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ABSTRACT
BACKGROUND AND OBJECTIVE: Wharton Jelly Stem Cells (WJSCs) can be a good option for differentiating and
regeneration of nervous system damage. Three dimensional (3D) cell cultures by providing a body-like environment have
more advantages than the two dimensional (2D) cell cultures. The aim of this study was to investigate the neural
differentiation of these cells in a 3D chitosan based culture environment.
METHODS: This experimental study was performed in 4 groups of 2&3D with and without differentiation media on
WAJSCs. First, to construct the hydrogel, hydroxyl ethyl cellulose was added to chitosan-beta-glycerophosphate solution
(8.4: 0.8) (HEC: CH-B-GF). Human WJSCs after isolation by enzymatic method from wartons' jelly of born infant in
Imam Khomeini hospital in Tehran and characterization with flow cytometry, were cultured 510 5 cell in each well of
24-well plate in a 2D and 3D environment using the hydrogel in neural differentiation media for 4 days. Then, the neural
differentiation of WJSCs was evaluated by quantitative analysis of B-Tubulin 111, Nestin and B-actin (internal control)
genes expression by Real Time PCR (RT-PCR).
FINDINGS: The results of RT-PCR showed that expression of B-Tubulin Il and Nestin genes in WJSCs was
significantly increased by the influence of the neural differentiation media in both 2D (more than 4 folds)and 3D (more
than 2 folds) culture conditions (p <0.005). But the expression of B-Tubulin 111 and Nestin in 3D cell culture condition
(more than 1.5 folds) was greater than that in the 2D cell culture condition under the influence of the neural differentiation
media (p <0.01).
CONCLUSION: The results showed that neural differentiation of WJSCs in a chitosan based 3D environment is higher
than 2D.
KEYWORDS: Wharton's jelly, Stem cells, Neural Differentiation, Chitosan.

Please cite this article as follows:
Mansoori E, Kermani Sh, Alizadeh A. Neural Differentiation of Wharton's Jelly Stem Cells in Three-Dimensional Chitosan Based
Culture Environment. J Babol Univ Med Sci. 2019; 21: 266-72.

*Corresonding Author: A. Alizadeh (PhD)

Address: Department of Tissue Engineering and Applied Cell Sciences, School of Medicine, Semnan University of Medical Sciences, Semnan, I.R.Iran
Tel: +98 23 33441022

E-mail: alizadeh.a@Semums.ac.ir



J BabolUniv Med Sci; 21;2019

Neural Differentiation of Wharton's Jelly Stem Cells ...; E. Mansoori, et al

References

1.Levy M, Boulis N, Rao M, Svendsen CN. Regenerative cellular therapies for neurologic diseases. Brain res.
2016;1638(Pt A):88-96.

2.Eftekharzadeh M, Nobakht M, Alizadeh A, Soleimani M, Hajghasem M, Kordestani Shargh B, et al. The effect of
intrathecal delivery of bone marrow stromal cells on hippocampal neurons in rat model of Alzheimer's disease. Iran J
Basic Med Sci. 2015;18(5):520-25.

3.Jaimes-Parra BD, Garzon |, Carriel V, Durand-Herrera D, Martin-Piedra MA, Garcia JM, et al. Membranes derived
from human umbilical cord Wharton’s jelly stem cells as novel bioengineered tissue-like constructs. Histol Histopathol.
2018;33(2):147-56.

4.Balasubramanian S, Thej C, Venugopal P, Priya N, Zakaria Z, Sundarraj S, et al. Higher propensity of Wharton's jelly
derived mesenchymal stromal cells towards neuronal lineage in comparison to those derived from adipose and bone
marrow. Cell Biol Int. 2013;37(5):507-15.

5.Sanluis-Verdes A, Sanluis-Verdes N, Manso-Revilla MJ, Castro-Castro AM, Pombo-Otero J, Fraga-Marifio M, et al.
Tissue engineering for neurodegenerative diseases using human amniotic membrane and umbilical cord. Cell Tissue
Bank. 2017;18(1):1-15.

