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Description 
 

Organoids, 3-Dimensional (3D) structures derived from 
stem cells, serve as vital models for understanding the 
biology of organs and their diseases. These models 
have gained significant attention for their potential in 
drug development, disease modeling and regenerative 
medicine. Polysaccharide biomaterials have emerged as 
need components in organoid engineering due to their 
unique properties, which mimic the Extracellular Matrix 
(ECM) and provide the necessary physical and 
biochemical support for organoid formation, growth and 
function. These materials are biocompatible, biodegra- 
dable and offer tunable mechanical properties, making 
them suitable candidates for developing more physiolo- 
gically relevant organoid models. The role of polysacch- 
arides in organoid engineering is multifaceted, encompa- 
sssing their contribution to the structural integrity of 
organoids, modulation of stem cell behavior and 
enhancement of organoid maturity and functionality. 

Polysaccharide biomaterials 

Polysaccharides, such as alginate, hyaluronic acid, 
chitosan and agarose, are natural polymers that have 
gained recognition for their ability to replicate the ECM 
environment of tissues, a key component for supporting 
stem cell differentiation and 3D tissue formation. 
Alginate, for example, is widely used in organoid 
engineering due to its gelation properties in the presence 
of divalent cations, typically calcium. This characteristic 
allows alginate to form hydrogels that mimic the soft, 
hydrated matrix of tissues. These hydrogels create a 3D 
scaffold for encapsulating stem cells, providing both a 
physical structure and a biochemical environment 
conducive to stem cell growth and differentiation.  

Chitosan, derived from chitin, is another polysaccharide 
widely used in organoid engineering due to its biocomp- 
atibility and ability to form hydrogels under physiological 
conditions. Chitosan-based hydrogels have been shown 
to support the growth of various cell types and maintain 
cell viability for extended periods.  Agarose, another 
polysaccharide commonly used in organoid engineering, 
also provides an ideal platform for 3D cell culture. 
Agarose gels, which are stable over a wide range of 
temperatures and ionic conditions, offer robust support 
for organoid formation and are  

particularly useful when high-temperature molding is 
necessary. Agarose-based hydrogels provide an optimal 
environment for the growth of cells and can be easily 
combined with other bioactive molecules to enhance the 
cellular interactions within the hydrogel. This material 
can be used for creating scaffolds that mimic the 
structure and architecture of tissues, facilitating the 
generation of organoids that closely resemble native 
organs in both structure and function. 

Polysaccharides in modulating stem cell 

In addition to providing structural support, polysaccha- 
rides also play an important role in modulating stem cell 
behavior, which is vital for the formation and maturation 
of organoids. The Extracellular Matrix (ECM) is a 
dynamic environment composed of various proteins, 
proteoglycans and polysaccharides that influences 
cellular behaviors such as adhesion, migration, differen- 
tiation and proliferation. By incorporating polysacchari- 
des such as hyaluronic acid, researchers can modulate 
stem cell differentiation pathways, thereby promoting 
specific cell types within the organoid. Hyaluronic acid, a 
naturally occurring glycosaminoglycan, is known for its 
ability to promote cell migration and tissue repair. When 
incorporated into organoid cultures, hyaluronic acid can 
enhance the formation of specific tissue types, 
particularly those involved in wound healing and tissue 
regeneration, by influencing cell signaling pathways 
related to cell growth and differentiation. 

Moreover, polysaccharide-based materials can be 
functionalized with bioactive molecules such as growth 
factors, cytokines and peptides, which can further 
enhance the ability of stem cells to differentiate into 
desired cell types. For example, the addition of Fibro- 
blast Growth Factor (FGF) or Epidermal Growth Factor 
(EGF) to a polysaccharide scaffold can stimulate stem 
cell differentiation into epithelial or mesodermal cells, 
respectively, aiding in the generation of complex 
organoid structures. These functionalized scaffolds not 
only support the physical integrity of organoids but also 
guide stem cell differentiation in a controlled and 
predictable manner, ensuring the development of 
organoids with specific cellular compositions and 
functionalities. 
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In conclusion, polysaccharide biomaterials have proven 
to be need tools in the field of organoid engineering, 
offering a range of benefits including structural support, 
modulation of stem cell behavior and enhancement of 
organoid functionality. By leveraging the unique proper- 
ties of polysaccharides, researchers can create more 
physiologically relevant organoid models that closely 

mimic the architecture and functionality of real organs. 
As the field of organoid engineering continues to 
advance, the use of polysaccharide-based materials will 
likely play an even more significant role in creating 
sophisticated organ models for drug testing, disease 
modeling and regenerative medicine. 

 

 


