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A convergent uPAR-positive tumor ecosystem
creates broad vulnerability to CAR T cell therapy
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Highlights
® uPAR marks p53-mutant tumors with fibrotic,
immunosuppressive niches

® uPAR CART cells target both tumor cells and their
supportive stroma

® uPAR CART cells clear primary and metastatic tumors with
minimal myelodepletion

® Senescence-inducing therapies upregulate uPAR and
enhance uPAR CAR T cell efficacy
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In brief

Synergizing with senescence-inducing
therapies, uPAR CAR T cells eradicate
primary and metastatic solid tumors with
minimal myelodepletion by targeting both
tumor cells and the stroma in preclinical
models.
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SUMMARY

Chimeric antigen receptor (CAR) T cells have transformed hematologic cancer therapy but remain limited in
solid tumors by antigen heterogeneity and a suppressive, pro-fibrotic microenvironment. We previously iden-
tified the urokinase plasminogen activator receptor (UPAR) as upregulated in senescent, pro-fibrotic cells
and showed that uPAR-directed CAR T cells could safely reverse fibrosis in mice. Integrative analyses
now reveal that uPAR is broadly expressed in solid tumors enriched for TP53 and RAS pathway mutations.
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These tumors adopt a progenitor-like state supported by a niche of uPAR-positive stromal cells with senes-
cence features. Human uPAR CAR T cells eliminate tumor cells and their stromal support, induce durable
regressions across diverse models, eradicate systemic metastases, and are potentiated by senescence-
inducing therapies. Importantly, these cells achieve robust antitumor activity without sustained myelosup-
pression in mice reconstituted with human immune systems. Together, these findings establish uPAR as a
broadly applicable CAR T target capable of overcoming major barriers in solid tumor therapy.

INTRODUCTION

Chimeric antigen receptor (CAR) T cell therapy has transformed
the treatment of hematologic malignancies, with CD19-directed
products achieving durable remissions in otherwise refractory
disease.** More recently, the extension of CD19 CAR T cells
into autoimmune indications has demonstrated that engineered
T cells can be harnessed to eliminate pathogenic but non-ma-
lignant populations,®* underscoring the broader potential of
adoptive cell therapy beyond oncology. However, CAR T cells
have shown limited efficacy in solid tumors, largely due to het-
erogeneous antigen expression and an immune-suppressive,
fibrotic tumor microenvironment (TME) that restricts T cell
infiltration and function.>® Current strategies rely on lineage-
restricted/biased targets such as CD19, FOLR1, or prostate-
specific membrane antigen (PSMA), which constrain applica-
bility and fail to address aggressive tumor states that drive
progression and resistance.” Overcoming these barriers will
require targets that demarcate dynamic, tumor-maintaining
cell states while enabling simultaneous remodeling of the path-
ological TME.

The urokinase plasminogen activator receptor (UPAR) may
exemplify such a target. uPAR is a glycosylphosphatidylinosi-
tol-anchored receptor that regulates pericellular proteolysis,
extracellular matrix (ECM) remodeling, and cell migration during
wound healing.?® Its expression is minimal in most normal tis-
sues, except for subsets of myeloid cells, yet it is consistently
upregulated in malignant and fibrotic contexts, where high levels
correlate with poor clinical outcome.'®'* Functional studies link
uPAR to metastasis,'®'® while in fibrosis, aberrant expression
contributes to chronic inflammation and pathological tissue re-
modeling."® Inflammatory environments can also promote pro-
teolytic cleavage of uPAR—most often within the D1 domain—
releasing soluble uPAR (suPAR), a validated biomarker of dis-
ease severity in chronic kidney disease, cirrhosis, and idiopathic
pulmonary fibrosis.'®' Together, these observations suggest
that uPAR marks and reinforces aggressive, therapy-refractory
disease states embedded within fibrotic and immune-suppres-
sive niches.

Our interest in uPAR emerged from studies of cellular senes-
cence, a growth-arrest program that suppresses tumor initiation
but drives fibrosis, immune suppression, and tissue dysfunction
when senescent cells accumulate.?”®* UPAR is consistently
induced in fibroblasts, macrophages, and other cell types that
adopt senescent-like states during fibrosis,?® and it is similarly
upregulated in cancer following cytotoxic or targeted therapies
that induce therapy-associated senescence.’>*® In preclinical
models of fibrosis and aging, uPAR-directed cellular therapies
selectively eliminated senescent cells, reduced fibrosis, restored
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organ function, and were well tolerated even after long-term
persistence.?*?"30

Here, we establish uPAR as a broadly expressed cancer target
that marks aggressive tumor states defined by distinctive molec-
ular and microenvironmental features, including their embedding
within pro-fibrotic niches enriched for uPAR-positive stromal
cells with senescence-associated programs. We further show
that uPAR CAR T cells exhibit potent activity across diverse can-
cer models, enhanced by senescence-inducing therapies that
increase antigen density, and that targeting uPAR enables simul-
taneous elimination of malignant cells and the pathological stro-
mal compartments that sustain immune exclusion (where
effector T cells are confined to the peritumoral stroma, with
poor penetration into tumor nests) and therapeutic resistance.
Together, these findings provide a framework for next-genera-
tion CAR T cell therapies that transcend lineage, dismantle tu-
mor-maintaining ecosystems, and may extend beyond oncology
to fibrotic and degenerative diseases.

RESULTS

uPAR defines a conserved molecular tumor state
Previous studies indicate that uPAR is overexpressed in some
cancers, but a systematic pan-cancer analysis was lacking.
We analyzed expression of the uPAR-encoding gene, PLAUR,
in publicly available bulk RNA sequencing (RNA-seq) data
derived from >10,000 tumor samples and organ-matched
normal tissues across 14 tumor types. Transcriptomic analysis
revealed that PLAUR expression is significantly elevated in 12
of these 14 types, with particularly high levels in subsets of
ovarian, pancreatic, colon, lung, and brain cancers (Figure S1A).
Because bulk RNA-seq analysis cannot distinguish stromal
from tumor-cell uPAR expression, we performed 4-5 markers
multiplexed immunofluorescence (multi-IF) analysis in 1,074 pa-
tient tumors spanning multiple cancer types and histologic sub-
types, incorporating antibodies against uPAR and markers that
distinguish tumor cells (e.g., pan-cytokeratin [PanCK] and
mutant p53) from immune cells (e.g., CD45) and stromal cells
(e.g., alpha smooth muscle actin [aSMA]) (Figure 1A; Data
S1.1). Tumor-associated uPAR expression was quantified by
scoring uPAR-positivity in tumor cells (PanCK+, or, for brain tu-
mors and sarcomas, by scoring cells negative for stromal and
immune markers) across tissue microarrays (TMAs) and whole
sections. Based on the percentage of uPAR+ tumor cells, tumors
were stratified as high, intermediate, low, or negative (>50%,
30%-50%, 5%-30%, and <5%, respectively) (Figures 1A and
S1B). Using these criteria, ~15% of tumors exhibited high
UPAR expression in the tumor compartment, with frequencies
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Figure 1. uPAR marks a distinct cell state enriched in TP53 mutations and EMT programs

(A) Multiplex immunofluorescence (multi-IF) across human tumor samples. Left: representative cores stained for uPAR, tumor cells (PanCK, p53, or MSLN),
fibroblasts (dSMA), immune cells (CD45), and nuclei (DAPI). Right: donut plots showing the fraction of samples per tumor type stratified by the percentage of
uPAR+ tumor cells: high (>50%), intermediate (30%-50%), low (5%-30%), and negative (<5%), and n indicates the number of patients analyzed per tumor type or
number of tumors for OV and BLCA (patient information in Table S1A).

(B-D) The Cancer Genome Atlas (TCGA) analysis (n = 10,071) showing (B) PLAUR expression stratified by mutation status across 456 cancer-relevant genes
(MSK-IMPACT)®"; (C) pathway enrichment in PLAUR-high (>66th percentile) versus PLAUR-low (<33rd percentile) tumors; and (D) correlation of uPAR activity
with the indicated transcriptional signatures across cancer types (each dot represents one cancer type).

(E) scRNA-seq analysis of epithelial tumor cells from liver (n = 79), lung (n = 9), ovarian (n = 41), and pancreatic (n = 16) cancers comparing PLAUR-high (>66th
percentile) and PLAUR-low (<33rd percentile) for the indicated signatures.BLCA, bladder urothelial carcinoma; BRAIN, brain tumor (multiple subtypes); BRCA,
breast invasive carcinoma; CCA, cholangiocarcinoma; CRC, colorectal cancer; MESO, mesothelioma; NSCLC, non-small-cell lung cancer; OV, ovarian cancer;
PDAC, pancreatic ductal adenocarcinoma; PRAD, prostate adenocarcinoma; SARC, sarcoma.

Statistics: Wilcoxon test (B and E), permutation test (C), and Pearson correlation test (D). Scale bars, 100 or 250 pm.

See also Figure S1.

ranging from 0% to 100% across tumor types (Figure 1A; mors were strongly enriched for inactivating TP53 mutations
Tables S1A and S1B). and activating alterations in KRAS and other mitogen-activated

uPAR-high tumors have been linked to aggressive molecular  protein kinase (MAPK) pathway genes (e.g., BRAF and EGFR)
and clinical features.'? To systematically evaluate these associ-  (Figure 1B; Data S1.2). Although not universal, these associa-
ations, we integrated genomic, transcriptomic, and clinical data  tions were observed within many tumor types (Figure S1GC;
from >10,000 patients across 19 cancer types. PLAUR-high tu- Tables S1C and S1D), suggesting shared genetic drives

Cell 189, 1-20, May 14, 2026 3




Please cite this article in press as: Zhang et al., A convergent uPAR-positive tumor ecosystem creates broad vulnerability to CAR T cell ther-
apy, Cell (2026), https://doi.org/10.1016/j.cell.2026.03.002

¢ CellPress Cell

OPEN ACCESS

A i T cells W Basaipoac B

B cells PLAUR+ CAFs PLAUR expression UPAR niche Senescence score
Other CAFs Classical PDAC 2 3 [ PLAUR+ MoMac [ll PLAUR* CAFs 00 02 04

Mo/Mac PLAUR+ Mo/Mac Classical PDAC [l Basal PDAC [ S |
Endothelial Acinar =

SmoothMuscle

Mast

PLAUR+ other

Glial

Islet

C B uPAR+ PDAC [l UPAR+p16+ Mo/MAC M uPAR+p16+ Fib
I Tumor cells Basal PDAC [ Tumor cells p16+Mo/Mac i Tumor cells pi6+Fib [ Tumor cells
[ Fibroblasts il Mo/Mac [ Fibroblasts  [Jij Mo/Mac M Fibroblasts [l Mo/Mac [M Fibroblasts [l Macrophages

D E Correlation (R) F

Mo/Mac CAFs
06 *akr wann 0.0 0.25 0.5 0.75 1.0 Basal PDAC Classical PDAC
o ® Classical PDAC ., 3000 10000
8 3 0.4 g 2 7500
© 2000 @
g 04 g Basal PDAC E’ “g)_ 5000
§ 5 PLAUR* Mo/Mac £ 1000 £ 2500
2 202 -
2 02 g PLAUR+ CAF 0 °
3 ] Most frequent neighboring cell type
00 PLAUR: other Classical PDAC myCAF
: 00 © K Mo/Mac [ PLAUR+ Mo/Mac
PLAUR- PLAUR+ PLAUR- PLAUR+ & \)95 S AN B PLAUR+ other
\}\5 W & ,bé"%édz’
QM Q J o®
¢ 2 2 @
G H o & o o 'é— @ 8
Human PDAC (n=101) E§£§ . = 25 ¢ Qm._é m%
el 3 80 S G2 2
P332 & 2 S25gf  BBEN ==
EEid 92 SestiiEeeiTi 888
= + T =
SEEE LB, P RERbEg L 88338530
3338 2x 3225058 3006060228 Spea";‘ao"R
UPAR+ Tum | | T ’
UPAR+ Mo/Mac ] T
uPAR+CAFs
uPAR+ Neutrophils
Treg |
FAP+ CAFs I 05
T cells )
DC
MHCII+Mo/Mac
Triads
MHCII- Mo/Mac| || [ ]
ARG1+ Neutrophils |_I_| .
KI67+ Tum 0
VIM+ Tum
P53mut Tum
AFs
B cells
CD8+ T cells
CD4+T cells 05
CD4+ conv T cells H ]
CD8+ GZMB+ u
Mo/Mac| |
Neutrophils [_[] :H:H::H |
CD163+ Mo/Mac 11 1.0

Figure 2. uPAR+ tumor, CAF, and myeloid cells define a fibrotic, immunosuppressive niche

(A and B) Spatial transcriptomics (10x xenium) of a treatment-naive human PDAC specimen showing the cell-type map (A) and H&E staining from an adjacent
section with xenium feature plots of PLAUR expression, PLAUR+ cells, and senescence signature scores (B). Full sections are shown in Data S1.3E.

(C) Multi-IF-based spatial map from an adjacent section showing enrichment of uPAR+ PDAC cells near uPAR+/p16+ stromal cells. Cell types: tumor cells
(PanCK+), fibroblasts (@« SMA+), monocytes/macrophages (Mo/Mac and CD68+), and basal PDAC cells (KRT17+PanCK+).

Full sections are shown in Data S1.3H.

(D) Senescence scores in PLAUR+ versus PLAUR— Mo/Mac and CAF populations identified in (A).

(E) Spatial co-localization heatmap for selected cell populations (complete heatmap in Figure S2E).

(F) Frequency of neighboring cell types around basal versus classical PDAC neighborhoods.

(legend continued on next page)
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underlying uPAR-high tumor-cell states. In other tumor types,
non-genetic mechanisms such as stress and inflammation may
also contribute.®?

At the transcriptional level, stratifying tumors by high versus
low PLAUR expression (top 1/3 versus bottom 1/3) revealed
enrichment for programs linked to “plasminogen activation,”
“KRAS signaling,” “EMT,” “inflammation,” “fibrosis,” and
“angiogenesis” —hallmarks of aggressive cancers with altered
TMEs (Figures 1C and 1D).**®* This pattern was preserved
within individual tumor types (Figures S1D and S1E;
Table S1E). Analysis of publicly available single-cell RNA-seq
(scRNA-seq) datasets from liver, lung, ovarian, and pancreatic
cancers confirmed that PLAUR-high tumor cells share
conserved transcriptional states®*® (Figure 1E). Consistent
with prior reports,’®~'* high PLAUR expression was prominent
in metastatic tumor cells (Figure S1F) and correlated with
reduced overall, disease-free, and progression-free survival
across most cancer types (Figure S1G; Data S1.2; Table S1F).

The convergence of TP53 and MAPK pathway alterations with
EMT-associated programs in uPAR-high tumors mirrors func-
tional studies in mice showing that p53 is selectively activated
in a uPAR-expressing, progenitor-like state arising early during
KRAS-initiated pancreatic tumorigenesis.*® Although normally
kept transient, this state dramatically expands upon p53 loss
during malignant progression.®® In human cancers, PLAUR-
high tumors are enriched for the same progenitor-like EMT pro-
gram (Figures 1C-1E and S1D), indicating that this p53-con-
strained state becomes a defining feature of advanced disease.
These findings provide a mechanistic rationale for the associa-
tion of uPAR expression with aggressive TP53 mutant tumors.

uPAR defines a conserved fibrotic and immune-
suppressive niche
Beyond the tumor-cell compartment, our multi-IF analyses re-
vealed abundant uPAR+ stromal cells within the TME (Data
S1.3A-S1.3B). Similar accumulation of uPAR+ fibroblasts and
macrophages occurs in human and murine fibrosis models,
where they adopt a senescent-like state that contributes to pa-
thology.”>*®?° Moreover, in early pancreatic neoplasia, the
emergence of uPAR+ progenitor-like epithelial cells is accompa-
nied by the co-evolution of a niche of uPAR+ fibroblasts and
macrophages—also expressing senescence features.*®

To define the spatial organization of PLAUR+ cell states in
advanced tumors, we first performed spatial transcriptomics
(10x xenium) on a human primary pancreatic ductal adenocarci-
noma (PDAC) sample using a curated marker panel (Figures 2A
and S2A-S2C; Table S2A). Subpopulation analysis defined three
PLAUR-high groups: (1) basal PDAC tumor cells (HMGA2-high
and ANXA710-low; analogous to the progenitor-like state®9), (2)
a subset of PDGFRA/B+ cancer-associated fibroblasts (CAFs)
expressing the myofibroblastic CAF (myCAF) marker ACTA2
together with SERPINE1 (hereafter uPAR+ CAF), and (3) a subset
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of CD68+/MRC1+ monocytes and macrophages expressing
SPP1 (hereafter uPAR+ myeloid) (Figures S2B-S2E; Table S2B).

PLAUR-high tumor cells co-localized with stromal niches en-
riched for PLAUR+ CAFs and PLAUR+ myeloid cells
(Figure 2B). Multi-IF of serial sections confirmed concordant
spatial patterns of uPAR in tumor cells (Figure S2F) and revealed
co-localization of collagen I-rich regions together with aSMA+ fi-
broblasts and CD68+ macrophages (Figure S2G). uPAR+ CAFs
and myeloid cells were also enriched for senescence signature
(see STAR Methods) and expressed the senescence marker
p16 (Figures 2C, 2D, and S2H-S2J).

We next quantified local co-occurrence of cell states across
500-pm neighborhoods (see STAR Methods; Figure S3A). Corre-
lation analysis revealed strong co-localization of uPAR+ basal
PDAC cells with uPAR+ CAFs and uPAR+ myeloid subsets, a
pattern largely absent from classical PDAC regions (Figure 2E).
Basal PDAC cells typically localized to the periphery of tumor
glands,”® forming epithelial-stromal interfaces where diverse
uPAR+ populations converged (Figure S3B). Permutation anal-
ysis further distinguished these niches, revealing greater cellular
diversity in basal regions compared with more uniform, myCAF-
dominated classical neighborhoods (Figure 2F). Together, these
findings position basal PDAC as a spatial and functional transi-
tion zone between tumor epithelium and a complex uPAR+ stro-
mal niche, contrasting with the more homogeneous classical
subtype.*!

To assess generalizability, we performed 24-plex hyperplex IF
(defined as >20 markers cyclic IF) (see STAR Methods) on TMAs
comprising >3.5 million cells from PDAC (n = 101), lung adeno-
carcinoma (LUAD) (n = 55), lung squamous cell carcinoma
(LUSC) (n = 49), CRC adenocarcinoma (n = 137), and mucinous
CRC (n = 51) (Figures 2G, 2H, and S3C; Data S1.3 and S1.4;
Table S3). Across tumor types, uPAR+ tumor cells, myeloid cells
(tumor-associated macrophages [TAMs] and tumor-associated
neutrophils [TANs]), and CAFs consistently clustered, forming a
conserved UPAR+ spatial niche (Figures 2G, 2H, and S3C;
Data S1.3 and S1.4). Of note, a subset of uPAR+ tumor cells ex-
pressed the EMT marker vimentin (VIM) (Figure S3D). Although
variable in magnitude, this niche was enriched for Tregs and ex-
hibited features consistent with immune exclusion and immuno-
suppression (Figures 2G and 2H; Data S1.3 and S1.4). These as-
sociations were strongest in PDAC, where uPAR-positive
regions harbored fewer conventional CD4+ T cells, dendritic
cells, and major histocompatibility complex (MHC) class I+
TAMSs, alongside expansion of FAP+ myCAFs, MHC class II™
TAMs, and ARG1+ TANs, and fewer immune stimulatory DC-
CD4-CD8 “triads.”** Additionally, many uPAR+ fibroblasts co-
expressed FAP (Figure S3E), a marker linked to T cell exclusion
and resistance to immune checkpoint blockade.**** Across
cancers, uPAR+ tumor cells, CAFs, and myeloid populations
consistently co-localized, indicating that uPAR marks a
conserved pro-fibrotic and immunosuppressive niche rather
than a tumor-type-restricted phenomenon.

(G and H) Hyperplex 24-plex IF images from PDAC tumors (n = 101 cases and 649,581 cells analyzed) (G) and Spearman correlation analysis among cell

populations (quantification in Data S1.4A) (H).

Statistics: Wilcoxon test (D) and Spearman correlation (H) (o values shown in Figure S2H). Scale bar, 100 pm.

See also Figures S2 and S3.

Cell 189, 1-20, May 14, 2026 5




apy, Cell (2026), https://doi.org/10.1016/j.cell.2026.03.002

Please cite this article in press as: Zhang et al., A convergent uPAR-positive tumor ecosystem creates broad vulnerability to CAR T cell ther-

¢? CellPress

OPEN ACCESS

To further characterize stromal states, we analyzed scRNA-
seq data from human cancers (described in Figure 1E),*>°8
focusing on uPAR+ stromal populations. PLAUR-high CAFs ex-
pressed myCAF signatures and were enriched for senescence-
related programs (senescence score, senescence-associated
secretory phenotype [SASP] score, CDKN2a, and CDKN1a) rela-
tive to PLAUR-low CAFs (Figures S3F and S3G). In ovarian and
liver cancers, PLAUR was also expressed in subsets of iCAFs.
PLAUR-high myeloid cell populations also resembled previously
described immune-suppressive subsets, including (1) angio-
TAMs (SSP1+, angiogenic, immunosuppressive, and hypoxia-
associated), (2) inflam-TAMs (neutrophil/monocyte-recruiting
and necrosis-associated), and (3) interferon (IFN)-TAMs
(Figure S3H).*°

Finally, transcriptional signatures derived from PLAUR
(UPAR)-positive fibroblast and myeloid subpopulations that sur-
round uPAR+ progenitor-like epithelial cells in early murine
pancreatic neoplasia®® were preferentially enriched in UPAR-
high CAFs and tumor-associated myeloid cells across liver,
lung, ovarian, and pancreatic cancers (Figure S3l). Thus, the
uPAR+ niche observed in premalignant pancreas is conserved
across tumor types and defines spatially organized tumor-
stroma ecosystems characterized by fibrosis, senescence, and
immune exclusion—features linked to aggressive disease and
poor outcome.