6.Zhang L, Wang LM, Chen WW, Ma Z, Han X, Liu CM, et al. Neural differentiation of human Wharton's jelly-derived
mesenchymal stem cells improves the recovery of neurological function after transplantation in ischemic stroke rats.
Neural Regen Res. 2017;12(7):1103-10.

7.Ruedinger F, Lavrentieva A, Blume C, Pepelanova I, Scheper T. Hydrogels for 3D mammalian cell culture: a starting
guide for laboratory practice. Appl Microbiol Biotechnol. 2015;99(2):623-36.

8.D'Aiuto L, Bloom DC, Naciri JN, Smith A, Edwards TG, McClain L, et al. Modeling Herpes Simplex Virus 1
Infections in Human Central Nervous System Neuronal Cells Using Two- and Three-Dimensional Cultures Derived from
Induced Pluripotent Stem Cells. J Virol. 2019; 93(9): pii: e00111-19.

9.Nierode GJ, Gopal S, Kwon P, Clark DS, Schaffer DV, Dordick JS. High-throughput identification of factors promoting
neuronal differentiation of human neural progenitor cells in microscale 3D cell culture. Biotechnol Bioeng.
2019;116(1):168-80.

10.Jiao J, Huang J, Zhang Z. Hydrogels based on chitosan in tissue regeneration: How do they work? A mini review. J
Appl Polym Sci. 2018;136;47235.

11.Carballo-Molina OA, Velasco I. Hydrogels as scaffolds and delivery systems to enhance axonal regeneration after
injuries. Front Cell Neurosci. 2015;9(13):1-12

12.Hosseini SM, Vasaghi A, Nakhlparvar N, Roshanravan R, Talaei-Khozani T, Razi Z. Differentiation of Wharton's
jelly mesenchymal stem cells into neurons in alginate scaffold. Neural Regen Res. 2015;10(8);1312-6.

13.Gnavi S, Barwig C, Freier T, Haastert-Talini K, Grothe C, Geuna S. The use of chitosan-based scaffolds to enhance
regeneration in the nervous system. Int Rev Neurobiol. 2013;109:1-62.

14.Fregnan F, Ciglieri E, Tos P, Crosio A, Ciardelli G, Ruini F, et al. Chitosan crosslinked flat scaffolds for peripheral
nerve regeneration. Biomed Mater. 2016;11(4):045010.

15.Shen X, Shamshina JL, Berton P, Gurau G, Rogers RD. Hydrogels based on cellulose and chitin: fabrication,
properties, and applications. Green Chem. 2016;18(1):53-75.

16.Gawish AS, Bilal MM. Smart Liposomal Chitosan-Based Auto Gel with Ofloxacin; a new Controlled Release Device
used for Treatment of Chronic Periodontitis. a Randomized, Double-Blind Controlled Clinical Trials. Med Clin Res.
2017;2(3):1-7.

17.Dashtimoghadam E, Bahlakeh G, Salimi-Kenari H, Hasani-Sadrabadi MM, Mirzadeh H, Nystrom B. Rheological
Study and Molecular Dynamics Simulation of Biopolymer Blend Thermogels of Tunable Strength. Biomacromolecules.
2016;17(11):3474-84.

18.Liu L, Gao Q, Lu X, Zhou H. In situ forming hydrogels based on chitosan for drug delivery and tissue regeneration.
Asian J Pharm Sci. 2016;11(6):673-83


