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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 specific-
ity and efficiency. To tackle these limitations, this study developed a phenylboronic acid-functional-
ized three-dimensional nano-herringbone microfluidic chip. By exploiting the covalent binding be-

tween phenylboronic acid and the aberrantly overexpressed glycosylated cis-diol structures on tumor
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exosome surfaces, the chip achieves broad-spectrum, high-affinity recognition of tumor-derived exo-
somes. Simultaneously, the periodically ordered nano-herringbone array induces microvortices that
disrupt the laminar diffusion boundary layer, substantially enhancing the collision and binding effi-
ciency 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-mediated N-gly-
can cleavage lost nearly all ability to be captured, definitively confirming that the chip’s specific cap-
ture is dependent on glycan recognition. Building upon this capability, the chip further integrates in
situ enzymatic fluorescence signal amplification, successfully enabling simultaneous molecular profil-
ing of six pancreatic cancer-associated membrane protein markers prostate-specific membrane antigen
(PSMA) , carcinoembryonic antigen (CEA) , mucin 1(MUC-1), nucleolin (NCL), protein tyro-
sine 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 dis-
played characteristic expression signatures, demonstrating the chip’s capacity to distinguish tumor-
derived from normal exosomes and to identify pancreatic cancer molecular subtypes. By integrating
glycan-based chemical recognition, efficient fluidic mass transport, and multiplexed molecular pro-
filing into a unified platform, this study provides a novel, antibody-independent separation, 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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Hid; 2 000xg #2502 20 min EFRFEAMMLFIERIE R 5 10 000xg 5.0 30 min EFR K FEFANMIES ; FIFIRE
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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-herringbone chip
A photograph of the chip, with the self-assembled herringbone structure exhibiting the Bragg light scattering effect Gt Fy 524y,  H 413E 0545
H) L IARHASEHU %% ) 5 B: three-dimensional nano-herringhone structure ( ZZEQR M E L)) ; C: highly ordered arrangement of silica
microspheres within the nano-herringbone structure (ZNK A B 4540 b AR EE IR SIS EEA JFIRZS) s D infrared characterization of the
phenylboronic acid-functionalized nano-herringbone chip, showing the characteristic peaks unique to phenylboronic acid (AHHERIHREAL 2K .
T LLANFAE, RBUEMIRR AT A )
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UL CIRARIRT SR MFE TS . B TEI R, X RSNBAAE T e T R O RRIE T A
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BRI . PANC-1 /MBS EPRI42 4 147. 3 nm ([ 3C), PACA-2 ZMMAF-H)ki42 4 143. 4 nm (& 3D) ,
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Fig. 3 Characterization of pancreatic cancer exosomes

A: SEM image of exosomes, displaying the typical cup-shaped morphology (#MN# & SEM [&], SLBUMAIAG ZEARIRGER)) s 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 #MihAf CD81 il Calnexin Western Blot F#fE[&]); C: exosomes derived from pancreatic cancer PANC-1 cell
line, with a mean particle size of 147. 3 nm (JFEAREE PANC-1 401 RAMBMAE, FIKRif2 4 147. 3 nm); D: exosomes derived from pancreatic

cancer PACA-2 cell line, with a mean particle size of 143. 4 nm (I PACA-2 4 R AMNBE, FYPRIAE A 143. 4 nm); E: exosomes de-
rived from pancreatic cancer SW1990 cell line, with a mean particle size of 123.7 nm (JEARTE SW 1990 20 R /M MA , ~FXRi42 4 123. 7 nm)
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