Broad antitumor activity of uPAR CAR T cells

The high expression of uPAR on tumor cells and senescent-like
cells within the TME suggests that uPAR-targeted therapies,
including CAR T cells, could disrupt uPAR+ niches and exert
potent antitumor activity. To develop uPAR-directed CAR
T cells, we performed hybridoma and phage-display screening,
yielding a panel of single-chain fragment variants (scFvs) against
human uPAR, including the less frequently shed D2-D3 domain
(Figure 3A), and identified two lead candidates—uPAR T1 and
UPAR A1 (see STAR Methods). In antibody format, both binders
exhibit nanomolar affinity and D2-D3 domain selectivity, as
confirmed by surface plasmon resonance analysis and compet-
itive binding assays (Figures S4A-S4C).

To generate CAR T cells, T1 and A1 scFvs were cloned into an
SFG-y-retroviral vector encoding the human CD28 co-stimula-
tory and CD3{ signaling domains (h.uPAR-T1-h.28z and
h.uPAR-A1-h.28z). Transduced human peripheral blood T cells
exhibited low tonic signaling, with minimal cytokine release
(e.g., tumor necrosis factor alpha [TNF-o], IFN-y, and interleukin
[IL]-2) in the absence of antigen (Figure S4D). Upon co-culture
with uPAR+ target cells, both CAR constructs induced robust
T cell activation and antigen-dependent cytotoxicity, whereas
untransduced T cells (UTD) or CD19 CAR T cells (h.19-h.282)
induced no activity (Figures S4D-S4F). PLAUR-deficient targets
generated by CRISPR-Cas9 were resistant to killing, confirming
on-target specificity (Figures S4E and S4F). These results estab-
lish T1 and A1 CARs as specific human uPAR CARs suitable for
in vivo testing.

We next defined the antigen density required for cytotoxicity
by quantifying surface expression across human cancer cells,
using quantitative flow cytometry on 71 human cancer cell lines
spanning 12 tumor types, together with two normal cell lines and
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a PLAUR-knockout (KO) control (Data S1.5A). We used quantita-
tive flow cytometry with calibration beads and then converted
mean fluorescence intensity to absolute molecule number,
yielding a range from <100 to >60,000 molecules per cell
(Figure 3B). uPAR CAR T cells displayed robust in vitro killing
above a threshold of ~1,500 molecules per cell (Figure 3B;
Data S1.5B), whereas KO cells remained resistant (Figures S4E
and S4F), supporting antigen engagement as the primary
determinant of cytotoxicity. Expression of death receptors
(CD95(FAS), DR1, DR2, DR4, and DR5) did not correlate with
sensitivity as has been described in some contexts (Data
$1.5C).***7 Using a D2-D3-specific binder versus a uPAR poly-
clonal antibody (pAb), we found that many cancer cell lines pref-
erentially express the D2-D3 form under standard culture condi-
tions (Data S1.5D).

UPAR CAR T cells exhibited potent antitumor activity in vivo.
Across cell line-derived xenograft (CDX) models of lung, pancre-
atic, and ovarian cancers expressing 6,000-40,000 uPAR mole-
cules per cell (Figures 3B and 3C), a single infusion of T1 CAR
T cells induced rapid and durable tumor regressions and signif-
icantly extended survival, whereas CD19 CAR T cells had no ef-
fect (Figures 3D and 3E). Immunofluorescence at day 7 revealed
dense infiltrates of granzyme B-positive CAR T cells (Figures 3F,
S4G, and S4H). Similar efficacy was observed in nine additional
CDX, patient-derived xenograft (PDX), and patient-derived orga-
noid (PDO) models (Figures S5A-S5G). Notably, baseline hetero-
geneity of uPAR expression and fibrotic uPAR+ stroma—fea-
tures also observed in patient tumors—did not prevent this
response (Figures 1A, 3C, and S5D; Data S1.3B).

Although most tumors regressed durably, a subset relapsed
with high uPAR expression, implying that antigen loss was not
the mechanism of escape (Figures S5H and S5I). These data
are consistent with reports indicating that uPAR can be required
for aggressive cancer states,*”*® and, indeed, CRISPR-medi-
ated uPAR KO in ovarian cancer cells markedly impaired tumor
growth and metastasis in both murine and human metastatic
models (Figures S5J-S5L). Aiming to improve durability, we
tested a next-generation “1.XX” CAR optimized for persistence
and reduced dosing,*?*° which produced more sustained tumor
control than the 28z backbone in the ovarian PDX model
(Figure S5@G). These findings implicate CAR T cell exhaustion in
relapse and highlight opportunities to enhance persistence to
improve outcomes. Together, these results demonstrate that
uPAR CAR T cells have potent and broadly effective antitumor
activity.

uPAR CART cells eliminate ovarian cancer and its
metastases

High-grade serous ovarian cancer (HGSOC) is a lethal malig-
nancy with limited therapeutic options.®’ We analyzed whole-
tissue sections from 36 HGSOC specimens obtained from
the SPECTRUM cohort®’ (treatment-naive; n = 23) and the
MSKCC Biobank (treated; 13 tumor sites from 9 patients).
Multi-IF revealed that ~40% of tumors exhibited high, tumor-
cell-specific UPAR expression, defined by co-localization with
PanCK and mutant p53 (Figures 4A, S6A, and S6B), the latter
frequently stabilized owing to the near-universal TP53 mutations
in HGSOC.>? As in other cancers, uPAR-high HGSOC typically
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Figure 3. uPAR CAR T cells exhibit potent antitumor activity across multiple cancer models
(A) Schematic of uUPAR proteolytic cleavage and release of soluble uPAR (suPAR). Created with BioRender.com.
(B) Quantification of uPAR surface density across 71 human cancer cell lines by flow cytometry. Non-cancer cells are indicated in green, uPAR-KO (UPAR®®) in
blue, and cell lines exhibiting durable in vivo tumor regression in red (see D and E).
(C) Multi-IF staining for uPAR in subcutaneous xenografts of lung adenocarcinoma (LUAD), lung squamous cell carcinoma (LUSC), high-grade serous ovarian
carcinoma (HGSOC), and pancreatic ductal adenocarcinoma (PDAC).
(D-F) Antitumor efficacy of uPAR CAR T cells expressing the uPAR-binding scFv (T1-h.28z) versus a CD19 control CAR (h.19-h.28z), administered intravenously
(2 x 10° cells per mouse): (D) tumor volume, (E) overall survival, and (F) CAR T cell infiltration assessed by anti-CD3 multi-IF staining 7 days after treatment.

Statistics: multiple t test (D) and log-rank test (E). Error bars indicate SEM. Scale bar, 100 pm.

See also Figures S4 and S5.
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contained an abundance of uPAR-positive stromal cells
(Figures 4A and S6A-S6C; Data S1.3B). High uPAR expression
was associated with elevated transforming growth factor f
(TGF-p) signaling but not with genomic subtype. Nevertheless,
uPAR-high tumors were detected within aggressive HGSOC
subsets harboring fold-back inversion (FBI) events or CCNE1
amplification (Figure S6D; Table S1G).*”

To assess UPAR as a therapeutic target, we evaluated uPAR
CART cell activity in both HGSOC and mucinous ovarian can-
cer (MOC) CDX and PDX models with uPAR expression. Tumors
were engineered with firefly luciferase (Fluc), orthotopically im-
planted into the ovarian bursa of NOD scid gamma (NSG) mice,
and treated with T1 or A1 h.uPAR CAR T cells or control
h.CD19-28z CAR T cells. uPAR CAR T cells, but not controls,
induced complete remissions across both (Figures 4B and
S6E), with efficacy in HGSOC and MOC subcutaneous PDX
models as well (Figures S5F and S5G). Post-treatment serum
showed uPAR CAR T activation (TNF-a, IFN-y, and granzyme
B) (Data S1.6A-S1.6C), and peripheral blood at 8 weeks
harbored circulating memory-enriched CD4+ and CD8+ popu-
lations (Data S1.6D). Functional persistence was confirmed by
UPAR CAR T cell rechallenge: mice previously cleared of Tyk-
nu tumors resisted parental but not uPAR-null tumor engraft-
ment (Data S1.6E).

Multi-organ metastases are a major cause of mortality in
advanced ovarian cancer,”®** as confirmed in the Memorial
Sloan Kettering (MSK) pan-cancer metastasis cohort (Figure
S6F). Consistent with a prior report, scRNA-seq of HGSOC sam-
ples from the MSKCC-SPECTRUM cohort®’ revealed particu-
larly high PLAUR expression in tumor cells from ascites
(Figures S6G, S6H, and S7A), and analysis of ovarian tissue sec-
tions revealed uPAR-high tumor cells at invasive fronts or in small
detached tumor-cell clusters (Figures 4C and S7B). These re-
sults suggest that uPAR CAR T cells might have activity against
disseminated disease.

In agreement, uPAR CAR T cells eradicated widespread
intraperitoneal (i.p.) disease in Tyk-nu (HGSOC) and COV644
(MOC) metastasis models, with mice remaining tumor free
for >150 days (Figures S7C and S7D). In an orthotopic spon-
taneous metastasis model incorporating debulking surgery to
mimic an adjuvant clinical setting (Figures 4D and S7E), a sin-
gle dose of 1 x 10° T1 or A1 uPAR CAR T cells eliminated re-
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sidual disease, whereas surgery alone provided only transient
benefit (Figures 4D, S7F, and S7G). CAR T cells infiltrated
all metastatic sites, expressed granzyme B, and cleared
detectable tumors (Figures 4E and S7H; Data S1.7A). Thus,
uPAR-directed CAR T cells eradicate both established and
disseminated ovarian cancer, including in clinically relevant
adjuvant settings.

We next evaluated whether uPAR expression could enable
non-invasive disease monitoring. The levels of suPAR—a
biomarker of fibrotic and inflammatory pathology®>°° —tracked
tumor burden in HGSOC models, increasing in mice with
uPAR* tumors and declining after therapy, as measured by hu-
man-uPAR-specific ELISA (Data S1.7B). We also developed
89Zr-labeled T1 and A1 uPAR antibodies for positron emission
tomography (PET) imaging, which detected orthotopic ovarian
tumors, monitored progression, and identified distant metasta-
ses, confirmed by autoradiography (Figure 4F; Video S1). To
enable longitudinal imaging, we generated a shorter-lived
54Cu-labeled UPAR antibody (t;,» = 12 h versus 78.41 h for
897r), capturing rapid tumor regression after uPAR CAR T cell
therapy (Figure 4G). Together, these findings demonstrate that
uPAR-directed CAR T cells can be highly effective against
ovarian cancer models and support complementary suPAR-
and PET-based strategies for real-time monitoring of therapeutic
responses and recurrence.

uPAR CART cells can target both tumor and pro-fibrotic
stroma

Our current results and prior work demonstrate potent activity of
UPAR CAR T cells against tumors (this study) and fibrosis,”®
raising the possibility that uPAR CAR T cells may target both ma-
lignant tumor cells and the pro-fibrotic tumor stroma. Although
our rapidly growing models do not achieve the entrenched
stroma of human tumors, they contain substantial fibrotic com-
ponents with strong murine uPAR expression (Figures 5A, S8A,
and S8B). To test stromal targeting directly, we exploited spe-
cies-selective recognition by our murine uPAR scFv (m.uPAR)
in mice bearing orthotopic Tyk-nu HGSOC tumors or a head-
and-neck PDX. Indeed, Gaussia-luciferase (Gluc)-labeled
m.uPAR CART cells, but not h.CD19 controls, selectively homed
to tumors, producing strong bioluminescent signals (Figures 5B
and S8C).

Figure 4. Efficacy of uPAR CAR T cells in ovarian cancer xenografts

(A) Representative multi-IF images from the MSK SPECTRUM HGSOC cohort.

(B) Orthotopic ovarian cancer model (Tyk-nu'°) treated with control CD19 CAR T cells (h.19-h.28z; 2 x 10°%) or uPAR CAR T cells (T1-h.28z or A1-h.28z; 2 x 10°).
Tumor burden was monitored by bioluminescence (images, left; quantification, middle) and overall survival (Kaplan-Meier, right).

(C) Multi-IF of a human HGSOC specimen showing uPAR-expressing tumor cells (left) and higher magnification views highlighting uPAR+ tumor cells within
detached tumor-cell clusters (right).

(D) Spontaneous metastasis model using orthotopic Tyk-nu“® xenografts. Left: in vivo imaging following oophorectomy and ex vivo bioluminescence of met-
astatic dissemination (see schematic in Figure S7E). Right: metastatic tumor burden (middle) and Kaplan-Meier survival analysis (right) after treatment with control
or uPAR CART cells.

(E) Immunohistochemistry for GFP and quantification of tumor burden in the adnexa (left) and metastatic lesions in the lung (middle) and liver (right).

(F) Longitudinal ®Zr-labeled uPAR PET imaging of primary (orthotopic; left) and metastatic (intraperitoneal; right) Tyk-nu tumors. Schematic created with
BioRender.com.

(G) Longitudinal 8*Cu-labeled uPAR PET imaging of Tyk-nu tumors following treatment with control or uPAR CAR T cells at the indicated time points. Schematic
created with BioRender.com.

Statistics: multiple t test (B, middle; D, middle), Student’s t test (E), and log-rank test (B, right; D, right). Error bars indicate SEM (B and D) or SD (E).

See also Figures S6 and S7.
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We next used the species specificity of UPAR scFvs to isolate
the contribution of stromal targeting to uPAR CAR T therapeutic
efficacy. Because high-dose h.uPAR CAR T cells (2 x 10°) typi-
cally produce complete remissions, we administered a subther-
apeutic dose (0.5 x 10°) alone or combined with m.uPAR CAR
T cells for stromal targeting or h.CD19 controls. In both ortho-
topic and metastatic Tyk-nu models, h.uPAR CAR T alone
produced transient responses that relapsed by 7 weeks,
whereas dual tumor-stroma targeting sustained tumor control
(Figures 5C and S8D-S8E). Dual tumor-stroma targeting also
produced marked reductions in fibrosis across ovarian, lung,
and liver lesions (Figures 5D and S8F), accompanied by
increased infiltration of h.uPAR CAR T cells at primary and met-
astatic sites (Figures 5E and S8G).

We further evaluated whether h.uPAR CAR T directly targets
stromal populations from human tumors. Tumors from surgical
resections (4 HGSOC and 1 LUAD) were dissociated and co-
cultured with h.uPAR CAR T cells or h.CD19 CAR T cells. After
16 h, flow cytometry revealed that uPAR CAR T cells selectively
eliminated uPAR+ tumor cells (EpCAM+), CAFs (PDPN+), and
myeloid-derived suppressor cells (MDSCs, CD45+Lin—CD11b+
CD14—HLADR—CD15+ or CD45+Lin—CD11b+GPNMB+)®’
(Figures 5F-5l, S8H, and S8l). Orthogonal assays confirmed
uPAR CART cells directly target and kill patient-derived primary
CAFs and immunosuppressive M2-like macrophages generated
from peripheral blood monocytes (Figures S9A-S9F). In these
cultures, uPAR CAR T cells, compared with CD19 control, ex-
hibited a higher CD8/CD4 ratio and increased activation (with
increased CD69 and decreased CD62L expression) across
both CD4 and CD8 T cell subsets, consistent with productive
antigen engagement (Figures 5J, 5K, S9G, and S9H). While
neither mouse models nor ex vivo tumor suspensions capture
the clinical setting, these data indicate that uPAR CAR T cells
are uniquely capable of targeting both tumor and stromal
compartments.

Safety profile of uPAR CAR T cells

uPAR is absent or lowly expressed in most vital organs but
detectable on a subset of myeloid cells.”” Prior studies showed
that high doses of murine uPAR CAR T cells (3 x 108 caused
transient weight loss and cytokine release syndrome, whereas
lower doses (still sufficient to ameliorate fibrosis and metabolic
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syndrome, including in aged mice) were well tolerated, with
CAR T cells persisting for >1 year.?>*° To further assess on-
target/off-tumor risk, we quantified uPAR expression across
normal tissues using The Cancer Genome Atlas (TCGA) and
the Human Protein Atlas, benchmarking uPAR against other clin-
ically targeted cell-surface proteins. PLAUR was selectively en-
riched in tumors relative to matched normal tissues, and uPAR
protein expression in adult tissues was largely restricted to
myeloid cells (Figure S10A). Expression in vital organs was sub-
stantially lower than that of PSMA and TROP2 (Figures S10B and
S10C), two cell-surface proteins targeted by FDA-approved
therapies.

Given the risk of cytokine release syndrome at high CAR T cell
doses and the dose-limiting hematologic toxicities of many anti-
cancer treatments, we rigorously evaluated the safety of uPAR
CAR T cells in tumor-bearing mice under conditions of robust
on-target engagement. One approach used an electroporation-
based genetically engineered ovarian cancer mouse model
(EPO-GEMM) (Figure 6A)°® driven by MYC overexpression with
Trp53 deletion (MP) or combined Trp53 plus Brcal deletion
(MPB1). These tumors spontaneously metastasized i.p.,
including the omentum, and frequently produced ascites®®
(Figures 6B and 6C). Immunohistochemistry of primary tumors
and flow cytometry of MP/MPB1 tumor-derived cell lines re-
vealed spontaneous upregulation of surface uPAR during tumor-
igenesis (Figures 6C and S10D).

Murine UPAR CAR T cells (m.uPAR-m.28z°°) secreted cyto-
kines and exhibited potent cytotoxicity against MP or MPB1 cells
in vitro but not against CRISPR-engineered uPAR-deficient de-
rivatives (Figures S10D-S10F). In vivo, treatment of autochtho-
nous MP tumors induced robust tumor regression and signifi-
cantly extended survival (Figure 6D), whereas untransduced
T cells had no effect. Similar activity was observed in an i.p.
MPB1 metastasis model (Figure S10G). Treated mice exhibited
only transient weight loss, and peripheral blood analysis at
remission showed no sustained perturbation of myeloid or other
immune cell compartments at 1 month (Figures 6E, 6F, and
S10H), indicating effective tumor control without overt toxicity.

To assess potential toxicities of human uPAR CAR T cells, we
performed parallel studies in mice reconstituted with a human
immune system.59 Human hematopoietic stem and progenitor
cells (HSPCs) restored lymphoid and myeloid compartments,

(D) Sirius red staining of lung metastasis sections from Tyk-nu"“>-bearing mice treated with the indicated CAR T cells, with quantification of fibrosis area per field of
view (FoV) using Fiji (see STAR Methods) (n = 5 mice). Scale bars, 1 mm (top) and 50 pm (bottom).

(E) Multi-IF of Tyk-nu lung metastases showing m.uPAR+ stromal cells (red), GFP+ tumor cells (green), and CD3+ CAR T cells (blue) after treatment. Pseudocolor
images and quantification of CAR T cell infiltration per FoV (n = 5 mice). Scale bars, 10 pm.

(F-1) Flow cytometry of dissociated human HGSOC tumors after 16 h co-culture with the indicated CAR T cells (representative gating and quantification; n = 4
patients): (F) EpCAM+ tumor cells and the fraction of uPAR+EpCAM+ cells within EpCAM+ cells; (G) PDPN+ CAFs and the fraction of uPAR+PDPN+ cells within
PDPN+ cells. Parental gate: live+CD45-CD31-EpCAM—; (H) MDSCs (CD45+Lin—CD11b+CD14—HLA—DR—CD15+; Lin— excludes CD3/CD19/CD56) and the
fraction of uPAR+MDSCs; () GPNMB+CD11b+ myeloid cells (CD45+Lin—CD11b+GPNMB+; Lin— excludes CD3/CD19/CD56) and the fraction of uP-
AR+GPNMB-+ cells within GPNMB+CD11b+ myeloid cells.

(J and K) Flow cytometry analysis of CAR T cells following co-culture with primary HGSOC CAFs (n = 4).

(J) Representative flow cytometry plots showing the percentages of CD4+ and CD8+ CART cells, as well as CD69+/CD62L+ cells within the CD4+ or CD8+ CAR T
populations.

(K) Quantification of the data shown in (J). CAR expression was assessed by LNGFR staining.

In all flow cytometry plots, positive gates were defined using fluorescence minus one (FMO) controls. Statistics: Student’s t test (B and F-I), multiple t tests (C), and
one-way ANOVA (D, E, and K). Error bars indicate SEM (C) or SD (F-K).

See also Figures S8 and S9.
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Figure 6. uPAR CAR T cells exhibit a favorable safety profile

(A) Schematic of the electroporation-based genetically engineered mouse model (EPO-GEMM) enabling transposon-mediated oncogene integration
(MYC) and CRISPR-Cas9-mediated tumor suppressor KO (Trp53 and Brca) in the ovary/fallopian tube to generate autochthonous ovarian tumors. Created with
BioRender.com.

(B) Representative images of established MYCCE; Trp53K° EPO-GEMM tumors, and spontaneous metastases.

(legend continued on next page)
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including uPAR-expressing monocytes (Figures 6G, 6H, and
S11A). Orthotopic Tyk-nu tumors expressing human CD19
enabled CD19 CAR T cells to serve as positive toxicity
controls (Figure S11B). Mice were treated with untransduced
T cells, CD19 1XX-CAR T cells, or uPAR 1XX-CAR T cells
(Figure S11C), and CAR T cells were CRISPR-Cas9-edited at
TRAC to prevent graft-vs-host disease (Figures S11D and
S11E).%° Both CD19 and uPAR CAR T cells exhibited potent
cytotoxicity in vitro and eradicated CD19*/uPAR+ tumors in vivo,
achieving complete regression within 1-2 weeks and resistance
to tumor rechallenge (Figures 61, S11F, and S11G).

As expected, CD19 CAR T cells depleted the B cell compart-
ment. By contrast, uPAR CAR T had no significant impact on
monocytes, granulocytes, or neutrophils, despite uPAR expres-
sion on subsets of these populations (Figures 6J, 6K, and S11H-
S11J; Data S1.8). In ex vivo co-cultures, normal uPAR+ mono-
cytes were depleted by uPAR CAR T cells (Figures S11K and
S11L), but if such targeting occurred in vivo, it was not sustained,
hinting that these populations have the potential to rapidly regen-
erate. Supporting this possibility, analysis of human peripheral
blood revealed that pro-monocytes—the precursors of circu-
lating monocytes—express minimal uPAR (Figure S11M).
Together, these findings indicate that uPAR CAR T cells maintain
strong antitumor efficacy with a tolerable safety profile, providing
a compelling rationale for clinical translation.

