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Supplementary Figure 1. Optimization of cell cryopreservation. Cell viability was
assessed using Live/Dead assay prior to viably freezing and within 4 hours after thawing.
Mesencult™ ACF provided the best viability post-thaw and was used for all subsequent
preparations. p values were calculated via one-way ANOVA followed by Tukey’s test;

data are presented as mean + SD of 3 experimental replicates.
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Supplementary Figure 2: Overview of surgical procedure and assessment of short-
term cartilage repair at 1 month. (a) Full-thickness defects were created in Yucatan
minipig knees and transplanted with low and high doses of either chondrospheres (CS)
or hESDC-M. (b) Assessment of proteoglycan content via Safranin O staining of healthy
cartilage and groups one month after implantation; images show the junction of intact
articular cartilage with the defect area, with boxes denoting the regions shown at higher
magnification. (c) ICRS Il aggregate scoring of defects calculated via 14 parameters of
the ICRS Il Cartilage Repair Scoring System demonstrated the high dose, membrane
embedded formulation of hES-derived chondrocytes provided superior short-term repair.
(d) Representative images of Ku80* human cells in the membrane only or hESDC-M after
1 month. n=4 defects per condition, 2 defects per knee. Scale bars = 100 um; data
presented as mean + SD. p values were calculated via one-way ANOVA followed by

Tukey’s test.
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Supplementary Figure 3: Biomechanical properties of repaired cartilage defects.
(a) Analysis of biomechanical properties was carried out using Mach-1 scanning indenter
(Biomomentum, Canada). At least 10 points were analyzed within each defect. Heat maps
representing instantaneous modulus and thickness are shown for each group. Color
mapping is artificial to illustrate the differences between specimens; scales for each
measurement are shown below. (b) Quantitative assessment of instantaneous modulus
within the healing defect area 1 month after transplantation of 2 doses of either hESC-
derived chondrospheres (hESDC-CS) or collagen I/lll membrane embedded hESDC-M.
The best repair was observed in the high dose hESDC-M group. Data presented as mean
+ SD of aggregate values for 4 defects per each group; p values were calculated via one-
way ANOVA followed by Tukey’s test.
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Supplementary Figure 4: Immunological response to hESDC-M. (a) Representative
images of immunohistochemical staining for immune cell markers in the cartilage defect
at 1 month post implantation of the membrane only (left column) or the hESDC-M (right
column). (b) Representative images of immunohistochemical staining for immune cell
markers in the cartilage defect at 6 months post implantation of the membrane only (left
column) or the hESDC-M (right column). (c) Representative Hematoxylin and Eosin
(H&E) stains and quantification of synovial characteristics 1 month after implantation
using previously described methods?® (n=4 biological replicates for membrane only and
hESDC-M group (d) Representative H&E stain and corresponding quantification of
synovium 6 months after implantation; left image is the membrane only, right image is the
defect with hESDC-M; (n=5 biological replicates for membrane only group, n=5 for
hESDC-M group) (e) Representative Toluidine Blue stain of healthy articular cartilage and
cartilage with the defect area 6 months after implantation; top image is the membrane
only, bottom image is the defect with hESDC-M, and right is the healthy cartilage. All scale
bars = 100 um, p values calculated with an unpaired t-test and data is presented as

mean = SD.
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Supplementary Figure 5. hESDC-M are not contaminated by hESCs and represent
more immature chondrogenic cells than hBMSC-M. (a) t-SNE and violin plots
depicting expression of indicated genes at single cell resolution. (b) gPCR of superficial
gene expression (n=7 independent batches; p values were calculated with an unpaired t-
test; data presented as box and whisker plots. (c) Violin plots for gene expression of
selected chondrogenic genes in hESCs, hESDC-M and human bone marrow stromal cells

cultured on membranes (hBMSCs-M). (d) Violin plots for gene expression of selected

stromal genes.
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Supplementary Figure 6. Definition of chondrogenic ontogeny at the single cell
level. (a) t-SNE plot of single cell sequencing data generated at 4 stages of human
chondrocyte ontogeny. (b) Cell trajectory analysis of Col2* cells from human in vivo
ontogeny and cultured hESDC-M and ESI-017 cells constructed using Monocle348. Violin
plots for gene expression of selected (c) superficial, (d) transitional and (e) deep zone
genes. (f) Gene sets were created by intersecting two previously published data sets’18
generated with bulk RNA-seq of embryonic chondroprogenitors and fetal chondrocytes.
Genes enriched in “pre-chondrocytes” vs. “resting chondrocytes” were overlapped with
genes enriched in “embryonic 5-6 WPC (weeks post conception)” and “17 WPC” and vice
versa to create lists of common genes enriched in embryonic chondroprogenitors and
fetal chondrocytes. Venn diagrams demonstrating overlap of biomarker genes strongly
enriched and representative of the indicated cluster of hESDC-M (see Figure 2h)

analyzed by scRNA-Seq with gene lists generated by bulk RNA-Seq.
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Supplementary Figure 7: Assessing levels of chondroinductive paracrine factors
of hESDC-M and hBMSCs. gPCR for various (a) TGF-B, (b) FGF, and (c) BMP family
members in P1 hBMSCs (n=3 biological replicates of 27-29 yo) and hESDC-M (n=7
batches). (d) ELISA analyses of representative growth factors (BMP-2, TGF-B1, & FGF-
2) secreted by P1-3 hBMSCs (n=7 biological replicates aged 19-64 yo) and hESDC-M
(n=9 batches for FGF2, n=7 batches for TGF-B1 and n=6 batches for BMP-2). p values
calculated with unpaired t-test; error bars represented as mean = SD. (e) Violin plots
depicting gene expression in ESI-017 cells and 2 replicates of hESDC-M analyzed by
SCRNA-Seq.
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Supplementary Figure 8. Endogenous articular chondrocytes maintain their
chondrogenic profile in the presence of hESDC-M. (a) Representative image of two
pig chondrocyte (Ch) colonies (scale bar = 500 um) & clonogenicity of pig chondrocytes
(n=4 biological replicates) cultured in methylcellulose (MC) for 4 weeks. (b) gPCR of
chondrogenic genes (n=4 biological replicates). (c) Representative image of a pig Ch
colony in MC after 4 weeks of culture with hESDC-M in a Transwell. Clonogenicity of pig
Ch in MC with either an empty membrane or hESDC-M in a Transwell after 4 weeks (n=4
biological replicates per group). Scale bar = 100 um. (d) gPCR of chondrogenic genes in
pig Ch grown in Transwell culture with hESDC-M (n=4 biological replicates). (e) Alcian
Blue and Toluidine Blue staining (left, middle left) and immunohistochemical staining of
various chondrogenic markers of pig chondrocytes grown in MC with 3 GFs after 4 weeks.
Scale bar = 100 um; all p values calculated with unpaired t-test; error bars represented

as mean * SD.



Supplementary Figure 9: Immunohistochemical characterization of healthy porcine
cartilage. Representative images of immunohistochemical staining of healthy porcine
articular cartilage for human-specific antigen Ku80 and cartilage zonal markers; scale bar
=200 um.



