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Figure S1. Device microfabrication. a) Schematic fabrication of the migration device. 
Fabrication starts with a primary mold mounted on a silicon wafer (Si) harbouring connected 
and parallel lines of SU-8 photoresistant material (brown features). Afterward, soft lithography 
was used to obtain a polydimethylsiloxane (PDMS) secondary mold. Finally, the PDMS mold is 
bonded to the bottom surface of the polystyrene culture Petri dish (Treated PS) and 
microinjected with a GelMA solution using a syringe microfluidic pump. Microinjected PDMS 
molds are afterward UV irradiated to induce GelMA-based hydrogel formation and peeled off 
to obtain the stamped migration lanes on the bottom Surface of the Petri dish. b) Example of 
primary silicon/SU-8 mold. c) Example of PDMS secondary mold during microinjection of 
GelMA solution. d) Example of the hydrogel walls physically limiting the migration lanes.         
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Figure S2. Schematic representation of polymeric conformation of gelatin methacrylamide 
(GelMA) in solution under thermal and UV induction. At higher temperature, gelatin is 
conformed as random coil in solution, whereas at lower temperatures triple-helix formation is 
induced during the process of gelation or physical crosslinking. GelMA solution in presence of 
photoinitiators and UV induction undergo covalent crosslinking, however, if such photo-
crosslinking is conducted under random coil configuration, hydrogels in PBS 1X pH 7.4 suffer of 
swelling and volumetric increment. On the other hand, if UV induction is performed under 
triple-helix conformation (gelated), hydrogel swelling is avoided.     



Figure S3. Visual example of the non-swelling and swelling effect over photo-crosslinked 
hydrogel with and without previous induction of thermal physical crosslinking (gelation) 
respectively. Top view (a) and lateral view (c) of a recently photo-crosslinked GelMA hydrogel 
without (left) and with (right) previous physical crosslinking or gelation. Top view (b) and 
lateral view (d) of a photo-crosslinked GelMA hydrogel without (left) and with (right) previous 
physical crosslinking or gelation. Hydrogels imaged in (b) and (d) were incubated in PBS 1X pH 
7.4 for 12 h at room temperature. 
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Figure S4. Dimensional variations of hydrogel walls and migration lanes in the new migration 
device submitted to swelling. Hydrogel walls were fabricated using different concentrations of 
GelMA solution, and after fabrication through microinjection of the PDMS mold, physical 
cross-linking (2h at 4°C), UV-irradiation and PDMS mold removal performed. They were 
subjected to incubation for 3 h in PBS 1X pH 7.4 at 37ºC.  Width of hydrogel walls and 
migration lane were quantified using light microscopy and statistically compared between the 
GelMA 7% (v/w) formulation and all the other formulations. Three devices per formulation 
were analyzed and 12 hydrogel and lane measurements conducted per each device. Error bars 



= standard error of the mean. ** p<0.01; *** p<0.001. Statistical analysis was conducted using 
the Mann–Whitney U test.  

       

Figure S5. Migration assay using the new migration device and the co-culturing of two different 
UC-MSCs samples. UC-MSCs samples were stained separately with different fluorescent 
membrane dyes and co-cultured in the migration device in a 1:1 ratio. The two population 
have different migration capacity, slow migrating population (green) and fast migrating 
population (red). After the migration assay these populations are separated along the 
migration lanes. Scale bar: 50 µm.     



   

Figure S6. Distribution of migrated distances of three different UC-MSCs populations 
represented as density distribution. a) multi-parametric generalized gamma distribution as 
density function f(y), where m is the scale parameter, s is the shape and f is the family 
parameter of the distribution. This function can be used to describe the density distribution of 
migrated distances of cells in a cell population after maximum-likelihood fitting process to find 
appropriated parameters values. b) Density distribution of code 108 of a UC-MCS population 
represented as histogram (green bars), as a connected line derived from a 2nd order of 
smoothing polynomial using 6 neighbors data to average (red line) and as a multiparametric 
generalized gamma density function (dashed black line). The same processing was applied to 
code 699 (c) and code 989 (d). It is important to notice that the generalized gamma function is 
capable to represent the migration distribution with appropriated fidelity in the three different 
forms of migration distribution. Density of migrated cells at each migration range of 50 µm 
(green bars) was calculated from the migration result of 6 migration devices.  