Senescence-inducing therapies enhance uPAR CAR

T cell antitumor activity

Our initial interest in uPAR stemmed from its consistent induction
in senescent cells, which accumulate in fibrotic organs and tu-
mors, but also in tumors exposed to cytotoxic or targeted thera-
pies.”® Across multiple human tumor types, bulk RNA-seq of
pre- and post-treatment samples, together with multi-IF and
scRNA-seq restricted to the tumor compartment, revealed
increased PLAUR expression following therapy or progression,
coinciding with enrichment of EMT and senescence signatures
(Figures 7TA-7C, S12A, and S12B; Data S1.9A and S1.9B). Simi-
larly, gene set enrichment analysis (GSEA) of matched HGSOC
samples®’ before and after treatment with cisplatin (a DNA-
crosslinking agent that triggers DNA damage response, leading
to replication stress, apoptosis, or senescence)®” showed
PLAUR upregulation alongside senescence- and fibrosis-asso-
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ciated programs and loss of an E2F-driven proliferation signature
(Figures 7D and S12C-S12E). Elevated PLAUR expression was
also observed in colorectal, lung, PDAC, and ovarian tumor cells
treated with cisplatin, ionizing radiation, or irinotecan and in pub-
licly available RNA-seq datasets from 9 of 13 cancer types
(including lung, liver, colon, and breast) treated with established
senescence inducers such as etoposide or alisertib (Figures 7E
and S12F).

We hypothesized that therapies inducing an injury- or senes-
cent-like state, which increases uUPAR levels and/or enriches
for uPAR+ tumor cells, would improve the efficacy of uPAR
CAR T cell therapy. To test this, we used our previously estab-
lished murine MPB1 HGSOC model (see Figure 6), which re-
sponds to cisplatin treatment by engaging a senescence pro-
gram®® and also triggers UPAR upregulation as assessed by
western blot, flow cytometry, and 8Zr-based uPAR imaging
(Figures 7F, 7G, and S12G-S12I). As expected, this increased
antigen density was associated with greater in vitro cytotoxicity
of uPAR CAR T cells following cisplatin treatment (Figure 7H;
Data S1.9C).

Extending these findings in vivo, we treated mice bearing met-
astatic MPB1 tumors with cisplatin, uPAR CAR T cells, or both
and monitored tumor responses by bioluminescence and sur-
vival. The combination produced superior outcomes: greater
CAR T cell infiltration, improved tumor control, and prolonged
survival compared with either agent alone, without added
toxicity as assessed by body weight and temperature measure-
ment, as well as blood counts 1-month post-treatment (Figures
71-7L and S12J; Data S1.9D). Of note, 80% of mice receiving
the combination remained tumor-free beyond 300 days,
whereas all mice treated with cisplatin alone succumbed by
day 55 (Figure 7K). Similar results were observed in an orthotopic
Kras®'?P;p537172H (KP) murine lung cancer model, where
cisplatin plus uPAR CAR T cells outperformed either monother-
apy without added toxicity (Figures S12K and S12L). These data
indicate that senescence-inducing chemotherapy increases the
prevalence of uPAR-positive tumor cells with high antigen den-
sity, thereby enhancing CAR T cell efficacy.

Together with our other results across multiple tumor types
and models, these findings underscore the broad therapeutic
potential of uPAR CAR T cells—as both monotherapy and in
rational combinations—for solid tumor treatment.

(
(

C) Representative H&E and immunohistochemistry staining for uPAR and WT1 in MYCCE; Trp53X° (MP) tumors.
D-F) Mice bearing autochthonous MP tumors were treated with 2 x 10° control untransduced T cells (UTD) or murine uPAR CAR T cells (m.uPAR-m.282):

(D) tumor weight at 2 weeks post-treatment (left) and overall survival (right), (E) body weight over time post treatment, and (F) complete blood counts (at day 40

post treatment).

(G) Schematic for testing CAR T cells in mice with a humanized immune system (see STAR Methods).
(H) Flow cytometry of bone marrow from humanized mice 6 weeks after HSPC transplantation and prior to tumor implantation (see STAR Methods).
(1) Effects of the indicated TRAC-edited CAR T cells in humanized mice bearing Tyk-nuCD19 xenografts: bioluminescence images (left), radiance quantification of

tumor (middle), and overall survival (right).

(J) Flow cytometry showing relative abundance of human immune cell populations in bone marrow at tumor remission (day 7 post CAR T treatment) normalized to

mouse CD45+ cells.

(K) UPAR expression in human granulocytes (CD16+SSA™" and monocytes (CD14+) was assessed by flow cytometry using a human-specific uPAR antibody

(gated as hCD45*CD19-CD3").

TRAC denotes TRAC-locus-edited CAR T cells. 1XX denotes CARs with inactivation of immunoreceptor tyrosine-based activation motifs 2 and 3 (ITAM2/3).°°
UTD, untransduced T cells. Statistics: Student’s t test (D and F), multiple t test (I, middle), log-rank test (D, right; I, right), and one-way ANOVA (J and K). Er-

ror bars indicate SD (D) or SEM (E and |-K).
See also Figures S10 and S11.
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Figure 7. Therapy-induced senescence enhances CAR T cell efficacy

(A) Representative multi-IF images of HGSOC tumors from treatment-naive (n = 23) or post-chemotherapy (n = 13) patients.

(B) Quantification of uPAR+ cells among PanCK+ (tumor) or PanCK— (stromal) populations from (A) (each dot represents one tumor).

(C and D) Bulk RNA-seq analysis of matched pre- and post-cisplatin-treated ovarian cancer samples®' showing PLAUR expression (C) and cell-cycle signature
scores (D).

(E) gPCR analysis of the indicated genes in MPB1, 136p, and OVCARS cells after 72 h exposure to the indicated senescence-inducing treatments in vitro.

(F) Proliferation curves and immunoblotting showing uPAR upregulation in MPB1 cells 72 h after cisplatin (1 pM).

(G) Flow cytometry analysis of surface uPAR expression in MPB1 cells treated with vehicle or cisplatin (1 pM) for 72 h.

(legend continued on next page)
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DISCUSSION

This study establishes uUPAR as an actionable cancer target that
marks an aggressive tumor-cell state and demonstrates the ther-
apeutic potential of uPAR CAR T cells across solid tumors. Inte-
grated genomic, transcriptomic, and spatial analyses show
uPAR is broadly elevated across malignancies and associated
with TP53 and RAS/MAPK pathway mutations, as well as tran-
scriptional programs linked to EMT, inflammation, and fibrosis.
Consistent with functional data implicating uPAR in tumor main-
tenance and metastasis,*®®° these findings distinguish uPAR
from lineage-restricted targets, such as CD19, FOLR1, or
PSMA. Unlike these targets, uPAR does not define a specific
cell lineage but instead represents a marker of a conserved tu-
mor-maintaining state. Accordingly, CAR T cells targeting the
D2-D3 domain of uPAR display broad antitumor activity in xeno-
graft, syngeneic, and patient-derived models, including in adju-
vant and combination settings, supporting the concept that tar-
geting conserved malignant cell states can enable therapeutic
strategies that transcend tumor type.

A defining feature of uPAR-high tumors is that they are
embedded within a pro-fibrotic, immunosuppressive niche en-
riched for uPAR-positive fibroblasts and myeloid cells that are
also found in murine and human fibrotic tissues and exhibit
senescence-associated transcriptional programs.*>®* Spatial
analyses show that these tissue regions are depleted of effector
T cells and are enriched for programs reminiscent of pathological
wound-healing responses.®>°® Collectively, these data support
a model in which uPAR marks not only malignant cells but also a
conserved pathological tumor-stroma ecosystem that is associ-
ated with features consistent with immune exclusion and thera-
peutic resistance, distinguishing it from targets confined to the
tumor-cell compartment.

Mechanistic insight from genetically engineered mouse
models further supports this co-evolutionary framework. During
KRAS-driven pancreatic neoplasia, a uPAR-expressing progen-
itor/EMT-like state expands alongside a uPAR-positive, senes-
cence-enriched stromal niche.*® Loss of p53 permits expansion
of both compartments, driving fibrosis, immune evasion, and
malignant progression. That uPAR-high tumors are enriched
for similar tumor and stromal cell states suggests that a normally
transient, p53-restrained, wound-healing response®’® be-
comes stabilized in advanced disease, providing a mechanistic
explanation for the association between uPAR expression,
TP53 mutations, and aggressive clinical behavior. In this view,
p53 functions not only as a guardian of genomic integrity but
also as a guardian of cellular plasticity, restraining a dangerous
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cell state whose persistence promotes immune evasion, tissue
remodeling, and cancer progression.

This conceptual framework highlights an unexpected thera-
peutic opportunity. Although TP53 is mutated in most cancers
and its activation can be curative in select hematologic malig-
nancies, efforts to harness p53 biology in solid tumors have
largely focused on restoring its biochemical activities, with
longstanding debate over which downstream effector pro-
grams are most critical to engage for tumor suppression.”’
Our findings instead suggest that a central biological output
of p53 is the elimination of a pathological cell state and its co-
evolving niche.®® By directly targeting uPAR-defined tumor
and stromal compartments, uPAR-directed therapies may
functionally recapitulate this tumor-suppressive function,
thereby repressing the progenitor-like, niche-forming states
that drive the most aggressive features of TP53-mutant dis-
ease. In this view, CAR T cells are not simply tumor-selective
cytotoxic agents but can be effective tools to therapeutically
constrain malignant plasticity.

These insights also address two central barriers to CAR T cell
therapy in solid tumors: antigen heterogeneity and stromal
exclusion.>® Antigen heterogeneity may be less limiting for
uPAR-directed therapy because uPAR marks a dynamic and tu-
mor-maintaining cell state, helping explain the deep responses
observed even in tumors with variable baseline expression.
Moreover, antigen density can be further increased through
rational “one-two punch” strategies,’? in which cytotoxic or tar-
geted therapies induce senescence-like programs®>°%"3~7° that
elevate UPAR expression and sensitize residual disease to CAR
T cell elimination. In parallel, uPAR expression on senescent-like
fibroblasts and myeloid cells provides a means to dismantle the
suppressive stromal niche. Consistent with this, our prior work
shows that uPAR CAR T cells targeting senescent cells remodel
fibrotic tissues,>® and, as shown herein, this remodeling is asso-
ciated with CAR T cell infiltration and cytotoxic activity. Similarly,
parallel work demonstrates that uPAR CAR T cells exhibit potent
efficacy in glioblastoma models and can co-target supportive
stromal cells (see also Maich et al., in press). Together, these
properties distinguish uPAR as a rare solid-tumor target less
prone to issues of antigen heterogeneity and microenviron-
mental resistance.

Finally, uPAR-directed therapy appears to have a favorable
therapeutic index. uPAR expression in vital tissues is limited
relative to other clinical targets, and in both syngeneic and hu-
manized models, uPAR CAR T cells achieved durable tumor
clearance without sustained myeloid depletion or major toxicity.
These observations are consistent with engagement of

(H) Incucyte-based viability analysis of proliferating (vehicle) or senescent (cisplatin; 1 M) MPB1 cells co-cultured with control (h.19-h.28z) or murine uPAR CAR
T cells (m.uPAR-h.28z).

(I) Multi-IF images (left) and quantification (right) of GFP+ MPB1 tumor cells (green) and m.uPAR-m.28z CAR T cells (white) 1 week after treatment of mice bearing
metastatic MPB1 tumors (2 x 10° CAR T cells).

(J-L) Response of mice bearing MPB1'“® tumors treated with cisplatin (3 mg/kg), UTD T cells, m.uPAR-m.28z CAR T cells (2 x 106), or the combination. Tumor
burden was monitored by bioluminescence (J), overall survival was shown by Kaplan-Meier plot (K), and body weight (L, left) and temperature (L, right) were
assessed as an indicator of systemic toxicities.

Statistics: two-way ANOVA (B and E), Student’s t test (C, D, F, and ), multiple t test (J), and log-rank test (K). Error bars indicate SD (B, E, F, and I) or SEM (H and J-
L).

See also Figure S12.
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emergency myelopoiesis, which rapidly regenerates myeloid
populations in both mice and humans.”® Such adaptations
may be facilitated by negligible uPAR expression in monocyte
precursors and could explain the rapid resolution of cytokine-
release symptoms observed following high-dose uPAR CAR
T cell administration.?*

Beyond oncology, the association of uPAR with senescent
and pro-fibrotic cell states suggests broader applications in
chronic degenerative and inflammatory diseases.”>*"**° Consis-
tent with this potential, the clinical-grade uPAR binders
described here support multiple therapeutic and diagnostic for-
mats, including CAR T cells, antibody-drug conjugates, and PET
imaging. Together, these findings define uPAR as a biologically
grounded and clinically tractable entry point for therapies de-
signed to eliminate pathological cell states their supportive
niches, with implications that extend from solid tumors to a spec-
trum of fibrosis- and senescence-driven diseases.

Limitations of the study

Our human tissue and spatial analyses have several limitations.
Tumor-cell quantification relied on the epithelial marker
PanCK, which may underestimate tumor burden in cells under-
going a full EMT, and multiplex IF provides threshold-based clas-
sifications rather than absolute quantification of uPAR positivity,
and the calculation of ~15% of tumors harboring high and rela-
tively uniform uPAR expression is biased by the number and
types of tumors analyzed. In addition, data linking uPAR-high tu-
mors to genomic and transcriptional features were based on
PLAUR mRNA expression and not tumor-specific protein
expression. Spatial transcriptomics was limited to a single sec-
tion per case, though high probe density enabled robust map-
ping of organized cell states and integration with scRNA-seq
data across many patients. This was further complemented by
a ~350-sample 20+-plex hyperplex IF cohort that identified
recurrent spatial patterns across five cancer subtypes. Finally,
senescence was inferred from published or in-house generated
gene-expression signatures and markers such as p16. Accord-
ingly, we refer to these populations as occupying a “senes-
cent-like state” to acknowledge the incomplete definition of
senescence in vivo.

Our preclinical studies combined syngeneic, cell line xeno-
graft, PDX, and PDO models. These systems were used to
demonstrate efficacy, safety, and dual targeting of uPAR-high
tumor cells and their pro-fibrotic stroma but do not fully recapit-
ulate the desmoplastic architecture or immune complexity of
advanced human tumors. Species-specific UPAR scFvs enabled
selective targeting of tumor and stromal cells but introduced
cross-species differences in stromal cells and cell-cell signaling
potential that undoubtedly differ from advanced human tumors.
Future work incorporating multicellular ex vivo models or tumor
slides may address this gap. While human-specific ELISA data
from xenograft models indicate that circulating suPAR can
derive from tumor cells, suPAR levels in cancer patients will
include signals from chronic inflammation and fibrosis, limiting
specificity, although pairing with uPAR PET imaging may
improve interpretability. Our toxicity assessment is constrained
by the lack of cross reactivity of human scFvs with murine
UPAR, necessitating complementary studies using murine
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UPAR CAR T cells in syngenetic mouse models or human
uPAR CAR T cells in mice with a humanized immune system
that can only undergo short-term evaluation. Therefore, delayed
toxicities cannot yet be excluded. The mechanisms underlying
preservation of the myeloid compartment warrant further study.
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Antibodies

Rabbit monoclonal MSLN Alexa Fluor® 594 Abcam Cat# ab311842; RRID: AB_2923526
(SP74)

Rabbit monoclonal aSMA Alexa Fluor® 488 Cell Signaling CST Cat #34105; RRID: AB_2734735
(D4K9N)

Rabbit monoclonal CC3 Alexa Fluor® 750 Cell Signaling CST Cat# 97774; RRID: AB_3720264
(D3EY9)

Rabbit monoclonal CD11B Alexa Fluor® 647 Cell Signaling CST Cat# 79750; RRID: AB_3720244
(DBX1N)

Rabbit monoclonal CD11C Alexa Fluor® 555 Cell Signaling CST Cat# 77882; RRID: AB_3331656
(D3V1E)

Rabbit monoclonal CD163 Alexa Fluor® 488 Cell Signaling CST Cat# 71411; RRID: AB_3720265
(DBU1Y)

Rabbit monoclonal CD163 Alexa Fluor® 647 Cell Signaling CST Cat# 39093; RRID: AB_3720266
(DBU1J)

Rabbit monoclonal CD20 Alexa Fluor® 555 Cell Signaling CST Cat# 81546; RRID: AB_3720267
(E7B7T)

Mouse monoclonal CD31 Alexa Fluor® 488 Cell Signaling CST Cat# 42777; RRID: AB_3720268
(89C2)

Mouse monoclonal CD31 Alexa Fluor® 555 Cell Signaling CST Cat# 61255; RRID: AB_3662787
(89C2)

Rabbit monoclonal CD3€ Alexa Fluor® 555 Cell Signaling CST Cat# 57869; RRID: AB_3668891
(D7ABE)

Rabbit monoclonal CD4 Alexa Fluor® 647
(EPR6855)

Rabbit monoclonal CD45 Alexa Fluor®
647(D9M8I)

Rabbit monoclonal CD68 Alexa Fluor® 555
(D4B9C)

Rabbit monoclonal CD8A Alexa Fluor® 555
(D8A8Y)

Rabbit monoclonal FAP Unconjugated
(EPR20021)

Mouse monoclonal FOXP3 Unconjugated
(236A/E7)

Rabbit monoclonal GZMB Alexa Fluor® 555
(DBEQW)

Mouse monoclonal HLA-DR (MHCII) Alexa
Fluor® 488 (TAL 1B5)

Rabbit monoclonal Ki67 Alexa Fluor® 555 (B56)

Mouse monoclonal PanCK Alexa Fluor® 488
(ae1/ael)

Mouse monoclonal PanCK Alexa Fluor® 750
(ae1/ael)

Goat polyclonal Human uPAR Unconjugated

Rat monoclonal Vimentin Alexa Fluor® 750
(280618)

Goat polyclonal Mouse uPAR Unconjugated

Abcam

Cell Signaling CST

Cell Signaling CST

Cell Signaling CST

Abcam

Invitrogen

Cell Signaling CST

Abcam

BD Pharmingen
Thermofisher

Novus Biologicals

R&D Systems
R&D Systems

R&D Systems

Cat# ab196147; RRID: AB_2923526
Cat# #19744; RRID: AB_3720269
Cat# 23308; RRID: AB_2922446
Cat# 77909; RRID: AB_3720270
Cat# ab271976; RRID: AB_3676372
Cat# 14-4777-82; RRID: AB_467556
Cat# 29268; RRID: AB_3720271
Cat# ab309369; RRID: AB_3720257

Cat# 558617; RRID: AB_647108
Cat# 53-9003-80; RRID: AB_1834351

Cat# NBP2-3320AF750; RRID: AB_2868569

Cat# AF807; RRID: AB_355618
Cat# IC2105S; RRID: AB_3654986

Cat# AF534; RRID: AB_2165351
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Rabbit monoclonal Myc-Tag (71D10)
Rabbit monoclonal GZMB, Unconjugated
(DBESW)

Rabbit monoclonal CD45, Unconjugated
(2B11+PD7/26)

Rabbit monoclonal CD3, Unconjugated (MRQ-
39)

Rabbit monoclonal xSMA, Unconjugated
(D4K9N)

Mouse monoclonal P53 Alexa Fluor® 594
(DO-1)

Mouse monoclonal P53 Alexa Fluor® 647
(DO-7)

Rabbit monoclonal ARG1 Alexa Fluor® 555
(D4E3M)

Rabbit monoclonal CDKN2A/P16INK4a Alexa
Fluor® 647 (EPR1473)

Rabbit monoclonal Cytokeratin 17 Alexa
Fluor® 488 (EP1623)

Rabbit monoclonal MPO Alexa Fluor® 488
(E1E71)

Donkey anti-Rabbit IgG (H+L) Highly Cross-
Adsorbed Secondary Antibody, Alexa Fluor™
488

Donkey anti-Mouse IgG (H+L) Highly Cross-
Adsorbed Secondary Antibody, Alexa Fluor™
488

Donkey anti-Rabbit IgG (H+L) Highly Cross-
Adsorbed Secondary Antibody, Alexa Fluor™
594

Donkey anti-Mouse IgG (H+L) Highly Cross-
Adsorbed Secondary Antibody, Alexa Fluor™
594

Donkey anti-Goat IgG (H+L) Cross-Adsorbed
Secondary Antibody, Alexa Fluor™ 594

Goat anti-Rat IgG (H+L) Cross-Adsorbed
Secondary Antibody, Alexa Fluor™ 594

Donkey anti-Goat IgG (H+L) Cross-Adsorbed
Secondary Antibody, Alexa Fluor™ 555

Donkey anti-Rabbit IgG (H+L) Highly Cross-
Adsorbed Secondary Antibody, Alexa Fluor™
Plus 647

Donkey anti-mouse Alexa Fluor® 750
Mouse monoclonal Hu HLA-DR BUV395 (L203)

Mouse monoclonal anti-human CD4 BUV395
(SK3)

Mouse monoclonal Hu CD45RO BUV496
(UCHL1)

Mouse monoclonal Hu CD19 BUV563 (SJ25C1)
Mouse monoclonal Hu CD44 BUV563 (G44-26)
Mouse monoclonal Hu CD3 BUV615 (UCHT1)
Mouse monoclonal Hu CD4 BUV737 (L200)

Mouse monoclonal Hu CD279 BUV737
(EH12.1)
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Cell Signaling CST
Cell Signaling CST

Agilent Technologies

LSBio

Cell Signaling CST

Novus Biologicals

SantaCruz

Cell Signaling CST

Abcam

Abcam

Cell Signaling CST

Invitrogen

Invitrogen

Invitrogen

Invitrogen

Invitrogen

Invitrogen

Invitrogen

Invitrogen

Abcam

BD Biosciences
BD Biosciences

BD Biosciences

BD Biosciences
BD Biosciences
BD Biosciences
BD Biosciences
BD Biosciences

Cat# #2278; RRID: AB_490778

Cat# #46890; RRID:

AB_2799313

Cat# M0701; RRID: AB_2314143

Cat# C202826; RRID: AB_3720273

Cat# #19245; RRID:

AB_2734735

Cat# NBP2-50538AF594; RRID: AB_3328659

Cat# sc-47698 AF647; RRID: AB_3106885

Cat# 35298; RRID: AB_3720274

Cat# ab192054; RRID: AB_2889194

Cat# ab185032; RRID: AB_2889195

Cat# 49422; RRID: AB_3720281

Cat# A21206; RRID:

