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FH ( B-cadherin ) FSlug#ikFtwmr, WIEEH (vimentin ) FIkFFAR; B 1L-2525 B4 ( phospho-focal adhesion kinase,
p-FAK ) | p-p38MAPKAIHAE I 1 1#9%44%#3B ( microtubule-associated protein light chain 3B, LC3B) FikTHE (P
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[ Abstract ] Background and purpose: Amplification of the urokinase plasminogen activator receptor (uPAR) gene is closely
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associated with poor prognosis in pancreatic cancer patients. uPAR regulates epithelial-mesenchymal transition (EMT) and
chemoresistance in pancreatic cancer cells through the mitogen-activated protein kinases (MAPK) signaling pathway, though the
specific mechanisms remain unclear. This study aimed to investigate the mechanism by which uPAR promotes proliferation, invasion,
and chemoresistance of pancreatic cancer cells by inhibiting autophagy. Methods: Pancreatic cancer tissue samples were collected
from patients who underwent surgical resection and biopsy at the Changsha Central Hospital, Affiliated to University of South China
(Changsha Central Hospital), between December 2021 and Jun 2022. The study was approved by the Ethics Committee of Changsha
Central Hospital (Approval No.: 2021-S0182, 2022-S0084). Patient-derived organoids (PDOs) from pancreatic cancer samples were
cultured in vitro. Six pancreatic cancer cell lines (AsPC-1, PANC-1, CAPAN-1, CAPAN-2, MIA PaCa-2 and PaTu8988T) were used
in this study. uPAR-deficient models were constructed using clustered regularly interspaced short palindromic repeats (CRISPR)
Cas9 technology. Cell proliferation and invasion abilities were measured using confocal microscopy, Western blot, enzyme-linked
immunosorbent assay (ELISA), and MTS assays. Changes in MAPK and autophagy signaling pathways and gemcitabine-induced
cell death were analyzed. The synergistic effects of combined treatments were evaluated using gene silencing (siRNA) or autophagy
inhibitors. Results: In AsPC-1 cells, uPAR knockout significantly reduced the proliferation and migration abilities of clone cells
compared to wild-type cells, as shown by MTS assays and wound healing experiments, and decreased sensitivity to gemcitabine
(P<<0.05). Re-expression of uPAR restored the proliferation and invasion abilities of clone cells and partially restored sensitivity
to gemcitabine (P<<0.05). Confocal microscopy revealed reduced F-actin and a rounded morphology in clone cells. Western blot
analysis showed increased expressions of E-cadherin and Slug, decreased expression of vimentin, and increased expressions of
phospho-focal adhesion kinase (p-FAK), p-p38MAPK, and the microtubule-associated protein light chain 3B (LC3B) in clone cells
compared to wild-type cells. siRNA results indicated that silencing FAK or p38MAPK or combining autophagy inhibition could
resensitize clone cells to gemcitabine (P<<0.05), with p38MAPK silencing reducing LC3B expression. Organoid studies showed
varying responses to gemcitabine among 8 organoids, all expressing uPAR. uPAR expression levels were negatively correlated with
gemcitabine ICs, ("=0.66, P<<0.05). Three organoids responded well to the combination of gemcitabine and autophagy inhibitors
(P<<0.05). Conclusion: uPAR promotes pancreatic cancer cell activity through the p38MAPK signaling pathway, preventing FAK-
mediated resistance and cell dormancy. The study suggests that pancreatic cancer patients with high uPAR expression respond better
to gemcitabine, while tumors with low uPAR and high p38MAPK expressions may benefit from combined treatment with autophagy
inhibitors and cytotoxic chemotherapy.
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1.6 ZHREITEL

T T QIAGENZ w42 4t (I RN A F1I
HiPerFectf Ju i, Jf /™ 4% & B0 3% 2 5]
SV RAT THRELE., MNE2, ¥E
412 pL HiPerFect, 9.6 pL siRNA/FH XTI
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JEWZ TS5 (enzyme-linked immunosorbent assay,
ELISA ) i F i ENEE: ( Western blot ) A ll#fIA
(KNG, H) .
1.8 HiEFXF