Figure S7. Migration results and distribution of migrated cells of a UC-MSCs population using 
encapsulated VEGF or soluble VEGF in the media using the new migration device.  a) Average 
migration distance of cells that migrated out from the cell packing zone in response to 
different concentrations of VEGF presented in the media or encapsulated in the hydrogel 
walls. d) Area under the curve of frequency distribution (Fig. 3d in the main manuscript) for 
subpopulations of low, medium and high migration, where low migration quantifies the area 
under the curve from 0 to 500 µm, medium migration from 500 to 1000 µm and high migration 
from 1000 µm to the location of the most distanced cell. Control = no treatment or 0 ng/ml of 
VEGF. Statistical analysis was conducted using two tailed Mann–Whitney U test, 95% of 
confidence was used and significance was denoted as *p ≤ 0.05. Results are presented as mean 
± SEM. n = 4 independent experiments.

Consideration respect to the number of seeded cells

Cell density has been considered an important factor that influences cell migration behaviour 
(1–5), therefore, it has to be treated carefully for experimental settings and designs, especially 
in Boyden chamber and scratch assays(6). In this work, the effect of the number of seeded 
cells on the migration results has been evaluated using this device with umbilical cord 
mesenchymal stem cells (UC-MSCs). The percentage of migrating cells from the total number 
of seeded cells and average migrated distances were calculated for devices seeded with 
different number of cells from the same cell sample. Results showed slight tendencies toward 
a reduction in the percentage of migrated cells at a higher number of seeded cells (Fig. S8a), 
whereas for the average migration distance there are incrementally higher values at higher 
number of seeded cells (Fig. S8b). This is as well corroborated if the relative frequency 
distribution of cell distances are plotted and compared (Fig. S8c and S8d). The reduced 
percentage of migrated cells at higher number of seeded cells could be simply explained by 
steric hinderance, where cells are obstructed by other cells to freely migrate along migration 
lanes. On the other hand, devices using lower ranges of seeded cells show reduction in the 
migration distance (average), possible due to the inability of few separated cells to generate 



the cell-cell interaction and inter-cellular signalling necessary for performing efficient collective 
or semi-collective cell migration (4,5). These results demonstrate, in general terms, the 
robustness against variations in the number of seeded cells, however, it must be considered 
that too much reduction or increase in the number of seeded cells could slightly affect the 
migration distribution.

  

Figure S8. Migration results and distribution of migrated cells of a UC-MSCs population using 
different number of seeded cells in the new migration device. a) Percentage of cells from the 
total number of seeded cells that migrated out from the cell packing zone. b) Average 
migration distance of cells that migrated out from the cell packing zone. c)  Average relative 
frequency distribution of migrated cells at different ranges of migration. Every point of 
frequency calculation corresponds to the relative number of cells within 50 µm range along the 
migration lane. The relative frequency is calculated considering the total number of migrated 
cells. d) Area under the curve of frequency distribution for subpopulations of low, medium and 
high migration, where low migration quantifies the area under the curve from 0 to 500 µm, 
medium migration from 500 to 1000 µm and high migration from 1000 µm to the location of 
the most distanced cell. Results are presented as mean ± SEM. n = 6 independent experiments.



