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[ Abstract] Objective To construct microscale rectangular hydrogel grooves and to investigate the morphology
and alignment of human umbilical vein endothelial cells (HUVECs) under spatial constraints. Vascular endothelial cell
morphology and alignment are important factors in vascular development and the maintenance of homeostasis.
Methods A 4-arm polyethylene glycol-acrylate (PEG-acrylate) hydrogel was used to fabricate rectangular microgrooves
of the widths of 60 um, 100 um, and 140 pm. The sizes and the fibronectin (FN) adhesion of these hydrogel microgrooves
were measured. HUVECs were seeded onto the FN-coated microgrooves, while the flat surface without micropatterns was
used as the control. After 48 hours of incubation, the morphology and orientation of the cells were examined. The
cytoskeleton was labelled with phalloidine and the orientation of the cytoskeleton in the hydrogel microgrooves was
observed by laser confocal microscopy. Results The hydrogel microgrooves constructed exhibited uniform and well-
defined morphology, a complete structure, and clear edges, with the width deviation being less than 3.5%. The depth
differences between the hydrogel microgrooves of different widths were small and the FN adhesion is uniform, providing
a micro-patterned growth interface for cells. In the control group, the cells were arranged haphazardly in random
orientations and the cell orientation angle was (46.9+1.8)°. In contrast, the cell orientation angle in the hydrogel
microgrooves was significantly reduced (P<0.001). However, the cell orientation angles increased with the increase in
hydrogel microgroove width. For the 60 um, 100 pm, and 140 pm hydrogel microgrooves, the cell orientation angles were
(16.4+2.8)°, (24.5%3.2)°, and (30.3+3.5)°, respectively. Compared to that of the control group (35.7%), the number of cells
with orientation angles <30° increased significantly in the hydrogel microgrooves of different widths (P<0.001). However,
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as the width of the hydrogel microgrooves increased, the number of cells with orientation angles <30° gradually decreased
(79.9%, 62.3%, 54.7%, respectively), while the number of cells with orientation angles between 60°-90° increased
(P<0.001). The cell bodies in the microgrooves were smaller and more rounded in shape. The cells were aligned along the
direction of the microgrooves and corresponding changes occurred in the arrangement of the cell cytoskeleton. In the
control group, cytoskeletal filaments were aligned in random directions, presenting an orientation angle of (45.5+3.7)°.
Cytoskeletal filaments were distributed evenly within various orientation angles. However, in the 60 pym, 100 um, and
140 um hydrogel microgrooves, the orientation angles of the cytoskeletal filaments were significantly decreased,
measuring (14.4%3.1)°, (24.7+3.5)°, and (31.9%3.3)°, respectively. The number of cytoskeletal filaments with orientation
angles <30° significantly increased in hydrogel microgrooves of different widths (P<0.001). However, as the width of the
hydrogel microgrooves increased, the number of cytoskeletal filaments with orientation angles <30° gradually decreased,
while the number of cytoskeletal filaments with orientation angles between 60°-90° gradually increased (P<0.001).
Conclusion Hydrogel microgrooves can regulate the morphology and orientation of HUVECs and mimic to a certain
extent the in vivo microenvironment of vascular endothelial cells, providing an experimental model that bears better
resemblance to human physiology for the study of the unique physiological functions of vascular endothelial cells.

Nonetheless, the molecular mechanism of spatial constraints on the morphology and the assembly of vascular endothelial
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cell needs to be further investigated.
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Fig 1 Diagram of the preparation of the rectangular hydrogel microgrooves
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Fig 2 Morphology of the hydrogel microgrooves observed under optical microscope

Schematic diagram of the microgrooves of different widths (A-Left), morphology of the microgrooves (A-Middle), and the longitudinal section of the microgrooves

(A-Right); the width (B) and depth (C) of microgrooves. n=12.
(FI2AF) FVE & & 45 2R WK, SEPr IR B 2 il K
(130.5+4.0) pm, (129.4+4.3) um, (130.5+4.4) um([¥2C).
DL S5 R R, ARWFIE i 4 1 58 BRI B AT 4R 1Y i
FE I KB I
2.2 KRS FNRIFH1E

JH Alexa Fluor4 8845 it AY FN L 4 7K 8 A fal 1M1l 3k

(J#13), 7R PNAZE B 7E /K B Ik TR v, LR B DX I

AT, MM A KA L T R AR R s i, FTHT

JESEFIE .

2.3 JKBERMMIEITHUVECT ZSFEL a A9 540
HUVECSTEA [F] 9 B2 7K BE R4 U 45 5748 b, 51

B 25 1 AU R R, FNELHE Y B - 3 T 400 e e 4

B BOERMEE T W, AR TEEOKERBIIRE S K, SN ACR(E4A) o DLUICRLE S 3 IR, K
LWL LR O, TP DOKBERER A MG R FOE BERHIMIRE 48 % A4/ T B2 (P< 0.001), 4
60 pm 100 um 140 um

100-pm.

100 um

3 KBRS MIE A ER BRI

Fig 3 Fibronectin adhesion in the hydrogel microgrooves

The fluorescence images of the adherence of Alexa Fluor488-labeled fibronectin (50 pg/mL) in the microgrooves.
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Fig 4 Morphology of HUVECs in the hydrogel microgrooves of different widths

A, Images of HUVECs grown for 48 h. B. Cell size. C, Cell shape index. D, Cell orientation angle. E, the percentage of cells with orientation angles in the ranges of
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