ASCE R T4 Hiik: phospho-p38
MAPK ( Thr180/Tyr182; #4511 ) . phospho-
FAK ( Tyr397; #8556 ) . p62 (#8025) . LC3B
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L Il L '] L L
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start stop
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DI (loop1) DI (loop3) DIl (loop 1) D Il (loop 3) DI (loop 1) DI (loop 3)
D1 (loop2) Linker DI (loop 2) Linker DI (loop 2) GPI- AGGTAACGGCTTCGGGAAT-AGG
attachment
CTGTCCCCATGG AGTCTCAC
Exon 3 Exon 4
s 8000bp 3 CATCCAG GCACTGTTCTTCA
——p) CTGGAG CTG GTG GAGAAAAG
3 P) 5
GGATTGG GATGATGATGAGG
gRNA 1 gRNA 2
GGACCCTGAGCTATCGGACTGG AGGTAACGGCTTCGGGAATAGG
Wy m Hon? , - e W ey ™
— | R ) i w oy
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sty . - ™ e - ~ ™
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C fre — _— g

‘Combine primer:
uPAR GFP-forward Forward

Fusions PCR products A03 A06 A09
uPAR RFP-reverse Reverse

Sample & Assay Technologies

100 yin ,

E Consensus
Identity
RE\ 1. F-03082018-LaraEO5__ mlx-12 R _.abl extraction Ganr
RE 2. F-03082018-LaraF05__ mbx-14 R_.abl cxlraclionn.s.x.x..z. Arees
F?D 5. UPAR Ref Seq extraction 2 AGBGACCT:
F G H
- 30F Kk
E Hclone 12 <
Target Name Cat. No. = B Rescue 12 o \3?’
Z 5ol N
P38SMAPK Hs MAPK14 5 S100300769 5 20 &8
AN (4
P3SMAPK Hs MAPK14 7 S100605164 :v? O <
FAK 1 Hs PTK2. 5 $100287791 2 10 UPAR | W
FAK 2 Hs PTK2 9 S100301532 =
i 2 PARK7 |- -

E1 uPARBIRERR KRG, HH3CF 551 MFAEENF LR UPARKMBRIZ
Fig. 1 uPAR knockout strategy and sequencing gene and uPAR re-expression

A: Schematic representation of the uPAR knockout strategy using CRISPR/Cas9. B: List of gRNAs for uPAR and PCR primers used to detect gene
knockout. C: Fluorescence-activated cell sorting (FACS) analysis of GFP/RFP double-positive cells. D: PCR screening for gRNA target sites and
potential deletions. E: Sanger sequencing of mutations at the gRNA target sites. F: Sequences of siRNA oligonucleotide templates used in this study. G:
Re-expression of uPAR protein levels measured by ELISA (n=3, ***: P<<0.01, Student’s #-test, two-sided). H: Immunoblot analysis showing de novo
expression of uPAR in clone 12 and rescued uPAR cells.
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El2 CRISPR-Cas9 S#i3uPARE: FRL R AIAsPC—140H
Fig.2 CRISPR/Cas9-mediated uPAR knockout in AsPC-1 cells

A: Immunoblot analysis showing uPAR protein levels in the pancreatic cell lines AsPC-1, CAPAN-1, CAPAN-2, MIA PaCa-2, PANC-1, and
PaTu8988T. B: ELISA quantification of uPAR protein levels in 6 human pancreatic cell lines. C: Immunoblot analysis comparing uPAR levels
between AsPC-1 uPAR knockout (KO) and wild-type (WT) cells. D: ELISA results showing uPAR levels in AsPC-1 uPAR KO cells compared to WT
cells. At least three biological replicates were performed. GAPDH was used as a loading control. ***: P<<(0.001, multiple comparison tests were used

to assess differences between groups.
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§C & & o = Clone 12 e
¥ O O § ~ Clone 14 S
Slug | = s | 30 kDa &
=
.8
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Fig.3 uPAR knockout inhibits pancreatic cancer cell growth and migration, and enhances resistance to gemcitabine

