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Abstract

Pancreatic ductal adenocarcinoma (PDAC) is one of the most lethal diseases with few treatment
options. The aberrant activation of SRC PDAC suggests it as a promising therapeutic target.
Here, we evaluated the antitumor activity of olverembatinib, a novel multi-target tyrosine kinase
inhibitor, as a single agent and in combination with gemcitabine, the standard chemotherapeutic
backbone for PDAC treatment. Our results demonstrated that olverembatinib showed a potent
anti-tumor effect and significantly enhanced the sensitivity of PDAC to gemcitabine both in vitro
and in vivo. Mechanistically, olverembatinib inhibited SRC/AKT/cMYC signaling pathway,
leading to cell cycle arrest, suppression of metastasis, and induction of apoptosis. For
combination with gemcitabine, the JAK1-STAT1 might server as an important mechanistic basis
of synergy. Clinically, olverembatinib exhibited promising efficacy in patients with advanced
PDAC who had failed multiple prior lines of therapies, including gemcitabine-based treatment.
These findings suggest that olverembatinib, either as monotherapy or in combination with
gemcitabine, represents a promising novel therapeutic strategy for the treatment of PDAC.
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1. Introduction

Pancreatic ductal adenocarcinoma (PDAC), the major pathological subtypes (>90%) of
pancreatic cancers[1], is one of the most aggressive malignancies, with a dismal 5-year survival
rate of just 3% in metastatic cases[2]. Over the past decade, the standards of care for the
treatment of PDAC were quadruplet FOLFIRINOX (5-fluorouracil, leucovorin, irinotecan, and
oxaliplatin) and the doublet nab-paclitaxel plus gemcitabine[3-5]. Despite comprehensive
genomic profiling, no targeted therapy has proven clinically effective against PDAC. Given the
poor prognosis and limited therapeutic options for most patients, novel treatment strategies and
sensitize cytotoxic regimens is urgently needed.

PDAC comprises characterized mutations with five key genes: KRAS, CDKNZ2A,
CDKN1A, TP53 and SMADA4[6-8]. Several targeted therapies against these mutated genes are
currently under clinical investigation for PDAC[9,10]. Beyond genetic alterations, several
studies observed elevated SRC protein expression or hyperphosphorylation in over 70% of
PDAC samples[11]. SRC could drive PDAC growth by upregulating IGF-1 receptor and promote
angiogenesis via ERK1/2/IL-8 signaling[12,13]. In chemoresistance, hyperphosphorylated SRC
disrupts DNMT1-BUB3 interaction, reducing the methylation of oncogene promoter, whereas
SRC inhibition restores pyroptosis and chemosensitivity[14,15]. These studies demonstrated an
SRC-centered network which facilitates PDAC progress and drug resistant. While SRC is a
crucial target in pancreatic cancer therapy, monotherapy targeting SRC alone might activated
potential bypass pathways which lead to limited antitumor effects. Thus, combining SRC
inhibitors with other targeted therapies or using multi-target agent containing SRC target may
yield superior antitumor efficacy, reduce the risk of drug resistance and release more potent
antitumor efficiency[16,17].

Olverembatinib is an oral, third-generation BCR-ABL1 tyrosine kinase inhibitor (TKI)
developed by Ascentage Pharma. It has been approved for treating chronic myelogenous

leukemia (CML) with resistance to third-generation BCR-ABL-targeted therapies in China[18].



In solid tumors, olverembatinib significantly suppresses the growth of Gleevec-resistant
gastrointestinal stromal tumors (GIST) in preclinical studies and succinate dehydrogenase
(SDH)-deficient GIST in an ongoing phase | dose-escalation trial[19,20]. Olverembatinib has a
broad target spectrum, including several key oncogenes in PDAC, such as SRC, MAP2K5 and
FGFR, which renders it an attractive candidate for monotherapy and combination strategies.

In this study, we evaluated the antitumor efficacy of olverembatinib monotherapy and the
combination with gemcitabine in PDAC, and undercover the underlying mechanism. Our results
reveal that olverembatinib monotherapy inhibits tumor cell viability, suppressing proliferation
and migratory and invasive capacities. What’s more, olverembatinib combined with gemcitabine
showed more potent synergistic antitumor efficacy while maintaining a favorable safety profile.
Importantly, our clinical data further demonstrated that olverembatinib showed encouraging anti-
PDAC efficacy in heavily pretreated patients.

These findings demonstrated the potent antitumor efficiency of olverembatinib
monotherapy and the combination with gemcitabine might be a promising clinical strategy in

PDAC treatment.

2. Results

2.1 Olverembatinib exerts a potent inhibitory effect on cell proliferation in PDAC cells
Among multiple solid tumors cells, the 1C50 values of pancreatic cancer cell lines, with the
exception of PANC1, ranged from 0.1 uM to 0.01 uM, whereas in most other solid tumor cell
lines the IC50 values were above 0.1 uM (Fig. 1A). Then, the CCK8 assays showed that
olverembatinib exerted time- and concentration-dependent inhibitory effect (Fig. 1B). The
morphological and density changes of pancreatic cancer cells after olverembatinib treatment
further validated above findings (Fig. 1C). Considantly, the number of cell colonies significantly
decreased with increasing olverembatinib concentration (Fig. 1D). What’s more, compared with

other TKIls (Dasatinib and Bosutinib), olverembatinib also showed a better inhibition on cell



growth under the same concentration (Supplementary Fig. 1A). Furtherly, EAU labeling directly
showed the proportion of proliferating cells with active DNA replication among the total cell
population progressively decreased with olverembatinib treatment (Fig. 1E-F). These findings

demonstrate that olverembatinib potently inhibits the proliferative capacity of PDAC cells.

2.2 Olverembatinib induces cell cycle arrest and apoptosis in PDAC cells

To further characterize the underlying mechanisms of olverembatinib, its effects on cell cycle
and apoptosis of PDAC cell were examined. Cell cycle analysis revealed that olverembatinib
treatment significantly induced both G1 and G2/M phase arrest, and markedly reduced S phase
populations compared to blank control (Fig. 2A-B). Key cell cycle regulators, including Cyclin
D1 and CDK4, were also effectively suppressed by olverembatinib (Fig. 2C-D).

For apoptosis, olverembatinib treatment induced significantly higher apoptosis rates
compared to blank control, with effects increasing over concentration (Fig. 2E-F). Compared
with other TKIs (Dasatinib and Bosutinib), olverembatinib treatment group had higher
percentage of apoptosis cells under the same concentration (Supplementary Fig. 1B). What’s
more, the percentage of dead PDAC cells was significantly elevated after olverembatinib
treatment (Fig. 2G-H). Together, these data indicated that olverembatinib exerts anti-tumor

effects through cell cycle arrest and robust inducement of apoptosis.

2.3 Olverembatinib inhibits invasion, migration and upregulates the ROS level in the
PDAC cells

Pancreatic cancer is highly aggressive for its propensity of metastasis. The wound healing assay
showed that the wound size in the olverembatinib group was larger than in the control group in
all PDAC cells (Fig. 3A-B). Further transwell assay revealed the migration and invasion ability
of cancer cell was significantly decreased with olverembatinib treatment (Fig. 3C-E). What’s
more, compared with other TKIs (Dasatinib and Bosutinib), olverembatinib also showed an

obvious advantage on the inhibition of migration and invasion ability of cancer cell under the



same concentration (Supplementary Fig. 1C-D). Then, the western blot of EMT markers showed
significantly downregulation of N-cad, Vimentin and Snail proteins and upregulation of the
epithelial adhesion protein E-cad after olverembatinib treatment (Fig. 3F).

