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CRO-67 has anti-cancer activity in
pancreatic tumor cells and stromal
cancer-associated fibroblasts
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Pancreatic ductal adenocarcinoma (PDAC) is a highly lethal malignancy that urgently needs more
effective therapies. Cancer-associated fibroblasts (CAFs) contribute to the aggressive and chemo-
resistant nature of the disease by creating a drug-impeding fibrotic microenvironment. We developed
novel compounds, the racemate CRO-05 and its active enantiomer CRO-67, which target both
pancreatic tumor and CAF cells with robust anti-cancer activity. These compounds were designed
using rational medicinal chemistry based on chromans, a class of anti-cancer drugs. Their therapeutic
potential and efficacy were assessed in a clinically relevant patient-derived PDAC tumor explant
model, which mimics the disease’s 3-dimensional complexity. CRO-67 treatment in these explants
significantly reduced tumor cell and aSMA* CAF frequency, decreased cell proliferation and increased
cell death. CRO-67 also significantly decreased cell proliferation and enhanced apoptosis by inhibiting
cell cycle progression through G2/M phase in PDAC cells and patient-derived CAFs in vitro. CRO-67
treatment of orthotopic PDAC tumors in mice significantly reduced tumor growth in tumors with active
growth (>150% growth at endpoint), and remodeled tumor stroma (reduced aSMA* CAF frequency,
loosened tumor fibrosis and normalized tumor vasculature). Finally, CRO-67 sensitized PDAC cells to
multiple standard-of-care chemotherapeutics in vitro, paving the way for future combination therapy
development and validation.
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Pancreatic ductal adenocarcinoma (PDAC) is a highly lethal malignancy with a 5-year survival rate of less than
13%!. Surgery has curative potential, but only 15-20% of patients are eligible and most still succumb to the
disease?. Most patients with non-resectable PDAC depend on chemotherapy regimens such as FOLFIRINOX
or gemcitabine/nab-paclitaxel (Abraxane), which provide only modest improvements in survival outcomes.
Therefore, there is an urgent need to develop new therapeutic strategies to improve the dismal survival rates
of PDAC. A key driver of PDAC’s aggressive nature is its highly complex, multicellular, and heterogeneous
microenvironment?. This microenvironment consists of a dense fibrotic matrix that can serve as a physical
barrier to drug delivery and immune cell access*®. The fibrosis in PDAC compresses tumor vasculature,
creating a highly hypoxic and nutrient deprived landscape that drives selection of aggressive PDAC subclones
with chemo-resistant and metastatic phenotypes® 2. Cancer-associated fibroblasts (CAFs) play a significant
role in orchestrating fibrosis in PDAC*!2-14, They also engage in bi-directional crosstalk with PDAC cells
through the secretion of cytokines, growth factors, nutrients, and immunosuppressive factors to promote tumor
progression, chemoresistance, and metastasis®!>1>. However, a growing body of research on CAF heterogeneity
indicates that within a single patient, CAFs can comprise a diverse mix of subpopulations, some of which
promote PDAC progression, while others may exhibit anti-tumor effects!®~!8. The plasticity of CAFs further
complicates this landscape, allowing them to adapt their functions in response to the tumor microenvironment.
Therefore, targeting specific CAF subpopulations proves challenging!®. Since CAFs and cancer cells are
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deeply interconnected within the PDAC tumor microenvironment, novel therapeutic strategies should aim to
simultaneously target both tumor cells and the pro-tumor activity of CAFs.

To effectively translate such therapeutics to the clinic, preclinical models that accurately mimic the complex
and heterogeneous nature of human PDAC are needed. Traditionally, mouse models such as the genetically
engineered KPC model and orthotopic xenograft models have been the gold standard for drug testing in PDAC%.
However, these animal models have limitations in recapitulating the functional complexity of the human PDAC
microenvironment due to mouse and human species differences?. Patient-derived tumor organoids have recently
gained traction as a rapid method to evaluate therapeutic response in the presence of interpatient heterogeneity
but consist of tumor cells only and lack the presence and functionality of the PDAC stroma*?!-%%. Recently, our
group developed a new PDAC preclinical model using whole tissue explants (1-2 mm diameter) cultured ex
vivo for 12 days?. These explants retained the 3D tumor and stromal multicellular architecture, fibrosis, and cell
proliferation of patient PDAC tumors, while also maintaining the heterogeneity of the patient's CAF and tumor
cells?. Thus, this patient-derived tumor explant model, which mimics the complex tumor microenvironment
and heterogeneity of PDAG, is an attractive tool for evaluating novel therapeutics that target both the tumor and
stroma in PDAC?1225:26,

Chromans are a class of anti-cancer drugs, which have been extensively studied for more than a decade,
demonstrating anti-cancer activity in melanoma, ovarian and breast cancers’”?%. In collaboration with
Noxopharm Limited, an Australian biotechnology company, we developed a series of new drugs within the
chroman family, namely CRO-05, CRO-67, and CRO-68 (Fig. 1). CRO-05 is a functionalized dihydrobenzopyran
that is a racemic mix of two cis-enantiomers, CRO-67 and CRO-68. The development of these small molecules
involved modifications to the chroman scaffold, such as the replacement of a phenol group with amine on the
4-phenyl ring, which markedly increased resistance to Phase I metabolism and improved half-life (outlined in
the composition of matter patent [Patent #PCT/AU2023/050505]).

In this study, we utilized an advanced PDAC tumor explant model that is clinically relevant to evaluate the
therapeutic efficacy of CRO-05, CRO-67, and CRO-68. The racemate CRO-05 significantly decreased PDAC
tumor and aSMA™* CAF cell frequency in patient PDAC explants, as well as decreased cell proliferation and
increased cell death. However, given that racemic mixes are less desirable in medicinal drug development due
to the potential for adverse effects from “inactive” enantiomers?’, CRO-67 the active enantiomer, became the
focus of subsequent assessments. CRO-67 treatment potently reduced tumor cell frequency, depleted aSMA*
CAFs, and decreased cell proliferation in patient PDAC tumor samples treated with CRO-67. CRO-67 also
exerted significant anti-proliferative and pro-apoptotic effects in PDAC and CAF cells in vitro, through cell cycle
disruption. We demonstrated that CRO-67 reduced tumor growth in orthotopic PDAC tumors with >150%
growth at endpoint (actively proliferating). CRO-67 also alleviated physical barriers to drug delivery in
orthotopic PDAC tumors through stromal remodeling (i.e. reduced aSMA* CAF frequency, loosened tumor
fibrosis, and normalized tumor vasculature). Notably, CRO-67’s anti-tumor effects in vivo were less extensive
when compared to those observed in patient explants. However, lower dose treatment of explants with CRO-67
demonstrated comparable results to those observed in vivo, implying combination therapy would be required