Consideration respect to the width of migration lanes

Cell migration velocity within confined channels has been previously reported of having both, 
negative correlation (7) or positive correlation (8) with respect to the migrational channel 
width. Negative correlation has been observed when confinement is defined by the width of 
cell attachment surfaces for migration, without spatial restriction to the rest of the cellular 
body, while positive correlation is observed when confinement involved physical restriction to 
the cellular body, going from 3 µm to 50 µm. In this particular study, evaluations concerning 
the effect of lane width on cell migration response were conducted using two cell types with 
different average diameter, human umbilical vessel endothelial cells (HUVEC) (~ 15 µm) and 
UC-MSCs (~30 µm) (Fig. S9) (9,10), however, it is important to make notice that physical 
confinement is subjected only at the width level in the new device, and not at the height, since 
migration lanes are open or roofless. Another distinctive feature of this device is that the 3D 
wall-bottom surfaces interception creates a groove-like topography in which cells are 
prompted to confine, resembling a 3D environment. In this regards, and as described 
previously (11-17), actin polymerization perpendicular to the intercepting surfaces line or 
groove line would generate compressive forces over growing actin networks from non-
contacting cell membranes, that drives uniaxial protrusion in the direction of migration lanes 
(16). As anticipated for migration lanes with two lateral wall-bottom interceptions, exceedingly 
narrow migration lanes results in physical impedance for cell body movements along two rows 
of migrating cells too close to each other, thus only one row of migrating cells is permitted; 
resulting in less number of migrated cells (Fig. S9). Surprisingly, although broader migration 
lanes provide two lateral migration clefts, overly broad lanes resulted in a reduction in the 
number of migrated cells and in the migrated distances. In this case the limitation is related to 
the time that cells require finding a free spot at the wall-bottom surface interception to drive 
after migration along the cleft track.



Figure S9. Migration response of HUVECs and UC-MSCs using migration lanes with different 
width. a) Representative figures of nucleus stained HUVECs migrated along migration lanes 
with different widths. Yellow lines represent location of the cell packing zone on time 0 b) 
Average number of migrated HUVECs per migration lane. c) Average migration distance of 
migrated HUVECs using migration lanes with different widths. d) Average number of migrated 
UC-MSCs per migration lane. c) Average migration distance of migrated UC-MSCs using 
migration lanes with different widths. Statistical analysis was conducted using two tailed 
Mann–Whitney U test, 95% confidence was used and significance was denoted as *p ≤ 0.05. 
Results are presented as mean ± SEM. n = 4 independent experiments.



Figure S10. Comparative migration study of different UC-MSCs donor codes using the new 
migration device. a) Relative frequency of migrated cells of three different donor codes along 
the migration lanes. f) Area under the frequency curve of three different donor codes for 
subpopulations of low migration response (migration from 0 to 500 µm), medium migration 
(from 500 to 1000 µm) and high migration (from 1000 µm to the location of the more 
distanced cell). All migration assays using the new migration device were performed in 
presence of 3% FBS in the incubation media for 18 h. Statistical analysis was conducted using 
two tailed Mann–Whitney U test, 95% of confidence was used and significance was denoted as 
*p ≤ 0.05, **p ≤ 0.01 and ***p ≤ 0.005. Results are presented as mean ± SEM. n = 12 
independent experiments.

Figure S11. Migration results using the Boyden chamber (a) and the new device (b) in presence 
of different migration inhibitors. a) Migration results of UC-MSCs code 108 using the Boyden 
chamber in presence of different inhibitors. The assay was carried out using an incubation 
media supplemented with 0.1% of FBS in the upper chamber and 3% FBS in the bottom 
chamber. Quantification was done calculating the percentage of cell-covered area in the 
bottom face of the porous membrane after 18 h of incubation. b) Average migration distance 
of cells in a cell sample of UC-MSCs code 108 using the new migration device in presence of 
different migration inhibitors. The assay was carried out using an incubation media 
supplemented with 3% of FBS and for 18 h. Min-max normalization procedure was applied to 
allow comparisons in between different migration systems. CK-666 and Blebbistatin were 
supplemented at a concentration of 50 µM. Control = without presence of inhibitors. Statistical 
analysis was conducted using two tailed Mann–Whitney U test, 95% confidence was used and 
significance was denoted as *p ≤ 0.05. Results are presented as mean ± SEM. n = 9 
independent experiments. 