Cat# A21202; RRID:

Cat# A21207; RRID:

Cat# A21203; RRID:

Cat# A11058; RRID:

Cat# A11007; RRID:

Cat# A21432; RRID:

Cat# A32795; RRID:

AB_2535792

AB_141607

AB_141637

AB_2535789

AB_2534105

AB_10561522

AB_2535853

AB_2866496

Cat# ab175738; RRID: AB_3720223

Cat# 752492; RRID:
Cat# 563552; RRID:

Cat# 749888; RRID:

Cat# 612916; RRID:
Cat# 741373; RRID:
Cat# 612992; RRID:
Cat# 749213; RRID:
Cat# 612791; RRID:

AB_2917485
AB_2738275

AB_2874128

AB_2870201
AB_2870872
AB_2870263
AB_2873591
AB_2870118
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Mouse monoclonal Hu CD69 BUV805 (FN50)

Mouse monoclonal Hu CD110 BV421
(S16017A)

Mouse monoclonal Hu CD62L BV421 (DREG-
56)

Mouse monoclonal Hu CD8 Pacific Blue (SK1)
Mouse monoclonal Hu CD45RA BV480 (HI100)
Mouse monoclonal Hu hCD45 PacO (HI30)

Mouse monoclonal Hu CD16 SuperBright 600
(CB16)

Mouse monoclonal Hu CD366 (TIM3) BV605
(F38-E2E)

Mouse monoclonal Hu CD38 BV650 (HB-7)
Mouse monoclonal Hu CD71 BV711 (M-A712)
Mouse monoclonal Hu CD3 BV750 (SK7)
Mouse monoclonal Hu CD123 BV785 (6H6)
Mouse monoclonal Hu CCR7 BV785 (G043H7)
Mouse monoclonal Hu uPAR PE (VIM5)
Mouse monoclonal Hu LNGFR PE (C40-1457)

Mouse monoclonal Hu CD90 PE/Dazzle 594
(5E10)

Mouse monoclonal Hu CD41a PE-Cy5 (HIP8)
Mouse monoclonal Hu CD33 PE-Cy7 (P67.6)
Mouse monoclonal Hu CD45RA FITC (HI100)

Mouse monoclonal Hu CD14 SparkBlue 550
(63D3)

Mouse monoclonal Hu CD3 PerCP (UCHT1)

Mouse monoclonal Hu CD11c PerCP-Cy5.5
(Bu1b)

Mouse monoclonal Hu CD223(LAG3) PerCP-
eFluor710 (3DS223H)

Mose monoclonal Hu LNGFR APC (ME20.4)
Mouse monoclonal Hu CD25 APC (BC96)
Mouse monoclonal Hu CD45 APC (2D1)
Mouse monoclonal Hu CD34 R718 (581)

Rat monoclonal Ms CD45 APC-F750 (30-F11)
Mouse monoclonal Hu CD8 APC-Cy7 (SK1)
Mouse monoclonal Hu CD14 APC/Cy7 (63D3)
Mouse monoclonal Hu CD206 BV711 (15-2)
Mouse monoclonal Hu CD31 BV785 (WM59)
Mouse monoclonal Hu CD14 V450 (M@P9)
Mouse monoclonal Hu CD3 BV510 (OKT3)
Mouse monoclonal Hu CD19 BV510 (SJ25C1)

Mouse monoclonal Hu CD56 BV510
(NCAM16.2)

Mouse monoclonal Hu CD15 BV510 (W6D3)
Rat monoclonal Ms Ter119 PE/Cy5 (TER-119)
anti-mouse CD45R/B220 PE/Cy5 (RA3-6B2)
Mouse monoclonal Ms NK1.1 PE/Cy5 (PK136)

BD Biosciences
Biolegend

BD Biosciences

Biolegend
BD Biosciences
Invitrogen
Invitrogen

Biolegend

Biolegend

BD Biosciences
BD Bioscience
Biolegend
Biolegend
Biolegend

BD Biosciences
Biolegend

Biolegend
Biolegend
eBiosciences
Biolegend

Agilent Technologies
Biolegend

Invitrogen

Biolegend
Invitrogen
Invitrogen
BD Biosciences
Biolegend
BD Biosciences
Biolegend
Biolegend
Biolegend
BD Biosciences
Biolegend
BD Biosciences
BD Biosciences

Biolegend
Biolegend
Biolegend
Biolegend

Cat# 748763; RRID: AB_2857327
Cat# 393812; RRID: AB_2750511

Cat# 563862; RRID: AB_2738455

Cat# 344718; RRID: AB_10551438
Cat# 566114; RRID: AB_2739516

Cat# MHCDA4530; RRID: AB_10376143
Cat# 63-0168-42; RRID: AB_2662479

Cat# 345017; RRID: AB_2562194

Cat# 356620; RRID: AB_2566233
Cat# 5633767; RRID: AB_2738413
Cat# 747058; RRID: AB_2871816
Cat# 306032; RRID: AB_2566448
Cat# 353229; RRID: AB_2561371
Cat# 336906; RRID: AB_2165468
Cat# 557196; RRID: AB_3396599
Cat# 328134; RRID: AB_2566343

Cat# 303708; RRID: AB_314378

Cat# 366618; RRID: AB_2566420
Cat# 11-0458-42; RRID: AB_11219672
Cat# 367148; RRID: AB_2832724

Cat# PR70201-1; RRID: AB_3722754
Cat# 337210; RRID: AB_1279069

Cat# 46-2239-42; RRID: AB_2573732

Cat# 345108; RRID: AB_10645515
Cat# 17-0259-42; RRID: AB_1582219
Cat# 17-9459-42; RRID: AB_10718532
Cat# 566973; RRID: AB_2869980
Cat# 103154; RRID: AB_2572116
Cat# 557834; RRID: AB_396892

Cat# 367107; RRID: AB_2566709
Cat# 321136; RRID: AB_2687200
Cat# 303148; RRID: AB_2860782
Cat# 560349; RRID: AB_1645559
Cat# 317332; RRID: AB_2561943
Cat# 562953; RRID: AB_2737914
Cat# 563041; RRID: AB_2732786

Cat# 323028; RRID: AB_2563400
Cat# 116209; RRID: AB_313710
Cat# 103210; RRID: AB_312995
Cat# 108716; RRID: AB_493590
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Armenian hamster monoclonal Ms CD3 PE/Cy5 Biolegend Cat# 100309; RRID: AB_312674
(145-2C11)

Rat monoclonal Ms CD8 Pacific Blue (53-6.7) Biolegend Cat# 100725; RRID: AB_493425
Rat monoclonal Ms CD3 BV650 (17A2) Biolegend Cat# 100229; RRID: AB_11204249
Mouse monoclonal Ms CD45.1 APC/Cy7 (A20) Biolegend Cat# 110716; RRID: AB_313505
Rat monoclonal Ms Ly6G BV605 (1A8) BD Biosciences Cat# 563005; RRID: AB_2737946
Rat monoclonal Ms Ly6C BV711 (HK1.4) Biolegend Cat# 128037; RRID: AB_2562630
Mouse monoclonal Hu EPCAM APC (9C4) Biolegend Cat# 324207; RRID: AB_756081
Rat monoclonal Hu CD11b BV785 (M1/70) Biolegend Cat# 101243; RRID: AB_2561373
Armenian hamster monoclonal Ms CD11c PE/ Invitrogen Cat# 35-0114-82; RRID: AB_469709
Cy5 (N418)

Rat monoclonal Ms c-Kit BV605 (ACK2) Biolegend Cat# 135125; RRID: AB_2562446
Rat monoclonal Ms CD16/32 BV510 (93) Biolegend Cat# 101333; RRID: AB_2563692

Rat monoclonal Ms CD34 FITC (RAM34)

Rat monoclonal Ms Ly-6A/E (Sca1) PE/Cy7 (D7)
Rat monoclonal Ms CD3 BV496 (17A2)

Rat monoclonal Ms CD45 BUV563 (30-F11)
Rat monoclonal Ms Ly6G PerCP/Cy5.5 (1A8)
Mouse monoclonal Hu CD19 BUV805 (HIB19)

Mouse monoclonal Hs CD15 BUV496
(7C3.rMAb)

Rat monoclonal MsCD115 (CSF-1R) PE
(AFS98)

Mouse monoclonal Hu HLA-DR PE/Cy7
(G46-6)

Rat monoclonal Ms/Hu CD11b AF700 (M1/70)
Human monoclonal uPAR antibody

Human monoclonal human GPNMB AF350

Rat monoclonal Ms CD184 (CXCR4) APC
(2B11)

Rat monoclonal Hu PDPN FITC (NC-08)

Mouse monoclonal Hu CD140a (PDGFRw)
BV605 (16A1)

anti-human PDGFRb AF750

Rat monoclonal Ms uPAR AF700 (109801)
Goat polyclonal Ms uPAR PE

Mouse monoclonal Ms uPAR PE (109801)

BD Biosciences
Biolegend

BD Biosciences
BD Biosciences
Tonbo Bioscience
BD Biosciences
BD Biosciences

Biolegend

BD Biosciences

Biolegend
Genescript
MedChemExpress
Invitrogen

Biolegend
BD Biosciences

R&D Systems
R&D Systems
Novus

R&D Systems

Cat# 560238; RRID: AB_1645242

Cat# 108114; RRID: AB_493596

Cat# 741117; RRID: AB_2870707

Cat# 612924; RRID: AB_2870209

Cat# 65-1276-U100; RRID: AB_2621899
Cat# 568331; RRID: AB_3684187

Cat# 568916; RRID: AB_3684631

Cat# 135506; RRID: AB_1937253

Cat# 560651; RRID: AB_1727528

Cat# 101222; RRID: AB_493705
Produced from GeneScript

Cat# HY-P99205; RRID: AB_3695023
Cat# 17-9991-80; RRID: AB_10670877

Cat# 337026; RRID: AB_2750286
Cat# 752899; RRID: AB_2917854

Cat# FAB1236S; RRID: AB_3646214
Cat# FAB531N; RRID: AB_3650910
Cat# AF534P RRID: AB_2165351
Cat# FAB531P; RRID: AB_10640498

Bacterial and virus strains

NEB stable competent cells New England BioLabs Cati# C3040I
Biological samples
Human colorectal cancer TMA TissueArray C0O2001a
Human Breast cancer TMA TissueArray BR931
Human multi organ cancer TMA TissueArray BCO000119b
Human prostate cancer TMA TissueArray PR633a
Human brain tumor TMA TissueArray GL803d
Others human cancer TMA Memorial Sloan Kettering N/A

Cancer Center
Chemicals, peptides, and recombinant proteins
Annexin V Binding Buffer 5X Concentrate Invitrogen Cat# V13246
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7-AAD Viability Staining Solution Biolegend Cat# 420404
CountBright Absolute Counting Beads Invitrogen Cat# C36950
UltraComp Beads Plus Compensation Beads Invitrogen Cat# 01-3333-42
Brilliant Stain Buffer BD Biosciences Cat# 566349
Human BD Fc Block BD Biosciences Cat# 564220
Mouse BD Fc Block BD Biosciences Cat# 553142
QuantiBRITE PE Phycoerythrin Fluorescence BD Biosciences Cat# 340495

Quantification Kit

Vector TrueVIEW Autofluorescence Quenching
Kit

One Shot™ StbI3™ Chemically Competent

E. coli

S.0.C Media

ProLong Gold antifade reagent

TheraPEAK® X-VIVO® 15 Serum-free
Hematopoietic Cell Medium

Normal Human Serum

Neon Transfection System 10 pL Kit

Neon NxT Electroporation System

Alt-R™ Cas9 Electroporation Enhancer, 2 nmol
Hydrogen peroxide solution 30% (w/w) in H,O
Ethanol absolute

Antigen Unmasking Solution, Tris-Based
Antigen Unmasking Solution, Citric Acid Based
Glycerol

Bovine Serum Albumin

Alexa Fluor™ 750 NHS Ester (Succinimidyl
Ester)

LIVE/DEAD™ Fixable Aqua Dead Cell Stain Kit,
for 405 nm excitation

Collagenase Type 1

TagMan Reverse Transcription Reagents
SYBR Green Universal Master Mix
Permount Mounting Media

Vector Laboratories

New England BioLabs

Invitrogen
Invitrogen
Lonza

GeminiBio

Thermo Fisher Scientific
Thermo Fisher Scientific
Integrated DNA Technologies
Sigma-Aldrich

Fisher Scientific

Vector Laboratories
Vector Laboratories
Thermo Fisher Scientific
GeminiBio

Thermo Fisher Scientific

Thermo Fisher Scientific

Worthington Biochemical Corporation
Applied Biosystems

Applied Biosystems

Fisher Scientific

Cat# SP-8400-15

Cat# C737303

Cat# 46-0821
Cat# P36930
Cat# BEBP02-061Q

Cat# 100-110-100
Cat# N1096

Cat# NEON18S
Cat# 1075915
Cat# H1009

Cat# 04-355-223
Cat# H3301-250
Cat# H-3300-250
Cat# AC327255000
Cat# 700-100P
Cat# A20111

Cat# L34957

Cat# LS004197
Cat# N8080234
Cat# 4309155

Cat# SP15-100

Picric acid Sigma-Aldrich Cat# 197378-100G
Fast Green FCF Sigma-Aldrich Cat# F7252-5G
Direct Red 80 Sigma-Aldrich Cat# 365548-5G
Critical commercial assays

DuoSet ELISA Ancillary Reagent Kit 2 R&D Systems Cat# DY008B

Human uPAR DuoSet ELISA

EasySep™ Release Human CD3 Positive
Selection Kit

CTS™ (Cell Therapy Systems) Dynabeads™
CD3/CD28

Pan T Cell Isolation Kit Il, mouse
Pan T Cell Isolation Kit, human

Dynabeads™ Mouse T-Activator CD3/CD28
for T-Cell Expansion and Activation

EasySep Human Monocyte Enrichment Kit
without CD16 Depletion

EasySep Human Monocyte Isolation Kit

R&D Systems
Stemcell Technologies

Gibco

Miltenyi Biotec
Miltenyi Biotec
Gibco

StemCell Technologies

StemCell Technologies

Cat# DY807
Cat# 17751

Cat# 40203D

Cat# 130-096-130
Cat# 130-095-535
Cat# 11452D

Cat# 19058

Cat# 19359
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CliniMACS CD34 GMP Microbeads Miltenyi Biotec Cat# 170-076-711
STEMSpan SFEM Il Stem Cell Technologies Cat# 9605
RNeasy Mini Kit Qiagen Cat# 74104
Remove-iT PNGase F New England BioLabs Cat# P0706S
Chitin Magnetic Beads New England BioLabs Cat# E8036
Cytofix/Cytoperm Fixation/Permeabilization BD Bioscience Cat# 554714

Solution Kit

Intracellular Fixation and Permeabilization eBioscience Cat# 88-8824-00

Buffer Set Kit

Deposited data

10x Xenium dataset This study GEO: GSE293800, token number:

TCGA RNA-seq, clinical, and mutational data

RNAseq of matched pre and post
chemotherapy HGSOC

RNA-seq data of etoposide- and alisertib-
induced senescent cells

RNAseq of cisplatin treated MPB1 ovarian
cancer cell

scRNAseq HGSOC (MSK SPECTRUM cohort)
scRNAseq CRC (HTAN MSK cohort)
scRNAseq of NSCLC pre and post therapy

The Cancer Genome Atlas (TCGA)

Javellana et al.®"

Jochems et al.”®
Paffenholz et al.®
Vazquez-Garcia et al.®’

Moorman et al.””

Maynard et al.”®

ghergoqaljifnox
https://portal.gdc.cancer.gov/
N/A

https://www.ebi.ac.uk/arrayexpress %20
Accession: %20E-MTAB-9970

GEO: GSE317451

GEO: GSE180661
dbGaP Study Accession: phs002371.v6.p1
PRJNA591860

scRNAseq of LUAD Xiang et al.*>® GSE253013

scRNAseq of PDAC Steele et al.*® GSE155698

scRNAseq of liver cancer Xue et al.*® PRJCAQ07744

Experimental models: Cell lines

Human: U87-MG ATCC Cat# HTB-14; RRID:CVCL_0022
Human: SW480 ATCC Cat# CCL-228; RRID:CVCL_0546
Human: SW620 ATCC Cat# CCL-22; RRID:CVCL_0547

Human: CaCo2
Human: HCT116
Human: LoVo
Human: DLD1
Human: PC3
Human: DU145
Human: VCaP
Human: 22Rv1
Human: CWR22PC

Human: LNCaP
Human: MCF-7
Human: MDA-MB-231
Human: MDA-MB-468
Human: MDA-MB-453
Human: MDA-MB-436
Human: CAMA1
Human: 769-P
Human: 786-O
Human: A498

Human: Hela
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Karuna Ganesh (MSKCC)
Karuna Ganesh (MSKCC)
ATCC

ATCC

Charles Sawyers (MSKCC)
Charles Sawyers (MSKCC)
Charles Sawyers (MSKCC)
Charles Sawyers (MSKCC)

Ayush Dagvadoriji (Kimmel
Cancer Center)

Charles Sawyers (MSKCC)
Sarat Chandarlapaty (MSKCC)
ATCC

Sarat Chandarlapaty (MSKCC)
Sarat Chandarlapaty (MSKCC)
Sarat Chandarlapaty (MSKCC)
Sarat Chandarlapaty (MSKCC)
A. Ari Hakimi (MSKCC)

A. Ari Hakimi (MSKCC)

A. Ari Hakimi (MSKCC)

Xuejun Jiang (MSKCCQC)

N/A
N/A
Cat# CCL-229; RRID:CVCL_0399
Cat# CCL-221; RRID:CVCL_0248
N/A
N/A
N/A
N/A
N/A

N/A

N/A

Cat# HTB-26; RRID: CVCL_0062
Cat# HTB-132; RRID: CVCL_0419
Cat# HTB-131; RRID: CVCL_0418
Cat# HTB-130; RRID: CVCL_0623
Cat# HTB-21; RRID: CVCL_1115
N/A

N/A

N/A

N/A

(Continued on next page)
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Continued

REAGENT OR RESOURCE SOURCE IDENTIFIER

Human: JHRCC62A A. Ari Hakimi (MSKCC) N/A

Human: JHRCC228 A. Ari Hakimi (MSKCC) N/A

Human: JHRCC611m1 A. Ari Hakimi (MSKCC) N/A

Human: JHRCC12 A. Ari Hakimi (MSKCC) N/A

Human: U20S Xuejun Jiang (MSKCC) N/A

Human: BT474 Sarat Chandarlapaty (MSKCC) N/A

Human: SKBR3 Sarat Chandarlapaty (MSKCC) N/A

Human: BT549 Sarat Chandarlapaty (MSKCC) N/A

Human: T47D Sarat Chandarlapaty (MSKCC) N/A

Human: PANC1 ATCC Cat# CRL-1469; RRID: CVCL_0480
Human: MIAPACA2 ATCC Cat# CRL-1420; RRID: CVCL_ 0428
Human: AsPC1 ATCC Cat# CRL-1682; RRID: CVCL_0152
Human: HPAC ATCC Cat# CRL-2119; RRID: CVCL_3517
Human: BxPC3 ATCC Cat# CRL-1687; RRID: CVCL_0186
Human: HPAF-II ATCC Cat# CRL-1997; RRID: CVCL_0313
Human: SU86.86 ATCC Cat# CRL-1827; RRID: CVCL_1555
Human: NCI-H28 Charles Rudin (MSKCC) N/A

Human: NCI-H2452 Charles Rudin (MSKCC) N/A

Human: MSTO-211H ATCC Cat# CRL-2081; RRID: CVCL_1430
Human: NCI-H526 Charles Sawyers (MSKCC) N/A

Human: NCI-H1650 Maria Skamagki (MSKCC) N/A

Human: NCI-H460 Maria Skamagki (MSKCC) N/A

Human: NCI-H1703 Maria Skamagki (MSKCC) N/A

Human: NCI-H2030 Maria Skamagki (MSKCC) N/A

Human: NCI-H2286 ATCC Cat# CRL-5938; RRID: CVCL_1545
Human: A549 ATCC Cat# CCL-185; RRID: CVCL_0023
Human: PC9 Junhong Choi (MSKCC) N/A

Human: Tyk-nu Juan R. Cubillos-Ruiz (Cornell) N/A

Human: PA-1 ATCC Cat# CRL-1572; RRID: CVCL_0479
Human: ES-2 ATCC Cat# CRL-1978; RRID: CVCL_3509
Human: COV644 Sigma-Aldrich Cat# 07071908; RRID: CVCL_2425
Human: OVCAR4 Jason Lewis (MSKCC) N/A

Human: OVCAR5 Jason Lewis (MSKCC) N/A

Human: OVCAR8 Jason Lewis (MSKCC) N/A

Human: OV90 ATCC Cat# CRL-3585; RRID: CVCL_3768
Human: Caov-4 ATCC Cat# HTB-76; RRID: CVCL_0202
Human: HEY-T30 ATCC Cat# CRL-3252; RRID: CVCL_2796
Human: MES-OV ATCC Cat# CRL-3272; RRID: CVCL_CZ92
Human: UWB1.289 ATCC Cat# CRL-2945; RRID: CVCL_B078
Human: SKOV3 ATCC Cat# HTB-77; RRID: CVCL_1345
Human: Kuramochi Juan R. Cubillos-Ruiz (Cornell) N/A

Human: 8000S George Li (MSKCC) N/A

Human: 4746 George Li (MSKCC) N/A

Human: DDLS8817 George Li (MSKCC) N/A

Human: VOA6406 Mark Carey (UBC) N/A

Human: VOA4627 Mark Carey (UBC) N/A

Human: VOA7681 Mark Carey (UBC) N/A

Human: BEAS-2B ATCC Cat# CRL-3588; RRID: CVCL_0168
Human: MCF-10A ATCC Cat# CRL-10317; RRID: CVCL_0598

(Continued on next page)
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Continued

REAGENT OR RESOURCE SOURCE IDENTIFIER

Human: HEK293T ATCC Cat# CRL-3216; RRID: CVCL_0063
Mouse: Kras®'2P/+Trp53R172H/+ (Kp) Tyler Jacks (MIT) N/A

