
Introduction 
Competitive migration of endothelial cells (ECs) and vascular 

smooth muscle cells (SMCs) determines the inclination to either 

normal or pathological vessel formation[1]. In physiological 

environment, the migration direction of cells (including ECs and 

SMCs) is induced by gradient signals [2]. Here we fabricated a 

surface featured with reverse density gradients of an hydrophilic 

polymer poly(2-hydroxyethyl methacrylate) (PHEMA) and a ECs 

binding peptide Thy–Ile–Gly–Ser–Arg (YIGSR) [3], in order to 

selectively enhanced directional migration of ECs, but not SMCs.  

 

 

 

 

 

 

 

 

 

 

 
 

 

Fig.1 Schematic illustration to show the fabrication of the reverse density 

gradient of PHEMA and YIGSR, whose density is controlled by the 

precursory immobilized BCS and BES.  

Gradient characterization 

 

 

 

 

 

 

 
Fig.2  (a) Fluorescent images showing the density gradient of PHEMA 

(upper) and YIGSR (lower) on glass surfaces, respectively. HEMA was 

copolymerized with Fluorescein O-methacrylate (green) and YIGSR was 

stained with Rhodamine B isothiocyanate (red), respectively; (b) 

fluorescent intensity as a function of position corresponds to the lines 

shown in (a). 

 

 

 

 

 

 
 

 

Fig. 3 XPS spectra of N 1s on the reverse PHEMA/YIGSR density 

gradient surfaces with variable positions. (b) the mass of PHEMA and 

YIGSR on the reverse gradient as a function of gradient position, 

respectively. 

 

 

 

 
 

 

ECs and SMCs migrate on reverse gradients 

 

 

 
 

        
        

 

 

 

 

 

 

 

 

 

Fig.4 Migration traces of the ECs and the SMCs on different surfaces. 

The migration traces of the cells migrating to the X direction and –X 

direction were drawn in red and black lines, respectively. The number at 

the lower indicates the percentage of cells moving to the +X direction; at 

the lower right indicates the migration rate of the cells in statistics. The 

center of mass for the endpoint positions is marked with a green cross.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.5  CLSM images of Ecs (a-c) and SMCs (a1-c1) on PHEMA gradient 

(a and a1), YIGSR gradient (b and b1)， and PHEMA/YIGSR reverse 

density gradient (c and c1). Vinculin (green), F-acitn (red) and nucleus 

(blue) were stained to show cellular morphology and cytoskeleeton. 

Conclution 
The reverse gradients of hydrophilic polymer PHEMA and a ECs 

binding peptide YIGSR were fabricated on glass surfaces by 

microinjection method. Surface initiated ATRP and dipole 

cycloaddition were adopted to create a controllable composition 

of the two components at the relevant position of the gradient. 

Significantly different migration behaviors of ECs and SMCs 

were observed: migration rate of ECs was dramatically increased 

on the surfaces with reverse gradients while the mobility of SMCS 

was not improved. 
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407.05 2592.5

407 2587.5

406.95 2626.25

406.9 2682.5

406.85 2552.5

406.8 2618.75

406.75 2577.5

406.7 2588.75

406.65 2578.75

406.6 2583.75

406.55 2645

406.5 2572.5

406.45 2645

406.4 2558.75

406.35 2621.25

406.3 2593.75

406.25 2543.75

406.2 2582.5
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406.1 2682.5

406.05 2591.25
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405.6 2498.75