Figure S12. Migration results and distribution of migrated cells of a UC-MSCs population (code 
108) subjected to different concentrations of the migration inhibitor Vinblastine. a) Boyden 
chamber assay using UC-MSCs sample (donor code 108) in the presence of different 
concentration of the inhibitor Vinblastine. Assay was carried out using an incubation media 
supplemented with 0.1% of FBS in the upper chamber and 3% FBS in the bottom chamber. 
Quantification was performed calculating the percentage of cell-covered area in the bottom 
face of the porous membrane after 18 h of incubation. b) Quantification of migration response 
using the new migration device and based on the average migrated distance of migrated cells 
out from the cell packing zone. c) Average frequency of migrated cells along the migration 
lanes in presence of different concentration of Vinblastine. f) Area under the frequency curve 
of migrated cells along the migration lane, individualizing the subpopulations of low migration 
response (cells showing migration from 0 to 500 µm), medium migration (from 500 to 1000 
µm) and high migration (from 1000 µm to the location of the most distanced cell). All 
migration assays using the new migration device were performed in presence of 3% FBS in the 
incubation media for 18 h. Min-max normalization procedure was applied to allow 
comparisons in between different migration systems.  Control = no treatment or 0 nM 
concentration of Vinblastine. Statistical analysis was conducted using two tailed Mann–
Whitney U test, 95% of confidence was used and significance was denoted as *p ≤ 0.05 and 
**p ≤ 0.01. Results are presented as mean ± SEM. n = 6 independent experiments. 



Figure S13. Immunosupression of T-CD8+ in 3 different peripheral blood mononuclear cell 
samples (PBMCs) treated with PHA for proliferation activation in presence of UC-MSCs from 
different donor codes. The UC-MSCs:PBMCs ration during proliferation incubation was 1:50.  
Results are presented as mean ± SEM. n = 3 biological replicates (PBMCs) with 2 experimental 
replicates. 

Figure S14. Migration results and distribution of migrated cells of UC-MSCs samples from 
different donor codes. a) Average migration of cells that migrated out from the cell packing 
zone. b)  Average relative frequency distribution of migrated cells at different ranges of 
migration. Every point of frequency calculation corresponds to the relative number of cells 
within 50 µm range along the migration lane. c) Area under the curve of frequency distribution 
for subpopulations of low, medium and high migration, where low migration quantifies the 



area under the curve from 0 to 500 µm, medium migration from 500 to 1000 µm and high 
migration from 1000 µm to the location of the most distanced cell. Results are presented as 
mean ± SEM. n = 6 independent experiments.

Figure S15. Correlation of predicted immunosuppressive values and experimental 
immunosuppression values. a) Predicted immunosuppression values were extracted based on 
a linear regression (framed model) constructed using migration responses in the Boyden 
chamber system and experimental immunosuppressive values of different UC-MSC code 
donors. b) Predicted immunosuppression values were extracted based on a multiparametric 
elastic-net regression (framed model) constructed using 5 different parameters obtained from 
the migration responses in the new migration device and experimental immunosuppressive 
values of different UC-MSC code donors. Immunosuppression was calculated based on the 
proliferative suppression of CD8+ cells.

Table S1. Quantified parameters of the generalized gamma distribution describing the 
probability distribution of migrated distances (s, m and f as defined in the function “dggamma” 
implemented in the package “rmutil” in the software R) of different UC-MSCs sample codes. 
Additionally, average migration distance of migrated cells and number of migrated distances 
for each cell code. Percentage of proliferation suppression of 3 activated PBMC sample in 
presence of different UC-MSC donor codes.    

Code s m f
Average 

(µm)
Number of 

Cells

Suppression  
T-Cell CD8+ 

(%)
745 0.76 389.84 1.40 384.46 2793.33 39.43
108 0.33 331.13 3.17 520.00 3616.25 10.80
955 0.96 307.67 1.42 333.38 2246.00 17.96
699 0.47 297.91 2.06 348.00 2028.67 37.91
989 0.28 357.36 3.53 618.84 5945.67 14.00
877 0.66 338.45 1.63 365.12 540.75 22.16
374 0.28 249.64 3.21 402.93 2435.25 30.35
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