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14.1 Introduction: Gene therapy

Gene therapy is a treatment or prevention of serious disease by repairing, replacing, or

regulating the malfunctioning gene using a therapeutic gene by transferring it into a

specifically targeted cell nucleus [1, 2]. Approaches in gene therapy include replacing

a mutated gene with a healthy gene, inactivating a malfunctioning gene, and introduc-

ing a new gene to assist the treatment of the disease [3]. Nowadays, gene therapy is

studied and applied in the treatment of genetic diseases, cancers, acquired immune

deficiency syndrome (AIDS), cardiovascular disease [4], and heredopathia [5]. In gen-

eral, the gene therapy process includes the identification of a mutated or defective

gene, followed by cloning of an identical healthy gene called a transgene. The next

step is loading the therapeutic gene into a vector that delivers the therapeutic gene into

the nucleus. The delivered therapeutic gene is integrated into deoxyribonucleic acid

(DNA) followed by the correction of the defective or mutated gene [6].

14.1.1 Gene delivery systems

There are three main gene delivery systems: viral vector (e.g., adenovirus, herpes sim-

plex virus, retrovirus, lentivirus, and smallpox virus), nonviral vector (e.g., cationic

liposome, a cationic polymer, and nanoparticles), and electroporation [7]. The viral

vector method is known to have a high transfection efficiency of 80%–90% due to

the ability to enter the cells naturally and express their own protein [3]. There are some

limiting factors in using viruses as vectors such as the risk of toxicity, safety, acute

inflammatory response, cellular immune response, and integration of nucleic acid

sequence into the host genome, which leads to inadequate expression of the gene.

Other limitations are the number of genes carried by the virus, high cost of production,

unsuitability for large-scale production, insertional mutagenesis, and oncogenic

effects in in vivo application [8].

Gene delivery systems via nonviral vectors have low transfection efficiency of

20%–30%. However, nonviral vectors have good cell viability of 80%–90%, indicat-

ing safe transfer of larger DNA molecules [3]. Gene delivery via nonviral vectors

Polysaccharide-Based Nanocomposites for Gene Delivery and Tissue Engineering

https://doi.org/10.1016/B978-0-12-821230-1.00016-5

Copyright © 2021 Elsevier Inc. All rights reserved.

https://doi.org/10.1016/B978-0-12-821230-1.00016-5

	Front Cover
	Polysaccharide-Based Nanocomposites for Gene Delivery and Tissue Engineering
	Copyright
	Dedication
	Contents
	Contributors
	Editors biographies
	Preface
	Chapter 1: Polysaccharides
	1.1. Introduction
	1.2. Natural polysaccharide nanomaterials
	1.3. Polysaccharides in nano-form
	1.4. Nano-starch
	1.5. Nanocelluloses
	1.6. Nano-alginate
	1.7. Nano-pectin
	1.8. Nano-chitin and chitosan
	1.9. Conclusion
	References

	Chapter 2: Introduction to nanocomposites
	2.1. Introduction
	2.1.1. Definition of nanocomposites
	2.1.2. History of nanocomposites

	2.2. Classification of nanocomposites
	2.2.1. Ceramic matrix nanocomposites (CMNCs)
	2.2.2. Polymer matrix nanocomposites (PMNC)
	2.2.3. Metal matrix nanocomposites (MMNC)

	2.3. Structure and processing of nanocomposites
	2.3.1. Structure of nanocomposites
	2.3.2. Processing of nanocomposite
	2.3.2.1. Processing methods for CMNCs
	2.3.2.2. Processing methods for PMNCs
	2.3.2.3. Processing methods for MMNCs


	2.4. Benefits and new trends in nanocomposites
	2.5. Future perspective and conclusion
	References

	Section A: Polysaccharide-based nanocomposites for tissue engineering
	Chapter 3: Chitosan and its derivatives-based dimensional frameworks as carrier for gene delivery
	3.1. Introduction
	3.1.1. Gene delivery system
	3.1.2. Germline gene therapy
	3.1.3. Somatic gene therapy

	3.2. Chitosan
	3.2.1. Derivatives of chitosan
	3.2.2. Chitosan-based frameworks for gene delivery
	3.2.3. Chitosan-DNA NPs for gene delivery
	3.2.4. Chitosan-RNA NPs for gene delivery

	3.3. Strategies for improving gene transfer efficiency
	3.4. Challenges and limitations associated with chitosan-based nanocomposites for gene delivery
	3.5. Conclusion and future assessments
	References

	Chapter 4: Alginate-based hydrogels for tissue engineering
	4.1. Introduction
	4.2. Structure and composition of alginate
	4.3. Hydrogels
	4.3.1. Alginate hydrogel biological interaction
	4.3.2. Alginate hydrogel cell-crosslinking