CRO-05 (+)-CRO-67 (-)-CRO-68
1 6 7

Fig. 1. Synthesis of CRO-05, CRO-67, and CRO-68. Synthesis of the racemic CRO-05 1 was performed on
multi-gram scale at Jubilant Biosys (Greater Noida, India), which was subsequently separated at ChemPartner
Co., Ltd (Shanghai, China) via Supercritical Fluid Chromatography (SFC) to obtain enantiopure (+)-CRO-

67 6 and (—)-CRO-68 7. Resorcinol 2, aryl ketone 3, O-acylated coumarin derivative 4, 2H-chromene

5. (i) 4-nitrobenzoylchloride, AICI3, DCM, 0 to 50 °C, 16 h, 23%; (ii) 3,4-dimethylphenylacetic acid,
diisopropylethylamine (DIPEA), Ac20, 130 °C, 16 h, 31%; (iii) BH3:DMS, THE, 0 °C to room temperature,

16 h, 59%; (iv) Pd/C (cat.), H2 (g, 10 kg/cm?), EtOAc, 45 °C, 16 h, 73%; (v) Supercritical Fluid Chromatography
(SEC), (+)-CRO-67, 96%, enantiomeric excess (ee) 99.52%, (—)-CRO-68, 98%, ee 100%.
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to elicit more effective anti-tumor effects in vivo. Finally, we identified potential candidates for combination
therapy with CRO-67 in vitro.

Collectively, our findings demonstrated that: (1) CRO-67 is a dual-cell therapy drug that targets both
PDAC tumor cells and stromal-CAFs, (2) CRO-67 interferes with cell cycle progression, and (3) CRO-67 has
the potential to improve sensitivity of PDAC cells to chemotherapy drugs and enhance therapeutic response.
These results support further preclinical development of CRO-67 as a prospective combination therapy drug for
pancreatic cancer.

Results

CRO-05 treatment significantly decreased tumor and aSMA* CAF cell frequency, reduced cell
proliferation, and increased cell death in human PDAC explants

Four PDAC patient explants (Patient 1-4, Fig. 2, Supplementary Table S1 and Supplementary Fig. S1) were
treated with CRO-05 every 72 h. On day 12, explants were fixed, embedded, and sectioned for analysis. Explant
sections were stained for cytokeratin (cancer cells), aSMA (CAFs), BrdU (proliferation) and TUNEL (cell death).
Note that within explant regions, there were areas with neither cytokeratin nor aSMA staining that were largely
stromal scar tissue. Note that thresholds for detection of aSMA using Qupath software was set per patient,
and did not distinguish between aSMA high versus low CAF subsets. Overall, the results demonstrated that
CRO-05 treatment had significant effects on tumor cell and aSMA™ CAF frequency, proliferation and cell death
(Fig. 2). The most potent and consistent effects were observed at 50 pg/mL (145 uM) CRO-05, which resulted in
a significant reduction in tumor cell frequency, aSMA* CAF frequency, and cell proliferation, and increased cell
death, relative to controls (Fig. 2b-e).

CRO-67 is the active enantiomer of the CRO-05 racemic compound

CRO-05 is a racemic mixture of two enantiomers: CRO-67 and CRO-68. We next evaluated which of the
enantiomers was responsible for the effects observed with CRO-05 in the patient PDAC explants (Fig. 3).
MiaPaCa-2 cells and patient-derived CAFs (N =3) were treated with vehicle or 1.5 uM of CRO-05, CRO-67 or
CRO-68. Cell viability and apoptosis were measured 24 h post-treatment. CRO-05 and CRO-67 treatments in
MiaPaCa-2 cells and CAFs significantly decreased cell viability (Fig. 3a,b), and increased apoptosis relative to
controls (Fig. 3¢,d), while CRO-68 had no effect on cell viability nor apoptosis in either cell type (Fig. 3a-d and
Supplementary Fig. S2).

CRO-67 treatment decreased tumor and CAF cell frequency, reduced cell proliferation, and
increased cell death in human PDAC explants

CRO-67 efficacy was tested in five PDAC patient explants (Patients 1 and 5-8, Fig. 4, Supplementary Table S1
and Supplementary Fig. S3) at concentrations of 0, 10, 20 and 50 pg/mL treated every 72 h. Fixed sections were
evaluated by immunohistochemistry as per CRO-05 experiments above. CRO-67 almost completely depleted
tumor and aSMA* CAFs, reduced cell proliferation, and increased cell death to comparable or greater levels
(Fig. 4) as those observed with CRO-05 (Fig. 2). Notably, we observed higher potency with CRO-67 at the lowest
tested dose (10 pg/mL) across all measured markers, when compared to CRO-05. To validate our in vitro results
on CRO-68, we included a simultaneous comparison of efficacy using CRO-67 and CRO-68 in matched patient
explants (Patient 7, Supplementary Figs. S4-S6). In contrast to CRO-67 treatment, CRO-68 treated Patient 7
explants showed no significant changes to tumor and aSMA™* CAF cell frequency, cell proliferation, or cell death
at any dose, relative to the control (Supplementary Fig. S6). These results validated that CRO-67 was the active
enantiomer of the pair.

Potent activity of CRO-67 through anti-proliferative effects and activation of apoptosis in
patient-derived CAFs and PDAC cell lines

The effects of CRO-67 on PDAC cell and CAF proliferation, cell death and cell cycle progression were further
evaluated in vitro. The results demonstrated that CRO-67 almost completely halted the proliferation of
MiaPaCa-2, PANC-1 and CAFs, relative to controls (Fig. 5a—c). CRO-67 treatment also significantly increased
apoptosis in MiaPaCa-2, PANC-1 and CAFs compared to controls (Fig. 5d-f). Furthermore, we observed that
CRO-67 significantly increased the accumulation of cells in G2/M cell cycle phase from as early as 4 h post-
treatment in MiaPaCa-2 and PANC-1, and more prominently at 24 h post-treatment in MiaPaCa-2, PANC-1
and CAFs (Fig. 5g—-i, Supplementary Fig. S7).

CRO-67 treatment significantly decreased aSMA* CAF frequency and increased the fraction of
opened blood vessels and low-density collagen fibrils in mouse tumors

To further evaluate the efficacy of CRO-67, we assessed its therapeutic potential in an orthotopic PDAC mouse
model (tumor cells + CAF co-injection; Fig. 6a). 4 weeks post-surgery, the mice were randomized into treatment
groups based on ultrasound measurements of tumor size (Fig. 6b), then treatments performed as shown in
Fig. 6a. The treatment was well tolerated and had no significant effect on animal weight (Supplementary Fig. S8a).
Morphological changes observed in the liver in response to treatment may be indicative of slight toxicity relative
to controls, but overall no adverse effects were observed in mice and all other organs presented normal histology
(Supplementary Fig. S8b). Overall, tumor growth and metastatic spread was not significantly affected by CRO-
67 treatment (Fig. 6¢, Supplementary Fig. S8c), but we did observe that in a sub-cohort analysis restricted to
tumors with>150% growth at endpoint [active tumor cell proliferation (Supplementary Fig. S8d-f)], CRO-
67 treatment did significantly reduce both tumor growth and metastatic spread (Fig. 6d), consistent with its
proposed function as a cell cycle disruptor. The sub-cohort analysis was performed based on the predicted
mechanism of action of CRO-67 (anti-mitotic effects in vitro) where the drug’s potency could be dependent