Pancreatic cancer cells exhibit highly malignant characteristics which leading to increased
production of highly reactive oxygen species (ROS) during ATP synthesis in mitochondria. To
investigate whether olverembatinib regulates intracellular oxidative levels, DCFH-DA, a
biomarker for ROS level, was detected by flow cytometry. The results showed that under
olverembatinib treatment induced a progressive rise in ROS levels with increased intracellular
DCF fluorescence intensity (Fig. 3G-H). NRF2, a critical molecule in the intracellular
antioxidant system, was also downregulated by olverembatinib in a concentration-dependent
manner (Fig. 31). Furthermore, the link between increased ROS and apoptosis was validated by
using the ROS inducer, and increasing apoptosis of PDAC cells were observed in ROS inducer 5
treatment group (Supplemental Fig. 2A). With above findings, ROS might be a median between
the olverembatinib and the anti-tumor apoptosis of PDAC. These results indicated the potent
ability of olverembatinib to inhibit cell migration and invasion and induce high intracellular ROS

levels in pancreatic cancer cells which contribute to cell apoptosis.

2.4 Olverembatinib inhibits the phosphorylation of SRC, leading to suppression of the
phosphorylation of AKT and promoting the degradation of MYC

To further investigate the underlying anti-tumor mechanism of olverembatinib, RNAseq were
applied for PANC1 and ASPC1 and pathway enrichment analyses were conducted on all target
genes of olverembatinib (Fig. 4A). These targeted genes were primarily involved in peptidyl-
tyrosine phosphorylation, protein autophosphorylation, and positive regulation of the MAPK
cascade, which are related to tyrosine phosphorylation and MAPK pathway regulation (Fig. 4B).
In Molecular Function (MF), they were mainly enriched in functions associated with protein
tyrosine kinase activity and protein serine/threonine kinase activity (Fig. 4B). What’s more, the

PPI analysis of these targeted genes showed the core role of SRC among the interaction network



(Fig. 4C). The TCGA-PDAC cohort also showed higher expression level of SRC and MYC gene
in tumor group (Fig. 4D-E). Thus, the inhibitory effect of olverembatinib on SRC was firstly
verified, and WB results showed the phosphorylation at the SRC Tyr416 site was significantly
inhibited by olverembatinib (Fig. 4F), thereby reducing SRC activity levels.

For KEGG, the genes were predominantly enriched in the MAPK signaling pathway, Ras
signaling pathway and PI3K/AKT signaling pathway (Fig. 4G). Similarly, in the REACTOME
pathway dataset, they were primarily enriched in MAPK family signaling cascades and
PI3K/AKT signaling in cancer (Fig. 4G).

To investigate the key downstream signaling pathways that might be affected by the
inhibition of SRC phosphorylation by olverembatinib, three potential downstream molecules:
ERK1/2, STAT3 and AKT were validified by WB. The results showed that olverembatinib had
no significant effect on the expression or phosphorylation levels of ERK1/2 and STAT3 (Fig. 4H-
1). However, the phosphorylation levels of AKT were markedly reduced with increasing
concentrations of olverembatinib (Fig. 4J). As drug concentrations increased and AKT
phosphorylation inhibition intensified, phosphorylation of c-MYC at Thr58 also decreased,
which led to reduction of c-MYC stability and increased c-MY C degradation (Fig. 4J).

These findings indicated that with inhibition of SRC phosphorylation, olverembatinib
further suppresses AKT phosphorylation, leading to reduced c-MYC phosphorylation, which
promotes c-MYC protein instability and degradation, ultimately resulting in decreased
expression of downstream pro-tumorigenic genes related to cell proliferation, growth, and EMT.

Consequently, olverembatinib exerts anti-tumor effects by inhibiting tumor growth and invasion.

2.5 AKT activation rescue the anti-tumor efficiency of olverembatinib

To investigate the central role of SRC/AKT/MYC axis in the anti-tumor efficiency of
olverembatinib, functional rescue assays were performed with AKT activator (SC79). The colony
formation showed the inhibition of olverembatinib on cell proliferation was significantly

attenuated by SC79 (Fig. 5A). The same as the apoptosis, after added with SC79, the



inducement of apoptosis by olverembatinib was weaken (Fig. 5B). The rescue effect of migration
and invasion by SC79 were also significant in three cell lines. SC79 enhanced the migration and
invasion of PDAC cells which were inhibited by olverembatinib (Fig. 5C). The wound healing
assays further confirmed this finding (Fig. 5D). Those functional rescue results indicated that the

AKT axis played an important role in the anti-tumor mechanism of olverembatinib.

2.6 Downregulation of SLC44A4 in PDAC cells after olverembatinib treatment
To further explore the transcriptional changes following olverembatinib treatment, we performed
RNA sequencing on PANC1 and ASPC1 (Fig. 6A). We identified upregulated and downregulated
genes in pancreatic ductal adenocarcinoma (PDAC) cells after olverembatinib treatment (Fig.
6B). Subsequent enrichment analysis of these differentially expressed genes (DEGSs) for BP, MF,
Cellular Component (CC) and KEGG pathways revealed that in PANCL1 cells, the DEGs were
primarily enriched in metabolic processes, cell growth and death, cell motility and signal
transduction (Fig. 6C). In ASPC1 cells, the DEGs were mainly involved in cellular processes,
biological regulation, carbohydrate metabolism, and signaling molecules and interactions (Fig.
6D). Gene Set Enrichment Analysis (GSEA) showed that in PANC1 cells neuroactive ligand-
receptor interactions were activated after drug treatment, while interleukin-4 and interleukin-3
signaling pathways were suppressed. In ASPCL1 cells, olfactory receptor activity and olfactory
transduction were activated, whereas nonsense-mediated decay (NMD) was inhibited (Fig. 6E).
Additionally, we intersected the upregulated and downregulated genes in both PANC1 and
ASPC1 cells after olverembatinib treatment, yielding six commonly upregulated genes and seven
commonly downregulated genes (Supplemental Fig. 3A-B). Among these, SLC44A4,
CEACAMS5, CXCL3, N4BP3, CD22 and GRP132 were highly expressed in tumor tissues
(Supplemental Fig. 3C-D). SLC44A4, typically expressed on the apical surface of secretory
epithelial cells, has been identified as a novel cell surface target in most pancreatic and gastric
cancers[21]. The correlation analysis with SRC expression across multiple pancreatic cancer

datasets revealed a positive relationship between SLC44A4 and SRC (Supplemental Fig. 3E). In



the TCGA-PDAC cohort, SLC44A4, CEACAMS5 and CXCL3 exhibited negative correlations
with most olverembatinib targeted genes (Supplemental Fig. 3F). Cox regression analysis of
these genes also indicated that CD22, COL21A1, and GRP132 were associated with favorable
prognosis, whereas SLC44A4 was strongly linked to poor prognosis (Supplemental Fig. 3G).
Then, the downregulation of SLC44A4 in PDAC cells by olverembatinib were further validated.
The gPCR results in cell lines showed a significant lower expression of SLC44A4 after
olverembatinib treatment (Supplemental Fig. 3H). In tumor samples from animal models,
regardless of whether in xenograft model or endogenous pancreatic cancer model, the
downregulation on SLC44A4 of olverembatinib was consistently favorable (Supplemental Fig.
31-J). These results suggested that olverembatinib might downregulate the expression of several
poor-prognosis related genes, particularly SLC44A4, indicating a critical role for SLC44A4 in

the therapeutic mechanism of olverembatinib.