Mouse: MYC;Trp537;Brcal” (MPB1) Stella Paffenholz (MSKCC) N/A

Mouse: MYC;Trp537 (MP) Stella Paffenholz (MSKCC) N/A

Experimental models: Organoids

Human CRC Organoid 136p Karuna Ganesh (MSKCC) N/A

Human MOC Organoid (ChanSMQOV) Elisa de Stanchina (MSKCC) N/A

Experimental models: Organisms/strains

Mouse: C57BL/6N Charles River Laboratories Stock# 027

Mouse: NOD.Cg-KitW-41JTyr+ Prkdcscid Jackson Laboratories Stock# 026622
112rgtm1Wijl/ThomdJ (NBSGW)

Mouse: Crl:NU(NCr)-Foxn1nu Charles River Laboratories Stock# 490

Mouse: NOD-scid IL2Rgnull (NSG) Jackson Laboratories Stock# 005557
Oligonucleotides

Mm.Cas9.PLAUR.1.AA (mouse) IDT ACACTCGAGGTAACGGCCCT
Mm.Cas9.PLAUR.1.AB (mouse) IDT AGGACCATGAGTTACCGCAT
Hs.Cas9.PLAUR.1.AA (human) IDT GACCACGATCGTGCGCTTGT
Hs.Cas9.PLAUR.1.AB (human) IDT GCATTCGAGGTAACGGCTTC
sgTRAC (human) Eyquem et al.®” CAGGGTTCTGGATATCTGT
Rplp0_Fwd (mouse) PrimerBank (MGH) GGTGGAACGTCGTCTTCGT
Rplp0_Rev (mouse) PrimerBank (MGH) TCGTGGTGATACCCAAAACCT
Cdkn1a(p21)_Fwd (mouse) PrimerBank (MGH) CCTGGTGATGTCCGACCTG
Cdkn1a(p21)_Rev (mouse) PrimerBank (MGH) CCATGAGCGCATCGCAATC
Plaur_Fwd (mouse) PrimerBank (MGH) CAGAGCTTTCCACCGAATGG
Plaur_Rev (mouse) PrimerBank (MGH) GTCCCCGGCAGTTGATGAG
RPLPO_Fwd (human) PrimerBank (MGH) AGCCCAGAACACTGGTCTC
RPLPO_Rev (human) PrimerBank (MGH) ACTCAGGATTTCAATGGTGCC
PLAUR_Fwd (human) PrimerBank (MGH) TGTAAGACCAACGGGGATTGC
PLAUR_Rev (human) PrimerBank (MGH) AGCCAGTCCGATAGCTCAGG
CDKN1A(p21) Fwd (human) PrimerBank (MGH) TGTCCGTCAGAACCCATGC
CDKN1A(p21) Rev (human) PrimerBank (MGH) AAAGTCGAAGTTCCATCGCTC
CDKN2A(p16) Fwd (human) PrimerBank (MGH) ATGGAGCCTTCGGCTGACT
CDKN2A(p16) Rev (human) PrimerBank (MGH) GTAACTATTCGGTGCGTTGGG

IL1B_Fwd (human)
IL1B_Rev (human)
IL6_Fwd (human)

PrimerBank (MGH)

PrimerBank (MGH)

PrimerBank (MGH)
(

CCACAGACCTTCCAGGAGAATG
GTGCAGTTCAGTGATCGTACAGG
AGACAGCCACTCACCTCTTCAG

IL6_Rev (human) PrimerBank (MGH) TTCTGCCAGTGCCTCTTTGCTG
Recombinant DNA

pSFG-uPAR(A1)-h.28z-P2A-LNGFR This paper N/A
PSFG-uPAR(T1)-h.28z-P2A-LNGFR This paper N/A
pSFG-CD19-h.28z-P2A-LNGFR Haubner et al.>® N/A
pSFG-uPAR(A1)-h.28z.1xx-P2A-LNGFR This paper N/A
pPSFG-uPAR(T1)-h.28z.1xx-P2A-LNGFR This paper N/A
pSFG-CD19-h.28z.1xx-P2A-LNGFR Feucht et al.*° N/A

pSFG-uPAR-m.28z-MycTag Amor, Feucht, Leiboldet al.”® N/A

Software and algorithms

Adobe lllustrator
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REAGENT OR RESOURCE SOURCE IDENTIFIER

GraphPad Prism v10 GraphPad Software https://www.graphpad.com/

CaseViewer 3dHistech https://www.3dhistech.com/news/
caseviewer-becomes-slideviewer/

Flow Jo BD Life Sciences https://www.flowjo.com/

Mx Workflow Leica Microsystems https://www.leica-microsystems.com/

Cell Dive Acquisition

Leica Microsystems

products/light-microscopes/p/cell-dive/

https://www.leica-microsystems.com/
products/light-microscopes/p/cell-dive/

HALO Indica labs https://indicalab.com/halo/

DESeq2 Love et al.” https://bioconductor.org/packages/release/
bioc/html/DESeqg2.html

Seurat Hao et al.?® https://github.com/satijalab/seurat

DoubletFinder McGinnis et al.® https://github.com/chris-mcginnis-ucsf/
DoubletFinder

STAR Dobin et al.®? https://github.com/alexdobin/STAR

featureCounts Liao et al.®® https://subread.sourceforge.net/

dplyr Wickham et al. https://dplyr.tidyverse.org/

Enrichr Chen et al. https://maayanlab.cloud/Enrichr/

GSEA Subramanian et al.*® https://www.gsea-msigdb.org/gsea/index.jsp

Xenium 10X Genomics https://www.10xgenomics.com

Xenogen Now Rewvity (IVIS Imaging) https://www.revvity.com/

ImageJ/FIJI ImageJ https://imagej.net

EXPERIMENTAL MODEL AND STUDY PARTICIPANT DETAILS

Cell lines and organoids

Cell lines were maintained in a humidified incubator at 37°C with 5% CO,. Human ovarian cancer Tyk-nu cell line (gift from Dr. Camilla
Salvagno), human lung cancer cell lines NCI-H1703, NCI-H2030 (gifts from Dr. Maria Skamagki), and NCI-H2286 (ATCC, Cat# CRL-
5938), and human pancreatic cancer cell lines AsPC1 (gift from Dr. Jason Lewis) and NALM®6 (gift from Dr. Michel Sadelain) were
cultured with RPMI-1640 with fetal bovine serum (FBS) (10%), PenStrep (1%), L-glutamine (1%), sodium pyruvate (1%) and
HEPES pH=7.6 (1%). Human ovarian epithelial-mucinous carcinoma cell line COV644 (Sigma-Aldrich Cat# 07071908), human
pancreatic cancer cell line MiaPaCa2 (ATCC, Cat# CRL-1420), mouse Kras®'2®*;Trp537 (KP) lung cancer cells (provided by Dr.
T. Jacks and expressing firefly luciferase-GFP [FFluc-GFP] as described”®) and mouse MYC®E;Trp537";Brcal™” (MPB1) ovarian can-
cer cells (generated by Dr. Stella Paffenholz®®) were cultured in DME-high glucose with the same supplements. MPB1 cells were
cultured on collagen |-coated plates (Fisher Scientific, Cat# 356450). Tyk-nu®P'®, cells were generated by lentiviral Human ovarian
cancer and CRC organoid were gifts from Dr. Elisa de Stanchina and Dr. Karuna Ganesh, respectively. All FBS was obtained from
GeminiBio (Foundation FBS, Cat# 900-108, lot#A122063). All cell lines and organoids (see key reagents table) were periodically
tested for mycoplasma (Lonza #LT07-318). All cells and organoids used in vivo experiments were engineered to express FFLuc-
GFP, allowing in vivo tracking of tumor burden via luciferase imaging (IVIS).

Mice

General description and housing

All mouse experiments were performed in accordance with protocol 11-06-018 and 04-03-009 approved by MSK’s Institutional An-
imal Care and Use Committee. All relevant animal use guidelines and ethical regulations were followed. Mice were maintained in
group housing under specific pathogen-free conditions, and food and water were provided ad libitum. Animals were housed on a
12 hr-12 hr light-dark cycle under standard temperature (around 18-24 °C) and humidity (around 40-60%). The following mice
were purchased from The Jackson Laboratory: NOD-scid IL2Rgnull (NSG), and NOD.Cg-KitW-41JTyr+ Prkdcscid ll2rgtm1Wijl/
Thomd (NBSGW, strain# 026622). C57BL/6N mice and athymic nude Crl:NU(NCr)-Foxn1™ mice were purchased from Charles River
Laboratories. For ovarian cancer experiments, female mice (8-12 weeks old) were used. For other cancer models, mice of both sexes
were used. Mice were 8-12 weeks of age at the time of experimentation, except for xenograft experiments (8-10 weeks) and T cell
isolation (6-10). Mice were randomly assigned to experimental groups after baseline tumor burden was quantified.
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Xenograft tumor models

NOD/SCID/IL-2Ry-null (NSG) mice were used at 8-12 weeks of age. In ovarian cancer models, FFLuc-GFP-expressing Tyk-nu cells
were injected: 5x10° cells per mouse were injected into the ovarian bursa for orthotopic models and 2x10° cells per mouse injected
intraperitoneally for metastatic models. In orthotopic lung cancer models, FFLuc-GFP-expressing cells (NCI-H1703, NCI-H2030, or
NCI-H2286; 2x10° cells per mouse) were administered via tail vein injection. In pancreatic cancer models, FFLuc-GFP-expressing
AsPCH1 cells were injected: 2x10° cells per mouse into the pancreas for orthotopic models and 2x108 per mouse into the subcutane-
ous space for subcutaneous models. Patient-derived Xenografts (PDX) were maintained and passaged in NSG mice. Patient-derived
Organoids (PDO) were maintained in 3D Matrigel as previously described’” and transplanted to NSG mice for anti-tumor studies. For
all solid tumor models, 1-2x108 untransduced T cells or an equivalent number of CAR-transduced T cells were administrated via intra-
peritoneal injection 2 weeks after tumor cells injection.

Syngeneic tumor models

C57BL/6N mice (Charles River) were used at 8-12 weeks of age. In orthotopic ovarian cancer models, 5x10° FFLuc-GFP-expressing
MPB1 cells per mouse were injected into the ovarian bursa. In metastatic ovarian cancer models, 2x10° FFLuc-GFP-expressing cells
per mouse were injected intraperitoneally. In orthotopic lung cancer models, 2x10° FFLuc-GFP-expressing KP cells per mouse were
administered via tail vein injection. One week later, 1x1 0% UTD or CAR-transduced T cells were administrated via intravenous
injection.

Monitoring of tumor burden and survival

Tumor burden was measured by bioluminescence imaging using the Xenogen IVIS Imaging System (Xenogen). Living Image software
(Xenogen) was used to analyze acquired bioluminescence data. Survival was monitored for a minimum of 150 days post T cell injec-
tion. Mice were euthanized when they showed clear clinical signs of distress or when reaching maximum tumor burden as defined by
hindlimb paralysis. There were no instances at which this maximum was exceeded. Subcutaneous tumors were monitored through
weekly caliper measurements.

Humanized HGSOC xenograft model

Humanized HGSOC-engrafted mice were used under a protocol (11-06-018) approved by the MSK Institutional Animal Care and Use
Committee, to evaluate the impact of in vivo activated CAR T cells on normal human hematopoietic cells. CAR T cells were generated
from cryopreserved T cells from the same donor where the hematopoietic stem and progenitor cells (HSPCs) were isolated in an
autologous setting, using the y-retroviral T cell transduction protocol as described above. Five days after HSPC thawing (day
-63), in vitro expanded HSPCs (5x10° per mouse) were injected via tail vein into female 4-week-old NBSGW mice. Seven weeks after
HSPC injection (day -14), FFLuc-GFP and ectopic h.CD19 expressing Tyk-nu®®'® HGSOC cells (1x10° per mouse) were injected
intraperitoneally. Nine weeks after HSPC injection (day 0), CAR T cells (h19-h.28z.1XX or h.uPAR-h.28z.1XX, 1x10° per mouse)
were injected via tail vein. Antitumor efficacy was monitored via bioluminescence imaging. On day 7, bone marrow aspirates from
untreated, h19-h.28z.1XX-treated, or h.uPAR-h.28z.1XX-treated mice were collected and analyzed via flow cytometry. Normal hu-
man hematopoietic cell populations were defined as follows: HSPCs (hCD45+CD3-CD19-CD14-CD16-CD34+); B cells
(hCD45+CD33-CD19+); granulocytes (hCD45+CD14-CD16+); monocytes (hCD45+CD14+CD16-), CAR T cells (hCD45+CD3+).

Patient samples

Human FFPE TMAs were obtained from TissueArray (#C02001a, #BR931, #BC000119b, #PR633a, #GL803d) and from tissues sam-
ples from patients who were enrolled at Memorial Sloan Kettering (MSK). For all MSK specimens used in this study, all enrolled pa-
tients gave consent to an institutional biospecimen banking protocol, and all analyses were performed according to a biospecimen
research protocol. All protocols were approved by the MSK institutional review board (IRB: #12-245. 14-091). Patients were asked for
consent following the IRB-approved standard operating procedures for informed consent. Written informed consent was obtained
from all patients before conducting any study-related procedures. Age and gender information are summarized in Tables S1A and
S1B. Tissue samples used for immunofluorescence analysis are summarized in Table STA.

METHOD DETAILS

CRISPR-Cas9 Gene Targeting
For ribonucleoprotein (RNP)-mediated CRISPR genome editing, Cas9 was incubated with sgRNA (IDT, see sequences below) for
20 min to form the RNP complex before nucleofection. The following components were used per reaction to generate an RNP com-
plex (sgRNA: 200 pmol, rCas9: 61 pmol, Enhancer: 100 pmol). Nucleofection was performed using a Neon Transfection System 10 pL
Kit (Thermo Fisher Scientific, Cat# N1096). Tumor cells (1x10) were washed with phosphate-buffered saline (PBS) and resuspended
in nucleofection buffer with RNP complexes and electroporation enhancer (IDT, Cat# 1075915, 1:1 molar ratio to cRNP) in a total
volume of 10 pL. The cell suspension was transferred to a nucleofection cuvette and nucleofected using Neon NxT Electroporation
System (Thermo Fisher Scientific, Cat# NEON18S). Immediately after nucleofection, cells were directly seeded into culture with com-
plete growth media. Editing outcome was analyzed by flow cytometry within a week.

For off-target hematotoxicity experiments, the TCRa subunit constant gene (TRAC) was disrupted in human T cells using RNP-
mediated CRISPR genome editing. 48h after initiating T cell activation (see generation of murine uPAR CAR T cells section, below),
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the CD3/CD28 beads were magnetically removed, and T cells were transfected by electrotransfer of TRAC RNP using a Lonza Amaxa
Nucleofector II. Then, 10x10° cells were resuspended in P3 buffer (Lonza) and mixed with 300 pmol TRAC in a total volume of 100 I,
respectively. Following electroporation and assuming 66.7% recovery rate, cells were diluted and incubated in culture medium at
1x10° cells/ml. At 12 to 24h post electroporation, T cells were transduced via CAR-expressing SFG-y-retroviral vector following
the transduction protocol as described for non-edited T cells. Subsequently, TRAC-edited and SFG y-retrovirally-transduced
T cells were cultured using T cell growth medium, replenished at least every two days and as needed to maintain a density of 1-
1.5x10° cells/ml.

sgRNA sequences against h.uPAR or m.uPAR were selected from IDT pre-designed tool and sequence was provided in the key
resources table. The sgRNA sequence against TRAC has been described and was provided in the key resources table.®® TRAC
gRNAs were ordered from Synthego with 2'-O-methyl 3'-phosphorothioate modifications in the first and last three nucleotides.”®
Guide RNA was resuspended with TE buffer at 40 pM. Cas9 protein (40 pM) was obtained from QB3-Berkeley Macrolab core facility.
TRAC RNP was prepared by mixing Cas9 protein and TRAC gRNA at 1:1 molar ratio, incubating at 37°C for 15 min, and immediately
using it for T cell editing experiments.

Normal HSPC collection and in vitro culture

Leukapheresis material from G-CSF-mobilized adult healthy donors (n=2; STEMCELL Technologies) was used to isolate CD34P°¢
cells via CliniMACS CD34 GMP MicroBeads (Miltenyi Biotec) and a CliniMACS device (Miltenyi Biotec). T cells from the CD34"°? frac-
tion were isolated using a Pan T Cell Isolation Kit (STEMCELL Technologies). Matched donor CD34P°* HSPCs and CD34"9 pan
T cells were separately cryopreserved in CryoStor CS10 freezing medium (Stemcell Technologies). HSPCs were thawed using thaw-
ing buffer (X-vivo 15, 1% human serum albumin, 10 U/ml heparin) and subsequently cultured in HSPC cytokine-rich medium
(StemSpan SFEM II (Stemcell Technologies), SCF 100 ng/ml (R&D Systems), thrombopoietin 100 ng/ml (Stemcell Technologies),
FLT3L 100 ng/ml (R&D Systems), IL6 100 ng/ml (Peprotech), UM729 0.5 uM (Stemcell Technologies), SR1 0.75 uM (Cellagen Tech-
nology), streptomycin 20 mg/ml, penicillin 20 U/ml) under hypoxic conditions (2% O.,), at 37°C and 5% CO,, maintaining a cell con-
centration of 0.5x108/ml.>? In vitro expanded human HSPCs were used to generate humanized HGSOC xenograft model (see above).

Antibody Conjugation for PET-imaging

Murine-specific uUPAR antibody (R&D Systems, Cat# MAB531) was radiolabeled with zirconium-89 as described previously.®® Hu-
man-specific UPAR clones were developed as deferoxamine (DFO) containing immunoPET agents with zirconium-89 using SCN-
Bz-DFO (Macrocyclics, Cat# B705) as described previously®” targeting a 6:1 molar ratio (DFO:antibody). MALDI-TOF showed that
the degree of labeling for T1, A1, and A3 clones was 0.5, 0.2 and 1.1 DFO chelates per antibody, respectively. Radiolabeling of clones
was successful at an apparent specific activity of 0.55 MBg/pg antibody with a radiochemical purity exceeding 99%. Stability studies
in human serum confirmed radioimmunoconjugates to be stable through 144-hours with >96% zirconium-89 bound, with clones T1
and A1 >99% zirconium-89 bound. To limit nonspecific uptake of the human clones in NSG mice, human uPAR antibodies were co-
injected with 250 pg isotype 1gG4 (BioXCell, Cat# BE0297) for initial clone imaging in Tyk-nu orthotopically implanted mice. Subse-
quent studies in NSG mice were injected with a deglycosylated human uPAR clone T1 or A1 without any IgG+ supplementation. De-
glycosylation was achieved using the Remove-iT PNGaseF (New England Bio, Cat# P0706S) as recommended by the manufacturer
with 1-5 puL per 10-20 pg antibody overnight at 37° C, with subsequent removal of enzyme via chitin magnetic beads (New England
Bio, Cat# E8036). Deglycosylation was confirmed by native SDS-PAGE gel shift for each DFO-conjugated uPAR clone.

ImmunoPET imaging

To monitor tumor progression, two implantation models were used: orthotopic tumors established via ovary bursa injection, and met-
astatic tumors established via intraperitoneal injection. Tumor-bearing mice were injected with 20 pg uPAR antibody radiolabeled
with zirconium-89 (8%Zr) to an apparent specific activity of 0.55 MBq/ug antibody with radiochemical conversion exceeding 99%. Im-
aging was performed at 24, 72, and 144 hours post-injection on a Siemens Inveon PET/CT with a custom printed 4 position mouse
hotel capturing 40 million coincidences per mouse per timepoint. Images were cropped and calibrated to represent percent injected
activity per cubic centimeter (%IA/CC). After 144 hours, tissues were collected for 20-pm sectioning and autoradiography with a Bea-
Quant.®®®” To monitor treatment response and tumor remission following CAR T cell therapy, mice were orthotopically implanted
with Tyk-nu tumors and, upon tumor establishment, treated with 1 x10® h.uPAR CAR T cells (T1 or A1) via intraperitoneal injection.
Radiotracer and CAR binders were cross-paired to limit epitope competition during therapy monitoring. Three doses of copper-64
(®*Cu) were given a week apart at 0 week (baseline), 1 week and 2 weeks post CAR T cell administration. For antibody labeling, Sar-Tz
was first radiolabeled with *Cu in 0.25 M ammonium acetate pH 5.5 for 30 min at 37C, targeting 11.1 MBg/nmol with >99% radio-
chemical conversion. Pre-targeting was achieved injecting 1 nmol [>*Cu]Cu-Sar-Tz at 24 hours after first injection of TCO-A only. PET
imaging was done 24hr after [**Cu]Cu-Sar-Tz administration.

Affinity measurement and uPAR domain binding studies

Affinity measurement of h.uPAR scFv T1 and A1 was conducted by Abzena using Biacore T200 (serial no. 1909913). Both T1 and A1
were cloned into human IgGk backbone and full-length antibodies were purified by affinity chromatography. Recombinant h.uPAR
protein was immobilized and antibodies was diluted to 1pg/mL in running buffer, captured to ~170 RU at 10 pl/min, followed by a
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2-fold dilution series from 0.39 nM to 200 nM. Regeneration was done in 10 mM Glycine-HL, pH1.5. A 1:1 fitting model with double
reference subtraction was used for the analysis. Sensorgrams were generated using Biacore T200 Evaluation Software.

Domain binding studies of T1 and A1 human uPAR binders were performed based on the previously optimized method for radio-
ligand binding with histidine tag—functionalized magnetic beads,?” human uPAR (residues 23-303, UPR-H5226) and domain frag-
ments consisting of domains 2-3 (residues 112-303, UPR-H52H4) and domain 3 (residues 209-303, UPR-H52H6) were added to
beads in excess. Next, 1 ng of each radiolabeled clone was added to test domain-binding specificity with a 5-pg block with N=4 tech-
nical replicates per condition. All four radiolabeled uPAR clones were prepared as described in ImmunoPET imaging, and beads were
incubated with radioimmunoconjugate for 30 min before washing and gamma counting to determine percent activity bound.

Quantitative PCR with reverse transcription

Total RNA was isolated using the RNeasy Mini Kit (Qiagen), and cDNA was obtained using TagMan reverse-transcription reagents
(Applied Biosystems). Quantitative PCR (QPCR) was performed in triplicate using SYBR green PCR master mix (Applied Biosystems)
on the QuantStudio 6 Real-Time PCR System (Thermo Fisher Scientific). Ribosomal Protein Lateral Stalk Subunit PO (RPLPO) served
as an endogenous normalization control for mouse and human samples.