Scientific Reports |

(2025) 15:24488 | https://doi.org/10.1038/s41598-025-09411-2 nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

Cell death
(TUNEL)

TUNEL

TUNEL Positive
(% of Control Explants)
-
1=]
t=)

Percent of Total Cells

0 10 20 50
CRO-05 (ug/mL)

a Representative IHC Images for Patient 1 Explants Treated with CRO-05
Tumor cells CAFs Cell proliferation
(Cytokeratin) (aSMA) (BrdU)
A S ¥ I.A‘:‘ﬂ._\
_7’!.‘ S s "
o ) 8 : | 50 um ¢
£ » A -
=
c 3 I
Q SEh oI |
(&] SR
O L
E HE e <
1 .
o
=3 ,
o o
A <
n
o %
o= . 2
% % ‘ -
| - & 208 ym 200-pm
(&) A e
- =
£
£
(o2}
2 ; 3
o -
)
w0 : 4
=3 &~ T Y
3 A :
14 200um 200 pm
j »>
E %
o . B )
o ¥ 50 pm
0 - - f
°| fs -, X -
2 Vw1 200
3 um pm
o Suy C
Summary of IHC Staining for Patient Explants Treated with CRO-05
Cytokeratin aSMA BrdU
£E 150 < EZ150 2 Z1s0
285 385 EH
5‘%%100 > §%%100 . * * '255'8100 " *: *
50 E 80E LI 558
523 50 ﬁ *% £28 50 EBS 60
E% 255 £%%
28s ol ’—I—‘ ook “E2 0 L1 ] LA
0 10 20 50 0 10 20 650 0 10 20 60
CRO-05 (ug/mL) CRO-05 (ug/mL) CRO-06 (ug/mL)
® Patient 1
® Patient 2
® Patient 3
® Patient 4

on cell proliferation. Accordingly, this sub-cohort analysis excludes five PDAC tumors that had slower (<150%
from start) growth at endpoint (Supplementary Fig. S9). Note, these tumors were still included in the full cohort
analysis as they sat within the average tumor size for their respective groups at 4 weeks post-surgery, and some
demonstrated metastatic spread at endpoint, both of which imply viable tumors at the start of treatment (Fig. 6b-
d, Supplementary Fig. S9). Importantly, CRO-67 treatment significantly decreased intratumoral aSMA* CAFs
and increased intratumoral open blood vessels in the full cohort (i.e. regardless of effects on tumor growth;
Fig. 6e-f and Supplementary Fig. S8g). These effects were likely a consequence of loosening of CAF-deposited
collagen (Fig. 6g-1; increased low birefringence collagen), even though overall tumor collagen content was
unchanged (Fig. 6i). These findings suggest that CRO-67 could alleviate drug delivery barriers in PDAC tumors

in vivo.
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«Fig. 2. CRO-05 treatment in PDAC tumor explants from patients reduced tumor and CAF cell frequency,
reduced cell proliferation, and increased cell death. PDAC tumor explants from N =4 patients were
cultured for 12 days and treated with 0, 10, 20 and 50 pug/mL of CRO-05 every 72 h. (a) Representative
immunohistochemistry (IHC) images for Patient 1 explants stained for tumor cells (cytokeratin), CAFs
(a-smooth muscle actin [aSMAY]), proliferating cells (BrdU), and cell death (TUNEL). Positive staining for
IHC is brown, positive TUNEL staining is green, and nuclei are blue. Quantification of IHC stain for (b) tumor
cells, (c) CAFs, (d) proliferating cells, and (e) cell death was performed using QuPath software. Inset images
for BrdU staining show nuclei positive for BrdU in brown compared to negative nuclear-only staining in blue.
Cytokeratin staining was not quantifiable in Patient 2 (green symbols) due to a lack of tumor cells present in all
tumor sections irrespective of control or CRO-05 treatments. Symbols represent the mean of 2-4 explants per
treatment from each patient. Colors indicate percentage relative to control for each patient. Patient 3 explants
(blue symbols) were not treated with 10 pg/mL CRO-05 due to limited availability of tumor tissue. Bars
represent mean +SD (N <5). Asterisks indicate statistical significance as assessed by one-way ANOVA, and
Bonferroni’s multiple comparisons tests (*p <0.05, **p<0.01).
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Fig. 3. CRO-67 is the active enantiomer of CRO-05 that decreased viability and increased apoptosis in PDAC
and CAF cells. MiaPaCa-2 (N =3) and primary patient-derived CAFs isolated from N =3 PDAC patients were
treated with vehicle control, CRO-05, CRO-67 and CRO-68 (1.5 uM) and analyzed 24 h post-treatment. (a,

b) Cell viability was measured by counting live cells via trypan blue exclusion assay. CRO-05 and CRO-67
treated MiaPaCa-2 cells and patient-derived CAFs demonstrated a reduction in cell viability while CRO-

68 treated cells showed no change. (c, d) Apoptosis was measured by flow cytometry for Annexin V/DAPIL
MiaPaCa-2 (N =3) and CAFs (N =3) demonstrated an increase in apoptosis 24 h post-treatment with CRO-05
and CRO-67, but no change when treated with CRO-68. Bars represent mean = SD (N =3). Asterisks indicate
significance as assessed by one-way ANOVA, and Bonferroni’s multiple comparisons tests (*p <0.05, **p<0.01,
o4 <0.001, *p <0.0001).

Lower doses of CRO-67 treatment significantly decreased tumor and aSMA* CAF cell frequency
and reduced cell proliferation in human PDAC explants