2.7 Olverembatinib hinders tumor growth of PDAC cells in vivo
To evaluate the antitumor effect of olverembatinib in vivo, PANC1 and ASPC1 xenograft tumor
models were established in BALB/C nude mice. The olverembatinib treatment could markedly

delay the tumor growth compared to the vehicle control in vivo (Fig. 7A-F). What’s more, the

tumor growth inhibition (TGI) of different doses of olverembatinib in mouse xenograft models

was calculated. In the PANC1 model, the 40mg/kg group demonstrated significantly higher
inhibition efficacy compared to the 20mg/kg group, while no significance in ASPC1 model (Figs.
7G). Meanwhile, there was no significant difference in body weight among the various groups of
mice, indicating the high safety of olverembatinib in vivo (Figs. 7H). Importantly, the
phosphorylation of SRC, AKT and cMYC, the expression levels of EMT markers were also
confirmed in the xenograft model by WB. The phosphorylation of SRC, AKT and cMYC were
significantly inhibited in the olverembatinib treatment group, and the E-cad was upregulated and
N-cad was downregulated after olverembatinib treatment (Figs. 71). This finding showed the

potent antitumor efficiency and high safety of olverembatinib in vivo.



2.8 Olverembatinib combined with gemcitabine exerts potent tumor suppression in PDAC
To further verify the synergistic antitumor effects of combination of olverembatinib and
gemcitabine, the cell viability, drug induced cell death and cell cycle arrest were performed. The
IC50 of gemcitabine of PADC cells were measured using CCK8 and the results showed PANC1
was relatively insensitive to gemcitabine (Fig. 8A). However, the combination significantly
suppressed cell growth compared to either agent alone (Fig. 8B-C). The combination index (ClI)
calculated by CompuSyn were less than 0.6 for the drug combination in all three cell lines,
demonstrating that the synergistic antitumor effects of olverembatinib combined with
gemcitabine (Fig. 8D).

Furthermore, SYTOX staining was performed on PDAC cells and the highest proportion of
dead cells were observed in the combination group, significantly exceeding that of either
monotherapy group (Fig. 8E-F). The combination group also exhibited a stronger G1-phase
arrest compared to either monotherapy group (Fig. 8G-H). These results further validate the
synergistic antitumor effects of olverembatinib combined with gemcitabine from the perspective

of cell cycle arrest and tumor cell death induction.

2.9 The role of interferon gamma signaling in the combination of olverembatinib and
gemcitabine

To explore the effect of certain gene expression on the sensitivity to chemotherapy, we examined
the correlation coefficients between the expression of SRC, AKT and MYC and the IC50 values
of gemcitabine, paclitaxel, irinotecan, 5-Fu, and oxaliplatin across 60 cell lines from the
CellMiner database. The results revealed a positive trend (R > 0) between the expression of SRC,
AKT and MYC and the IC50 of gemcitabine (Fig. 9A), indicating that SRC/AKT/MYC might
contribute to reduce the efficiency of gemcitabine. To further explored the underlying molecular
change between the combination therapy and monotherapy, PANC1 and ASPC1 were treated

with blank control, olverembatinib, gemcitabine and combination and sent for RNAseq. We



mainly focused on the DEGs between the combination and gemcitabine, gemcitabine and blank
control (Fig. 9B-C). The REACTOME enrichment analysis for the DEGs showed that both
DEGs were involved in the interferon gamma signaling (Fig. 9D-G). The GESA analysis showed
an interesting finding that the interferon gamma signaling was inactivated in combination
therapy compared with gemcitabine monotherapy, while activated in gemcitabine monotherapy
compared with blank control (Fig. 9H-K).

Furthermore, we focused on genes which upregulated in both ASPC1 and PANC1 when
compared gemcitabine monotherapy with blank control, while downregulated in both ASPC1
and PANC1 when compared combination therapy with gemcitabine monotherapy, and 12 genes
were collected (Supplemental Fig. 4A-C). The correlation analysis between the expression of 12
genes and the targeted genes of olverembatinib showed that MFSD2A, RND1, CCL20 and HLA-
B showed a positive relationship with SRC expression, besides, the APOL3 and TNFRSF9 also
showed a positive relationship with most targeted genes (Supplemental Fig. 4D). What’s more,
key genes of interferon gamma pathways were also analysed and the heatmap showed that except
the MFSD2A and FAM222A, the remain 10 genes which upregulated in gemcitabine
monotherapy and the targeted genes were both showed a positive relationship with the key genes
of interferon gamma pathways (Supplemental Fig. 4E). These results revealed that the interferon
gamma signaling might serve as a key downstream pathway for the synergistic anti-tumor effect

of olverembatinib combined with gemcitabine.

2.10 Olverembatinib combined with gemcitabine inhibits PDAC growth in vivo

To better simulate the clinical scenario and further validate the efficacy of olverembatinib
combined with gemcitabine in vivo as observed in vitro, we established two xenograft tumor
models in nude mice. Analysis of tumor volume changes revealed no statistically significant
difference between the olverembatinib monotherapy group and the gemcitabine monotherapy
group in either model. However, the combination group showed significantly smaller tumor

volumes compared to either monotherapy group. (Fig. 10A-F). Furthermore, the tumor growth



inhibition (TGI) rates for each treatment group in both models were calculated and the results
revealed that the combination group exhibited superior tumor suppression compared to the
monotherapy groups (Fig. 10G). Additionally, the changes in mouse body weight across
treatment groups were analyzed and we found that the olverembatinib-gemcitabine combination
did not induce weight loss, indicating favorable safety profiles for this therapeutic regimen (Fig.
10H-1). The RNAseq analysis suggested the interferon gamma signaling might be an important
pathway for the synergistic anti-tumor effect, and the core of the interferon signaling pathway is
the activation of STAT1 via JAK kinases. To investigated the role of JAK1-STAT1 axis in the
mechanistic basis of synergy, WB were applied for the tumor sample from animal model with
different treatment. Interestingly, there was no difference of p-JAK1 level between control and
gemcitabine treatment, while decreased in the olverembatinib and completely abolished in the
combination group (Fig. 10J). The p-STAT1 level also showed the same trend. Besides, the p-
SRC level only significantly inhibited in the olverembatinib and combination group (Fig. 10J).
This finding verified the significant efficacy and well-tolerated safety of combination therapy
and confirm role of JAK1-STAT1 axis in the synergistic anti-tumor effect of olverembatinib

combined with gemcitabine.

2.11 The anti-tumor efficiency of Olverembatinib monotherapy or combined with
gemcitabine in endogenous pancreatic cancer model

Considering the dense desmoplastic stroma of subcutaneous models, to more accurately
recapitulate the tumor microenvironment and evaluate the efficiency of olverembatinib
monotherapy or combination therapy, the endogenous pancreatic cancer model was generated by
in situ pancreatic injection of AKT/MYC plasmids (Fig. 11A). The monotherapy results showed
a consistent result as nude mice model, the tumor-bearing pancreas was lighter in olverembatinib
group than control without significant body weight change (Fig. 11B-E). The inhibition of
phosphorylation of SRC, AKT and cMYC were also verified in the olverembatinib group (Fig.

