Supplemental Methods
DNA Content Assay
MSC spheroids were collected and frozen at -80°C in radioimmunoprecipitation assay lysis buffer (Sigma-Aldrich) for a minimum of 1 hour and thawed at room temperature for 30 minutes followed by sonication (Dentsply, York, PA) for 30 minutes. The freeze, thaw and sonication cycle was repeated 3 times in order to fully lyse the cells. The PicoGreen DNA kit (Invitrogen) was then used to determine the concentration of DNA in each sample based on fluorescence readings of the nucleic acid stain. 

CSMA MP Incorporation Efficiency Analysis
Following the MSC spheroid formation technique described in the primary text, CSMA microparticles were incorporated in the MSC spheroids at 1:3, 1:1, and 3:1 MP:cell ratios. Samples were collected on day 1 after formation for Safranin-O staining. Remaining MSC spheroids were counted and then dissociated by incubating in 0.25% trypsin for 1 hour at 37°C (5% CO2 and 20% O2). To isolate the MPs from the dissociated MSCs, 5% sodium dodecyl sulfate (SDS) (Promega, Madison, WI) was then added to the cell-MP suspension for 5 minutes. The number of MPs was determined on a hemocytometer and divided by the number of MSCs required to create the number of spheroids counted to determine the experimental MP:cell ratio. 

CSMA and PS MP Location in Spheroids 
MSC spheroid formation and MP incorporation was performed using similar protocol detailed in this study. CSMA MPs were added at to the MSC cell suspension at a 3:1 MP:cell ratio and the poly(styrene) MPs (3.36μm diameter) (Spherotech, Lake Forest, IL) were added at a 6:1 ratio to achieve comparable numbers of incorporated MPs in the spheroids due to a lower incorporation efficiency of the poly(styrene) MPs. The spheroids were cultured in chondrogenic conditions under hypoxia in alginate layers and collected at day 1 and 7 for processing using the same histological procedure described previously without the application of any stains. The spheroids were then imaged using a phase contrast microscope.  

Ostogenic/Myogenic Gene Marker Expression
Quantitative RT-PCR was performed and analyzed using the procedure detailed in the main manuscript for osteogenic and myoblastic gene markers, RUNX2 and MyoD (Table 1). Fold regulation relative to the untreated Day 1 control was also determined for each sample with 18S ribosomal protein and β-actin as endogenous housekeeping controls. 

Supplemental Results
MSC Spheroid DNA Content 
Increase in DNA content was observed in the untreated, +TGF-β, and +MP+TGF-β spheroids by day 7 and was sustained only in the 2 groups without MPs up to day 21 (Fig. S1). The amount of DNA in +MP only spheroids was significantly different from all other groups at day 1, but remained relatively constant at later time points. Similar DNA content was detected across all spheroid types at day 14 and 21.

CSMA MP Incorporation Efficiency Analysis
Difference in the amount of MPs (red in image) incorporated in the MSC spheroids can be observed compared to the no MP group (Fig. S2A-D). The incorporation efficiency of the CSMA MPs was quantitatively assessed for a range of MP:cell ratio (1:3, 1:1, and 3:1), which showed that nearly all of the MPs loaded become incorporated within the spheroids after formation (approaching 100% loading efficiency regardless of ratio) (Fig. S2E).

[bookmark: _GoBack]CSMA and PS MP Location in Spheroids 
At day 1, a random distribution of both CSMA and polystyrene MPs was observed in the MSC spheroids (Fig. S3A, C). However, the CSMA MPs became organized into a cluster in the center of the spheroid by day 7 with distinct organization around the MP core (Fig. S3B). In contrast, the polystyrene MPs remained distributed across the spheroid ECM without any pronounced rearrangement (Fig. S3D).

Ostogenic/Myogenic Gene  Marker Expression
In general, there was little change in RUNX2 expression over 21 days in all groups (Fig. S4A). While minor differences were noted in RUNX2 expression between sample types at the same timepoint in most cases, a marked reduction in RUNX2 expression was detected in +MP+TGF-β spheroids at day 1 compared to +TGF-β spheroids (Fig. S4A). MyoD was minimally expressed over time in all groups. Both the +TGF-β and +MP+TGF-β spheroids demonstrated reduced MyoD expression compared to the untreated group for all time points (Fig. S4B). 










Supplemental Table Headings
Table 1. Primer sequences of MSC gene markers 
Table 2. IHC antibody information

Supplemental Figure Legends 
Figure S1. Amount of DNA in MSC spheroids. Changes in DNA content of spheroids were observed with all groups by day 7. n=3, * indicates significantly different from same treatment at Day 1 (p<0.05).  # indicates significantly different from the untreated at the same time point (p<0.05). + indicates significantly different from the +MP group at the same time point (p<0.05). $ indicates significantly different from all other groups at the same time point (p<0.05).

Figure S2. Efficiency of CSMA microparticles incorporation in MSC spheroids. Increasing amounts of CSMA microparticles (red) incorporated in the MSC spheroids was shown by Safranin-O staining (A-D). The theoretical loaded MP:cell ratios corresponded closely to the ratio evaluated by spheroid dissociation and MP retrieval, indicating high incorporation efficiencies (E). n=3, scale bar=50μm. 

Figure S3. CSMA and polystyrene microparticle location in hMSC spheroids. CSMA (A) and polystyrene (C) microparticles were distributed throughout the spheroids on day 1 (arrows). However, the CSMA microparticles aggregated after a week of culture (B), whereas the polystyrene microparticles remained spread across the spheroid (D). n=3, scale bar=50μm. 

Figure S4. Gene expression of osteogenic and myogenic markers in MSC spheroids normalized to untreated group at day 1. RUNX2 expression was sustained from day 7 to 21 in all groups (A) and MyoD expression was decreased over 21 days in all groups (B). n=3, * indicates significantly different from same treatment at Day 1 (p<0.05).  # indicates significantly different from the untreated at the same time point (p<0.05). + indicates significantly different from the +TGF group at the same time point (p<0.05).
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