Given the dose of CRO-67 administered in vivo was 15-fold higher than the highest dose tested in explants, the
reduced anti-tumor potency of CRO-67 in vivo suggested that the dose of CRO-67 reaching the tumor site may
be less than what was tested in our initial explant screens. To investigate this further, we treated PDAC explants
from an additional five patients (Patients 11-15) with CRO-67 at 1-2 ug/mL (5-tenfold lower concentrations
than lowest CRO-67 doses in Fig. 4 explant experiments; Fig. 7, Supplementary Table S1, and Supplementary
Fig. S10). We observed that at 1 ug/mL, CRO-67 reduced tumor and aSMA* CAF cell frequency in patient
explants, but on average these effects were closer to the effects observed in vivo than the near depletion of cells
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observed at higher CRO-67 concentrations (Fig. 7b,c versus Fig. 4b,c). Notably, the reductions in tumor cells
at 1 ug/mL were mixed across patients (Fig. 7b; <10% reductions in 2/5 patient explants, 50% reduction in 1/5,
and >75% in 2/5). Moreover, cell-death induction was no longer significant at lower concentrations of CRO-67
(Fig. 7e) compared to the significant increase in the initial explant screens (Fig. 4e). Our results suggested that we
likely require an ideal combination therapy to take advantage of CRO-67-induced stromal remodeling in vivo,
to enhance anti-tumor cell effects.
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«Fig. 4. CRO-67 treatment in PDAC tumor explants from patients reduced tumor and CAF cell frequency,
reduced cell proliferation, and increased cell death. PDAC tumor explants from N =5 patients were
cultured for 12 days and treated with 0, 10, 20 and 50 pug/mL of CRO-67 every 72 h. (a) Representative
immunohistochemistry (IHC) images for Patient 5 explants stained for tumor cells (cytokeratin), CAFs
(a-smooth muscle actin [aSMAY]), proliferating cells (BrdU), and cell death (TUNEL). Positive staining for
IHC is brown, positive TUNEL staining is green, and nuclei are blue. Quantification of IHC stain for (b)
tumor cells, (c) CAFs, (d) proliferating cells, and (e) cell death was performed using QuPath software. Inset
images for BrdU staining show nuclei positive for BrdU in brown compared to BrdU negative nuclear-only
staining in blue. Symbols represent the mean of 2-4 explants per treatment from each patient. Colors indicate
percentage relative to control for each patient. Bars represent mean = SEM (N =5). Asterisks indicate statistical
significance as assessed by one-way ANOVA, and Bonferroni’s multiple comparisons tests (*p <0.05, **p<0.01,
o4 <0.001, **p <0.0001).

CRO-67 sensitized PDAC cells to chemotherapy drugs in vitro by exerting enhanced anti-
proliferative effects in combination treatments

We evaluated the anti-proliferative effect of CRO-67 in combination with PDAC standard-of-care chemotherapy
drugs in vitro using MiaPaCa-2 and AsPC-1 PDAC cell lines. Concentrations of all drugs for evaluating CRO-67
sensitization with chemotherapeutics were selected based on a<50% drop in proliferation, allowing sufficient
room to observe further anti-proliferative effects when used in combination. It is important to note that AsPC-1
is a PDAC metastatic line that is less sensitive to CRO-67 treatment compared to MiaPaCa-2. Hence, CRO-67
treatment was at a concentration of 1.2 uM for AsPC-1 compared to 0.5 uM for MiaPaCa-2 to achieve comparable
anti-proliferative effects. At endpoint, CRO-67 treatments significantly reduced both MiaPaCa-2 and AsPC-1
cell proliferation relative to controls, confirming the anti-proliferative effect of CRO-67 as previously observed
(Fig. 8a-h). The treatment of MiaPaCa-2 cells with CRO-67 significantly increased its sensitivity to gemcitabine,
5-fluorouracil, and oxaliplatin, as shown by the significant reduction in cell proliferation in combination
treatments compared to individual drug treatments (Fig. 8a,c,e). In contrast, AsPC-1 cells treated with CRO-67
only exhibited increased sensitivity to oxaliplatin (Fig. 8f). The treatment of both MiaPaCa-2 and AsPC-1 cells
with CRO-67 in combination with irinotecan had no effect on cell proliferation compared to individual drug
treatment alone (Fig. 8g, h).

Discussion

The majority of PDAC patients have unresectable disease at diagnosis, resulting in reliance on standard of care
chemotherapy for treatment, which offers patients little hope of long-term survival. Traditional chemotherapy
approaches for PDAC have primarily focused on targeting PDAC cells exclusively, neglecting the pro-tumor
influence of stromal CAFs'>3. CAFs play a major role in shaping the characteristic stromal barrier of the
PDAC microenvironment, promoting tumor growth, and limiting drug penetrance, all which contribute to
the aggressive nature of the disease and chemoresistance'>*. Herein, the novel compound CRO-05 and its
enantiomers CRO-67 and CRO-68, were developed in partnership with Noxopharm Limited as a potential
dual-cell therapy for PDAC. Our unique compounds were rationally designed from a novel class of anti-
cancer drug called chromans, details of which are outlined in the composition of matter patent (Patent #PCT/
AU2023/050505). We demonstrated in clinically relevant patient-derived pancreatic cancer models, that CRO-
05 and its active enantiomer CRO-67, are potent drugs that target both PDAC cells and aSMA* CAFs. However,
racemic mixes such as CRO-05 are less desirable in medicinal chemistry due to potential side effects or toxicity
associated with inactive enantiomers®®. As such, for the preclinical validation experiments detailed in this study,
CRO-67 was directly synthesized from a precursor of CRO-05 via hydrogenation in the presence of a chiral
catalyst (iridium, rhodium or ruthenium based)*', which produces a high yield of the compound while retaining
purity and efficacy.

We assessed the effectiveness of CRO-67 as a dual-cell therapy drug in a clinically relevant human PDAC
explant model. This model developed by our laboratory accurately maintains the three-dimensional architecture,
fibrosis, and heterogeneity of human PDAC explants (obtained from surgical resections) for 12 days, which can
test the therapeutic potential of novel agents in targeting both stromal-CAF cells and PDAC tumor cells'>?. Our
studies showed that CRO-67 significantly reduced both tumor cell and aSMA* CAF cell frequencies in patient
explants, and within the remaining cells, significantly reduced cell proliferation and induced cell death. Previous
studies have shown the anti-cancer cell activity of related chromans Cantrixil and Trilexium against multiple
cancer types in vitro and in 3D tumor culture®”?%. However, PDAC cell lines exhibited a wide range of response
to Cantrixil (IC, values between 0.2 and 3.7 uM) compared to 16 other cancer cell types in vitro, with ovarian,
prostate, and lung cancers being more responsive (IC,, values<0.1 uM)¥. In a different study that performed
an in vitro screen of 240 cell lines, PDAC cells were considered borderline insensitive to Trilexium compared to
other cancer cell lines, suggesting that Trilexium is not suitable for clinical translation for PDAC?®. Importantly,
these studies did not examine the direct effect that Cantrixil or Trilexium may have on CAFs, nor did they
consider how CAFs and PDAC cells would respond to these drugs together. In contrast to these studies, we
considered the complexity of the tumor microenvironment in our evaluation of CRO-67’s therapeutic potential
by assessing its impact on both cell types in intact PDAC tumor explants.