11F). For combination with olverembatinib and gemcitabine, a consistent trend was also



observed. Compared with control, both olverembatinib and gemcitabine monotherapy showed a
significant antitumor effect, and the combination group showed a better tumor suppression with
the smallest tumor/body rate compared with monotherapy groups (Fig. 11G-I). What’s more, the
JAK1-STAT1 axis was also confirmed in the combination therapy group as observed in the nude
mice model. The p-JAK1 level was slightly inhibited by olverembatinib and no change in the
gemcitabine group while almost completely inhibited in the combination group (Fig. 11J). The
results in the endogenous pancreatic cancer model further validated the findings in the cell lines

and nude animal models.

2.12 Olverembatinib exhibited promising efficacy in patients with advanced PDAC who
had failed multiple prior lines of therapies including gemcitabine-based treatment

We observed a long progression-free survival in a PDAC patient with lung metastasis who
participated in a phase | clinical trial evaluating the anti-tumor efficacy of olverembatinib
(NCT03594422) (Fig. 12A-B). Standard treatments, including albumin-bound paclitaxel
combined with gemcitabine as first line and FOLFIRINOX regimen as second line, failed in this
patient. Since April 2023, olverembatinib was orally administered at 40mg once every other day
(QOD) for consecutive 4 weeks each cycle. Though objective response was not achieved, this
patient had stable disease (SD) with a progression-free survival of 5.5 months. The disease
ultimately progressed in September 2023. The change of lung metastasis and primary tumor
tissue between pre- and post-treatment was recorded with the CT image, and the primary tumor
site and lung metastasis both remained stable during the Olverembatinib treatment (Fig. 12C).
The long PFS observed in this patient revealed that olverembatinib might serve as a treatment
option for patients who had failed multiple prior lines of therapies, but further exploration,

especially combination with other anti-tumor therapies, is needed.

3.Discussion

Olverembatinib is a novel multi-target tyrosine kinase inhibitor (TKI), exploring the efficacy of



olverembatinib in pancreatic cancer holds potential clinical value. In this study, we investigated
the efficacy of olverembatinib monotherapy and the combination with gemcitabine in pancreatic
cancer and validated these findings in xenograft and orthotopic animal models.

Across multiple cancer cell lines, we evaluated its tumor-suppressive effects and found that
it exhibited the strongest antitumor activity in pancreatic cancer. Given the highly aggressive
nature of pancreatic cancer, we further investigated its impact on invasiveness[22], and the
results showed the potent inhibition of cancer cell invasiveness by olverembatinib, consistent
with prior reports that SRC inhibition disrupts E-Cadherin expression via FAK interference[23].
Additionally, due to the abnormally active metabolic activity in pancreatic cancer, intracellular
ROS levels exist in a fragile equilibrium[24]. Flow cytometry analysis showed the ROS
upregulation induced by olverembatinib, potentially contributing to anti-tumor effects. In animal
models, we found dose-dependent tumor growth inhibition without significant changes in mouse
body weight across tested doses, confirming its potent anti-tumor efficiency and favorable safety.
Especially, potent tumor growth inhibition also observed in endogenous pancreatic cancer model,
indicating the well drug delivery of olverembatinib penetrating the dense desmoplastic stroma.
This comprehensive study highlights olverembatinib’s potent inhibition on proliferation and
metastatic ability and in pancreatic cancer with effective drug delivery, while maintaining a safe
therapeutic window.

Highly activated SRC in pancreatic cancer cells confer a highly aggressive phenotype. Prior
literature reported that SRC promoted hepatocellular carcinoma progression through STAT3
activation[25]. Additionally, SRC phosphorylates and activates the PI3SK/AKT pathway,
enhancing tumor cell proliferation and growth[26]. In breast cancer, SRC binds to EGFR and
phosphorylates its Y845 site, subsequently activating the MEK/ERK1/2 pathway to boost tumor
cell migration and invasiveness[27]. Our KEGG analysis of SRC-associated pathways yielded
consistent findings. We performed WB on potential downstream effectors of SRC, including
AKT, STAT3, and ERK1/2, and the results revealed that while olverembatinib markedly

inhibited SRC phosphorylation, it did not significantly alter the phosphorylation levels of STAT3



or ERK1/2. However, AKT phosphorylation was substantially reduced. The functional rescue
assays with AKT activator further validated the important role of AKT in the anti-tumor effects
of olverembatinib. Thus, AKT inhibition may represent a key downstream mechanism following
SRC suppression.

cMYC, a well-characterized oncoprotein, translates into the nucleus to promote the
expression of genes associated with  tumor progression. cMYC knockout significantly
suppresses the growth of KRAS-mutant pancreatic cancer cells, while its overexpression
enhances metastasis in pancreatic cancer[28-30]. Immunohistochemical analyses reveal
negligible cMYC expression in normal tissues, whereas 38% of pancreatic tumor tissues exhibit
cMYC positivity[30]. In terms of cMYC protein regulation, early studies on RAS-mutant
fibroblasts identified that the RAF-MEK1/2-ERK1/2 pathway, activated by RAS, phosphorylates
cMYC at S62 (pS62), stabilizing the protein[31]. Following S62 phosphorylation, AKT
phosphorylation further phosphorylates cMYC at T58 (pT58) through GSK33[32-34]. The pS62
and pT58 modifications are critical for cMYC stability and loss of pT58 triggers FBXW?7 E3
ligase-mediated degradation of cMYC[32]. In our study, after observing olverembatinib-induced
suppression of AKT phosphorylation, both pT58 and cMYC protein levels decreased
significantly upon AKT inhibition. Thus, olverembatinib's inhibition of SRC phosphorylation
primarily impacts the AKT/cMYC axis, leading to reduced AKT phosphorylation, diminished
cMYC T58 phosphorylation, increased cMY C instability and proteasomal degradation.

Olverembatinib, compared to other highly selective SRC-targeting drugs, exhibits broader
target spectrum. SRC interacts with ERBB2/ERBB3, forming heterocomplexes to stabilize the
ERBB2/ERBB3 signaling axis, thereby enhancing tumor cell proliferation[35]. SRC, FYN, and
YES can be activated by PDGFR via two autophosphorylated tyrosine sites (Y579/Y581) in its
juxtamembrane domain[36,37], and the PY934 of PDGFR is phosphorylated and activated by
SRC, promoting PDGF-mediated mitogenesis[38]. Thus, SRC forms an interactive network with
molecules like ERBB2, YES, and PDGFR, all of which are olverembatinib targets. SLC44A4 is

normally expressed on the apical surface of secretory epithelial cells and has now been identified



as a novel cell surface target in the majority of pancreatic and gastric cancers. Furthermore, our
RNAseq analysis and gPCR for PDAC cell lines and tumor sample treated with olverembatinib
found that the expression of SLC44A4 was significantly downregulated by olverembatinib. This
broad inhibition of SRC-centric signaling circuits may underlie olverembatinib's superior anti-
tumor efficacy.

Currently, gemcitabine-based chemotherapy remains the first-line treatment for pancreatic
cancer. Our CCK8 assays and CI index calculations demonstrated synergistic anti-tumor effects
for olverembatinib-gemcitabine combination. Importantly, in our animal experiments, we
conducted in vivo validation of the synergistic antitumor effects and safety profile of the drug
combination. The RNAseq analysis revealed the interferon-gamma signaling pathway was
significantly inhibited compared to gemcitabine monotherapy. JAK1-STAT1 axis is the core
pathway of interferon-gamma signaling pathway[39]. The WB validation in tumor samples from
different animal models showed that the p-JAK1 and p-STAT1 level were almost significantly
inhibited by combination therapy while slightly inhibited in olverembatinib and no change in
gemcitabine. The synergistically enhance JAK1-STAT1 inhibition might serve as the mechanistic
basis of synergy. These findings confirm the favorable safety profile of this combination regimen
and the role of JAK1-STAT1 in synergy effect, thereby providing a robust preclinical foundation
for subsequent clinical trials.