405.55 2570

405.5 2546.25

405.45 2542.5

405.4 2532.5

405.35 2601.25

405.3 2580
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405.15 2520

405.1 2581.25

405.05 2510

405 2586.25

404.95 2593.75

404.9 2525

404.85 2558.75

404.8 2610

404.75 2618.75

404.7 2577.5

404.65 2610

404.6 2575

404.55 2548.75

404.5 2515

404.45 2636.25

404.4 2626.25
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404.3 2576.25

404.25 2528.75

404.2 2555
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404.05 2618.75

404 2546.25
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403.9 2558.75

403.85 2571.25

403.8 2548.75

403.75 2565

403.7 2633.75
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403.6 2630

403.55 2602.5

403.5 2581.25

403.45 2567.5

403.4 2591.25

403.35 2633.75

403.3 2576.25

403.25 2557.5

403.2 2568.75

403.15 2627.5

403.1 2621.25

403.05 2573.75

403 2587.5

402.95 2657.5

402.9 2662.5

402.85 2701.25

402.8 2540

402.75 2588.75

402.7 2481.25

402.65 2521.25

402.6 2562.5

402.55 2528.75

402.5 2571.25

402.45 2610

402.4 2661.25

402.35 2541.25

402.3 2625

402.25 2600

402.2 2547.5

402.15 2562.5

402.1 2553.75

402.05 2533.75

402 2588.75

401.95 2573.75

401.9 2656.25

401.85 2573.75

401.8 2670

401.75 2570

401.7 2546.25

401.65 2645

401.6 2612.5

401.55 2553.75

401.5 2648.75

401.45 2650

401.4 2615

401.35 2516.25

401.3 2517.5

401.25 2653.75

401.2 2555

401.15 2563.75

401.1 2601.25

401.05 2623.75

401 2632.5

400.95 2660

400.9 2647.5

400.85 2698.75

400.8 2637.5

400.75 2533.75

400.7 2541.25

400.65 2598.75

400.6 2585

400.55 2642.5

400.5 2657.5

400.45 2652.5

400.4 2595

400.35 2558.75

400.3 2568.75

400.25 2548.75

400.2 2531.25

400.15 2582.5

400.1 2637.5

400.05 2583.75

400 2677.5

399.95 2727.5

399.9 2633.75

399.85 2656.25

399.8 2765

399.75 2715

399.7 2698.75

399.65 2678.75

399.6 2732.5

399.55 2751.25

399.5 2726.25

399.45 2777.5

399.4 2773.75

399.35 2830

399.3 2813.75

399.25 2887.5

399.2 2831.25

399.15 2777.5

399.1 2880

399.05 2912.5

399 2836.25

398.95 2887.5

398.9 3067.5

398.85 2953.75

398.8 2927.5

398.75 2990

398.7 3017.5

398.65 2967.5

398.6 2988.75

398.55 3045

398.5 3063.75

398.45 3137.5

398.4 3131.25

398.35 3175

398.3 3173.75

398.25 3226.25

398.2 3328.75

398.15 3243.75

398.1 3313.75

398.05 3365

398 3568.75

397.95 3605

397.9 3671.25

397.85 3890

397.8 3853.75

397.75 4027.5

397.7 3995

397.65 4127.5

397.6 4245

397.55 4251.25

397.5 4246.25

397.45 4432.5

397.4 4605

397.35 4492.5

397.3 4583.75

397.25 4481.25

397.2 4463.75

397.15 4577.5

397.1 4628.75

397.05 4562.5

397 4480

396.95 4456.25

396.9 4375

396.85 4272.5

396.8 4198.75

396.75 4131.25

396.7 3980

396.65 3793.75

396.6 3752.5

396.55 3718.75

396.5 3598.75

396.45 3546.25

396.4 3501.25

396.35 3335

396.3 3251.25

396.25 3323.75

396.2 3161.25

396.15 3005

396.1 2980

396.05 2940

396 2950

395.95 2912.5

395.9 2730

395.85 2715

395.8 2717.5

395.75 2712.5

395.7 2686.25

395.65 2703.75

395.6 2732.5

395.55 2727.5

395.5 2650

395.45 2577.5

395.4 2646.25

395.35 2637.5

395.3 2590

395.25 2611.25

395.2 2606.25

395.15 2603.75

395.1 2610

395.05 2610

395 2646.25

394.95 2626.25

394.9 2598.75

394.85 2541.25

394.8 2560

394.75 2525

394.7 2531.25

394.65 2572.5

394.6 2567.5

394.55 2516.25

394.5 2550

394.45 2593.75

394.4 2616.25

394.35 2641.25

394.3 2566.25

394.25 2581.25

394.2 2550

394.15 2573.75

394.1 2460

394.05 2565

394 2557.5

393.95 2686.25

393.9 2605

393.85 2673.75

393.8 2555

393.75 2576.25

393.7 2512.5

393.65 2593.75

393.6 2582.5

393.55 2592.5

393.5 2507.5

393.45 2606.25

393.4 2618.75

393.35 2551.25

393.3 2533.75

393.25 2571.25

393.2 2582.5

393.15 2457.5

393.1 2488.75

393.05 2545

393 2627.5

392.95 2536.25

392.9 2651.25

392.85 2566.25

392.8 2588.75

392.75 2516.25

392.7 2498.75

392.65 2527.5

392.6 2557.5

392.55 2495

392.5 2498.75

392.45 2546.25

392.4 2595

392.35 2638.75

392.3 2576.25

392.25 2635

392.2 2556.25

392.15 2478.75

392.1 2496.25

392.05 2552.5

392 2528.75

391.95 2575

391.9 2670

391.85 2615

391.8 2600

391.75 2573.75

391.7 2581.25

391.65 2582.5

391.6 2610

391.55 2623.75

391.5 2611.25

391.45 2562.5

391.4 2685

391.35 2567.5

391.3 2490

391.25 2640

391.2 2687.5

391.15 2580

391.1 2515

391.05 2527.5

391 2568.75

390.95 2576.25

390.9 2675

390.85 2638.75

390.8 2512.5

390.75 2568.75

390.7 2687.5

390.65 2542.5

390.6 2480

390.55 2502.5

390.5 2596.25

390.45 2602.5

390.4 2543.75

390.35 2640

390.3 2557.5

390.25 2582.5

390.2 2528.75

390.15 2572.5

390.1 2600

390.05 2591.25

390 2597.5

389.95 2531.25

389.9 2626.25

389.85 2628.75

389.8 2517.5

389.75 2490

389.7 2590

389.65 2612.5

389.6 2542.5

389.55 2631.25

389.5 2577.5

389.45 2610

389.4 2617.5

389.35 2627.5

389.3 2603.75

389.25 2600

389.2 2601.25

389.15 2605

389.1 2613.75

389.05 2616.25

389 2625

388.95 2632.5

388.9 2601.25

388.85 2562.5

388.8 2577.5

388.75 2603.75

388.7 2615

388.65 2611.25

388.6 2647.5

388.55 2607.5

388.5 2542.5

388.45 2607.5

388.4 2625

388.35 2605

388.3 2505

388.25 2552.5

388.2 2443.75

388.15 2536.25

388.1 2528.75

388.05 2547.5

388 2606.25
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