Regarding observed reductions in CAF frequency within explants, it should be noted that detection thresholds
for aSMA in our tissue sections were set to detect any level of aSMA expression (i.e. aSMA high and low CAF
subsets). aSMA is a robust CAF marker due to its frequent expression in most CAFs and its association with
pancreatic cancer pathology®*2, but its expression can vary between major CAF subtypes: myofibroblast CAFs
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Fig. 5. CRO-67 activated apoptosis and reduced proliferation in two PDAC cell lines and patient-derived
CAFs. PDAC cell lines (MiaPaCa-2 and PANC-1) and primary patient-derived CAFs isolated from N =5
PDAC patients were treated with vehicle control or CRO-67 (1.5 pM) and analyzed 24 h post-treatment. (a—c)
Phase-contrast confluency measurements were taken every hour for 48 h following CRO-67 treatment of
PDAC cell lines and CAFs. MiaPaCa-2 (N=3), PANC-1 (N=3) PDAC cells and CAFs (N=5 PDAC patients)
demonstrated a decrease in cell proliferation, as measured by the IncuCyte S3 Live Cell Analysis system. (d-f)
Apoptosis was measured by flow cytometry for Annexin V/DAPI. MiaPaCa-2 (N =3), PANC-1 (N=3) PDAC
cells and CAFs (N =5) demonstrated an increase in apoptosis 24 h post-treatment with CRO-67 (1.5 uM). (g-i)
Flow cytometry was used to quantify the percentages of cells in the G1, S, and G2/M phases of the cell cycle at
4 and 24 h post-treatment with CRO-67 (1.5 uM). CRO-67 treatment in MiaPaCa-2 (N=3), PANC-1 (N=3)
and CAF (N =3) cells resulted in the accumulation of cells in the G2/M phase at 4 and 24 h post-treatment,
suggesting mitotic arrest. Bars represent mean +SD (N =3). Asterisks indicate significance as assessed by one-
way ANOVA, and Bonferroni’s multiple comparisons tests; performed on endpoint data at 48 h timepoint for
cell proliferation (*p <0.05, **p <0.01, ***p<0.001, ***p <0.0001).
[myCAFs; aSMAPE" interleukin-6 (IL-6)1°"] and inflammatory CAFs (iCAFs; aSMA!®Y IL-6M8")1617, In addition,
these CAF subtypes are plastic and can transition between these states'>~!7. Many studies have attempted to
target specific CAF subtypes, but this approach proves challenging and ineffective due to CAF heterogeneity,
with different subtypes playing conflicting roles in tumor growth!”33-%. Importantly, previous studies have
suggested against the targeted depletion of aSMA™ CAFs, as it had resulted in a more aggressive phenotype in
mouse models and spheroids!*33*>%, In contrast, our in vivo findings showed that CRO-67 treatment reduced,
but did not deplete, asSMA* CAFs in PDAC tumors. The stromal remodeling effects of CRO-67 were also linked
to anti-tumor and anti-metastatic effects when restricting analyses to rapidly growing PDAC tumors (>150%
growth at endpoint). This suggested that the reduction of aSMA™* CAFs did not worsen disease progression,
and instead, CRO-67’s more consistent stromal remodeling effect (loosening of tumor fibrosis, normalization
of tumor vasculature) indicate its potential to improve drug penetrance to the tumor in combination therapy
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settings. Future studies to delineate the effects of CRO-67 on specific CAF subsets, using spatial transcriptomic
approaches, would be vital to understanding how it reprograms the stroma, thereby influence therapeutic
response.

Findings from our in vitro studies complemented our observations in patient explants. CRO-67 significantly
reduced the viability and proliferation of both PDAC cells and CAFs, and increased apoptosis in both cell types
in vitro. A potential mechanism driving these effects was cell cycle arrest in G2/M phase of the cell cycle, which
we observed in both PDAC cells and CAFs in response to CRO-67 treatment in vitro. Prolonged arrest of PDAC
cells at the G2/M phase checkpoint results in mitotic failure and induced apoptosis®”-3°. The medicinal chemistry
relationship between CRO-67 and chromans, stemming from their shared benzopyran structure, suggests
that CRO-67 may exhibit a similar mechanism of action as other chromans in inducing cell cycle arrest and
apoptosis. For instance, the most clinically advanced chroman, Cantrixil, exerts anti-tumor effects by inhibiting
tubulin polymerization via interaction with the colchicine binding site on tubulin, and activating c-Jun to induce
caspase-mediated apoptosis?**. Similarly, the cytotoxic activity of a related chroman, Trilexium, is attributed to
its ability to inhibit tubulin polymerization in different cancer types including PDAC?%. CRO-67’s mechanism of
action appears to be similar to both chromans, as they have been shown to trigger mitotic arrest in cancer cells
to induce apoptosis?®. Further research is needed to elucidate the mechanism of action of CRO-67 in comparison
to chromans. In addition, CRO-67’s potential cell cycle disrupting mechanism of action could be dependent
on PDAC cell proliferation. This is evident in the orthotopic PDAC tumors in mice, where CRO-67 showed a
significant decrease in tumor growth when restricting the analysis to tumors with>150% growth at endpoint
(i.e. tumors with actively proliferating cancer cells). Moreover, MiaPaCa-2 cells were more sensitive to CRO-67
single drug treatment compared to the relatively slower proliferating AsPC-1 cells. Our findings suggest that
cancer cell proliferation status may influence their responsiveness to CRO-67.

We observed that anti-tumor and CAF reductions observed in vivo were substantially less than those
observed in our initial evaluation in explants, despite using a dose of drug that was 15-fold higher in vivo than the
highest dose used in explant cultures. Differences in tumor microenvironment and cancer cell biology between
orthotopic PDAC tumors and patient-derived explants, especially given the heterogeneity of PDAC, could
potentially explain the difference in sensitivity. Alternatively, this may have been a consequence of lower doses
of drug reaching tumor cells in the in vivo setting due to the potential for drug absorption/metabolism by other
organs. In support of the latter, lower CRO-67 dosing in explants (tenfold lower than the lowest concentration
in our first screen) produced, on average, reductions in tumor cells and CAFs closer to those observed in vivo.
Future studies will assess the pharmacokinetics of CRO-67 using in vivo PDAC models to determine if our
observations were related to drug bioavailability.

Nevertheless, CRO-67 still alleviated physical barriers to tumor drug delivery across the whole cohort by
reducing aSMA™* CAF frequency, loosening stromal fibrosis and normalizing tumor vasculature. Our in vivo
results suggest that CRO-67 has the potential to enhance drug penetrance into PDAC tumors in a combination
therapy setting through its stromal remodeling capability, highlighting the need to evaluate CRO-67 in
combination with other chemotherapeutics. The most effective treatments for PDAC, albeit with limited survival
benefit, are combination chemotherapy regimens*"*?, reinforcing the need to select an ideal partner treatment
with CRO-67 to maximize clinical translatability. We explored the potential of combining CRO-67 with
standard-of-care chemotherapies to enhance its therapeutic effect. We demonstrated that CRO-67 treatment in
combination with gemcitabine, 5-fluorouracil, or oxaliplatin significantly impaired cell proliferation of different
PDAC cells (MiaPaCa-2 and/or AsPC-1) to a greater extent than single drug treatments alone in vitro. Based on
anti-proliferative effects that were at least additive or greater, the most effective combination in either cell line was
Gemcitabine or 5-fluorouracil combined with CRO-67 (MiaPaCa-2 only), and the most effective combination
across both cell lines was Oxaliplatin combined with CRO-67. Future studies will explore these combinations in
explants and in vivo.

