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Supplementary Figures
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Figure S1. Conjugation reaction monitoring and physicochemical characterization. (A) Thin-layer chromatography (TLC) monitoring of cRGDfK consumption during conjugation reaction; (B) HPLC chromatograms showing reduction of free cRGDfK and calculated conjugation efficiency; (C) Zeta potential measurements of PLGA-NPs and cRGDfK-PLGA-NPs; (D) Fluorescence HPLC chromatogram for quantification of C6-loaded nanoparticles with a retention time of approximately 5.3 min.
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Figure S2. Integrin expression and endocytic pathway validation. (A,B) Expression level of αvβ3 integrin in HeLa cells (A) and MCF-7 cells (B); (C, D) Time-dependent CLSM images showing uptake kinetics of cRGDfK-PLGA-NPs (C) and PLGA-NPs (D) in HeLa cells; (E) Fluorescence HPLC-based quantification of intracellular uptake in HeLa and MCF-7 cells (n=3); (F) Effect of endocytosis inhibitors (chlorpromazine, nystatin, and amiloride hydrochloride) on uptake of cRGDfK-PLGA-NPs in HeLa cells(n=3). Statistical significance was determined by a two-tailed Student’s t-test, ∗P < 0.05, ∗∗P < 0.01, ∗∗∗P < 0.001.
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Figure S3. Early intracellular dynamics of nanoparticle uptake. (A) Time-lapse CLSM images showing rapid intracellular entry of cRGDfK-PLGA-NPs in HeLa cells within the first 5 min. (B) Representative frames from real-time imaging of nanoparticle trafficking dynamics.
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Figure S4. MALDI-TOF mass spectrum of cRGDfK (A) and cRGDfK-AF647 (B). 

















Supplementary Videos
Video 1. Real-time imaging of nanoparticle uptake in HeLa cells.
Video 2. Real-time imaging of nanoparticle colocalization with EE during intracellular trafficking.
Video 3. Real-time imaging of nanoparticle colocalization with LE during intracellular trafficking.
Video 4. Real-time visualization of nanoparticle colocalization with EE during cellular efflux.
Video 5. Real-time visualization of nanoparticle colocalization with LE during cellular efflux.
Video 6. Real-time tracking of cRGDfK-AF647 colocalization with EE during intracellular trafficking.
Video 7. Real-time tracking of cRGDfK-AF647 colocalization with LE during intracellular trafficking.
Video 8. Real-time monitoring of cRGDfK-AF647 colocalization with EE during cellular efflux.
Video 9. Real-time monitoring of cRGDfK-AF647 colocalization with LE during cellular efflux.
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