Above findings revealed the potent inhibition of proliferation and invasion of
olverembatinib in PDAC. The directed comparison to existing multi-kinase inhibitors targeting
SRC, like Dasatinib and Bosutinib, further clarify the advantage of olverembatinib in the filed of
anti-tumor efficiency. What’s more, the board targets property of olverembatinib, especially the
SLC44A4 might confer a lower incidence of drug resistance upon it. The tolerability in animal
studies and the oral administration highlighting the well safety of olverembatinib, and the potent
anti-tumor performances in endogenous pancreatic cancer mode suggested the well drug delivery
of olverembatinib overcoming the dense desmoplastic stroma. However, there were some

limitations in this study. For a more comprehensive assessment of the antitumor efficacy of the



drug against pancreatic cancer, more genetic diversity among PDAC cell lines were needed for
further in-depth investigations. Although patient imaging data are available, the lack of
validation in patient-derived xenograft (PDX) animal models and transcriptome sequencing of
clinical samples limits further clinical assessment and demonstration, representing a key aspect
that requires future investigation and refinement.

In summary, this study systematically investigated the antitumor effects of olverembatinib
in pancreatic cancer and demonstrated its efficacy and safety both in preclinical and clinical
settings. Mechanistically, we identified the SRC/AKT/MYC signaling axis as the one of the
primary mechanisms. Furthermore, we explored and confirmed the synergistic antitumor effects
of olverembatinib in combination with gemcitabine in vitro and vivo, and the JAK1-STAT1
might server as an important mechanistic basis of synergy. This combination strategy holds
promise for improving outcomes in PDAC, and as a future clinical application and research

direction potentially extending the benefits of precision medicine to a broader patient population.

3. Methods

3.1 Cell lines and culture

Four PDAC cell lines, including PANC1, ASPC1, CAPANL1 and BXPC3, were acquired from
American Type Culture Collection (ATCC, Manassas, USA) and verified through STR (short-
tandem-repeat) profiling. Among these, PANC1 and CAPANL cells were maintained in DMEM
medium (Gibco, California, USA), whereas ASPC1 and BXPC3 were grown in RPMI 1640
(Gibco, California, USA), supplemented with 10% fetal bovine serum (FBS) and 1% antibiotic

mixture, under standard culture conditions of 37°C with 5% CO2 in a humidified incubator.

3.2 Patients
The CT image data and the clinical information of PDAC patients received Olverembatinib
treatment were obtained from the Sun Yat-sen University Cancer center. Written informed

consent has been obtained from all participants involved in the study.



3.3 Reagents and antibodies

Olverembatinib was graciously donated by Ascentage Pharma Group (Suzhou, China) with
purity > 99%, whereas SC79, ROS inducer 5 (T200879), Bosutinib, Dasatinib and gemcitabine
was obtained commercially from TargetMol (Boston, USA). For in vitro studies, both
compounds were prepared as 20 mM stock solutions by dissolving in dimethyl sulfoxide (DMSO)
and storage at -20°C. Regarding in vivo administration, olverembatinib was incorporated into 0.2%
hydroxypropyl methylcellulose (HPMC) suspension in sterile water for oral gavage.
Gemcitabine was dissolved in sterile water for injection.

The following antibodies were used for the western blot analysis: SRC (L4A1, Mouse mAb),
p-SRC (Tyr416, Rabbit mAb), AKT (11E7, Rabbit mAb), p-AKT (Ser473, Rabbit mAb), cMYC
(D84C12, Rabbit mAb), p-cMYC (Thr58, Rabbit mAb), CDK4 (D9G3E, Rabbit mAb),
CyclinD1 (E3P5S, Rabbit mAb), E-cad (24E10, Rabbit mAb), N-cad (D4R1H, Rabbit mAb)
Snail (C15D3, Rabbit mAb), Vimentin (D21H3, Rabbit mAb), GAPDH (D16H11, Rabbit mAb),
NRF2 (D1Z9C, Rabbit mAb), ERK1/2 (137F5, Rabbit mAb), p-ERK1/2 (Thr202/Tyr204, Rabbit
mA), STAT1 (1F7C6, Mouse mADb), p-STAT1 (Tyr701, Rabbit mAb), JAK1 (3H7A8, Mouse
mADb), p-JAK-1 (Tyrl034/1035, Rabbit mAb), STAT3 (D3Z2G, Rabbit mAb) and p-STAT3
(Tyr705, Rabbit mAb). Above primary antibodies were purchased from the Cell Signaling Tech
(CST, Massachusetts, USA) or (Proteintech, Chicago, USA). The second antibody were Goat
anti Mouse 1g-G-HRP and Goat anti Rabbit 1gG-HRP from Santa Cruz (Santa Cruz (Texas,
USA).

3.4 Cell viability and cell growth assay

Cell viability was assessed using the Cell Counting Kit-8 (Dojindo, Japan). Cells were seeded in
96-well plates at a density of 6 to 8 x 10° cells per well and treated with drugs at indicated
concentrations for 24h, 36h and 72 h. Following treatment, cells were incubated with CCK-8

reagent for 1.5 h at 37 °C. Absorbance was measured at 450 nm using a microplate reader. The



drug inhibition curves and the 1C50 values were generated and calculated in GraphPad Prism
software version 8.0 (GraphPad Inc., La Jolla, California, USA).

To assess the clone formation capability, 700 cells were plated into each well of a 6-well
plate and different concentrations of drugs were added to the culture medium. Continue culturing
for 14 days, the cells were stained with crystal violet for 15 min and washed with PBS. The
colony images in each well were captured and the numbers of colonies were calculated via
Image J software.

In EdU assay, PDAC cells were seeded at 5x10* cells/well in 6-well plates and exposed to
different drug concentrations. After 24 hours of treatment, cell proliferation was assessed using
the BeyoClick™ EdU Cell Proliferation Kit (Beyotime Biotechnology, Shanghai, China)
following the recommended protocol. Imaging was performed promptly at 100x magnification

with an inverted microscope (Nikon, Japan) to document proliferating cells.

3.5 Cell cycle arrest and apoptosis analysis

Cell Cycle Detection Kit (KeyGen, Nanjing, China) was used to detect the cell cycle progression
of CRC cells according to the instruction. A density of 3 to 5 x 10* per well were plated in 12-
well plates for 6h, then treated with drug at indicated concentration for 24h. After treatment, cells
were fixed in 75% ethanol at 4°C overnight, then the Fixed cells were stained with RNase A/PI
(1:9) for 60min in dark, then analyzed by flow cytometry (488nm) using ModFit LT
(\VeritySoftwareHouse, USA). For apoptosis detection, all cells were collected and double-
stained with Annexin V-FITC and PI using the Annexin V-FITC/PI Apoptosis Kit (MultiSciences,
Hangzhou, China) according to manufacturer’s instructions.

Cell death assessment was performed using SYTOX Green nucleic acid stain (KeyGEN
Biotech, Nanjing, China) according to the standard protocol. Cells were plated in 12-well plates
at 3-5x10* cells/well and exposed to indicated drug concentrations for 24 hours. Post-treatment,
cells were gently washed with PBS and stained with SYTOX Green working solution for 10

minutes at room temperature. After three PBS washes to remove unbound dye, cell mortality was



visualized under fluorescence microscopy.