CRO-67 is a novel dual-cell therapy with promising potential for further development as an effective
therapeutic for pancreatic cancer. We demonstrated its unique ability to target both PDAC tumor cells and
stromal aSMA* CAFs in a clinically relevant PDAC explant model, revealing potent anti-cancer, anti-CAFs, and
anti-proliferative effects, as well as activation of apoptosis. CRO-67 is now covered by the U.S. Orphan Drug Act
(1983) and is recognized as a novel anti-cancer drug. The novel structure of CRO-67 and its counterparts in this
study developed in collaboration with Noxopharm are detailed in the patent. To advance preclinical research
on CRO-67, further studies with complementary preclinical models are needed to elucidate its mechanism
of action and evaluate its efficacy both as a standalone treatment and in combination with chemotherapy or
immunotherapy drugs. This will bolster our understanding of CRO-67’s unique dual-cell targeting effect and
support its potential therapeutic use for pancreatic cancer.

Methods

Chemical synthesis

Racemic CRO-05 1 was synthesized on multi-gram scale at Jubilant Biosys (Greater Noida, India) using a
previously reported method (Patent #PCT/AU2023/050505) summarized in Fig. 1. In short, resorcinol 2 was
acylated with 4-nitrobenzoyl chloride to obtain aryl ketone 3, which subsequently underwent cyclic condensation
with 3,4-dimethylphenylacetic acid under heating in acetic anhydride in the presence of diisopropylethylamine
(DIPEA) to form O-acylated coumarin derivative 4. This was deprotected and reduced to the substituted 2H-
chromene 5 in a single step using borane dimethylsulfide. Hydrogenation of this intermediate with the use of
catalytic palladium (0) on carbon produced CRO-05 1 as a racemic mixture of cis-enantiomers. This mixture
was subsequently separated at ChemPartner Co., Ltd (Shanghai, China) via Supercritical Fluid Chromatography
(SFC) to obtain enantiopure (+)-CRO-67 6 and (-)-CRO-68 7. Enantiomeric excess (ee) was 99.52% for CRO-
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67 and ee 100% for CRO-68. (Please refer to the Supplementary Methods and Supplementary Figures SM1-10
[within supplementary methods] for details on the synthesis of CRO-05, CRO-67, and CRO-68.)

Human PDAC 3D explant culture

Specimens of PDAC tumors were obtained fresh from patients undergoing pancreaticoduodenectomy (Whipple
procedure) at Prince of Wales Hospital or Prince of Wales Private Hospital, Randwick, NSW, Australia. Written
informed consent was given by these patients through the Health Science Alliance Biobank. The work was
approved by UNSW human ethics committee (HC180973) and experiments were performed in accordance
with regulations and guidelines. As previously described?’, de-identified tumor samples were cut using a scalpel
into explants of approximately 2 mm diameter. Explants were cultured on hemostatic gelatine sponges (Johnson
& Johnson, Cat. JJ-12505) for 12 days with daily medium changes. Culture medium contains high-glucose
Dulbecco’s Modified Eagle Medium (DMEM; ThermoFisher, Cat. 10313021), 10% fetal bovine serum (FBS;
CellSera, Cat. AU-FBS/PG), 5 mM GlutaMAX (ThermoFisher, Cat. 35050061), 0.01 mg/mL hydrocortisone
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«Fig. 6. CRO-67 treatment significantly decreased aSMA* CAF frequency, and increased the fraction of
opened blood vessels and low-density collagen fibrils in PDAC orthotopic mouse tumors. (a) Schematic
representation of orthotopic PDAC mouse model made with Biorender. 7 weeks old, female Balb/c nude mice
were injected with luciferase-expressing MiaPaCa-2 cells and immortalized human primary CAFs at a 1:1 ratio
of cells (10° each) in the pancreas. 4 weeks post-surgery, mice were randomized into the vehicle control or
CRO-67 treatment group (10 mice/group), based on (b) mouse tumor volume via ultrasound measurements.
Mice were treated with Vehicle Control (90% saline + 10% DMSO) or CRO-67 (60 mg/kg), twice daily via
intraperitoneal injection (i.p.), for 5 weeks. At endpoint, mouse pancreatic tumors were harvested, fixed in
4% paraformaldehyde, for tissue processing and subsequent immunohistochemistry analyses. Ex vivo organ
luminescence for metastasis detection was performed via bioluminescence imaging using IVIS SpectrumCT.
Individual tumor volume was measured by ultrasound as a percentage of start and number of metastatic sites
per mouse with the percentage of mice presenting any metastasis were quantified for (c) all tumors and for
(d) tumors with>150% growth at endpoint compared to start. (e) Representative images and quantification
of a-smooth muscle actin (aSMA) positive cells. (f) Representative images and quantification of CD31
positive cells. (g) Representative bright field images showing picrosirius red stained tumor sections and (h)
representative images of picrosirius red stained imaged using polarized light. Quantification of total picrosirius
red coverage (i) and low-high birefrigent collagen (j-1) are shown in the graphs. Quantification of each stain
was performed using MATLAB programming. Symbols show quantification of individual mice. Bars represent
mean + SEM. Asterisks indicate statistical significance as assessed by t-test (*p <0.05, **p<0.01).

(Sigma-Aldrich, Cat. H0888-1G), 0.01 mg/mL insulin (NovoRapid, Cat. AUST R 133443), and 1 x antibiotic/
antimycotic solution (Sigma-Aldrich, Cat. A5955-20ML)*. Between 2 and 4 explants from different regions
of the patient’s tumor were cultured per treatment group. The explants were treated with vehicle (0.4% DMSO
to match the amount used at the highest drug concentration; Sigma-Aldrich, Cat. D2650-100ML), or CRO-
05 (10, 20 and 50 pg/mL), or CRO-67 (1, 2, 10, 20 and 50 pug/mL) or CRO-68 (10, 20 and 50 pg/mL) on days
0, 3, 6 and 9 by addition of the drug into the medium reservoir. A range of concentrations was used to assess
drug potency in patient explants, which were based on well-tolerated in vivo doses from preliminary studies
conducted by Noxopharm. Note that drug concentrations in the explant studies were expressed in ug/mL, as this
unit is relevant to plasma concentration for drugs. On day 11, explants were treated with 10 mM BrdU substrate
(BD Biosciences, Cat. 550891) and then fixed on day 12 in 4% paraformaldehyde (ProSciTech, Cat. EMS15712).
All experiments were performed and are reported in accordance with ARRIVE guidelines.