Histological analysis, immunohistochemistry, and immunofluorescence

Throughout, we use “multi-IF” for small-panel IF (4—6 markers) and “hyperplex IF” for large-panel IF (>20 markers). Pan-cancer anal-
ysis of human tissues (Figures 1A and 1B) was performed by IF on FFPE TMAs of lung cancer (including LUAD, LUSC, and LCNEC),
PDAC, bladder cancer, and sarcomas (including undifferentiated pleomorphic sarcoma [UPS] and myxofibrosarcoma [MFS]), gener-
ated with 2 to 3 cores’? per patients at the MSK Pathology Core Lab, Precision Pathology Biobanking Center (PPBC). Staining and
analysis were conducted on these TMAs, whereas staining of human HGSOC, CCA, and mesothelioma was performed on whole
tissue sections from patient samples collected at MSK. Additional FFPE TMAs including tumor types and patients cases of brain,
colorectal, breast, prostate, lung and pancreatic tumors, as well as normal tissues were obtained from TissueArray. Mouse tissues
were fixed overnight in 10% formalin and embedded in paraffin, and FFPE blocks were cut into 5-pm sections. Sections were sub-
jected to hematoxylin and eosin (H&E) staining and/or immunohistochemical (IHC) and/or immunofluorescence (IF) staining. IHC and
IF were performed following standard protocols: tissues sections were deparaffinized and rehydrated, followed by antigen retrieval
using either a double pH protocol (pH 6 and pH 9) or a single pH 6 retrieval. Next, slides were blocked with PBS containing 3% bovine
serum albumin (BSA) and incubated with primary antibodies followed when necessary, with appropriate secondary antibodies.

Whole human and mouse tissues sections as well as human prostate (TissueArray, Cat# PR633a) and breast (TissueArray, Cat#
BR931) cancer TMAs were scanned on a Pannoramic Scanner (3DHistech, Budapest, Hungary) using a 20x/0.8NA objective at
MSK’s Molecular Cytology Core. Other TMAs were imaged using the CellDive (Leica), for which background autofluorescence was
acquired before staining and removed prior to analysis (see below). uPAR quantification in tumor cells and stromal cells in
Figures 1A and S2B was performed as followed: regions of interest around the tissues were then drawn and exported as.tif files
from these scans using Case Viewer (3DHistech, Hungary.) These images were then analyzed using ImageJ/FIJI (NIH, USA.) Thresh-
olding was used to determine the area of the tissue in DAPI and each marker. Then the DAPI was segmented by creating a mask and
watershedding the nuclei. An ROl was created to approximate each cell and the percent area of each marker was used to
determine positivity. Tumor cells were defined as PanCK+ (carcinomas), MSLN+ (mesothelioma), CD45—aSMA— (sarcomas), or
CD45—aSMA—CD31— (brain tumors), with stroma as the complementary gate. Figure 1A shows, for each cancer type, the percentage
of patients stratified by the fraction of uPAR+ tumor cells among all tumor cells: High (>50%), Intermediate (30-50%), Low (5-30%),
Negative (<5%); Figure S2A plots, the percentage of tumor cells that are uUPAR+ per patient or per tumor sample as indicated.

The Double Immunohistochemistry staining of CD3 and GFP is done using Ventana-Roche’s Ultra platform. After 48 min of heat
and CC1 (Cell Conditioning 1) (Ventana, Cat# 950-500) retrieval, a rabbit polyclonal CD3 antibody, (DAKO, Cat# A0452 ) was used in
1.2 ug/mL concentration. The incubation with the primary antibody was done for 4 h followed by 20 min of Omni Map anti-Rb HRP
(Ventana, Cat# 760-4311) followed by Red HRP kit (Ventana, Cat# 760-260) were used for 12 min. A rabbit monoclonal anti-GFP anti-
body (Cell Signaling, Cat# 2956) was used in 0.035 ug/mL concentration. The incubation with the primary antibody was done for 4
hours followed by 20 minutes Omni Map anti-Rb HRP followed by Green HRP kit (Ventana, Cat#760-271) were used for 16 minutes.
The slides were counterstained with hematoxylin and coverslipped with Permount (Fisher Scientific).

Hyperplex IF imaging and analysis

Hyperplex-IF experiments were performed on 5-pm FFPE sections using the CellDive instrument (Leica), an iterative staining platform
that employs an imaging and dye inactivation workflow, following the manufacturer’s protocol. Briefly, after a 2-step antigen retrieval
process, slides were blocked with 3% BSA, stained with DAPI, and imaged unstained to acquire background autofluorescence.
Samples were then sequentially stained with antibodies and imaged using DAPI, Cy3, Cy5, and FITC channels on the CellDive instru-
ment with CellDive image acquisition and processing software. Each field of view (FOV) was imaged in each staining round, followed
by autofluorescence removal, registration with baseline DAPI, and stitching. Unconjugated primary antibodies were used in the first
round of staining, followed by secondary antibody staining. After imaging, dye inactivation was performed using 0.1 M Na,CO3 3%
H>O, solution for 15 minutes at RT before starting the next round of autofluorescence imaging and staining, for a total of 24 markers
(see Table S3A for antibodies stained). BSA Azide free FAP antibody was conjugated in house according to the manufacturer’s
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protocol, using Alexa Fluor 750 NHS Ester (succinimidyl ester) (Invitrogen, Cat# A20111) and Zeba Spin Desalting Columns 7K
MWCO, 0.5mL (ThermoFisher, Cat# 89882). All rounds of imaging and slide storage were done in a solution of PBS with 50% glycerol.
Staining quality and fluorescence removal were verified after each round. The fully stitched images were imported into HALO image
analysis software (Indica Labs) for analysis. Cell segmentation was performed using the “traditional” nuclear segmentation option,
with analysis settings optimized for each staining category. Phenotypic classifications were created to define cell populations (see
Table S3B for details). A limited number of cores or areas were excluded from the analysis due to poor tissue quality, antibody ag-
gregates, tissue folds or absence of tissue. Each patient’s data represents the average cell count across single, duplicate or triplicate
tissue cores. After image processing, data were analyzed and visualized using GraphPad Prism.

Sirius Red staining

Fibrosis analysis on mouse tissue was performed using Sirius red staining to detect collagen fibers. Sirius red staining was performed
on 5um-thickness FFPE sections following Dr. Xin Chen’s protocol (UCSF, https://pharm.ucsf.edu/xinchen/protocols/picrosirius-
red). Tissue sections were heated for 45 mins at 60°C followed by deparaffinization and hydration. Picro-sirius red solution as
made from 0.1% Direct Red 80 (Sigma-Aldrich, Cat# 365548), 0.1% Fast Green (Sigma-Aldrich, Cat# F7252), and 1.2% Picric
acid FCF (Sigma-Aldrich, Cat# 197378) dissolved in ddH20. Tissues were incubated with picro-sirius red solution for 60 minutes
at room temperature before rehydration and mounting. Slides were scanned with Pannoramic P250 Flash scanner (3DHistech,
Hungary) using 20x/0.8NA objective lens, and the percent of Sirius red staining area was quantified by Fiji.

Flow cytometry

For analysis of uPAR expression in cell lines after induction of senescence, KP cells were treated with trametinib (25 nM) and palbo-
ciclib (500 nM) or with vehicle (DMSOQ), and human primary melanocytes were continuously passaged for 15 passages and then tryp-
sinized, resuspended in PBS supplemented with 2% FBS and stained with the following antibodies for 30 min on ice. Detailed anti-
body information can be found in key resource table. For cell counting, CountBright Absolute Counting Beads were added
(Invitrogen) according to the manufacturer’s instructions. For in vivo experiments, Fc receptors were blocked using FcR blocking re-
agent, mouse (Miltenyi Biotec). For intracellular cytokine staining assay, cells were fixed and permeabilized using the Cytofix/
Cytoperm Fixation/Permeabilization Solution Kit (BD Biosciences, Cat# 554714) or Intracellular Fixation & Permeabilization Buffer
Set Kit (eBioscience, Cat# 88-8824-00) according to the manufacturer’s instructions. Flow cytometry was performed on a
LSRFortessa instrument (BD Biosciences) or Cytek Aurora (CYTEK) and data were analyzed using FlowdJo (TreeStar).

Antigen density quantification

In order to determine the number of uPAR molecules per cells, individual cancer cell lines (1 — 2 x 10°%) were dissociated with EDTA
(2mM) containing PBS, stained with anti-h.uPAR (T1) antibody (this paper, 1:200), followed by phycoerythrin (PE)-anti-human Fc sec-
ondary antibody (Invitrogen, Cat #12-4998-82, 1:1000) in MACS buffer for 30 min at 4°C, washed and analyzed by FACS. Phycoer-
ythrin Fluorescence Quantitation Kit (BD Biosciences, Cat# 340495) was used according to the manufacturer’s protocol.

Generation of murine uPAR CART cells

Mouse SFG y-retroviral m.uPAR plasmids were previously described® m.uPAR-targeting CAR T cells were generated by y-retroviral
transduction of anti-uPAR scFv linked to CD28 costimulatory and CD3( signaling domains (m.uPAR-m.28z). In this construct, a
mouse CD8a signal peptide is followed by the anti-mouse uPAR scFv, then by the MYC-tag sequence, a mouse CD28 transmem-
brane domain, and a mouse CD3z intracellular domain®® (Kuhn et al.). Plasmids encoding the SFG y-retroviral vectors were used to
transfect gpg29 fibroblasts (H29) to generate VSV-G pseudotyped retroviral supernatants, which were used to construct stable retro-
virus-producing cell lines as previously described.®*° To isolate mouse T cells from peripheral blood, C57BL/6 mice were eutha-
nized and spleens were collected. After tissue dissection and red blood cell lysis, primary mouse T cells were purified using the
mouse Pan T cell Isolation Kit (Miltenyi Biotec Cat# 130-095-130). Purified T cells were cultured in RPMI-1640 (Fisher Scientific,
Cat# 11-875-119) supplemented with 10% FBS (GeminiBio, Cat# 900-108), 10 mM HEPES (Fisher Scientific, Cat# 15-630-080),
2 mM I-glutamine (Thermo Scientific, Cat# A2916801), MEM non-essential amino acids (Thermo Fisher Scientific, Cat#
11140050), 55 pM p-mercaptoethanol (Thermo Scientific, Cat# A2916801), 1 mM sodium pyruvate (Thermo Scientific, Cat#
11360070), 100 IU/ml recombinant human IL-2 (Proleukin; Novartis), and mouse anti-CD3/28 Dynabeads (Gibco, Cat# 11453D) at
a bead:cell ratio of 1:2. T cells were spinoculated with retroviral supernatant collected from Phoenix-ECO cells 24 h after initial
T cell activation as described®®“° and used for functional analysis 3-4 days later.

Generation of human uPAR CAR T cells

Human SFG y-retroviral m.uPAR-h.28z plasmids were previously described.?® h.uPAR-h.28z plasmids were generated in this manu-
script. In the human uPAR-h.28z CAR, the anti-human uPAR scFv is preceded by a signal peptide sequence that was optimized for
each scFv based on its antibody Ig class. The scFv is followed by a CD28 hinge-transmembrane-intracellular domain and a CD3z
intracellular signaling domain, and the coding sequence is linked via a P2A sequence to a truncated LNGFR to allow it to be simul-
taneously expressed. The 1.XX CAR was generated as previously described."® Plasmids encoding the SFG y-retroviral vectors were
used to transfect gpg29 fibroblasts (H29) to generate VSV-G pseudotyped retroviral supernatants, which were used to construct
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stable retrovirus-producing cell lines as previously described.?®?° To isolate human T cells from peripheral blood, buffy coats from
anonymous healthy donors were purchased from the New York Blood Center. Peripheral blood mononuclear cells were isolated by
Ficoll-based density gradient centrifugation. T cells were purified using the human Pan T cell isolation kit (Miltenyi Biotec, Cat# 130-
096-535), stimulated with CD3/CD28 T cell activator Dynabeads (Invitrogen, Cat# 11131D) as described,”° and cultured in X-VIVO 15
(Lonza, Cat# 02-053Q) supplemented with 5% human serum (Gemini Bio-Products, Cat# 100-110-100), 5 ng/ml interleukin-7 (Pe-
proTech, Cat# 200-07-10UG) and 5 ng/ml interleukin-15 (PeproTech, Cat# 200-15-10UG). T cells were counted using an automated
cell counter Vi-CELL BLU (Beckman). Forty-eight hours after initiating T cell activation, T cells were transduced with retroviral super-
natants by centrifugation on RetroNectin-coated plates (Takara, Cat# T110A). Transduction efficiencies were determined four days
later by flow cytometry, and CAR T cells were adoptively transferred into mice or used for in vitro experiments. All in vitro experiments
were repeated with at least 3 independent donors. All in vivo experiments were repeated with at least 2 independent donors. All blood
samples were handled following the required ethical and safety procedures.

Luciferase-based in vitro cytotoxicity and viability assays

The cytotoxicity of CAR T cells was determined by standard luciferase-based assays. Specifically, target cells expressing firefly lucif-
erase (FFLuc-GFP) were co-cultured with T cells in triplicate at the indicated effector:target ratios using white-walled 96-well plates
with 5,000 target cells in a total volume of 100 pl per well in RPMI (human tumor cells) or DMEM (murine tumor cells) medium, respec-
tively. Target cells alone were plated at the same cell density to determine the maximum luciferase expression (relative light units
[RLU]), and maximum release was determined by addition of 0.2% Triton-X100 (Sigma). Eighteen hours later, 100 pl luciferase sub-
strate (Bright-Glo, Promega) was directly added to each well. Emitted light was detected in a luminescence plate reader. Lysis was
determined as (1—(RLUsample)/ (RLUmax)) x 100. Cisplatin was used at 1uM. Irinotecan was used at 1uM. Irradiation was performed
at 16-18Gy, depending on cell lines. Cells were analyzed 7 days post senescence induction treatment. For ex vivo experiments, two
patient-derived organoid lines were cultured in HISC media and treated with irinotecan (250 nM) for 7 days. In cytotoxicity assays with
MPB1 cells that required longer incubation (>24 hr), the IncuCyte Live-Cell Analysis System (Sartorius) was used. 50,000 MPB1-GFP
cells were seeded into each well of collagen | coated 6-well plate a night before cisplatin (1pM) or vehicle treatment. At 72h after
cisplatin treatment, the number of tumor cells was determined by hand-counting in a duplicate plate, and control or CAR T cells
were added to each condition at 1:1 ratio. A set of 24 images at randomly selected areas within each well were taken every 2 hours
for 72h. Baseline images were taken right before adding T cells. Tumor cell number was quantified by GFP+ area in each well.

Flow Cytometry-Based In Vitro Cytotoxicity and Viability Assays

Cancer-Associated Fibroblast (CAF) Killing Assay

Primary CAFs were isolated from HGSOC (n=4) and CRC (n=2) patients. Isolation of CAFs from patient samples was performed as
described before.?" For patient-derived CAFs, human tissue acquisition and usage was conducted under approved IRB protocol
numbers: 12-245 and 14-091. Specifically, tumors are minced and dissociated in RPMI-1640 with FBS (10%), PenStrep (1%),
L-glutamine (1%), sodium pyruvate (1%) and HEPES pH=7.6 (1%) plus 0.5% collagenase Type |, 305U/mg (Worthington, Cat#
LS004197) for 1 h at 37 C in a thermo-shaker. The digested tumor-cell mixture was filtered through a 100 mm filter (Corning, Cat#
352360) and then spun down at 400g for 1.5 min. Depending on the pellet size, the pellet containing mixture of cells were plated
on either a 6-well plate or a 10-cm dish that allows fibroblasts to attach and grow. After 2-3 passages, a limited dilution protocol
was performed and cells were plated in a high dilution in a 96-well plate, single clones were expanded later. Validation of fibroblast
identity was performed at the protein level by flow cytometry analysis for fibroblast surface markers. CAF killing was assessed by co-
culturing target cells with CAR T cells at the indicated effector-to-target (E:T) ratios. Briefly, 0.5-1 x 10° target cells were plated per
well in 6-well plates in 1.5 mL XVIVO-15 medium (Lonza). Target-only control wells were included at matched densities to establish
baseline marker expression. After overnight co-culture, cells were harvested using 2 mM EDTA in PBS, washed, and analyzed by flow
cytometry to quantify residual viable CAF populations.

M2 Macrophage Killing Assay

Monocyte Isolation: Human monocytes were isolated from healthy donor (n=2)-derived PBMCs using the EasySep™ Human Mono-
cyte Enrichment Kit without CD16 Depletion (StemCell Technologies) following the manufacturer’s instructions. Monocyte purity was
assessed by flow cytometry before and after isolation. Differentiation of Monocytes into M2a Macrophages: Isolated monocytes were
plated at 1 x 10° cells/mL in 10-cm dishes and cultured at 37°C in IMDM supplemented with 20% FBS and 1% penicillin—-strepto-
mycin. M2a differentiation was performed according to the manufacturer’s protocol (StemCell Technologies). Cultures were supple-
mented with M-CSF (50 ng/mL; PeproTech) on day 0. On day 3, an additional half-volume of the original medium was added. IL-4
(10 ng/mL; PeproTech) was added on day 4 to induce M2 polarization, and cells were incubated for an additional 48 hr. Co-culture
With CART Cells. On day 6, differentiated M2a macrophages were harvested by incubation with 2.5 mM EDTA in PBS. Macrophages
were co-cultured with CAR T cells in 6-well plates at the indicated E:T ratios, using 1 x 10° target cells per well in 1.5 mL X-Vivo me-
dium. Target-only controls were included to quantify baseline marker expression. After overnight incubation, co-cultures were har-
vested and analyzed by flow cytometry.

Patient Tumor Cell Killing Assay

Preparation of Single-Cell Suspensions. Fresh human tumor specimens were dissociated using the Tumor Dissociation Kit, Human
(Miltenyi Biotec, Cat# 130-095-929) following the manufacturer’s recommendations with additional optimization steps described
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below. Briefly, tumor samples were first washed twice with cold PBS containing penicillin-streptomycin (PBS/P+S), and necrotic or
non-tumor tissue was carefully removed using sterile scissors. Remaining viable tissue was minced with a sterile scalpel into 1-
2 mm?® fragments and transferred into the provided C Tubes containing 7 mL serum-free RPMI. Enzyme Mix components H, R,
and A (from the Miltenyi kit) were added at the recommended volumes, and samples were dissociated using the gentleMACS™
or Octo Dissociator with heating (37 °C) for 15-60 min, depending on tissue density and sample size. After enzymatic digestion, sam-
ples were diluted with cold FACS buffer to terminate the reaction, passed through a 40-70 pm cell strainer, and centrifuged at 350 x g
for 5 min at 4 °C. Cell pellets were washed once with cold PBS; RBC lysis (BioLegend) was performed when necessary. Final cell
suspensions were resuspended in cold PBS with 2% FBS, and viable single-cell numbers were quantified using trypan blue exclusion
or a Vi-CELL analyzer. The resulting single-cell suspensions were used immediately for co-culture assays or flow cytometry. Co-cul-
ture with CAR T Cells: Dissociated patient tumor cells were plated at 0.5-1 x 108 cells per well in 6-well plates and co-cultured with
CART cells at the indicated E:T ratios in 1.5 mL X-Vivo medium. Target-only wells were included as baseline controls. After overnight
incubation, co-cultures were collected using 2 mM EDTA in PBS and analyzed by multiparameter flow cytometry to quantify viable
tumor and stromal subsets. Surgically removed tumor tissues were obtained from HGSOC (n=4) and LUAD (n=1) patients.

Cytokine and suPAR measurements

Serum cytokines were measured using cytometric bead arrays (BD) as per the manufacturer’s instructions. suPAR levels from cell
culture supernatant, mouse plasma or human serum and ascites were evaluated by enzyme-linked immunosorbent assay (ELISA)
according to the manufacturer’s protocol (R&D systems, Cat# DY531 [mouse] or Cat# DY807 [human]).

EPO-GEMMs

Our autochthonous EPO-GEMM was previously published.’® In short, 8- to 12-week-old female mice were anesthetized with isoflur-
ane. After aseptic skin preparation with povidone-iodine scrub (Betadine) and 70% alcohol, the left oviduct was exteriorized. A
mixture of MYC transposon plasmids, SB13 transposase, and sgRNA Trp53 with or without sgRNA Brcal was injected using a
30-gauge syringe under the ovarian bursa leading to the formation of a round, liquid-containing bubble. Tweezer electrodes were
positioned around this bubble and electroporation was performed using NEPAGENE NEPA21 type Il electroporator: 2 poring pulses
of electrical current (50 V, 30-ms lengths at 450-ms intervals), followed by five transfer pulses (60 V, 50-ms lengths at 450-ms inter-
vals). After electroporation, the peritoneal cavity was rinsed with prewarmed saline solution, and the peritoneum was sutured. The
skin was closed with staples and mice were maintained at 37°C until fully awake. Buprenorphine was administrated for 3 days for
postoperative analgesia. Tumor formation was assessed by abdominal palpation and ultrasound imaging. Mice were euthanized
at the humane endpoint and tumors were harvested. Additional histopathological, genomics and transcriptomics analysis of this
model was previously published.>®

Associations of PLAUR expression with oncogenic genetic alterations

To expand the dataset for analyzing associations of genetic alterations with PLAUR expression, we downloaded SNP, copy number
alteration (CNA), and normalized TPM count data from cBioPortal.®*~** Patients were classified into five CNA groups based on pre-
defined thresholds: Deep Deletion (<-1), Heterozygous Deletion (<-0.1), Normal (-0.1 to 0.1), Gain (>0.1), and Amplification (>0.9). To
simplify the summary plot, tumor suppressor genes were grouped as "Mut + DEL," while oncogenes were categorized as "Mut +
AMP." Statistical significance of differences in PLAUR expression between altered and wild-type (WT) groups was evaluated using
the Wilcoxon test. Results were visualized in a dot plot, where dot size represents the p-value and color represents the log2 fold
change.