3.6 Assessment of cell migration and invasion abilities

To evaluate cell migration capacity, the wound healing scratch assay was performed firstly.
Twenty-four well plates were seeded with 2x10° cells per well and incubated overnight. Using an
aseptic p200 pipette tip, uniform linear wounds were created in the central region of each well.
The wells were then replenished with serum-deprived medium containing predetermined drug
concentrations. Time-lapse documentation was conducted at two time points: immediately post-
wounding (0Oh) and after 24 hours of incubation, utilizing phase-contrast microscopy for
quantitative analysis of cell migration into the denuded area.

For the invasion abilities, the Transwell assays were applied. Before seeded into the
chamber, PDAC cells were planted into the 12-well plate with 5x 10* per well and treated with
drugs with indicated concentration for 24 hours. Then, cells were harvested and suspended in a
200 pL serum-free medium with about 4 x 10* cells. Subsequently, the cells were seeded into the
upper chamber of transwell plates (BD Biosciences, Massachusetts, USA) precoated with or
without 50 pL of Matrigel (BD Biosciences, Massachusetts, USA). At the same time, 600 puL of
culture medium containing 20% FBS was added into the bottom chamber. After a 24-h
incubation at 37 °C, the Transwell plates were treated with 4% paraformaldehyde for 15 min to
fix the cells, followed by staining with crystal violet for another 15 min. After removing the cells
from the upper chamber, invasive cells were photographed with microscope and quantified with

ImageJ.

3.7 Flow cytometric measurement of cellular oxidative stress levels

PDAC cells were seeded in 12-well plates (2 to 5 x 10*cells/well) and treated with drug for 24
hours. After PBS wash, cells were stained with 10uM DCFH-DA (1:1000 dilution in serum-free
medium) for 20min at 37°C. Then, cells were washed three times with serum-free medium and

resuspended in 500uL serum-free medium and analyzed by flow cytometry (FITC channel). Data



were processed using FlowJo 7.6.1 (Becton Dickinson, USA).

3.8 Western blot

Protein samples were prepared by lysing cells with RIPA buffer containing both protease and
phosphatase inhibitor. Protein quantification was performed using the BCA method.
Subsequently, 10% SDS-polyacrylamide gel electrophoresis was employed to separate proteins
and then electrotransferred onto PVDF membranes. After blocking with 5% skim milk in TBST
for 60 minutes at ambient temperature, the membranes were probed with specific primary
antibodies at 4°C for approximately 16 hours. Following extensive washing, the membranes
were incubated with horseradish peroxidase-linked secondary antibodies for 1 hour at room
temperature. Finally, target protein bands were detected through enhanced chemiluminescence

using a digital imaging system.

3.9 Synergism analysis

The combination index (CI) of the combination therapy was calculated based on the drug
concentration gradient and cell inhibition rate obtained from the CCK8 experiment. Cell
inhibition rate=1- (OD value of the treatment group - background OD value) / (OD value of the
control group - background OD value) * 100%. The specific calculation of Cl index is completed
in Compusyn software (Version 1.0)[40]. CI values were interpreted as follows: very strong
synergistic effect (<0.1), strong synergistic effect (0.1-0.3), synergistic effect (0.3-0.7), moderate
synergistic effect (0.7-0.85), mild synergistic effect (0.85-0.9), near cumulative effect (0.9-1.1),

and mild antagonistic effect (1.1<).

3.10 In vivo xenograft experiment
For the xenograft models, after intraperitoneal anesthesia with tribromoethanol with a dosed of
150mg/kg, PANC1 and ASPC1 cells (5 x 10°%) were suspended in 100 uL cold PBS and

subcutaneously injected into the dorsal flank of the four-week-old female BALB/c athymic nude



mice. The mice were purchased from GemPharmatech Co., Ltd. When the tumor volume reached
approximately 50-100 mm?3, the mice were randomly divided into several groups followed by
strict randomization and blinding rule. To minimize bias, animals were randomly assigned to
experimental groups using a computer-generated randomization sequence (Microsoft Excel
RAND function), ensuring equal distribution of baseline characteristics. Allocation concealment
was achieved by using coded cages, with group assignments. Blinding was maintained
throughout outcome assessment, where investigators performing data analysis were unaware of
group allocations, which is strongly recommended by the ARRIVE 2.0 guidelines.

For monotherapy, the mice were assigned to three group (N=6 for each group for ASPC1,
N=5 for each group for PANC1): control, olverembatinib (20mg/kg) and olverembatinib
(40mg/kg). The mice were administered via oral gavage once every 2 days for a total of 25 days,
with each mouse receiving either 100 pL of blank solvent or the corresponding dose of
olverembatinib per administration. For combination therapy, the mice were scientifically and
evenly divided into four groups (N=5 for each group): control group, olverembatinib (20 mg/kg)
group, gemcitabine (20 mg/kg) group, and combination group (olverembatinib (20 mg/kg) +
gemcitabine (20 mg/kg)). Olverembatinib was administered via oral gavage at a frequency of
once every 2 days. Gemcitabine was administered via intraperitoneal injection at a frequency of
twice per week. The combination group received 100 pL of the corresponding concentration of
olverembatinib and gemcitabine.

The diameter and width of the tumors were measured per two days and tumor volumes were
calculated as V (mm?®) = 1/2 x (length x width?). At the endpoint of the experiment, the mice
were sacrificed by CO2. According to the AVMA Guidelines for the Euthanasia of Animals (2020
Edition), the recommended method for rodents involves a gradual fill CO2 chamber using
compressed gas. The flow rate must displace 30-70% of the chamber volume per minute to
minimize distress. Animals are observed continuously until respiratory arrest, after which CO2
flow is maintained for at least one minute. The tumors were collected, weighed and

photographed. The tumor growth inhibition rate (TGI, Tumor Growth Inhibition value) is



calculated using the formula: TGI= (1-RTV(experimental group)/RTV(control group))*100%,
where the relative tumor volume (RTV, Relative Tumor Volume) is calculated as RTV=Ve/V0,
with Ve representing the tumor volume at the experimental endpoint and VO being the tumor
volume at the start of the experiment. All animal experiments were performed under the
guidance of Sun Yat-Sen University Committee for Use and Care of Laboratory Animals and

were approved by animal experimentation ethics.

3.11 In vivo endogenous pancreatic cancer model

To address the limitation of subcutaneous models caused by the dense desmoplastic stroma, a
somatic gene editing tumor models was applied to generate the endogenous pancreatic cancer
model. Briefly, plasmid solution, containing one plasmid encoding the Sleeping Beauty
transposase and two transposon-bearing plasmids carrying oncogenes, was in situ injected into
the pancreas. Upon expression, the transposase facilitates random integration of the oncogenes
into the host chromosome, enabling long-term expression and ultimately inducing malignant
transformation of normal cells to form tumors[41]. In this study, four-week-old female C57BL/6J
mice were purchased from GemPharmatech Co., Ltd. After intraperitoneal anesthesia with
tribromoethanol with a dosed of 150mg/kg, the mouse is placed in a lateral position. Following
laparotomy, the organs are exposed, and the pancreas is gently exteriorized using curved forceps.
An insulin syringe is then used to aspirate the plasmid mixture (5ug pT3-AKT and pT3-MYC
per mice, 1ug pCAG-SB100 per mice) and inject it into the pancreas. Finally, the organs are
repositioned, the incision is sutured, and the animal is returned to a clean cage after regaining
consciousness. After 2 weeks, a randomly selected mouse was euthanized to monitor pancreatic
tumor formation. Drug treatment was initiated once the tumor reached 100 mm?3 in size. Group
assignment was performed following the same randomization and blinding procedures described
above, and the monotherapy and combination therapy regimens were identical to those used in
the nude mouse model. After 7 days of treatment, the mice were euthanized by carbon dioxide

asphyxiation as mentioned above. The spleen and tumor-bearing pancreas were then dissected,



photographed, weighed, and subjected to subsequent statistical analysis.