Orthotopic PDAC mouse model

Female BALB/c nude mice (Ozgene ARC) were used for the establishment of the orthotopic PDAC mouse model.
All animal procedures were approved by the UNSW Animal Ethics Committee (ACEC 22/3A). All experiments
were performed in accordance with the ethics guidelines and regulations. At 7-week-old, orthotopic PDAC
tumors were established by co-injection of luciferase-expressing MiaPaCa-2 cells and immortalized human
primary CAFs at a 1:1 ratio (10 cells each) to the pancreas, as previously described'?**. 4 weeks post-surgery,
mice were randomized into the vehicle control or CRO-67 treatment group (10 mice/group), based on mouse
tumor size via ultrasound measurements. Mice then received intraperitoneal injection (i.p.) of Vehicle Control
(90% saline + 10% DMSO) or CRO-67 (60 mg/kg), twice daily, for 5 weeks. Tumor volumes were measured once
aweek by ultrasound to track tumor growth, and mice were weighed once weekly. At endpoint, mouse pancreatic
tumors, spleen, liver, kidneys, intestines, heart and lungs, as well as any other organs or enlarged lymph nodes
indicative of metastatic spread, were harvested, fixed in 4% paraformaldehyde, then sent for tissue processing
and subsequent immunohistochemistry analyses. Ex vivo organ luminescence for metastasis detection was
performed via bioluminescence imaging using IVIS SpectrumCT and confirmed by H&E (Supplementary Fig.
S8c). All experiments were performed and are reported in accordance with ARRIVE guidelines.™

Immunohistochemistry staining and analysis

Paraformaldehyde-fixed explants and orthotopic mouse tumors were paraffin-embedded and sectioned
(5 um thickness) as previously described®>. Hematoxylin and Eosin (H&E) staining was performed at the
Histopathology Service of the Garvan Institute of Medical Research (Sydney, Australia) for the visualization of
explant architecture (Supplementary Fig. S11). Explant sections were stained using immunohistochemistry as
previously described?. For patient explants, immunohistochemistry for cytokeratin (DAKO, Cat. M3515; 1:100
overnight at 4 °C), aSMA (Sigma-Aldrich, Cat. A5228;1:1000 1 h at room temperature) and bromodeoxyuridine
(BrdU) (DAKO, Cat. M0744; 1:50 dilution overnight at 4 °C), was performed to characterize tumor cells, aSMA*
CAFs and cell proliferation, respectively. For mouse tumors, immunohistochemistry for aSMA, and CD31
(Taylor Bio-Medical, Cat. DIA-310) was performed to characterize aSMA* CAFs, and CD31* endothelial cells
as a marker for blood vessels (manual count for open and closed vessels), respectively. The quantification of
CD31* blood vessels was performed on 20 x magnified fields of view (> 7/section) of mouse tumors, as described
previously'>**. There was no significant difference in the total number of CD31* blood vessels between treatment
groups (Supplementary Fig. S8g), hence the number of open vessels was expressed as a percentage of total blood
vessels. In all immunohistochemistry staining, hematoxylin (Agilent, Cat. $3309) was used as a counter stain,
and 3,3'-diaminobenzidine tetrahydrochloride (DAB) substrate (Agilent, Cat. K346811-2) and VECTASTAIN
ABC-Peroxidase Kit (VectorLabs, Cat. PK-4000) was used to visualize staining. All slides were scanned using
an Olympus VS200 slide scanner. For quantification of staining in whole tissue explants and mouse tumors,
excluding background staining in necrotic regions, the positive cell detection function was used on QuPath
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a Representative IHC Images for Patient 12 Explants Treated with Low Doses of CRO-67
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software (v0.5.1; open-source software for digital pathology image analysis). Cytokeratin and aSMA positive
staining were expressed in number of positive cells per mm?, while BrdU and was expressed as a percentage
of total cells. Figures summarizing the statistical analyses of tumor cells (cytokeratin), aSMA* CAFs (aSMA),
cell proliferation (BrdU), and cell death (TUNEL) in patient explants treated with CRO-05 or CRO-67 were
expressed as an average of all patient explants for each treatment as a percentage of control. In our study, a total of
sixteen PDAC patient explants were treated with CRO-05 or CRO-67 (Supplementary Table S1). However, 3/16
patients (Patients 9, 10, and 16) had partial response to neoadjuvant chemotherapy before explant treatments.
These three patient explants were excluded from all final analyses to eliminate patient treatment history from
confounding our assessment of CRO-67s efficacy.

TUNEL staining to assess cell death

Fluorescent TUNEL staining (Sigma-Aldrich, Cat. 11684809910) or Fast Red (Abcam, Cat. ab64254) was
performed according to the manufacturer’s instructions and as previously described?. Following incubation
of tissue sections with TUNEL enzyme (diluted 1:2), samples were mounted with ProLong Gold antifade
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«Fig. 7. Low doses of CRO-67 treatment in PDAC tumor explants from patients reduced tumor and CAF cell

frequency, and reduced cell proliferation. PDAC tumor explants from N =5 patients were cultured for 12 days
and treated with 0, 1, and 2 ug/mL of CRO-67 every 72 h. (a) Representative immunohistochemistry (IHC)
images for Patient 12 explants stained for tumor cells (cytokeratin), CAFs (a-smooth muscle actin [aSMA]),
proliferating cells (BrdU), and cell death (TUNEL). Positive staining for IHC is brown, positive TUNEL
staining is red, and nuclei are blue. Please note that the red stain present in the control representative image
was predominantly non-nuclear background staining, and was not included in quantification. Quantification
of THC stain for (b) tumor cell, (c) CAFs, (d) proliferating cells, and (e) cell death was performed using
QuPath software. Inset images for BrdU staining show nuclei positive for BrdU in brown compared to BrdU
negative nuclear-only staining in blue. TUNEL was not quantifiable in Patient 11 explants (Red symbols) due
to dead areas not presenting nuclei. Patient 12 explants (light blue symbols) were not treated with 2 pg/mL
CRO-67 due to limited availability of tumor tissue. Symbols represent the mean of 2-4 explants per treatment
from each patient. Colors indicate percentage relative to control for each patient. Bars represent mean = SEM
(N'=5). Asterisks indicate statistical significance as assessed by one-way ANOVA, and Bonferroni’s multiple
comparisons tests (**p<0.01, **p<0.001).

mounting medium with DAPI (Invitrogen, Cat. P36931) and whole explants were scanned on a Vectra Polaris
(PerkinElmer) slide scanner. QuPath was used to calculate fluorescent TUNEL positive nuclei as a percentage
of DAPI positive cells in whole tissue explants. As for immunohistochemistry staining for Fast Red substrate,
positive cell detection function was used on QuPath.

Picrosirius red staining to assess total collagen content and fibril density (polarized light
analysis)

Paraffin-embedded tumor sections were stained with 0.1% picrosirius red (Polysciences) according to
manufacturer’s instructions. Polarized light imaging and intensity measurement were performed and analyzed
using MATLAB programming, as described previously'24>46, Collagen content was expressed as an average
percent of total birefringence that was high (red), medium (yellow), and low (green).