Associations of PLAUR expression with transcriptional signatures

Differential PLAUR expression between tumor and normal

Differential expression analysis was conducted to compare tumor (TCGA) and normal tissue (GTEx) across multiple cancer types
using data retrieved from the GEPIA2 web platform. Boxplots were generated to visualize expression differences for PLAUR and
selected surface markers, where each point represents a cancer type, and the mean log: fold change is highlighted in bold black
for comparative analysis.

Gene set enrichment analysis (GSEA)

GSEA (version 2.07) was performed across 19 cancer types using the GSEA Preranked tool to assess signature enrichment between
patients with PLAUR high and PLAUR low tumors using the TCGA database (Figure 1C). PLAUR expression tertiles were used to
define patient groups, comparing the highest tertile (PLAUR high) against the lowest tertile (PLAUR low). Analyses were conducted
against signatures in the MSigDB database (https://www.gsea-msigdb.org/gsea/index.jsp), signatures derived from previously pub-
lished expression signatures in mouse GEMM models®® and human samples (see Table S4 for signature and publication reference).
The rank metric scores were calculated using the sign of the fold change multiplied by the inverse of the p-value (http://software.
broadinstitute.org/gsea/msigdb).

Signature score analysis

In order to evaluate the signature score for each tumor type in Figure S1D, we used TCGA gene expression data (RNA-seq RSEM
TPM) and clinical annotations obtained from the UCSC Xena platform. Samples were filtered to include only primary tumors across
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multiple cancer types. For gene expression stratification, samples were ranked by PLAUR expression levels and divided into three
equal-sized groups using quantile partitioning (Low, Medium, High). Single-sample gene set enrichment analysis was performed us-
ing the singscore method to calculate pathway activity scores for each sample. Custom gene sets were curated including msigDB
HALLMARK pathways, KEGG biological processes, Biocarta pathways, and literature-derived signatures for processes such as
epithelial-mesenchymal transition (EMT), progenitor, fibrosis, angiogenesis, inflammatory response, and wound healing (see
Table S4 for signature and publication reference). Pathway activity differences between expression groups were calculated as the
mean difference between high and low expression groups (TotalScoreDif) for each cancer type. Wilcoxon rank-sum tests were
used to compare pathway scores between groups, with statistical significance assessed at p < 0.05. Results were visualized using
dot plots showing pathway activity differences across cancer types, with point size representing absolute difference magnitude and
color indicating direction of change.

High-grade serous ovarian cancer (HGSOC) primary tumor samples (n=417) with matched RNA-seq (UCSC Xena Toil-recomputed
logz(TPM+0.001)) and CCNE1 copy-number status (cBioPortal, GISTIC2 thresholded) were selected for analysis. TGF-p pathway ac-
tivity was quantified for each sample using the rank-based single-sample scoring method in the singscore R package, utilizing a
custom TGF-p/SMAD gene set. Samples were stratified into TGF-f-high (top quartile of pathway scores) versus the remainder
and combined with binary CCNE1 amplification status to define four biological subgroups. PLAUR (UPAR) expression levels were
compared across these groups using Wilcoxon rank-sum tests and visualized with R package ggpubr.

Associations of PLAUR expression with clinical outcomes

To evaluate whether high PLAUR expression is associated with metastatic disease (Figure S1F), normalized TPM and clinical TCGA
data were obtained from the Xena Data Portal. Primary tumor samples were filtered, and metastatic cases were identified using the
new_tumor_event_type column. Samples were split into high and low PLAUR expression groups based on the median expression
level. A contingency table was generated, and Fisher’s Exact Test was applied to assess the significance of high uPAR expression in
relation to metastasis, yielding a p-value, odds ratio, and 95% confidence interval. Survival data, including overall survival (OS), dis-
ease-free survival (DFS), and progression-free survival (PFS), along with TPM-normalized gene expression data, were obtained
from the UCSC Xena data portal (https://xenabrowser.net/datapages/?cohort=TCGA%20Pan-Cancer%20(PANCAN)&
removeHub=https://xena.treehouse.gi.ucsc.edu:443) to generate Figure S1G. TPM values below -1 were excluded from down-
stream analysis. To evaluate the prognostic significance of PLAUR, Kaplan-Meier survival curves were generated using the survminer
R package, comparing survival outcomes between high and low expression groups stratified by median PLAUR expression levels.
Statistical significance was assessed using the log-rank test, with p-values < 0.05 considered significant. The coxph function was
used to fit the Cox proportional hazards model, with gene expression as the primary variable and race and age included as covariates
to account for potential confounders. Hazard ratios (HR) and 95% confidence intervals (Cl) were calculated and visualized to deter-
mine the association between PLAUR expression and survival outcomes.

Generation of Senescence-Cancer Overlap Gene Signature (SenCan)

Senescence Gene Expression Dataset Compilation

To identify genes consistently upregulated during cellular senescence, we compiled transcriptomic data from eight independent
senescence induction experiments. Datasets were generated in-house using cell lines subjected to different senescence triggers:
(1) oncogene-induced senescence, (2) p53 pathway restoration, and (3) pharmacological treatment-induced senescence. Differential
gene expression analysis was performed using DESeq2. In total, 896 genes were identified as significantly upregulated using
adjusted p-value < 0.05 and minimum log2FoldChange > log2(1.5) (equivalent to 1.5-fold upregulation).

Cancer Gene Expression

Analysis. Cancer-associated gene expression data were obtained from the UCSC Xena platform, incorporating TCGA (The Cancer
Genome Atlas) tumor samples compared against corresponding normal tissue controls from GTEx (Genotype-Tissue Expression)
database. This analysis encompassed 16 distinct cancer types, enabling comprehensive pan-cancer gene expression profiling. Dif-
ferential gene expression analysis between cancer and normal tissues was downloaded directly from GEPIA2 website using ANOVA
methods and significantly upregulated genes were identified using statistical criteria: adjusted p-value < 0.05 and minimum log2 fold
change > log2(1.5) (equivalent to 1.5-fold upregulation).

Gene Signature Generation

The final SeneUP_ovlp_TCGAvsGTExXUP.minpct0.4 signature (SenCan, Table S4A) comprising 85 genes was generated by identi-
fying the intersection of genes that were (1) consistently upregulated across senescence conditions: identified in more than 40%
of the senescent data and (2) broadly upregulated across multiple cancer types: identified in more than 40% of all 16 cancer types.

Spatial transcriptomics

Spatial transcriptomics was performed via in situ hybridization targeting 477 genes was performed using the Xenium platform (10x
Genomics) (Figures 2A-2F and S2A-S2E). FFPE tissue sections from treatment-naive human pancreas were cut at 5 pm thickness
and mounted onto Xenium slides. After deparaffinization and decrosslinking, we performed probe hybridization, ligation, and ampli-
fication according to the 10x Genomics Xenium FFPE Tissue Preparation Guide. No sequencing library was constructed. Probes
consisted of a pre-designed Xenium probe panel targeting 377 genes (human multi-tissue), along with an additional 100 custom
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target genes (Table S2A). Probes were hybridized to RNA in situ, followed by fluorescent labeling, imaging, and decoding using the
Xenium Analyzer (v1.7.6.0). Data were processed using the Xenium analysis pipeline (version Xenium-1.7.1.0), which included signal
segmentation, transcript decoding, quality score assignment, and spatial mapping of transcripts to x/y coordinates. After Xenium,
the same tissue slide was incubated with blocking buffer and used for IF on the CellDive instrument (as described) above. Note
that for better staining quality, we also performed hyperplex IF on a serial section of the same sample.

Downstream analysis was performed using Seurat (v5.0.1)° throughout the analysis to assess cell types and perform graph-
based clustering. Data from Xenium was loaded to a Seurat object using the “LoadXenium” function. We used the “Tran-
scripts.csv” file generated by the Xenium instrument to select transcripts that were in the nucleus, as flagged in the Xenium output,
and calculated mean g-value (qv) per cell. We generated the count matrix using nuclear transcripts, and all the downstream anal-
ysis were done using those data. Cells with mean qv higher than 25 that had more than 10 transcripts in the nucleus and more than
3 features in total were selected in the quality check process. Gene expression counts were normalized using total count scaling to
account for variability in sequencing depth across nuclei. Each cell’s counts were scaled by the mean total counts across all cells,
ensuring comparability while preserving relative expression levels. After normalization, we followed the Seurat pipeline for finding
variable features, scaling, and PCA calculation (https://satijalab.org/seurat/articles/spatial_vignette). Uniform Manifold Approxi-
mation and Projection (UMAP) was performed using 30 principal components (PCs) for neighbor identification and clustering.
Clusters were identified using a resolution of 0.3, and UMAP embedding was generated using 30 dimensions with default Seurat
parameters. The “FindAllIMarkers” function was used to identify different clusters with min.pct= 0.1 and logfc.threshold = 0.25,
and then significant results were selected using adjusted p-value < 0.05 (Table S2B). Figures 2A-2D and S2A-S2E were generated
using plotting functions DimPlot, DotPlot, ImageDimPlot (from Seurat), and dittoBarPlot (Bioconductor - dittoSeq). The main ob-
ject was subdivided into fibroblast, PDAC, and immune cell subsets, which were each normalized, scaled, and reclustered to
enable more detailed annotation. The refined labels from these subclusters were then projected back onto the main UMAP
(Figure S2C).

To determine the senescence score spatially and within specific cell types (Figures 2D and 2E), we filtered the SeneUP_ovlp_TC-
GAvsGTExUP.minpct0.4 SenCan signature (85 genes), generated as described above, to retain only genes present in the Xenium
panel (see the ‘SenCan(Xenium)’ 11 gene signature in Table S4A) The score was computed using UCell (R package)® with max-
Rank=50, corresponding to the mean number of detected genes per cell in the dataset.

To investigate the spatial relationships between different cell types, each cell was assigned a local neighborhood defined as a
500 x 500 pm window centered around the cell. Within each neighborhood, the composition of cell types was quantified by calcu-
lating the proportion of each cell type: “(# of cells of a given type) / (total number of cells in the neighborhood)”. This yielded a matrix
where each row represented a cell and each column corresponded to the percentage of a specific cell type within that cell’s neigh-
borhood. The resulting matrix was used to compute pairwise correlations between cell types using the “cor” function from the stats
package in R (version 4.3.2; R Core Team, 2023), employing Pearson correlation as the method. Correlations were calculated for all
cell types (Figure S3A), and selected subsets of cell types were chosen for visualization in the main figure (Figure 2E). The heatmap
was generated using the ggplot2 package.’® To assess the dominant neighboring cell types around specific PDAC subtypes, we
performed permutation analysis using the same neighborhood data generated for the correlation heatmap. For each subtype (basal
PDAC and classical PDAC), the following procedure was repeated 10,000 times: In each iteration, 10 random cells of the target sub-
type were sampled. For each sampled cell, the neighborhood cell type composition was extracted, excluding the celltype itself and
unwanted metadata columns. The average percentage of each neighboring cell type was calculated across the 10 cells. The most
frequent cell type was recorded for each iteration. Code to reproduce spatial transcriptomic analyses is available at https://github.
com/ozcelikelif/ uPAR_paper.

Analysis of Bulk RNA-seq datasets

Matched pre/post HGSOC: Bulk RNA-seq data in RPKM (Reads Per Kilobase of transcript per Million mapped reads)
format from pre- and post-treatment patient samples were retrieved from a recent neoadjuvant study.®’ Gene signature scores
for wound healing, senescence, and fibrosis pathways were calculated using the singscore method, which generates single-
sample gene set enrichment scores by ranking genes based on their expression levels and computing signature scores from
predefined gene sets. For visualization, signature scores were displayed using boxplots with paired lines connecting pre-
and post-treatment samples from the same patients to illustrate individual patient trajectories (Figures 7C, 7D, S12C, and
S12D). Statistical significance between pre- and post-treatment groups was assessed using paired-sample Wilcoxon signed-
rank tests.

MPB1 cisplatin vs control in mouse: Data was from a previous publication.®® Bulk RNA-seq data were analyzed by removing
adaptor sequences using Trimmomatic. RNA-seq reads were then aligned to GRCm38.91 (mm10) with STAR, and transcript count
was quantified using featureCounts to generate raw count matrix. Differential gene expression analysis between cisplatin treated and
control mouse samples was performed using the DESeg2 package implemented in R (http://cran.r-project.org/). Gene set enrich-
ment analysis (GSEA) was performed using the GSEAPreranked tool for conducting gene set enrichment analysis against signatures
in the MSigDB database and customized signatures. The metric scores were calculated using the sign of the fold change multiplied
by the inverse of the p-value.
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SENESCopedia: LogCPM (log counts per million) data were downloaded directly from the original Senecopedia paper.® Log fold
change (logFC) values were calculated by comparing cell lines treated with Alisertib or Etoposide against their respective control
samples. Data was visualized using dot plots displaying treatment responses across 9 different cell lines.

Analysis of single cell RNA sequencing data from public datasets

scRNA-seq analysis in NSCLC patients

Processed Seurat objects were obtained from the GitHub repository associated with the original study’® (https://github.com/
czbiohub-sf/scell_lung_adenocarcinoma). Patient metadata for treatment-naive individuals and those with on-therapy progressive
disease (PD) were extracted from the dataset. PLAUR expression and uPA/uPAR activity signature scores were computed as the
mean expression across single cells. Statistical significance between the two patient groups (n=13 for treatment naive patients
and n=11 for progressive disease from TKI treatment) was assessed using the Wilcoxon rank-sum test.

scRNA-seq analysis in HCC patients

We analyzed scRNA-seq data from 79 HCC patient samples that included treatment-naive hepatocellular carcinoma specimens.®
From this dataset, we filtered to retain only tumor-derived hepatocyte cells. Data processing included standard Seurat normalization,
cell cycle scoring and regression of cell cycle effects and mitochondrial gene percentages. Integration across samples was per-
formed using Harmony through Seurat’s IntegrateLayers function. Module scores were calculated using Seurat’s "AddModule-
Score" function for senescence-associated and progenitor signatures. Analysis was restricted to cells with detectable PLAUR
expression (PLAUR > 0). Within this population, PLAUR levels were classified into tertiles to define high and low expression groups.
Statistical significance was assessed using Wilcoxon rank-sum tests, with results visualized through violin and box plots
scRNA-seq analysis in LUAD patients

We analyzed scRNA-seq data from 9 LUAD patient samples that included treatment-naive LUAD specimens.®® From this dataset, we
filtered to retain only the tumor cells. Data processing included standard Seurat normalization, cell cycle scoring and regression of
cell cycle effects and mitochondrial gene percentages. Integration across samples was performed using Harmony through Seurat’s
IntegrateLayers function. Module scores were calculated using Seurat’s "AddModuleScore" function for senescence-associated
and progenitor signatures. Analysis was restricted to cells with detectable PLAUR expression (PLAUR > 0). Within this population,
PLAUR levels were classified into tertiles to define high and low expression groups. Statistical significance was assessed using Wil-
coxon rank-sum tests, with results visualized through violin and box plots.

scRNA-seq analysis in HGSOC patients

Using scRNA-seq of CD45+/- sorted cells from the MSK SPECTRUM cohort, we assigned the main cell types by supervised clus-
tering using CellAssign, as described in the original study.®” The dataset included 156 untreated HGSOC samples from 41 patients
encompassing solid primary and metastatic tumors, and malignant ascites. Data were processed as previously published.*” Briefly,
malignant cell states were identified using Louvain clustering in Seurat. Differential expression was assessed with Seurat’s Wilcoxon
rank-sum test, filtering for logFC > 0.25 and Benjamini-Hochberg-adjusted P < 0.05. Relative enrichment of cell groups in UMAP
space (Figure S6G and S6H) was visualized using two-dimensional kernel density estimates with the MASS::kde2d function (grid
size=200, bandwidth=0.2). Density maps for two groups were contrasted by subtraction, rescaled, and overlaid on the UMAP to high-
light regions of relative enrichment. Module scores were calculated on single cell expression profiles for uPAR-associated gene sig-
natures using Seurat’s “AddModuleScore” function, including signatures such as uPA/uPAR and plasminogen (Figure S7A). Analysis
was restricted to cells with detectable PLAUR expression (PLAUR > 0). Within this population, PLAUR levels were classified into ter-
tiles to define high and low expression groups. Statistical significance was assessed using Wilcoxon rank-sum tests, with results
visualized through violin and box plots

scRNA-seq analysis in PDAC patients

We analyzed scRNA-seq data from 16 PDA samples obtained from treatment-naive patients, including surgical specimens (n=6) and
fine-needle biopsy specimens (n=10).°® From this dataset, we filtered to retain only tumor-derived ductal epithelial cells. Data pro-
cessing included standard Seurat normalization, cell cycle scoring and regression of cell cycle effects and mitochondrial gene per-
centages. Integration across samples was performed using Harmony through Seurat’s IntegratelLayers function. Module scores were
calculated using Seurat’s "AddModuleScore" function for senescence-associated and progenitor signatures. Analysis was restricted
to cells with detectable PLAUR expression (PLAUR > 0). Within this population, PLAUR levels were classified into tertiles to define
high and low expression groups. Statistical significance was assessed using Wilcoxon rank-sum tests, with results visualized through
violin and box plots.

scRNA-seq analysis in CRC patients and CRC patient-derived organoids

The dataset included 16 untreated colorectal cancer (CRC) tumor samples from 8 patients (8 primary and 8 metastatic) and 43
treated samples from 20 patients (20 primary and 23 metastatic).”’ Detailed data processing is as previously published.”” Briefly,
raw data were processed using the SEQC (v2.7.0) pipeline for alignment and UMI correction, followed by ambient RNA removal
with CellBender (v0.1.0). Low-quality cells were filtered using probabilistic thresholds and iterative clustering. Normalized counts
were log-transformed, and highly variable genes were selected for PCA. Gene expression was denoised and imputed using
MAGIC (v3.0.0) with conservative parameters. All visualizations, including box plots, were generated using the imputed expression
layer.
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QUANTIFICATION AND STATISTICAL ANALYSIS

Statistical analyses were performed using Prism 10 software (GraphPad Software) as described in the figure legends. p values < 0.05
were considered statistically significant. p values are indicated in some graphs by asterisks: *p < 0.05; **p < 0.01; ***p < 0.001;
***n < 0.0001. Statistical significance was determined by Student’s t test, one-way ANOVA, log-rank test, Spearman and Pearson’s
correlation, or Wilcoxon signed-rank test, as indicated in the figure legend. Survival was measured using the Kaplan-Meier method.
Error bars indicate SD or SEM as indicated in the figure legend. Unless otherwise stated, the indicated sample size (n) represents

biological replicates. All samples that met proper experimental conditions were included in the analysis.
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Figure S1. Integrated analysis of uPAR-high cancer, related to Figure 1

(A) Boxplots showing uPAR (PLAUR) expression in normal and tissues across different cancer types using TCGA and GTEx datasets, and each dot represents one
individual.

(B) Representative multi-IF images of NSCLC samples with the indicated uPAR expression levels, showing tumor (PanCK) and microenvironmental markers
(CD3/CD8 for T cells, FOXP3 for Treg, CD11b for myeloid cells, and «SMA for fibroblasts) (left), and uPAR co-localization with tumor cells (right); scale bars,
100 pm.

(C) Association of PLAUR expression with TP53 and MAPK-pathway alterations. The bubble heatmap shows the extent of PLAUR upregulation in cancer types
with oncogenic mutations or copy number alterations in the indicated genes.

(D) Bubble heatmap of pathway activity differences between PLAUR-high versus PLAUR-low tumors within each cancer type. Single-sample signature scores
were computed with singscore (see STAR Methods).

(E) Pearson correlation plots showing the relationship between the indicated gene signatures and uPAR activity.

(F) Pie chart and contingency table from TCGA analysis showing the percentage (top) and number of patients (bottom) with high (>66" percentile) or low (<33™
percentile) PLAUR expression in primary versus metastatic cancer.

(G) Forest plots showing hazard ratio estimates for overall survival (left), disease-free survival (middle), and progression-free survival (right) between PLAUR high
(>66"™ percentile) versus PLAUR low (<33™ percentile) tumors. Horizontal lines indicate 95% confidence intervals. Green indicates hazard ratios (HR) > 1, and red
indicates HR < 1.

LUAD, lung adenocarcinoma; LUSC, lung squamous cell carcinoma; HGSOC, high-grade serous ovarian cancer; PDAC or PAAD, pancreatic adenocarcinoma;
CCA, cholangiocarcinoma; MESO, mesothelioma; CAC, colorectal adenocarcinoma; MAC, mucinous colorectal adenocarcinoma; SAR, sarcoma encompassing
UPS and myxofibrosarcomas; BLCA, bladder urothelial carcinoma; BRCA, breast invasive carcinoma; CESC, cervical squamous cell carcinoma and endo-
cervical adenocarcinoma; COAD, colon adenocarcinoma; GBM, glioblastoma multiforme.

Statistical significance was determined using the Wilcoxon test (A) and Student’s t test (E).
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Figure S2. Transcriptomic and spatial molecular characterization of uPAR+ cell populations reveals uPAR+ tumor, myeloid, and CAF co-

localization, related to Figure 2

(A) UMAP clustering matching the spatial plot in Data S1.3C, showing distribution of identified cell types. Each dot represents one cell. See panel C for the key to

the cell types.

(B) Bubble heatmap showing selected cell type markers for identifying each cell population. Mo/Mac,

monocytes and macrophages.

(legend continued on next page)
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(C) Spatial plot showing individual cell types.

(D) Bubble heatmap showing genes expressed in selected PLAUR+ cell populations (basal and classical PDAC, CAFs, and Mo/Mac).

(E) H&E and spatial plots of the entire tissue matching Figure 2B, showing signature score or single-gene expression.

(F) Multiplex IF (multi-IF) showing the uPAR+ niche at the protein level in the fibrotic region (collagen type 1), enriched in fibroblasts (®SMA), monocytes, or
macrophages (CD68). The section analyzed was adjacent to the section used for spatial transcriptomics. PanCK was used to localize tumor cells.

(G) Spatial plots showing similar patterns of uPAR-expressing tumor (PDAC) cells detected as PLAUR+ tumor cells using spatial transcriptomics (top) or as
uPAR+ tumor cells (PanCK+) using multiplex IF (bottom).

(H) Spatial plots from multi-IF of the entire tissue, matching Figure 2C. Cell types were defined as follows: tumor cells, PanCK+; fibroblasts, «xSMA+; monocytes
and macrophages (Mo/Mac), CD68+; and basal PDAC cells, KRT17+PanCK+.

