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Fig. S1. Growth of zonal JCH-, AMSC- and co-cultured constructs. (a) Zonal JCHs, (b) AMSC/JCH co-

cultures and (c) AMSCs alone in MeHA hydrogels at day 7 and 28. (d) Gross images of cell-laden constructs 

at day 56 (AMSC/JCH co-cultures). (e and f) Construct dimensions (diameter and thickness) on day 28 and 

day 56 (left column = JMSC/JCH and right column = AMSC/JCH; lighter bars = day 28 and darker bars = day 

56).   
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Fig. S2. Collagen content and immunohistochemistry for collagens and proteoglycans. (a) Collagen 

content (%WW). (b) Plot of co-culture efficacy for collagen content. (c-e) Immunohistochemistry for (c) type II 

collagen, (d) type I collagen, and (e) chondroitin sulfate at day 56 (JCH = left, Co-cultures = middle, AMSC = 

right; scale bar = 1mm; p<0.05). 
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Fig. S3. Gross appearance of ‘mixed’, ‘fused’ and ‘distanced’ co-cultures of JCHs and AMSCs in MeHA 

hydrogel constructs. Images of mixed (left), fused (middle), and distanced (right) constructs on day 3, 7, 14 

and 21 (scale bar = 1mm). 
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Fig. S4. Transfer of intracellular contents in AMSC/JCH co-cultures. Confocal images of JCH (red) and 

AMSCs (green) in MeHA hydrogels on days 3 and 7, showing increasing number of double positive cells (DP, 

arrow heads) (scale bar = 10μm). 
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Fig. S5. Cluster analysis showing pathways induced by TGF-β3 and/or factors secreted from juvenile 

chondrocytes to adult MSCs in co-culture, displayed via Venn diagrams. Blue font indicates upregulation, 

and red font indicates down regulation. (a) Adult MSCs alone without TGF-β3 (TGF-_G) vs. with TGF-β3 

(TGF+_G), (b) Adult MSCs alone with TGF-β3 (TGF+_G) vs. adult MSCs that were co-cultured with TGF-β3 

and became double positive (CO+_DP), (c) Adult MSCs with TGF-β3 (TGF+_G) vs. adult MSCs that were co-

cultured with TGF-β3 and remained green only (CO+_G), (d) Adult MSCs without TGF-β3 (TGF-_G) vs. adult 

MSCs that were co-cultured with TGF-β3 (CO+), (e) PCA analysis from Fig. 4e.   
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Fig. S6. Calibration of inhibitors of clathrin-mediated vesicle formation in JCH-laden constructs. (a) To 

determine the dose-dependent impact and reversibility of Pitstop2 in exocytic release of extracellular proteins, 

JCH-laden constructs were cultured in CM+ in the presence of Pitstop2 at a varying concentration (0, 10, 25 

and 50μM) for the first 21 days (D0-21) followed by culture for an additional 21 days (D22-42) in the absence 

of Pitstop2 (washout). Although some attenuation in cellularity and construct properties was noted with the 

highest dose (50μM) employed (p<0.001), functional properties and GAG content increased after removal of 

Pitstop2. (b) Analysis of mechanical properties (EY: kPa), (c) GAG content (%WW). (d) Cells from all groups 

were viable and produced comparable ECM. Viability staining (Calcein-AM labeling on day 42) indicated that 

a dose of 25M would not inhibit normal chondrocyte matrix accumulation or viability (scale bar = 1mm, n=3-

4/group; p<0.05). 
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Fig. S7. Cluster analysis showing the effect of TGF-β3 on juvenile MSCs and chondrocytes in CM at 

day 28. Blue font indicates upregulation, and red font indicates down regulation. (a) Chondrogenically induced 

juvenile MSCs with TGF-β3 (CM+) vs. juvenile chondrocytes in CM+, (b) Undifferentiated juvenile MSCs 

without TGF-β3 (CM-) vs. juvenile chondrocytes in CM+, (c) Chondrogenically induced juvenile MSCs in CM+ 

vs. undifferentiated juvenile MSCs in CM- (d) PCA analysis adapted with permission from Huang et al. (1). 
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Fig. S8. Biochemical content of cell-laden constructs cultured with Pitstop 2. (a) GAG (%WW), (b) 

Collagen (%WW), (c) Alcian blue staining on day 42 (scale bar = 100μm, n=3-4/group; p<0.05). 
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Fig. S9. Co-culture of fetal MSCs (FMSC) with adult chondrocytes (ACH). (a) Fetal MSCs and adult 

chondrocytes were expanded and labeled with CellTracker (MSC= green, CH= red). Fetal MSCs were mixed 

with adult chondrocytes (MSC:CH = 1:4). (b) Equilibrium modulus (EY; kPa), (c) GAG (%WW), (d) Collagen 

(%WW), (e) Alcian blue staining on day 28, (f) Confocal microscopy showed no vesicular transport in either 

direction (Fetal MSC = Green; Adult chondrocyte = red) (scale bar = 100μm, n=3-4/group; p<0.05).  
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Table S1. Differences in expression and fold changes in AMSCs that had become double positive (CO±_DP) 

compared to those that remained green (CO±_G) over 10 days of co-culture, in the absence or presence of 

TGF-β3, compared to AMSCs cultured on their own (TGF±_G). 
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Table S2. Impact of molecular factors from JCH on the expression of AMSCs that had become double positive 

(CO±_DP) compared to those that remained green (CO±_G) within the same constructs, and their gene-

matched fold changes. 
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Table S3. Details on genes that showed positive fold changes in AMSCs with co-culture.   
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Table S4. Details on genes that showed negative fold changes in AMSCs with co-culture. 
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Table S5. Expression of genes and fold changes based on biological themes, enriched functional-related gene 

clusters, and expression levels based on the effect of TGF-β3 in adult MSCs (AMSC). 
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Table S6. Expression of genes and fold changes based on biological themes, enriched functional-related gene 

clusters, and their expression levels based on the effect of TGF-β3 and/or molecular factors from co-cultured 

JCH (CO+_DP) in AMSCs. 
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Table S7. Expression of genes and fold changes based on biological themes, enriched functional-related gene 

clusters, and their expression levels based on the effect of TGF-β3 and co-culture for cells where vesicular 

transfer did not occur (CO+_G) in AMSCs. 
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Table S8. Expression of genes and fold changes based on biological themes, enriched functional-related gene 

clusters, and their expression levels based on the effect of TGF-β3 and molecular factors from co-cultured 

JMSCs in adult MSCs. 
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Table S9. Expression of genes with fold changes based on biological themes, enriched functional-related 

gene clusters, and their expression based on the effect of TGF-β3 on juvenile MSCs. 
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Table S10. Expression of genes with fold changes based on biological themes, enriched functional-related 

gene clusters, and their expression levels for juvenile MSCs compared to chondrocytes at day 28. 
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Table S11. Expression of genes with fold changes based on biological themes, enriched functional-related 

gene clusters, and their expression levels between juvenile chondrocytes with TGF-3 and undifferentiated 

juvenile MSCs. 
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Table S12. Differences in expression profiles and their fold changes in juvenile chondrocytes and MSCs over 

28 days of culture, in the absence or presence of TGF-β3. 
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