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Table S1. Transwell cellular migration data from select cell types. References are provided at

Pore/10%

Transwell Nuclear 10% Nuclear % cells time Chemo
Cell Type pore (um) Diameter Diameter Diameter migrate (hours) attractant
Chondrocyte g 146l 5 0.5 16.0 119% 18 24 PDGF
MSC g 46l 6 0.6 13.3  13% [l 24 PDGF
Fibrochondrocyte 3 7] 9 [47] 0.9 33 0% 16 PDGF
Fibrochondrocyte 5 [47] 9 [47] 0.9 56 20% [ 16 PDGF
Fibrochondrocyte g [47] 9 [47] 0.9 8.9 50% [ 16 PDGF
Myoblasts g 48] 10 (49 1 8.0 10% k8l 24 PDGF
Epithelial Cell 10001 50501 0.5 20.0 83% [ 24 10% FBS
Epithelial Cell gfol 50501 0.5 16.0 65% B 24 10% FBS
Epithelial Cell 7050 50501 0.5 10.0 50% [ 24 10% FBS
Neutrophil 0.45 3 0.3 1.5 0% B 20 IL8
Neutrophil 3 B 3 Bl 0.3 10.0 10% B4 20 IL8
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Table S2. In vivo migration data from select cell types. References are provided at the end of the
Supplemental Information.

Tissue or
System

Skin
Breast

Meniscus
Muscle

Muscle
Cartilage
Stem Cell
Bone
Adipose
Immune
Immune
Cancer

Immune

Cell type Nucleus In Vivo Pore Pore Migration Notes on
diameter  Pore size size/ size/10  rate (um  Migration
(um) (um) Nucleu % /min) Rate
S Nucleus
Fibroblast 7 152] 2 152] 0.28 2.86  0.915 % 3D collagen
mammary 4.9 B4 5 [50] 1.02 10.23 1.5 51" 2D on collagen
epithelial cell
Fibrochondro 9l 00158  0.001 0.01 0.0014 7 Native tissue
cyte slice
Smooth 567 044057 0,088 0.88 0.7 81 2D on
muscle cell Polyacryl.
Satellite cells 419 0,447 0.11 1.1 0.833 B
Chondroctye 5059 0.006 0% 0.0012 0.012  0.027 ¢4
MSC 7162 6 (63l 0.86 8.57 1 [64]
Osteocyte 2 [63] 0.2 [631 0.1 1 0.002
Adipocytes 5 [65] 10 [68] 2 20 0.33 [68]
Leukocyte 6 1l 0.8 [ 0.13 1.33 10 ' 3D collagen
Teells 310 0.8 M 0.26 2.59 117 In vivo lymph
Breast 7.7 10 1.30 13.03 0.33 " 3D collagen
Sarcoma Cell
Neutrophil 2.5 [ 0.8 [ 0.32 3.17 11 ™ 3D collagen
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Calculation S1: Calculation of percolation threshold from Generalized Effective Medium
Theory. In this section, we provide the mathematical equation corresponding to the Generalized
Effective Medium Theory 181 that were used to fit the effective compressive modulus of the
composite material.

The effective mechanical properties of composite materials are typically described using the
volume fractions and the corresponding mechanical properties of the constituents. In a two-
constituent system, the overall effective compressive modulus E, is influenced by the spatial
distribution and connectivity of the inclusions of each constituent. Multiple theories on
percolation of the inclusions have been introduced to model this behavior. The generalized
effective medium theory (GEM) has been found to be the most robust as it can provides a
general approach to incorporate differences in percolation thresholds arising from the geometry
of the inclusions. Let us denote material 1 as the hydrogel with compressive modulus E; and
material 2 as the native cartilage with compressive modulus E, whose pieces are encapsulated
in the sample. Let f denote the volume fraction of cartilage in the entire sample such that 1 — f
denotes the volume fraction of hydrogel. The effective compressive modulus E.f can be
determined by solving the following equation

