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Fig. S1. Design of combinatorial system for screening of biochemical and physical signals for chondrogenesis of 

hMSCs. (A) Schematic showing cross-sectional view of combinatorial system (i.e., TMSPA-treated glass slides with 

hydrogel arrays, caps to maintain gel height, main chamber, pistons with different height, membrane with pillars, 

pressure chamber). (B) Illustrations showing the process to separate six different biomaterial conditions (three different 

PEG:OMA compositions: 8%, 10%, 12% and with or without RGD) and fabricate 288 hydrogel arrays on a TMSPA-

treated glass slide (photo credit: Junmin Lee, UCLA). (C) Schematic illustrations of the principle of compression. (D) 

Measured height of pistons with desired height of 2.2, 2.5, 2.65, 2.8 mm using Auto CAD drawing and 3D printing (N 

= 4). (E) Measured compression of hydrogels in combinatorial system with desired strain of 0, 10, 25, 40% (N = 4). 

(F) Representative images showing 3D-printed main chambers and pistons and design of pressure chamber (photo 

credit: Junmin Lee, UCLA). Scale bar is 20 mm.  (G) Representative images showing the procedure to make a device 

be open system preventing pressure accumulation which leads to a leaking issue (photo credit: Junmin Lee, UCLA).  



 

     

  
Fig. S2. Selection of PEG/OMA hybrid biomaterial compositions and their characteristics. (A) Selection of  

OMA/PEG hybrid biomaterial compositions after 21 days of degradation (N = 3). (B) Representative photograph of  

Toluidine Blue staining after 21 days of chondrogenic differentiation (4%, 6%, 8%) and quantitative GAG deposition  

analysis of hMSCs cultured in 8% PEG/OMA hydrogels for 21 days. Positive control: aggregation culture of hMSCs  

for 14 or 21 days (N = 3). (One-way ANOVA with Tukey post hoc testing) (C) Time profile of PEG/OMA hydrogel  

(with or without cells) degradation with compression (10, 25, and 40%) for 21 days (N = 5). The same samples were  

used for the day 0 measurements in all 3 plots. (One-way ANOVA with Tukey post hoc test; *p<0.05 compared with  

10% w/o cell group, **p<0.05 compared with 12% w/ cells group, ***p<0.005 compared with 8% w/ cells and  

****p<0.005 compared with 12% w/o cell group at day 0). (D) Swelling ratio and (E) mass loss of PEG/OMA  

hydrogels without compression for 21 days (N = 3). (*p<0.05, **p<0.005, ***p<0.0005 based on one-way ANOVA  

with Tukey post hoc testing).  



  
Fig. S3. Viability and relative cluster numbers of hMSCs cultured in PEG/OMA hybrid hydrogels. (A)  

Representative Live/Dead assay images of hMSCs and quantification of cell viability in different conditions at day 1,  

3, and 7 days (N = 4). Scale bar, 300 µm. (B) Quantitative cluster number of hMSCs after 21 days of chondrogenic  

differentiation (8% and 12% PEG/OMA hydrogels) with the presence of other parameters (N = 5). Scale bar, 30 µm.  

   



 

   
Fig. S4. Expression levels of articular and hypertrophic markers for hMSCs guided by different levels of both  

degradation and stiffness. (A) Representative 3D confocal images of hMSCs stained with Aggrecan in different  

combinations of parameters. (B) Plot of measured immunofluorescence intensity data for 1000 randomly selected cells  

cultured for 21 days and co-stained with Collagen II and Aggrecan. Averaged intensity of cells cultured in different  

conditions for 21 days (N = 4). (C) Surface plot displaying the effect of the two variables on chondrogenic marker  

expression (Aggrecan) of hMSCs when other two factors are fixed. (D) Plot of measured immunofluorescence intensity  

data for randomly selected 1000 cells cultured for 21 days and co-stained with Runx2 and YAP. Averaged intensity of  

cells cultured in different conditions for 21 days (N = 4). (E) Plot of measured immunofluorescence intensity data for  

1000 randomly selected cells cultured for 21 days and co-stained with Runx2 and Aggrecan. Intensity of co-stained  

markers for the group of cells cultured in 8% or 12% PEG/OMA hydrogels with RGD presence for 21 days. Quantified  

heatmaps of Runx2 and YAP for cells encapsulated in the hydrogel micro-arrays cultured with the combinations of  

some selected factors for 21 days (N = 4).  