In vitro PDAC and CAF cell culture

PDAC cell lines, MiaPaCa-2 (RRID: CVCL_0428), PANC-1 (RRID: CVCL_0480), and AsPC-1 (RRID:
CVCL_0152) were obtained from the American Type Culture Collection (ATCC). The purity of cell lines
was confirmed by short tandem-repeat profiling (CellBank Australia). MiaPaCa-2 cells were maintained in
DMEM culture media, supplemented with 10% FBS, 2.5% horse serum (ThermoFisher, Cat. 16050122) and
2 mM GlutaMAX. PANC-1 cells were cultured in DMEM culture media, supplemented with 10% FBS and
2 mM GlutaMAX. AsPC-1 cells were cultured in Roswell Park Memorial Institute (RPMI) 1640 Medium
(ThermoFisher, Cat. 11875093), supplemented with 10% FBS and 2 mM GlutaMAX. Patient-derived CAFs were
isolated from surgical PDAC samples using the outgrowth method, as described!?, and were used within 12
passages. CAFs were grown in Iscove’s Modified Dulbecco Medium (IMDM; ThermoFisher, Cat. 21056023),
10% FBS, and 4 mM GlutaMAX. Positive staining for glial fibrillary acidic protein (GFAP) and a-smooth
muscle actin (aSMA) and negative staining for cytokeratin were used to assess the purity of CAFs, as described
previously'2. All cancer cell lines and CAFs were maintained at 37 °C in a humidified 5% CO, incubator and
monthly tested and found free from mycoplasma.

Cell viability assay

MiaPaCa-2 and PANC-1 cells were seeded in 6-well plates at 100,000 cells per well and then treated with 1.5 uM
of vehicle DMSO control, CRO-05, CRO-67 or CRO-68, 24 h after cell seeding. Note that drug concentrations
in all in vitro studies were expressed in pM, as this unit is relevant to the low dose range used in these assays.
Cells were trypsinized with 0.25% Trypsin-EDTA (ThermoFisher, Cat. 25200072) 24 h post-treatment and
resuspended 1:1 in culture medium and trypan blue staining solution (ThermoFisher, Cat. 15250061). Cell
viability was measured by counting live cells (trypan blue negative) using a BioRAD automated cell counter’.

Apoptosis assay

Cells were treated with 1.5 uM of vehicle DMSO control, CRO-05, CRO-67 or CRO-68, 24 h after cell seeding
in 6-well plates. 24 h post-treatment, adherent and floating cells were pelleted and resuspended in 1 xbinding
buffer containing Annexin V-PE (BD Biosciences, Cat. 559763) and 100 pg/mL DAPI (Sigma-Aldrich, Cat.
D9542), incubated for 15 min in the dark at room temperature, according to the manufacturer’s instructions,
then analyzed on a BD LSR Fortessa flow cytometer. Total apoptosis was quantified using FlowJo v10 software
as the sum of cells in early, middle, and late apoptosis. Gating strategy is shown in Supplementary Fig. S12a.

Cell proliferation assays

To measure real-time cell proliferation for PDAC cell lines (MiaPaCa-2 and PANC-1) and patient-derived CAFs,
cells were treated with vehicle DMSO control, CRO-05, CRO-67 or CRO-68 at a concentration of 1.5 uM (CRO-
05 IC,, for MiaPaCa-2), 24 h after seeding. Immediately following drug treatment in vitro, cells were placed
in an IncuCyte S3 Live-Cell Analysis System (Essen BioScience), and each well was scanned every hour for a
total of 48 h. For evaluating the anti-proliferative effect of CRO-67 in combination with PDAC standard-of-
care chemotherapy drugs, PDAC cell lines (MiaPaCa-2 and AsPC-1) were treated with vehicle DMSO control,
CRO-67 (0.5 uM for MiaPaCa-2 and 1.2 uM for AsPC-1), chemotherapy drugs [gemcitabine (GEM, Sigma
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Aldrich, Cat. G6423-10MG; 0.02 pM for MiaPaCa-2 and 0.05 uM for AsPC-1), 5-fluorouracil (5-FU, Accord
Healthcare Pty Ltd, Cat. 285,803; 5 uM), oxaliplatin (OXAL; 2.5 uM), or irinotecan (IRINO; 2.5 uM)], or CRO-
67 in combination with each of the chemotherapy drugs, 24 h after seeding. Cells were immediately placed in
the IncuCyte S3 Live-Cell Analysis System following drug treatments, and each well was scanned every 4 h up to
72 h. IncuCyte S3 software (v2018B) was used to calculate cell proliferation by using phase-contrast images and
integrated cell confluence metrics.

Cell cycle analysis

4 h and 24 h after CRO-67 treatment, cells were lifted and fixed in 80% ice-cold ethanol (Sigma-Aldrich, Cat.
1.11727) for 30 min. After fixation, cells were washed twice with PBS (ThermoFisher, Cat. 14,190,144), then
stained with 1 pug/mL DAPI in PBS with 1% TWEEN-20 (Sigma-Aldrich, Cat. P1379-250ML) for 15 min at
37 °C. Cells were analyzed using a violet laser (V450) on BD LSR Fortessa cytometer?’, and the proportion
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«Fig. 8. CRO-67 sensitized PDAC cell lines to gemcitabine and oxaliplatin, partial sensitization to

5-fluorouracil, and no sensitization with irinotecan in vitro. PDAC cell lines (MiaPaCa-2 and AsPC-1) were
treated with vehicle DMSO control, CRO-67 (0.5 uM for MiaPaCa-2 and 1.2 uM for AsPC-1) alone or in
combination with chemotherapy drugs: (a, b) gemcitabine (GEM; 0.02 uM for MiaPaCa-2 and 0.05 pM for
AsPC-1), (¢, d) 5-fluorouracil (5-FU; 5 uM), (e, f) oxaliplatin (OXAL; 2.5 uM), or (g, h) irinotecan (IRINO;
2.5 uM), and phase-contrast confluency measurements were taken every 4 h for 72 h with the IncuCyte S3 Live
Cell Analysis System. CRO-67 treatment alone and chemotherapy drug treatment alone significantly decreased
proliferation of both MiaPaCa-2 (N =3) and AsPC-1 (N =3) cells relative to controls. CRO-67 in combination
with GEM, 5-FU, or OXAL demonstrated a further decrease in MiaPaCa-2 cell proliferation relative to single
drug treatments. In AsPC-1 (N =3) PDAC cells, only CRO-67 in combination with OXAL further decreased
cell proliferation relative to single drug treatments. Bars represent mean +SD (N =3). Asterisks indicate
significance as assessed by one-way ANOVA, and Bonferroni’s multiple comparisons tests, performed on
endpoint data at 72 h timepoint (*p <0.05, **p<0.01, **p<0.001).

of cells in the G1, S, and G2/M phases was quantified using FlowJo v10 software. Gating strategy is shown in
Supplementary Fig. S12b.

Statistical analyses

Statistical analyses were performed using GraphPad Prism software (v10.4.1). Normality of data was assessed
by Shapiro-Wilk test, confirming normal distribution for all data. To calculate statistical significance (p <0.05),
two-tailed student t-tests (2 groups) and one-way ANOVA (=3 groups) followed by Bonferroni’s multiple
comparison tests were performed.

Data availability
The data generated in this study are available within the article and its supplementary data files. Raw images and
data related to patient explants are available upon reasonable request from corresponding authors.
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