1/ 1/ 1/t 1/t
Gopt s B~ Ey )
ES+ (- DEy; B+ (- DE

=0

where £ is the percolation threshold for the volume fraction of cartilage. The terms s and t are the
characteristic exponents corresponding to a universal scaling law for effective properties at volume
fractions near the percolation threshold f.. These exponent s captures the sharpness of the transition of
the effective modulus from E; when f « f, while the exponent t captures the transition to a value of
effective modulus of E, when f. < f — 1. The figure below shows two plots of the effective modulus
E.zr as a function of the volume fraction f for different values of s and ¢.
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Figure S1. Plots of the ratio of effective compressive modulus E./E; predicted by the GEM
theory as a function of the volume fraction f of cartilage. The difference in the sharpness of
transition from the modulus of the hydrogel E; to that of cartilage E, is illustrated with changes
in the exponents s and t.
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Figure S2. Confocal z-stack imaging of a section of the tissueclay construct with CFSE stained
cells, demonstrates cellular migration into the particles confirming migration rather than just
cellular attachment to the surface. Additionally, Scanning Electron Microscopy Images of
acellular tissue particles illustrate that regions previously formed for chondrons are 10-15 um
in diameter, providing several regions of much larger pores than the surrounding cartilage

extracellular matrix to enable cell migration.
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Figure S3. Tissue clay hydrogel crosslinks in ~15 minutes, as demonstrated using rheological
testing (n=3). The rheological data shown was obtained using an oscillation procedure with
time sweep with a rheometer (AR-G2, TA Instruments), with metal plates (boundaries)
set to 37 °C. The time sweep took place at a constant frequency of 0.5 rads/sec and 0.5%
strain (confirmed to be in the viscoelastic region with a frequency sweep of the
HA/PEGDA material [?¢]) for a total of 30 minutes. The shear modulus over time was
obtained using 25 mm aluminum flat discs with an 800um separation gap to confirm
crosslinking and evaluate the time to crosslinking of the polymer matrices present. Low
viscosity mineral oil was applied to the outer surface of the scaffolds to maintain moisture
in the hydrogels throughout testing. Curves for three independent samples were averaged
and evaluated to determine the plateau (or formation) point.
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Figure S4. Particle packing was consistent throughout large volumes of the engineered
materials. Tissue clays maintain the volume density of particles throughout the depth of the
scaffold; particles do not pack in higher density at the base of the scaffold due to settling.
(A) Polymerized scaffolds are bisected and imaged throughout the depth, (B) Particles of
different sizes in HA/PEGDA gels of differing densities pack evenly throughout the depth of
the scaffold.
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Figure S5. Custom Thresholding enabled quantification of the number of CFSE-stained cells
that migrated into particles. Thresholding the particles using DAPI stain in the 405 nm channel
allowed us to subtract the background. Once all cells in the hydrogel were subtracted from the
background, particle measuring tools in ImageJ enabled quantification of CFSE stained cells in
the particles at each time point. Scale Bar = 100um.
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Figure S6. Images confirming CFSE staining of chondrocytes. (A) The addition of
representative levels of CFSE to the microparticle gels does not show any bright localization to
the particles. (B) Additionally, we do not observe staining due to imaging by confocal
microscopy, or the microparticles alone, and we only observe a localization of signal with the
addition of cells. Scale Bar = 100um, final panel of (A), scale bar = 50um.
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Figure S7. Post-centrifugation live/dead staining. Live dead staining of the cells before and

after centrifugation (scaffold packing) demonstrates no dramatic increase in cell death. Green
= Live cells, Red = Dead cells. Scale Bar = 100um
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Figure S8. In a supplementary subcutaneous mouse study, we implanted 4 gels (2 tissue clay
hydrogels and 2 HA/PEGDA controls) in 3 different mice (gel type randomized among the 4
highlighted locations). Data shown here represent the hydrogel persistence over 3 months and
the trends agree with the persistence results reported in the main paper.
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