 

   
Fig. 5. YAP quantification and staining results revealing hypertrophic chondrogenesis of hMSCs through YAP- 

dependent mechanotransduction. Quantified heatmaps of (A) % cells over the threshold and (B) nuclear/cytoplasm  

intensity ratio at day 1, 3, 7 to define the role of YAP in lineage specification of hMSCs (N = 4). (C) Plot of measured  

immunofluorescence intensity data for 1000 randomly selected cells cultured for 21 days and co-stained with Collagen  

II and YAP. Intensity of co-stained markers for the group of cells cultured in 8% or 12% PEG/OMA hydrogels with  

RGD presence for 21 days. Quantified heatmaps of Collagen II and YAP for cells encapsulated in the hydrogel micro- 

arrays cultured with the combinations of some selected factors for 21 days (N = 4).   



 

  

 
Fig. S6. Top-10 combinations for the best chondrogenic metrics. Light colors represent low values and dark colors 

represent high values. The opposite trend in the figure 3d and 3e is for hypertrophic chondrogenesis.  



   



 

 
Fig. S7. Crosslinking density of PEG/OMA regulating articular or hypertrophic chondrogenesis of hMSCs. (A) 

Relative Aggrecan or Runx2 intensity of hMSCs when supplemented with DMSO for 21 days (N = 4). (B) 

Quantification of DNA, GAG (GAG/DNA), and ALP (ALP/DNA) for 21 days in culture of hMSCs in with or without 

RGD-conjugated PEG/OMA gels with the supplement of TGF-β1 under 40% compression compared to those cultured 

without compression (N = 6). (another experiment set, different from Fig. 4A) (One-way ANOVA with Tukey post hoc 

testing across the all conditions, *p<0.05, **p<0.005) (C) Hematoxylin and eosin and Safranin O staining of cartilage 

tissues where cells are cultured in different compositions (8% or 12%) with or without RGD or compression. Images 

of Safranin O staining were thresholded for imaging analysis. Scale bar is 100 µm.  



 

  
Fig. S8. A flow chart for threshold-based imaging analysis of cartilage tissues stained with toluidine blue O  

where cells are cultured in different compositions (8% or 12%) with or without RGD or compression.  

   



 

   

 
Fig. S9. Inhibition of YAP-dependent mechanotransduction and WNT signaling pathway enabling the 

prevention of hypertrophic transition of prechondrogenic hMSCs.  (A) Quantification of real-time PCR to measure 

the gene expression associated with chondrogenic or osteogenic differentiation for cells cultured for 21 days with or 

without RGD or 40% compression. (B) Ratio of relative mRNA expression (collagen II/Collagen I and Collagen 

II/Collagen X) for cells cultured for 21 days. (C) Quantification of DNA, GAG, and ALP for hMSCs precultured (in 

8% PEG/OMA with or without WNT inhibitor or 12% PEG/OMA with or without YAP inhibitor) for 21 days in vitro 

and implanted in vivo for 7 or 21 days (N = 6). (D) Number of replicates for different markers and conditions. (E) 

Hematoxylin and eosin and toluidine blue staining of cartilage tissues after encapsulated cells were cultured for 21 days 

with or without inhibitors and transplanted in vivo for 7 or 21 days after the in vitro pre-treatment. Scale bar is 100 µm. 

(*p<0.05, **p<0.005, ***p<0.0005 based on One-way ANOVA with Tukey post hoc testing)  



 

   

 
Table S1. (A) Antibody information for immunostaining, flow cytometry analysis, and integrin blocking. (B) qRT-

PCR primer sequence information. 
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