A: Growth curves over 4 days showing significantly reduced proliferation rates in AsPC-1 uPAR KO clones compared to WT controls.
B: Representative colony formation assay images in methylcellulose comparing uPAR KO and WT cells. C: Quantitative analysis showing a
significant reduction in clonogenicity in uPAR KO cells compared to WT cells. D-E: Reduced migratory capacity of uPAR KO cells compared to
WT cells. F: Immunofluorescence staining showing fewer stress fibers in uPAR KO cells compared to WT cells ( x 400, red: phalloidin, blue: DAPI).
G: Immunoblot analysis of epithelial and mesenchymal markers indicating Mesenchymal-to-epithelial transition (MET) in uPAR KO cells. H:
Increased resistance to gemcitabine in uPAR KO cells (0.1, 0.5, 1 umol/L, 72 h). At least three biological replicates were performed. GAPDH or
PARK?7 was used as a loading control. ***: P<<0.001, multiple comparison tests were used to assess differences between groups.
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Fig. 4 uPAR regulates FAK and p38MAPK activity and enhaces gemCitabine resensitivity of AsSPC-1 uPAR knockout cells
A: Immunoblot analysis showing increased phosphorylation of FAK and p38, along with elevated levels of LC3B, while p62 levels remain unchanged
in uPAR knockout (KO) cells. B-D: Restoration of gemCitabine sensitivity (B) and wild-type (WT) signaling phenotype (D) in AsPC-1 uPAR KO
cells after (C) FAK siRNA knockdown. E-F: Gemcitabine response following p38MAPK knockdown (F) using two siRNAs in AsPC-1 uPAR KO
cells. G: Re-establishment of the WT signaling phenotype in uPAR KO cells following p38MAPK siRNA knockdown. H: Combined treatment with

gemcitabine (0.1 umol/L) and p38 inhibitor JX401 (3 pmol/L) for 72 h in uPAR KO cells. GAPDH was used as a loading control. At least three
biological replicates. **: P<<0.01, ***: P<<(0.001, Student’s ¢ test, two-sided.
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Fig.5 Inhibition of autophagy or uPAR re-expression restores gemcitabine sensitivity in uPAR knockout cells

A: Immunoblot analysis of autophagy markers p62 and LC3B following treatment with 3-MA (5 pmol/L) or chloroquine (CQ, 5 pmol/L). B:
GemCitabine sensitivity after 72 hours of treatment with 3-MA (5 pmol/L) or CQ (5 pmol/L). C: Immunoblot analysis showing altered expression
of glycolytic enzymes (GLUL, MTHFD2) and cell cycle regulators (FOXM1, CCNBI1), suggesting dormancy in uPAR knockout (KO) cells. D: Re-
expression of uPAR in clone 12 cells restored p-p38MAPK and p62 levels to wild-type (WT) levels. E: Re-expression of uPAR restored gemcitabine
sensitivity in clone 12 cells (0.1 pmol/L). F: Re-expression of uPAR significantly enhanced migratory capacity in clone 12 cells. GAPDH or PARK7
was used as a loading control. At least three biological replicates were performed. ***: P<<0.001, Student’s #-test, two-sided.
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Fig. 6 uPAR as a predictive biomarker for gemcitabine sensitivity in PDAC-derived organoids

A: Representative bright-field images of patient-derived PDAC organoids (PDOs) showing three distinct morphologies: organoids with varying
degrees of budding (top), solid organoids (center), and hollow organoids (bottom). Scale bar: 200 pm. B: Dose-response curves for gemcitabine
in PDOs cultures (n=8) treated with gemcitabine (0.01-10.00 pmol/L). C: ICs, values for PDOs cultures treated with gemcitabine. D: Immunoblot
analysis of uPAR and LC3B in protein extracts from eight PDOs, with PARK7 as a loading control. E: Pearson correlation analysis showing a
significant inverse correlation between uPAR levels and gemcitabine sensitivity (ICs,) in PDOs (°=0.66, P=0.026 2). At least three biological
replicates were performed. *: P<<0.05, compared with each other; **: P<<0.01, compared with each other; Student’s ¢ test, two-sided. GEM:
Gemcitabine.
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