and incubated at 37 °C for 3hrs. Migrated cells were enumer-
ated by FACS using SPHERO counting beads (Spherotech). Data acquisition was performed on a Fortessa instrument
(BD LSRFortessa X-20), using FACSDiva software. Analyses were performed using FlowdJo v10 (FlowJo LLC, Ashland, OR). Absolute
cell numbers within each condition were normalized the no CXCL8 condition to obtain a fold specific migration value.

Neglect and activation assay

Effectors cells (2 x 10* cells) resuspended in CTS OpTmizer media (Gibco) were plated into 96-well plates with/without target cells and
incubated at 37°C for 72hrs. For tumor target activation condition, tumor cells were seeded a night before at 2x10* cells/well. Cells
were collected and stained with fixable viability dye (Invitrogen) and for Caspase-3/7 (Invitrogen) expression according to manufac-
turer’s instructions. Cells were subsequently stained with anti-human CD45 and EpCAM. Data acquisition was performed on a For-
tessa instrument (BD LSRFortessa X-20), using FACSDiva software. Analyses were performed using FlowJo v10 (FlowJo LLC, Ash-
land, OR). Effectors cells were identified as CD45+ and EpCAM-.

Metabolic profiling

Oxygen consumption rate (OCR) was measured in a XFe96 Extracellular Flux Analyzer (Seahorse). Briefly, SKOV3 targets were pre-
seeded at 1e5/mL in 6 well plates. One day later, effector cells, diluted in CTS media, were added at 10:1 E:T. and harvested after 48
hours of co-culture for metabolic profiling. Effector cells were resuspended in RPMI XF medium (Agilent,103576), containing 1M
Glucose (Agilent, 103577), 1mM sodium pyruvate (Agilent, 103578) and 2mM Glutamine (Thermo Fisher, 25-005-Cl) at 1.5e5 per
well, into 96-well PDL Plate (Agilent, 103799). OCR was assessed by addition of oligomycin (10pM), carbonyl cyanide-4-(trifluorome-
thoxy)phenylhydrazone (FCCP, 20pM), etomoxir (100uM), and antimycin A (10pM)/Rotenone (1pM) at the indicated time points. Data
were collected on Wave Software (version 2.6.3) and analyzed using GraphPad Prism (version 10.2).

QUANTIFICATION AND STATISTICAL ANALYSIS

Data analysis and visualization was performed using Prism 10.4.1 (GraphPad Software). Graphs represent group mean values + SEM, as
noted in the figure legends. All statistical tests conducted were two-sided, and p<0.05 was considered statistically significant. Signifi-
cance values were indicated with asterisks: **** = p<0.0001, *** = p<0.001, ** = p<0.01, * = p<0.05), ns = p > 0.05. Statistical tests per-
formed: paired and unpaired t-tests, multiple unpaired t tests with False Discovery Rate (Benjamini, Krieger, and Yekutieli), and one-way
ANOVA with Tukey’s multiple comparison tests, group sizes, and repeat experiments performed are described in the relevant figure
legends.

Cell Stem Cell 32, 1-15.e1-e4, July 3, 2025  e4




	STEM3734_proof.pdf
	Preferential tumor targeting of HER2 by iPSC-derived CAR T cells engineered to overcome multiple barriers to solid tumor ef ...
	Introduction
	Results
	H2CasMab-2 recognizes misfolded and truncated variants of HER2
	Differential targeting of tumor rather than normal HER2-expressing cells via H2CasMab-2 CAR
	Generation and phenotypic characterization of H2-7E iT
	Preferential and robust targeting of tumor rather than normal HER2 by H2-7E iT
	hnCD16 enables potent and flexible multi-antigen targeting by H2-7E iT
	Functional evaluation of TGF-βR2-IL-18R, CXCR2, and IL-7RF in H2-7E iT

	Discussion
	Limitations of the study

	Resource availability
	Lead contact
	Materials availability
	Data and code availability

	Acknowledgments
	Author contributions
	Declaration of interests
	Supplemental information
	References
	STAR★Methods
	Key resources table
	Experimental model and study participant details
	Animals
	Cell line culture and reagents
	Effector assays
	Luminescence Cytoxicity analysis
	xCELLigence RTCA analysis
	Incuctye Live cell analysis
	TiPSC engineering, characterization, and differentiation of iPSC-derived CAR-T cells

	Method details
	Flow cytometry
	H2CasMab-2 and HER2 peptide crystallization
	Chemotaxis assay
	Neglect and activation assay
	Metabolic profiling

	Quantification and statistical analysis




