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Abstract: Early and accurate diagnosis of pancreatic cancer represents a pivotal breakthrough for im-
proving patient survival. Although exosome—based liquid biopsy has demonstrated immense promise
and attracted widespread attention, existing methods for isolating pancreatic cancer exosomes from
blood still face two major bottlenecks: low reaction efficiency within laminar—flow microchips and the
lack of tumor—specific exosomal protein markers, which severely compromise both separation speci-
ficity and efficiency. To tackle these limitations, this study developed a phenylboronic acid—function-
alized three—dimensional nano—herringhone microfluidic chip. By exploiting the covalent binding be-
tween phenylboronic acid and the aberrantly overexpressed glycosylated cis—diol structures on tumor

exosome surfaces, the chip achieves broad—spectrum, high—affinity recognition of tumor—derived

Wim BHA: 2026 - 04-30; fEEIEHA: 2026-05-11

EEWA: EEARPFREH IIH (22374097)

«BIAEE: sk MG, A, WO, WFRJ7IE): SRS B30T, E-mail: pengzhang016@sjtu. edu. cn
WeRsE, W, Boz, PR MIREHEAREAEYE S PR, E-mail: cyyang@xmu. edu. cn



2 TR AR (http://www.fxesxb.com) 545 3%

exosomes. Simultaneously, the periodically ordered nano—herringbone array induces microvortices
that disrupt the laminar diffusion boundary layer, substantially enhancing the collision and binding
efficiency between exosomes and the chip interface. The results demonstrated that the chip achieved
a capture efficiency of approximately 85% for exosomes derived from three pancreatic cancer cell
lines, PANC-1, SW1990, and PACA-2. In stark contrast, exosomes from normal pancreatic
hTERT-HPNE cells exhibited minimal binding, and tumor exosomes subjected to PNGase F-mediat-
ed N-glycan cleavage lost nearly all ability to be captured, definitively confirming that the chip’s spe-
cific capture is dependent on glycan recognition. Building upon this capability, the chip further inte-
grates in situ enzymatic fluorescence signal amplification, successfully enabling simultaneous molec-
ular profiling of six pancreatic cancer—associated membrane protein markers Prostate—Specific Mem-
brane Antigen(PSMA), Carcinoembryonic Antigen(CEA), Mucin 1(MUC-1), Nucleolin (NCL),
Protein Tyrosine Kinase 7(PTK7), and Epithelial Cell Adhesion Molecule (EpCAM) within a single
sample. All six markers were significantly overexpressed in tumor-derived exosomes, and distinct
cell lines displayed characteristic expression signatures, demonstrating the chip’s capacity to distin-
guish tumor-derived from normal exosomes and to identify pancreatic cancer molecular subtypes. By
integrating glycan-based chemical recognition, efficient fluidic mass transport, and multiplexed mo-
lecular profiling into a unified platform, this study provides a novel, antibody-independent separa-
tion, highly specific, and multi-dimensional information-enriched technology for early pancreatic
cancer liquid biopsy, exhibiting significant application prospects in the clinical accurate diagnosis
and molecular subtyping of pancreatic cancer.
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Fig. 1 Schematic illustration of the phenylboronic acid-functionalized nano-herringbone chip for tumor exosome-specific

separation and molecular analysis, and early diagnosis of pancreatic cancer
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Fig. 2  Phenylboronic acid-functionalized nano-herringhone chip
A: Photograph of the chip, with the self-assembled herringbone structure exhibiting the Bragg light scattering effect G558y, H 2340 H 4%
M RIS EHUF Y ) 5 B: Three-dimensional nano-herringbone structure ( Z4EZNK 8 25#) ) ; C: Highly ordered arrangement of
silica microspheres within the nano-herringhone structure (AR 25 b AR RIS EA FIRAS) s D: Infrared characterization of
the phenylboronic acid-functionalized nano-herringbone chip, showing the characteristic peaks unique to phenylboronic acid (ZERNERIhEEIL4NK
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Fig.3 Characterization of pancreatic cancer exosomes

A: SEM image of exosomes, displaying the typical cup-shaped morphology (/MMA SEM [&], SEIMAIF) ZHARAREGEH ) ; B: Western blot char-
acterization of CD81 and Calnexin in exosomes derived from three pancreatic cancer cell lines(PANC-1, PACA-2, SW1990) ( = Fi /BNy 40 i

PACA-2, PANC-1. SW1990#MiMAn) CD81 Fl Calnexin Western Blot F4iEE); C: Exosomes derived from pancreatic cancer PANC-1 cell
line, with a mean particle size of 147. 3 nm (RS PANC-1 400 R AN, F36i42 4 147. 3 n0m); D: Exosomes derived from pancreatic
cancer PACA-2 cell line, with a mean particle size of 143. 4 nm (JEIRIE PACA-2 4 R AMIAMAE , “FXPRI4E A 143. 4 nm); E: Exosomes de-
rived from pancreatic cancer SW1990 cell line, with a mean particle size of 123.7 nm (MRS SW 1990 2 R /M MA , ~FXRifE 4 123. 7 nm)
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Fig. 4 Highly efficient on-chip capture of pancreatic cancer exosomes
A: fluorescence image of DiO-stained exosomes derived from pancreatic cancer SW1990 cells captured on the chip; B: fluorescence image of
exosomes derived from normal pancreatic h\TERT-HPNE cells captured on the chip; C: fluorescence image of PNGase F-treated exosomes de-
rived from pancreatic cancer SW1990 cells captured on the chip; D: capture efficiencies of exosomes derived from three pancreatic cancer cell
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Fig. 5 On-chip molecular profiling of pancreatic cancer exosomes : f)luorescence quantitative detection(mean value+SD, n=3)
and profiling of six membrane protein markers(PSMA, CEA, MUC-1, NCL, PTK7, and EpCAM) on exosomes derived from
pancreatic cancer cell lines PACA-2(A), PANC-1(B), SW1990(C), and normal pancreatic cell line \TERT-HPNE(D)
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