3.12 RNA-seq analysis

PANC1 and ASPC1 cells were treated with blank control, olverembatinib, gemcitabine and
combination for 48h and then were collected for total RNA extraction by TRizol (ThermoFisher,
USA) according to the manufacturer’s protocol. Library construction and paired-end sequencing
were performed on an Illumina Novaseq 6000 platform. Reads passed from the quality control
were then mapped to the mice reference genome (GRCh38.p13) using HISAT2. The
transcriptional abundance was generated with StringTie by comparing the results to the known
transcriptome, and then calculated through Ballgown. The expression of each gene was
expressed in FPKM (Fragments Per Kilobase of gene/transcript model per Million mapped

fragments).

3.13 Reverse transcription gPCR

Total cellular RNA was extracted using the Albatross Rapid Cell Extraction Kit. The RNA was
then reverse-transcribed into cDNA with the Transcriptor First Strand cDNA Synthesis Kit
(Roche Applied Science, Branford, CT, USA). Subsequently, quantitative real-time PCR (qPCR)
was performed using the FastStart SYBR Green Master (ROX) reagent (Roche Applied Science)
in line with the manufacturer's protocol. The mRNA expression levels of SLC44A4 were
assessed via qPCR on a Bio-Rad CFX96 system utilizing SYBR Green and gene-specific
primers. GAPDH expression was used to normalize the data in triplicate samples. The primers of
used were: SLC44A4 forward: GGGAAGCCAGTCAAATACGA, reverse:
CCCCACCACGATGTAACCTA.

3.14 Public database
The RNA-seq dataset GSE62452 and GSE28753 related to PDAC was obtained from the Gene
Expression Omnibus (GEO). Simultaneously, the RNA-seq data of TCGA-PDAC was



downloaded from TCGA database (https://portal.gdc.cancer.gov), extracting the data in
Transcripts Per Million (TPM) format along with clinical information. The STRING database
(https://cn.string-db.org/) was utilized to construct Protein-Protein Interaction Networks (PPIs)

for target genes[42]. GEPIA (http://gepia.cancer-pku.cn/) website platform was applied to

analysed the different expression of genes between normal and tumor tissue. The target gene
expression (TPM) data of the 60 cancer cell lines and their 1C50 values for different
chemotherapeutic drugs were downloaded from CellMiner database and analyzed the correlation

between them[43].

3.15 Bioinformatic analysis

The limma package of R was applied to identify the differentially expressed genes (DEGS)
between different groups. The expression levels of mMRNAs with |log2FoldChange| > 1 and p-
value < 0.05 were used to identify the DEGs. GO (Gene Ontology) analysis, KEGG (Kyoto
Encyclopedia of Genes and Genomes) pathway analysis and REACTOME pathway enrichment
analysis were performed using the R package clusterProfiler. All computations were performed

with the R software (version 4.1.1) system.

2.16 Ethics approval and consent to participate

For clinical research, the project was approved by the Human Research Ethics Committees of
Sun Yat-sen University Cancer Center (SL-A2018-020). All participants gave informed consent
to participates in this research. And all methods involving human were performed in accordance
with the relevant guidelines and regulations of the Declaration of Helsinki. For animal
experiment, all animal experimental procedures received approval from the SYSUCC animal
experimentation ethics committee, and all methods were performed in accordance with the
relevant guidelines and regulations of the Basel Declaration. and the study was reported

following ARRIVE guidelines.



3.17 Statistical analysis

Statistical analysis was carried out using GraphPad Prism (Inc., San Diego, CA, USA). The data
were presented as mean + SD if without special indication. Statistical analysis between the two
groups was compared using an unpaired two-tailed Student’s t-test. Statistics analysis among
multiple groups was compared using a one-way analysis of variance (ANOVA). The correlation
analysis was performed using Pearson method. P value < 0.05 was considered a significant

difference. Each experiment was conducted independently at least three times.
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Figure Legends

Figure 1. Olverembatinib inhibits the cell vitality and proliferation of PDAC cells. (A) The
72 hours 1C50 values of olverembatinib in different cancer cell lines (Unit: uM/mL). (B)
Olverembatinib inhibited the cell viability of pancreatic cancer cell lines in concentration and
time dependent manner. (C) Representative cell morphology images of pancreatic cancer cells
treated with different concentration of olverembatinib. (D) The plate colony formation showed

the inhibition effect of olverembatinib on the proliferation of pancreatic cancer cells in a



concentration dependent manner. (E-F) EAU immunofluorescence staining showed significant
reduction of the proportion of pancreatic cancer cells in proliferative state after the treatment
with olverembatinib for 24 hours. (Green fluorescence refers to EdU staining, which representing
cells in DNA replication, and blue refers to the cell nuclei). Results are shown as mean £ SEM. *

P <0.05, ** P<0.01, ***P < 0.001.

Figure 2. Olverembatinib blocks pancreatic cancer cells in G1 phase of cell cycle and
induces apoptosis in pancreatic cancer cells. (A-B) The induction of G1 cell cycle arrest in
pancreatic cancer cells treated with olverembatinib for 24 hours. (C-D) After the treatment with
olverembatinib, the expression changes of cyclinD1 and CDK4 proteins in pancreatic cancer
cells. (E-F) Flow cytometry assay showed the induction of apoptosis in pancreatic cancer cells
treated with olverembatinib. (G-H) The green cyanine SYTOX staining showed the dead
pancreatic cancer cells and the changes of their proportion in the total cells under the

olverembatinib treatment. (Green fluorescence is the SYTOX dye, representing the dead cells).

Results are shown as mean + SEM. * P < 0.05, **P <0.01, ***P < 0.001.

Figure 3. Olverembatinib inhibits the migration and invasion and upregulates the
intracellular ROS level of pancreatic cancer cells. (A-B) Wound healing assay was performed
to evaluate the inhibitory effect of olverembatinib on the migration capacity of pancreatic cancer
cells. (C-E) The transwell assays showed the inhibitory effect of olverembatinib on the migration
and invasion ability of pancreatic cancer cells. (F) WB results showed the expression regulation
of EMT-regulated proteins by olverembatinib. (G) The flow cytometry detection of DCFH-DA in
pancreatic cancer cells after the olverembatinib treatment. (H) olverembatinib upregulated the
level of intracellular ROS level in pancreatic cancer cells. (I) The WB results showed the

expression regulation of NRF2 by olverembatinib in pancreatic cancer cells. Results are shown

as mean £ SEM. * P <0.05, **P<0.01, ***P <0.001.