	4.4. Alginate hydrogels in tissue engineering
	4.4.1. Skin
	4.4.2. Cartilage
	4.4.3. Bone
	4.4.4. Cardiac tissue

	4.5. Limitations of using alginate hydrogels
	4.6. Conclusion
	References

	Chapter 5: Hyaluronic acid-based hydrogel for tissue engineering
	5.1. Introduction to tissue engineering
	5.2. Overview of hydrogel
	5.3. Chemical modification of hyaluronic acid
	5.4. Application of hyaluronic acid-based hydrogel in tissue engineering
	5.4.1. Hyaluronic acid-based hydrogel for hemorrhage control
	5.4.2. Hyaluronic acid-based hydrogel for the generation of articular cartilage and bone tissue
	5.4.3. Hyaluronic acid-based hydrogel for wound healing
	5.4.4. Hyaluronic acid-based hydrogel for drug delivery

	5.5. Conclusion
	References

	Chapter 6: Heparin-based nanocomposites for tissue engineering
	6.1. Introduction
	6.1.1. What is tissue engineering?
	6.1.2. Heparin and its structure
	6.1.3. Role of heparin in biological systems

	6.2. Preparation of heparin-based nanocomposites
	6.2.1. Electrospinning
	6.2.2. Layer-by-layer assembly
	6.2.3. Covalent functionalization
	6.2.4. Cosynthesis method
	6.2.5. Physical self-assembly method
	6.2.6. Spontaneous emulsion solvent diffusion method
	6.2.7. Coprecipitation and solvothermal method
	6.2.8. Other methods

	6.3. How heparin-based nanocomposites assist in tissue engineering
	6.4. Heparin-based systems and their tissue engineering applications
	6.5. Conclusion
	References

	Chapter 7: Polysaccharide-based nanocomposites for gene delivery and tissue engineering
	7.1. Introduction
	7.2. Polysaccharides
	7.2.1. Types of polysaccharide nanocomposite

	7.3. Nanocomposite fabrication
	7.3.1. Metal-polysaccharide nanocomposites
	7.3.1.1. Au-polysaccharide nanocomposite
	7.3.1.2. Polysaccharide-Ag nanocomposite
	7.3.1.3. Polysaccharide-Se nanocomposite
	7.3.1.4. Polysaccharide-CNTs nanocomposite
	7.3.1.5. Polysaccharide-silica nanocomposite
	7.3.1.6. Polysaccharide-polynucleotide nanocomposite

	7.3.2. Polysaccharide-based nanocomposites and biological application
	7.3.2.1. Gene and drug delivery systems

	7.3.3. Polysaccharide-based nanocomposite in tissue engineering
	7.3.4. Nanocomposites based on metal-polysaccharide
	7.3.5. Biomolecule-polysaccharide nanocomposites

	7.4. Prospects and conclusions
	References

	Chapter 8: Dextran and pullulan-based hybrid materials for tissue engineering applications
	8.1. Introduction
	8.1.1. Principles of tissue engineering
	8.1.1.1. Top-down approach
	8.1.1.2. Bottom-up approach


	8.2. Nanocomposite as tissue engineering scaffolds: Trends and recent progress
	8.2.1. Polymers for tissue engineering
	8.2.2. Nanomaterials used in tissue engineering
	8.2.2.1. Metal nanoparticles
	8.2.2.2. Carbon nanostructures
	8.2.2.3. Hydroxyapatites

	8.2.3. Forms of nanocomposite
	8.2.3.1. Nanocomposite thin films
	8.2.3.2. Porous scaffolds
	8.2.3.3. Nanohybrid membrane


	8.3. Dextran and pullulan-based nanocomposites and their application in tissue engineering
	8.3.1. Dextran based nanostructured materials for tissue engineering
	8.3.2. Pullulan-based nanostructured materials for tissue engineering
	8.3.2.1. Nanotechnology and pullulan-based tissue engineering
	8.3.2.2. Pullulan and ECM formation


	8.4. Conclusion
	Acknowledgment
	References

	Chapter 9: Gellan and xanthan-based nanocomposites for tissue engineering
	9.1. Introduction
	9.2. Extraction and processing
	9.2.1. Extraction and processing of gellan gum
	9.2.2. Extraction and processing of xanthan gum

	9.3. Structure and properties
	9.3.1. Structure and properties of gellan gum
	9.3.2. Structure and properties of xanthan gum

	9.4. Application
	9.4.1. Bone tissue engineering
	9.4.1.1. Scaffold fabrication
	9.4.1.2. Cell adhesion and proliferation
	9.4.1.3. Biomineralization of bone tissue
	9.4.1.4. Growth factor delivery
	9.4.1.5. Guided bone regeneration

