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Synthetic hydrogel networks are increasingly used as defined extracellular matrix analogues
for three-dimensional (3D) stem cell culture and organoid engineering, yet design rules link-
ing network properties to multicellular morphogenesis remain limited. Here, we present gly-
cosaminoglycan-based hydrogels that enable orthogonal control over mechanical properties
and the presentation of biochemical adhesion ligands, allowing the systematic investigation
of structure—property—function relationships in cell-instructive polymer networks.

The hydrogels are formed via Michael-type addition between maleimide-functionalized gly-
cosaminoglycans and matrix metalloproteinase (MMP)-cleavable multi-arm starPEG-pep-
tide conjugates under physiological conditions, enabling cell-mediated matrix remodeling
[1]. Network stiffness is tuned by polymer content and crosslinking density, while integrin-
binding peptides derived from fibronectin and vitronectin are incorporated without altering
bulk mechanical properties, allowing independent control of mechanical and biochemical
network parameters within a defined 3D microenvironment.

Human induced pluripotent stem cells (iPSCs) embedded in these hydrogels self-organize
into lumenized epithelial cysts resembling peri-implantation epiblast structures, providing a
model system to study matrix-guided morphogenesis [2]. Using a design-of-experiments ap-
proach, we systematically evaluated how network stiffness and adhesion ligand presenta-
tion influence cell survival and identified adhesion ligand presentation as the primary deter-
minant of iPSC viability. Under survival-permissive conditions, matrix stiffness and biochem-
ical cues act synergistically with Rho-associated protein kinase (ROCK) inhibition to regulate
lumen formation, morphogenesis, and epithelial organization.

These findings establish design principles for cell-instructive glycosaminoglycan-based hy-
drogels and show that independent tuning of mechanical and biochemical network parame-
ters controls multicellular organization and morphogenesis in 3D culture.
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