Figure 4. Olverembatinib inhibits the SRC/AKT/MYC signaling in pancreatic cancer cells.
(A) The inhibition rate of various kinases by olverembatinib at 10 nM (Offered by Ascentage
Pharma). (B) The BP and MF enrichment analysis of the targeted genes. (C) The PPI interaction
network of the targets of olverembatinib constructed by STRING database. (D-E) The
differential analysis of gene expression of SRC and MYC between tumor and adjacent normal
tissues in the TCGA-PDAC cohort. (F) The protein expression and phosphorylation level change
of SRC in pancreatic cancer cells treated with indicated olverembatinib. (G) The KEGG and
REACTOME pathway enrichment analysis of the targeted genes. (H-1) Olverembatinib had no
effect on the expression and phosphorylation levels of ERK1/2 and STAT3 in pancreatic cancer

cells. (J) The inhibitory effect of olverembatinib on the protein expression and phosphorylation

levels of AKT and cMYC in pancreatic cancer cells. * P <0.05, ** P <0.01, ***P <0.001.

Figure 5. AKT activation rescue the anti-tumor efficiency of olverembatinib. (A) The plate
colony formation showed the inhibition effect of olverembatinib on the proliferation was rescued
by AKT activator (SC79). (B) AKT activator decreases the apoptosis induced by olverembatinib
in pancreatic cancer cells. (C-D) The transwell assays and wound healing assay showed the

inhibitory effect of olverembatinib on the migration and invasion were rescued by AKT activator.

(SC79, 10pg/mL for PANC1, 15ug/mL for ASPC1, 15ug/mL for BXPC3). * P < 0.05, ** P <

0.01, ***P < 0.001.

Figure 6. Transcriptome changes in PDAC cells after olverembatinib treatment. (A) The
PCA analysis for the ASPC1 and PANCL treated with control, olverembatinib, Gemcitabine and
combination. (B) The volcano plot showed the DEGs for PANC1 and ASPC1l between
olverembatinib treatment and control. (C-D) The GO and KEGG analysis for the DEGs of
PANC1 and ASPC1. E. The GSEA pathway enrichment for the MF and KEGG pathways
activated in olverembatinib treatment group for PANC1 and ASPC1.



Figure 7. Olverembatinib inhibits PDAC tumor growth in vivo. (A-B, D-E) The tumor size of
xenograft tumor samples in ASPC1 (N=6 for each group) and PANC1 (N=5 for each group)
animal models after treatment with different doses of olverembatinib. (C, F) The end-point tumor
weight of xenograft tumor samples in ASPC1 and PANC1 animal models after treatment with
different doses of olverembatinib. (G) The TGI index of 20mg/kg and 40 mg/kg group with bank
control as reference in ASPC1 and PANC1. (H) The body weight changes in different group in
ASPC1 and PANC1 mice model. (I) The changes in the phosphorylation of SRC, AKT and
cMYC, the expression levels of EMT markers by WB of tumor proteins from the ASPC1 and

PANC1 animal models treated with olverembatinib or not. * P < 0.05, ** P < 0.01, ***P <

0.001.

Figure 8. Olverembatinib combined with gemcitabine synergistic inhibits PDAC tumor
growth. (A) The inhibition of cell viability of PANC1, ASPC and BXPC3 after treated with
different concentration of gemcitabine for 72 hours. (B) The inhibition of cell viability of
pancreatic cancer cells after treated with single agent or the combination for 72 hours. (C) The
IC50 of different treatment group in the three pancreatic cancer cells (PANC1, ASPC1 and
BXPC3). (D) The ClI index in different cells were calculated by using Compusyn software. (E-F)
The death induction in pancreatic cancer cells treated with olverembatinib, gemcitabine and in
combination (Green fluorescence is the SYTOX dye, representing the dead cells). (G) The arrest
of the cell cycle in pancreatic cancer cells treated with olverembatinib, gemcitabine and in
combination. (H) The corresponding statistical chart for the proportion of different phase in cell

cycle. * P<0.05, ** P<0.01, *** P<0.001.

Figure 9. Transcriptome changes in PDAC cells after olverembatinib combined with
gemcitabine treatment. (A) The scatter plots showed the correlation between the gene
expression of SRC, AKT, and MYC and the 1C50 of gemcitabine, paclitaxel, irinotecan, 5-FU,

and oxaliplatin. The X-axis represents the gene expression level (log2 (FPMK+1)), and the Y-



axis represents the Z score of 1C50. Spearman method was used for the correlation analysis. (B-
C) The volcano plot showed the DEGs for PANC1 and ASPC1 between combination and
gemcitabine monotherapy, gemcitabine monotherapy and blank control. (D-E) The REACTOME
analysis for the DEGs of PANC1 and ASPCL1 in different comparison. (F-G) The REACTOME
analysis for the upregulated genes (Red) and downregulated genes (Blue) of PANC1 and ASPC1
in different comparison. (H-K) The GSEA pathway enrichment showed the interferon gamma

pathway change in PANC1 and ASPC1 when treated with different therapeutic regimen.

Figure 10. Olverembatinib combined with gemcitabine synergistic inhibits PDAC tumor
growth in vivo. (A, D) At the end point of the experiment, the tumor gross specimens in
different treatment groups of mice (N=>5 for each group) were collected. (B-C, E-F) The diagram
showed the tumor volume changes during the administration and the tumor weight at the end
point in different treatment groups of mice. (G) The TGI index of different group with bank
control as reference in ASPC1 and PANC1. (H-1) The body weight changes in different group in
ASPC1 and PANC1 mice model. (J) The changes in the phosphorylation of SRC, and the
interferon-gamma signaling pathway (JAK1-STAT1) activation by WB of tumor proteins from

the ASPC1 and PANCL1 animal models treated with blank control, olverembatinib monotherapy,

gemcitabine monotherapy or combination. * P < 0.05, ** P <0.01, ***P < 0.001.

Figure 11. The anti-tumor efficiency of Olverembatinib monotherapy or combined with
gemcitabine in endogenous pancreatic cancer model. (A) The schematic diagram illustrates
the generation of endogenous pancreatic cancer model via orthotopic pancreatic injection of
AKT/MYC plasmids (N=5 for each group). (B) Mice in the single-agent group were treated
according to the dosing regimen shown. (C-D) The olverembatinib monotherapy markedly
reduced the relative weight of tumor-bearing pancreas. (E) The body weight change of mice
during the olverembatinib monotherapy. (F) The changes in the phosphorylation of SRC, AKT

and MYC by WB of tumor proteins from the endogenous pancreatic cancer model treated with



olverembatinib or not. (G) Administration schedule for the combination treatment of
olverembatinib and gemcitabine. (H-I) The tumor volume changes during the administration and
the tumor weight at the end point in different treatment groups of mice. (J) The changes in the
phosphorylation of SRC, and the interferon-gamma signaling pathway (JAK1-STAT1) activation

by WB of tumor proteins from the endogenous pancreatic cancer model in different group. * P <

0.05, **P<0.01, ***P <0.001.

Figure 12. Olverembatinib effectively inhibited tumor size in PDAC patient
(A) A representative case of PDAC patient treated with olverembatinib. Flow chart showing the
treatment options for the patient. (B) The base information of the PDAC patient. (C) CT Imaging

showing the response of this PDAC patient to olverembatinib treatment.

Figure 13. Graphic abstract of SRC/AKT/MYC inhibition induced by olverembatinib and

the synergistic anticancer effect of combination with gemcitabine in PDAC cells.

Fig.1
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PDAC 1¢ line: nab-paclitaxel + gemcitabine Patient information
) 3“line: Olverembatinib, Gender Female
}(, b ¢ A 40mg, QOD : Age 68
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| (:‘) {/, PFS 5.5 moths Weight 52kg
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