	9.4.2. Cartilage tissue engineering and osteoarthritis treatment
	9.4.3. Intervertebral disc regeneration
	9.4.4. Skin tissue engineering and wound healing application
	9.4.5. Soft tissue engineering application
	9.4.6. Neuronal tissue engineering
	9.4.7. Other tissue engineering applications

	9.5. Conclusions and further directions
	References

	Chapter 10: Xanthan gum-based nanocomposites for tissue engineering
	10.1. Introduction
	10.2. Structure, biochemistry, and modifications of xanthan gum
	10.2.1. Structure and biochemistry
	10.2.2. Modifications of XG
	10.2.2.1. Modification by physical treatments
	10.2.2.2. Modification by chemical treatments
	10.2.2.3. Modification with chemo-enzymatic techniques
	10.2.2.4. Modification using plasma irradiation


	10.3. Applications of xanthan gum
	10.4. Xanthan gum nanocomposites for tissue engineering
	10.4.1. XG-gold nanoparticles
	10.4.2. XG-nanohydroxyapatite
	10.4.3. XG-bioactive glass/cellulose nanocrystals
	10.4.4. XG-chondroitin sulfate
	10.4.5. XG-chitosan
	10.4.6. XG-SA/CNCs/Halloysite nanotubes

	10.5. Conclusion and future perspective
	References

	Chapter 11: Polysaccharide-based 3D bioprinter inks for tissue engineering
	11.1. Introduction
	11.1.1. Ideal bioink properties
	11.1.2. Biocompatibility
	11.1.3. Stability issues and current problems

	11.2. 3D printable polysaccharides
	11.2.1. Agarose
	11.2.2. Alginate
	11.2.2.1. Alginate-gelatin
	11.2.2.2. Alginate-collagen
	11.2.2.3. Alginate-composites

	11.2.3. Cellulose
	11.2.4. Chitosan
	11.2.5. Dextran
	11.2.6. Gellan gum
	11.2.7. Xanthan/or microbial polysaccharides and animal sources

	11.3. Conclusion and future trends
	References


	Section B: Polysaccharide based nanocomposites for gene delivery
	Chapter 12: Chitosan-based nanocomposites for gene delivery: Application and future perspectives
	12.1. Introduction
	12.2. Chitosan-A biopolymer
	12.3. Properties of chitosan
	12.3.1. Physiochemical properties
	12.3.2. Biological characteristics

	12.4. Significance of chitosan nanocomposites
	12.5. Applications of chitosan nanocomposites
	12.6. Application in gene delivery
	12.7. Future perspective and concluding remarks
	Acknowledgments
	References

	Chapter 13: Starch-based nanocomposites for gene delivery
	13.1. Introduction
	13.2. Starch-based nanocomposites
	13.2.1. Starch as matrix
	13.2.2. Starch as reinforcement

	13.3. Applications of starch-based nanocomposites
	13.3.1. Gene delivery
	13.3.2. Miscellaneous applications

	13.4. Final remark and future perspective
	References

	Chapter 14: Chitosan magnetic nanocomposites for gene delivery
	14.1. Introduction: Gene therapy
	14.1.1. Gene delivery systems
	14.1.2. Chitosan as a cationic polymer in gene delivery

	14.2. Chitosan
	14.2.1. Properties of chitosan
	14.2.2. Chitosan nanoparticles for gene delivery
	14.2.3. Properties of ideal vectors and factors affecting gene transfection

	14.3. Magnetic nanocomposite
	14.3.1. Types of magnetic nanoparticles
	14.3.2. Preparation of magnetic nanoparticles

	14.4. Chitosan magnetic nanocomposite in gene therapy
	14.4.1. Synthesis of chitosan magnetic nanocomposite and its application in gene delivery

	14.5. Conclusion
	References

	Chapter 15: Starch magnetic nanocomposites for gene delivery
	15.1. Introduction
	15.2. Starch
	15.3. Magnetic nanoparticles
	15.4. Surface modification of magnetic nanoparticles
	15.5. Gene delivery
	15.6. Magnetofection for gene delivery
	15.7. Nanocomposites for targeted gene delivery system
	15.8. Conclusions and future perspectives
	References

	Chapter 16: Hyaluronic acid-magnetic nanocomposites for gene delivery
	16.1. Introduction
	16.1.1. Overview of magnetic nanoparticles for gene delivery
	16.1.2. Polysaccharide functionalized magnetic nanoparticles

	16.2. Hyaluronic acid nanocomposites as a therapeutic vector for gene delivery
	16.2.1. Hyaluronic acid: Properties and applications
	16.2.2. Hyaluronic acid-based polymer nanocomposites as a gene carrier
	16.2.3. Hyaluronic acid-based magnetic nanocomposites as gene carriers

	16.3. Conclusion
	References


	Index
	Back Cover



