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[image: ]Figure S1: Morphology and surface marker expression of isolated HUVECs and HUMSCs under in vitro conditions. 
HUVECs isolated from fresh umbilical cords formed a confluent monolayer with a typical cobblestone morphology after 3 population doublings (PDs) under in vitro conditions (Figure S2a). They were positive for typical endothelial surface markers such as CD31 and CD105; contamination of HUVECs with spindle-shaped HUMSCs was ruled out by screening for CD90 (Figure S2b-c). (a) Phase-contrast image of a confluent HUVEC monolayer at low passage level (3 PDs) with cobblestone morphology, b. Phase-contrast image of a confluent HUMSC monolayer at low passage level (3 PDs) with spindle shape morphology, c. Mean fluorescence intensity of CD31, CD105 and CD90 for HUVECs and HUMSCs at low passage level (3 PDs) after flow cytometry analysis. Data represent the mean and standard error of the mean of 3 donors with more than 1,000 cells per condition. ****, p≤0.0001; ns, not significant. In a and b, images were taken with the same magnification; scale bar, 200 µm. 
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Figure S2: In vitro expansion induce replicative senescence.  
[bookmark: OLE_LINK5][bookmark: OLE_LINK1][bookmark: _Hlk73455750][bookmark: OLE_LINK6]To induce replicative senescence (RS), HUVECs were seeded at a density of 20,000 cells/cm² on plates coated with 1.5% gelatin and passaged at 80-90% confluence until they reached RS. Cell cycle arrest was observed after a total of 14±1.4 weeks and 17±0.2 PDs (Figure S3a). Conversely, the mean PDT generally increased with an increase in the number of passages during cell expansion (Figure S3b). Senescent HUVECS expressed higher levels of phosphorylated histone H2AX (γ-H2AX), which is indicative of an increase in DNA damage: in 74±2% of HUVECS after 3 PDs and 52±1% after 17 PDs γ-H2AX foci were not detected (Figure S3c). The percentage of cells showing 1-3 γ-H2AX foci was 23±1% after 3 PDs and 40±2% after 17 PDs, and 3±1% and 6±4% of the cells had more than 4 γ-H2AX foci after 3 and 17 PDs, respectively (Figure S3c). As expected, intracellular SA-β-gal accumulation increased over time and was 70±2% when the growth of the HUVECs reached the plateau (Figure S3d, Figure S5). In addition, relative telomere lengths of HUVECs decreased up to 50% of their initial length during in vitro expansion (Figure S3e). Furthermore, a progressive change in the whole monolayer architecture was observed during in vitro expansion: after 3 PDs, HUVECs showed single ovoid nuclei and a cobblestone-like morphology but were significantly enlarged and lost their ability to form high confluent monolayers after 17 PDs (Figure S3f and Figures S5a and S5b). The total cell surface of HUVECs increased from 1,180±51 µm² after 3 PDs to 4,181±138 µm² after 17 PDs. In conclusion, extensive in vitro expansion of HUVECs progressively decreased their growth characteristics, significantly increased their size and induced RS, as evidenced by increased SA-β-gal activity, significant formation of DNA double-strand breaks and significant telomere attrition.  (a) Cumulative growth curve during expansion of HUVECs isolated from three different umbilical cords, (b) PDT of HUVECs during in vitro expansion, (c) Percentage of cells presenting multiple γ-H2AX foci after 3 and 17 PDs, (d) Percentage of SA-β-gal-positive cells after 3 and 17 PDs, (e) Relative telomere length in relation to the number of PDs of HUVECs during in vitro expansion, (f) Representative light microscopy images of HUVECs during expansion stained for SA-β-gal (green-blue) after 3 (left), 10 (middle) and 17 (right) PDs. Cell density measured at the end of each passage when the monolayer was 80-90% confluent. Scale bar, 200 µm. In (a–e) data represent the mean and standard error of the mean off 3 donors with more than 275 cells per condition for the analysis of DNA damage, more than 2,800 cells per condition for the analysis of SA-β-gal activity, more than 100,000 cells per condition for the relative telomere length measurement and more than 2,800 cells per condition for the cell area measurement. **, p≤0.01; ***, p≤0.001; ****, p≤0.0001; ns, not significant.
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Figure S3: Morphological alterations of HUVECs during in vitro expansion.   
(a) Representative light microscopy images of HUVECs after 3, 10 and 17 PDs show progressive increase of the cell size during in vitro expansion. Red asterisks show sites of monolayers disruption. Scale bar, 200 µm. (b) Cell density measured at the end of each passage when the monolayer was 80-90% confluent. (c) Progressive increase of the cell size during in vitro expansion. Data represent the mean and error bars of 3 donors. *, p<0.05; **, p≤0.01; ***, p≤0.001; ns, not significant.
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Figure S4: Surface with gratings of 1 µm depth and height.
For the scanning electron microscope images, the specimens were sputter-coated with gold/palladium using a BAL-TEC SCD-050 sputter coater and imaged with a Zeiss ULTRA 55 SE. Scale bar, 5 µm. Measurements of gratings showed mean grating size of 0.96 ±0.6 µm
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