(I) Multi-IF showing co-localization of uPAR and p16 in fibroblasts (<SMA+, yellow arrows) and Mo/Mac (CD68+, orange arrows) near tumor cells (PanCK+).
(J) Correlation of PLAUR expression and senescence score in individual cell types.
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Figure S3. uPAR+ tumor, myeloid, and CAF co-localization in CRC, along with senescence-related programs in PLAUR-high cells across
cancer types, related to Figure 2

(A) Co-occurrence heatmap showing spatial correlation between cell types.

(B) Spatial cell-type segmentation map, based on spatial transcriptomics (10x xenium), displaying PLAUR+ Mo/Mac cells, PLAUR+ CAFs, basal and classical
PDAC, and other cells.

(legend continued on next page)
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(C) Heatmap showing p values matching the correlation matrix in Figure 2H.

(D) Representative image showing VIM+uPAR+PanCK+ cells surrounded by non-cancer cells (expressing aSMA or CD45 in cyan) (left) and histogram (right)
showing the number of VIM+ tumor cells (see Table S3B for cell phenotyping) expressing or lacking uPAR in PDAC patients.

(E) Representative image showing uPAR+/FAP+/aSMA+ fibroblasts (left) and histogram (right) showing the number of uPAR+ fibroblasts co-expressing FAP in
PDAC patients (see Table S3B for cell phenotyping).

(F) Violin plot showing uPAR activity score in myCAF, iCAF, and apCAF in public scRNA-seq datasets of hepatocellular carcinoma (LIHC), lung adenocarcinoma
(LUAD), ovarian cancer (OV), and pancreatic cancer (PDAC).*> %

(G and H) Violin plots showing the indicated signature scores and single-gene expression in PLAUR-high versus PLAUR-low myeloid (G) and fibroblast
(H) populations in the same scRNA-seq dataset as in (B). SASP (senescence-associated secretory phenotype).

() Violin plots comparing PLAUR-high versus PLAUR-low myeloid (left) and fibroblast (right) populations in terms of signature scores of progenitor-cell-proximal
myeloid cells (left) and progenitor-cell-proximal fibroblasts (right), using signatures from Reyes et al.*° Data on the indicated tumor types were obtained from
public scRNA-seq datasets.

Statistics: Spearman correlation (A and C) and Wilcoxon test (F-I).
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Figure S4. In vitro and in vivo characterization of uPAR CAR T cells, related to Figure 3
(A and B) Surface plasmon resonance (SPR) analysis of uPAR binding of T1 (A) or A1 (B) human uPAR single-chain fragment variants (scFvs).
(C) Bead binding assay of both A1 and T1 scFvs showing specific binding to the D2-D3 uPAR domain, which was blocked by the D2-D3 recombinant peptide.

(legend continued on next page)
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(D) Flow cytometry plots showing percentage of CAR T cells expressing TNF-a (top), IFN-y (middle), and IL-2 (bottom) in tonic and antigen-stimulated (4 h)
conditions.

(E and F) Flow cytometry analysis of uPAR in Tyk-nu (E) or COV644 (F) and their uPAR KO derivatives using anti-uPAR T1 and A1 antibodies compared with
isotype control (left) and cytotoxic activity of h.uPAR-CART cells were compared with untransduced T cells (UTD) or CD19 control CAR T cells using an 18 h
bioluminescence assay with luciferase-expressing Tyk-nu, Tyk-nu-uPARX® (E) or COV644, COV644-uPARK® cells (F) (middle and right panels).

(G and H) Representative IF images of uPAR showing tumor cells (green), CAR T cells (CDS3 staining, red), and granzyme B (white) (G), and quantification of CAR
T cell infiltration (H) in four tumor xenograft models.

Statistical significance was determined using Student’s t test (C and H). Error bars indicate SD (C and H) or SEM (E and F).
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Figure S5. In vitro and in vivo characterization of uPAR CAR T cells, related to Figure 3
(A) Tumor growth curves of human cancer xenograft models treated with control h.19-h.28z CAR T cells or h.uPAR-h.28z CAR T cells. Shown are LoVo (CRC),
MDA-MB-231 (triple-negative breast cancer [TNBC]), PC3 (double-negative prostate cancer [DNPC]), MDA-MB-436 (TNBC), DU145 (DNPC), and U87-MG (GBM)
xenografts. Tumor volumes were measured over the indicated time courses.
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(legend continued on next page)
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(B) Bright-field images of patient-derived organoids (PDOs) from mucinous ovarian cancer (MOC, left) and colorectal cancer (CRC, right) after co-culture with
h.19-h.28z or h.uPAR-h.28z CART cells. Boxes highlight representative regions of organoid disruption, shown at higher magnification below. Scale bars, 500 pm.
(C) Quantification of PDO cell lysis from MOC and CRC organoids after co-culture with h.19-h.28z or h.uPAR-h.28z CAR T cells at the indicated effector-to-target
ratios.

(D) Representative IF staining of CRC tissue sections showing expression of uPAR (red), xSMA (cyan), and p53 (green). Scale bar, 100 pm.

(E) Tumor growth curves (left) and Kaplan-Meier survival analysis (right) for CRC PDO xenografts treated with h.19-h.28z or h.uPAR-h.28z CAR T cells.

(F) Immunofluorescence staining of HGSOC PDX tumors showing merged channels (left), WT1 (green, middle), and uPAR (red, right). Scale bars, 100 pm. The
graphs show tumor growth curves and Kaplan-Meier survival analysis for the HGSOC PDX xenografts treated with h.19-h.28z or h.uPAR-h.28z CAR T cells.
(G) Immunofluorescence staining of MOC PDX tumors showing merged channels (left), p53 (green, middle), and uPAR (red, right). Scale bars, 100 pm. The graphs
show tumor growth curves and Kaplan-Meier survival analysis for the MOC PDX xenografts treated with h.19-h.28z, h.uPAR-h.28z, or h.uPAR-h.28z 1XX CAR
T cells.

(H) Representative IF staining of relapsed tumor samples from NCI-H1703 (relapse at day 284) and PDX-MOC (relapse at day 200), showing uPAR (red), xSMA
(cyan), and p53 (green). Scale bars, 100 pm.

() Flow cytometry histograms showing uPAR surface expression in parental and relapsed tumor cells from MPB1 (MyCOE;TrpSB’/ ~;Brcal™") and MP
(Myc©F;Trp53~/~) models. Overlays compare parental isotype, parental uPAR, relapsed isotype, and relapsed uPAR signals.

(J) Tumor growth curves (left) of MP (MyCOE;Trp53K°) mouse ovarian tumors, either WT or uPARX®. Bar plot (right) shows the distribution of metastatic and non-
metastatic disease for mice with WT versus uPARK® tumors.

(K) Kaplan-Meier analysis shows survival of mice bearing MP or MPB1 tumors with and without uPAR KO. p values compare UPARX® to UPAR WT.

(L) Tumor growth curve of Tyk-nu human HGSOC xenografts comparing WT versus uPARK® tumors.

Statistical significance was determined using multiple t test (A; E, left; F, middle; G, middle; and J) and log-rank (Mantel-Cox) test (E, right; F, right; G, right; and K).
Error bars indicate SEM.
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Figure S6. Efficacy of uPAR CAR T cells in ovarian cancer xenografts, related to Figure 4
(A) Representative multi-IF images of whole tissue sections of human HGSOC tumors (first and third rows) and zoomed-in views (second and fourth rows) from the
primary tumor or the indicated metastatic sites.

(legend continued on next page)
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(B and C) Violin plots of uPAR+ cells among p53+ cells (B, left), PanCK+ cells (B, right), CD45" cells (C, left), and aSMA+ cells (C, right). Adnexa (n = 7), omentum
(n = 21), and other sites (n = 8).

(D) Box-and-whisker plots showing PLAUR transcript expression (logz TPM+0.001) in human ovarian tumors of the indicated genotypes.

(E) Radiance (bioluminescence) measurements (left) and Kaplan-Meier survival analysis (right) of mice bearing human ovarian xenografts (COV644"“°) treated with
either control CAR T cells (UTD) or uPAR CAR T cells (T1-h.28z and A1-h.28z).

(F) Kaplan-Meier analysis of overall survival of HGSOC patients with versus without metastases at the indicated sites. Data are from the MSK pan-cancer
metastasis cohort.>®

(G) Enrichment of ascites versus primary and metastatic solid tumors. Left, Uniform Manifold Approximation and Projection (UMAP) shows kernel density es-
timates of cancer cells in ascites, highlighting the enrichment of specific cell states in ascites versus solid tumor sites. Right, UMAP shows PLAUR expression
across malignant and non-malignant epithelial cells in the SPECTRUM cohort.

(H) Heatmap of average PLAUR gene expression per site in samples from the SPECTRUM cohort (n = 160 tumor sites from 42 patients).

Statistical significance was determined using the Wilcoxon pairwise comparison (D), multiple t test (E, left), and log-rank tests (E, right, and F). Error bars indicate
SEM (E).
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Figure S7. Efficacy of uPAR CAR T cells in ovarian cancer xenografts, related to Figure 4

(A) Violin plots with integrated boxplots showing median PLAUR expression (left panel), median module scores for uPAR activity and plasminogen signatures
(middle panel), and a heatmap showing average signaling pathway activity scores per site calculated across cancer cells per sample in the SPECTRUM cohort.
(B) Multi-IF (left), spatial plot (middle), and zoomed-in spatial plot (right) showing the location of uPAR+ tumor cells in human HGSOC tumors, including in de-
tached clusters.

(C) Bioluminescence images reflecting tumor burden (left), tumor volume (middle), and Kaplan-Meier survival analysis (right) of metastatic human ovarian xe-
nografts (COV644'“°) treated with either 2 x 10° control CAR T cells (h.19-h.282) or the same number of UPAR CAR T cells (T1-h.28z and A1-h.28z).

(D) Bioluminescence images reflecting tumor burden (left), time course of tumor volume (middle), and Kaplan-Meier survival analysis (right) of mice bearing
metastatic human ovarian xenografts (Tyk-nu'“°) treated with either 2 x 10° control CAR T cells (h.19-h.282) or the same number of uPAR CAR T cells (T1-h.28z or
A1-h.282).

(legend continued on next page)
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(E) Experimental design for adjuvant CAR T cell therapy after oophorectomy.

(F) Bioluminescence images of mice before and after receiving CAR T cell treatment with or without prior oophorectomy.

(G) Ex vivo fluorescence imaging of adnexa, lung, liver, omentum, peritoneum, and diaphragm from tumor-bearing mice treated with control (h.19-h.28z) or
h.uPAR CART cells (T1 and A1).

(H) Representative multi-IF images showing uPAR (tumor cells, green), CD3 (CART cells, red), and granzyme B (white) (left) and quantification (right) of metastatic
tumors in lung, liver, adnexa, and omentum 1 week after treatment with h.uPAR CAR T (T1 and A1) or control CAR T cells (h.19-h.28z).

Statistical significance was determined using the log-rank test (C, right; D, right), the Wilcoxon pairwise comparison (A), the multiple t test (C, middle; D, middle),
and the one-way ANOVA test (H). Error bars indicate SEM (C, D, and H).
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Figure S8. uPAR CAR T cells eliminate immunosuppressive stromal cells, related to Figure 5
(A) Multi-IF images of Tyk-nu tumors showing «SMA+ stromal regions (green), PanCK+ tumor epithelium (white), UPAR expression (red), and DAPI (blue). Merged

and individual channels are shown (scale bar, 50 pm).

(B) Multi-IF images highlighting uPAR expression in COV644 tumor cells (UPAR+/PanCK+) and stromal cells (uUPAR+/aSMA+) within fibrotic regions (scale bar,
50 pm). A human-specific UPAR antibody was used to detect tumor cells, and murine-specific uPAR antibody was used to detect stromal cells.

(legend continued on next page)
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(C) Representative H&E and bioluminescence images of mice bearing subcutaneous head & neck PDX tumors treated with Gluc-labeled h.19-h.28z or m.uPAR-
h.28z CART cells at 24 h post CAR T cell administration. Quantification of radiance at 24 and 72 h is shown.

(D) Longitudinal tumor radiance measurements following treatment with the indicated human or murine uPAR CAR combinations. The CAR T infusion time point is
indicated. n = 2 mice per group.

(E) In vivo bioluminescence images of mice bearing Tyk-nu orthotopic (top) and metastatic (bottom) tumors treated with single or dual human/murine uPAR CAR T
combinations at day 54. Quantification of radiance for each treatment group is shown on the right. n = 5 mice per group.

(F) Representative Sirius red-stained sections of liver and adnexa from mice treated with h.19-h.28z, h.uPAR-h.28z, m.uPAR-h.28z, or combined human + murine
uPAR CARs. Box-and-whisker plots (right) show fibrosis area (%) for each tissue and treatment condition. n = 5 mice per group.

(G) Multiplex IF images of liver metastases (top) and adnexa (bottom) showing uPAR* stromal cells (red), GFP* tumor cells (green), and CART cells. Corresponding
quantification (right) shows CAR T cell density per field for each treatment group. n = 5 mice per group.

(H and I) Flow cytometry analysis of (H) uPAR+ polymorphonuclear myeloid-derived suppressor cells (PMN-MDSCs) and (I) uPAR+GPNMP+ myeloid cells
following 16 h co-culture of dissociated human lung tumor tissue with control CAR T cells (h.19-h.28z) or uPAR CAR T cells (h.uPAR-h.28z). PMN-MDSCs were
defined as CD45*Lin—CD11b+CD14—HLA—-DR—-CD15+, where Lin— excludes CD3+CD19+CD56" cells. Myeloid cells were gated from CD45+Lin—CD11b+
populations. Positive gates were determined using FMO controls. n = 1 human lung tumor.

Statistical significance was determined using Student’s t test (E), multiple t test (D), and one-way ANOVA (F and G). Error bars indicate SEM (D) or SD (E).
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Figure S9. uPAR CAR T cells eliminate immunosuppressive stromal cells, related to Figure 5

(A and B) Flow cytometry of in vitro-differentiated human M2-like macrophages following 16 h co-culture with the indicated CAR T cells. The plots show
(A) representative gating and quantification of CD206+/CD209+ cells among CD11b+ macrophages and uPAR+ cells within the CD206+/CD209+ subset, as well
as (B) GPNMB+ cells among CD11b+ macrophages and uPAR+ cells within the GPNMB+ subset. Positive gates were determined using FMO controls. n = 2
donors.

(C and D) Flow cytometry of PDPN+ primary CAFs from HGSOC (n = 4; C) and CRC (n = 2; D) patients following 16 h in vitro co-culture with the indicated CAR
T cells. The plots show representative gating and quantification of PDPN+ cells among CD3- stromal cells and uPAR+ cells within the PDPN+ compartment.
Positive gates were determined using FMO controls.

(E and F) Flow cytometry of PDGFRp+ primary CAFs from HGSOC (n = 4; E) and PDGFRa+ CAFs from CRC (n = 2; F) patients following 16 h in vitro co-culture with
the indicated CAR T cells. Representative gating plots are shown, with quantification of PDGFRp+ or PDGFRa+ cells among CD3— stromal populations and
uPAR+ fractions within each CAF subset. Positive gates were determined using FMO controls.

(G and H) Flow cytometry analysis of CAR-T cells following co-culture with primary CRC CAFs (n = 2).

(G) Representative flow cytometry plots showing the percentages of CD4+ and CD8+ CART cells, as well as CD69+/CD62L+ cells within the CD4+ or CD8+ CAR
T populations.

(H) Quantification of the data shown in (G). CAR expression was assessed by LNGFR staining.

Statistical significance was determined using Student’s t test (A-F) and one-way ANOVA (H). Error bars indicate SD.
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Figure S10. uPAR CAR T cells exhibit a favorable safety profile, related to Figure 6
(A) Heatmap showing uPAR and other clinically targeted surface protein expression in healthy tissues (data from Human Protein Atlas, normalized peptide counts
in Table STH).

(legend continued on next page)
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(B) Boxplot showing upregulation of PLAUR (from TCGA) across different cancers compared with their matched normal tissue (using the GTEx dataset), in
comparison with other surface proteins. Each colored dot represents an individual cancer type.

(C) Normalized peptide count of data from (B) in healthy human lung, pancreas, kidney, and bladder. BRCA, breast invasive carcinoma; COAD, colon adeno-
carcinoma; LIHC, liver hepatocellular carcinoma; OV, ovarian serous cystadenocarcinoma; PAAD, pancreatic adenocarcinoma; PRAD, prostate adenocarci-
noma; SKCM, skin cutaneous melanoma; STAD, stomach adenocarcinoma.

(D) Flow cytometry analysis of uPAR expression in MYCCE;Trp53K° (MP) and MYCCE;Trp53XC-Brca1¥® (MPB1) cells, along with their UPAR-KO derivates as
negative controls.

(E) Cytotoxic activity of control T cells (UTD) or murine uPAR CAR T cells on luciferase-expressing MP, MP-uPARX (left) and MPB1, MPB1-uPARK® (right) cells,
assessed using an 18 h bioluminescence assay.

(F) Flow cytometry plot (left) and quantification (right) of TNF-a, IFNy, and IL-2 in murine uPAR CAR T cells with or without stimulation with MPB1 tumor cells.
(G) Radiance measurements (left) and Kaplan-Meier survival curves (right) of mice bearing ovarian MPB1 intraperitoneal metastatic tumors treated with 2 million
control (UTD) or m.uPAR-m.28z CAR T cells.

(H) Body weight analysis of the mice in (G).

Statistical significance was determined using Student’s t test (G, left) and the log-rank test (G, right). Error bars indicate SEM (H) or SD (other panels).
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Figure S11. Safety evaluation using mice with humanized immune system, related to Figure 6

(A) Flow cytometry analysis of human CD45+ cells showing uPAR expression in immune cell subpopulations from bone marrow in humanized immune system
mice at baseline.

(B) Flow cytometry analysis of Tyk-nu cells with ectopic CD19 expression, confirming uPAR and CD19 expression.

(C) Schematic showing human uPAR CAR T cell designs: 28 (CD28-CD3t) and 28¢-1XX (CD28-CD3¢ with ITAM2/3 inactivated).°

(D) Flow cytometry plot showing expression of CD3 and LNGFR (marker for CAR) in TRAC-edited human T cells.

(E) Pie charts showing the proportions of T cells with surface expression of CD3 and CAR after TRAC editing: CD3-CAR+ (TRAC-edited CAR T), CD3+CAR+
(unedited CAR T cells), CD3+CAR— (WT T cells), and CD3-CAR— (TRAC-edited WT T cells).

(F) Cytotoxic activity of CAR T cells derived from TRAC-edited human T cells against luciferase-expressing Tyk-nu cells, assessed using an 18 h bioluminescence
assay.

(G) Radiance measurement reflecting tumor burden in mice with a humanized immune system and rechallenged with Tyk-nu or Tyk-nu-uPARK® cells.

(H) Representative flow cytometry histograms showing uPAR expression on the indicated cell types at 1 week post-treatment with 1 x 10° of control (TRAC-UTD),
TRAC-edited CD19-CAR T (TRAC-h.19-h.28z.1XX), or TRAC-edited uPAR-CAR T (TRAC-h.uPAR-h.28z.1XX CAR T cells [T1 or A1]).

(I) Bar plot showing uPAR median fluorescence intensity (MFI) in human immune cells 1 week post-treatment with TRAC-edited untransduced or CAR T cells.

(legend continued on next page)
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(J) Bar plot showing uPAR expression (MFI) in uPAR* or uPAR" granulocytes and monocytes 1 week post-treatment with TRAC-edited UTD or CAR T cells.
(K and L) Representative flow cytometry plots showing effects of co-culturing freshly isolated human primary CD14" monocytes from peripheral blood mono-
nuclear cells with (K) h.19-h.28z or (L) h.uPAR-h.28z CAR T cells.

(M) Flow cytometry plots showing expression of uPAR in CD14"%, CD14'°%, and CD14"9" monocyte populations from bone marrow of humanized mice.
Error bars indicate SD (F) or SEM (I and J).
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Figure S12. Therapy-induced senescence enhances uPAR CAR T efficacy, related to Figure 7
(A) scRNA-seq analysis of PLAUR expression in the tumor-cell clusters from CRC patients (left)’” and CRC PDOs (right) treated with irinotecan (1 pM).
(B) scRNA-seq analysis of PLAUR expression (left) and uPAR activity signature score (right) in NSCLC patients with disease progression after treatment with the
tyrosine kinase inhibitor osimertinib (EGFR inhibitor) or alectinib (ALK inhibitor)”®
(legend continued on next page)
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(C and D) Boxplots from bulk RNA-seq showing expression of senescence-associated secretory factors IL-6 and CCL2 (C) and wound-healing, senescence, and
fibrosis signature scores (D) in matched treatment-naive versus chemotherapy-treated ovarian cancer patients.®’

(E) Dot plot showing signaling pathway enrichment score in in vitro MPB1 cells treated with cisplatin versus vehicle control.

(F) Analysis of PLAUR expression from bulk RNA-seq in 9 human cell lines treated with etoposide for 7 days (Eto7) or alisertib for 7 and 14 days (Ali7 and Ali14)
compared with vehicle control.”®

(G) Uptake of radiolabeled uPAR antibody in vitro in MPB1 cells treated with cisplatin or vehicle.

(H) uPAR PET imaging with [3°Zr]Zr-DFO-m.uPAR showing increased UPAR signal on MPB1 tumors of mice treated with cisplatin compared with vehicle control.
(I) Terminal biodistribution analysis at 144 h post-treatment (related to H).

(J) Bar graph of results from flow cytometry analysis of different immune cell populations in bone marrow (left) and blood (right) at 30 days post-treatment with
untransduced T cells vs. m.uPAR CAR T cells.

(K) Body weight of MPB1 tumor-bearing mice treated with the indicated therapies. n = 5 mice per group.

(L) Representative H&E images (left) and quantification (right) of murine Kras®'2°/Trp537" 72" lung tumor burden treated with cisplatin (3 mg/kg), untransduced
T cells (UTD), m.uPAR-m.28z CAR T cells (1 x 10°), or the combination. Lung tissues were collected 1 week post-treatment.

Statistical significance was determined using the Wilcoxon test (A-D) and Student’s t test (G, I, J, and L). Error bars indicate SEM (J) or SD (other panels).
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