https://www.ncbi.nlm.nih.gov/pubmed/?term=Soleimani%20M%5BAuthor%5D&cauthor=true&cauthor_uid=26124940
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hajghasem%20M%5BAuthor%5D&cauthor=true&cauthor_uid=26124940
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kordestani%20Shargh%20B%5BAuthor%5D&cauthor=true&cauthor_uid=26124940
https://www.ncbi.nlm.nih.gov/pubmed/?term=Durand-Herrera%20D%5BAuthor%5D&cauthor=true&cauthor_uid=28444679
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mart%C3%ADn-Piedra%20MA%5BAuthor%5D&cauthor=true&cauthor_uid=28444679
https://www.ncbi.nlm.nih.gov/pubmed/?term=Garc%C3%ADa%20JM%5BAuthor%5D&cauthor=true&cauthor_uid=28444679
https://www.ncbi.nlm.nih.gov/pubmed/?term=Priya%20N%5BAuthor%5D&cauthor=true&cauthor_uid=23418097
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zakaria%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=23418097
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sundarraj%20S%5BAuthor%5D&cauthor=true&cauthor_uid=23418097
https://www.ncbi.nlm.nih.gov/pubmed/?term=Castro-Castro%20AM%5BAuthor%5D&cauthor=true&cauthor_uid=27830445
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pombo-Otero%20J%5BAuthor%5D&cauthor=true&cauthor_uid=27830445
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fraga-Mari%C3%B1o%20M%5BAuthor%5D&cauthor=true&cauthor_uid=27830445
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ma%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=28852392
https://www.ncbi.nlm.nih.gov/pubmed/?term=Han%20X%5BAuthor%5D&cauthor=true&cauthor_uid=28852392
https://www.ncbi.nlm.nih.gov/pubmed/?term=Liu%20CM%5BAuthor%5D&cauthor=true&cauthor_uid=28852392
https://www.ncbi.nlm.nih.gov/pubmed/?term=Smith%20A%5BAuthor%5D&cauthor=true&cauthor_uid=30787148
https://www.ncbi.nlm.nih.gov/pubmed/?term=Edwards%20TG%5BAuthor%5D&cauthor=true&cauthor_uid=30787148
https://www.ncbi.nlm.nih.gov/pubmed/?term=McClain%20L%5BAuthor%5D&cauthor=true&cauthor_uid=30787148
https://www.ncbi.nlm.nih.gov/pubmed/?term=Clark%20DS%5BAuthor%5D&cauthor=true&cauthor_uid=30229860
https://www.ncbi.nlm.nih.gov/pubmed/?term=Schaffer%20DV%5BAuthor%5D&cauthor=true&cauthor_uid=30229860
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dordick%20JS%5BAuthor%5D&cauthor=true&cauthor_uid=30229860
https://www.ncbi.nlm.nih.gov/pubmed/?term=Crosio%20A%5BAuthor%5D&cauthor=true&cauthor_uid=27508969
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ciardelli%20G%5BAuthor%5D&cauthor=true&cauthor_uid=27508969
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ruini%20F%5BAuthor%5D&cauthor=true&cauthor_uid=27508969

WAA Jls /7Y )90 /b b pole olRisly aleo

OhlSen g (ypaio allf . yg5)ledlj ool sledolw (mas ple

19.Liu C, Zhong Y, Apostolou A, Fang S. Neural differentiation of human embryonic stem cells as an in vitro tool for
the study of the expression patterns of the neuronal cytoskeleton during neurogenesis. Biochem Biophys Res Commun.
2013;439(1)154-9.

20.Hosseini A, Estiri H, Akhavan Niaki H, Alizadeh A, Abdolhossein Zadeh B, Ghaderian SMH, et al. Multiple Sclerosis
Gene Therapy with Recombinant Viral Vectors: Overexpression of IL-4, Leukemia Inhibitory Factor, and IL-10 in
Wharton's Jelly Stem Cells Used in EAE Mice Model. Cell J. 2017;19(3)361-374.

21. Karimpour A, Talebpour Amiri F, Ghaffari E, Alizadeh A, Jamalpour Z, Mirhosseini M, et al . Growth and
Chondrogenic Differentiation of Mesenchymal Stem Cells Derived from Human Adipose Tissue on Chitosan Scaffolds.
J Babol Univ Med Sci. 2016; 18(9):32-8. [In Persian]

22.Niranjan R, Koushik C, Saravanan S, Moorthi A, Vairamani M, Selvamurugan N. A novel injectable temperature-
sensitive zinc doped chitosan/B-glycerophosphate hydrogel for bone tissue engineering. Int J Biol Macromol.
2013;54:24-9.

23.Ganji F, Hoobakht F, Ghasemi Tahrir F, Vasheghani-Farahani E. In Vitro Sustained Release of Pyridostigmin
Bromide from Injectable Thermosensitive Chitosan Hydrogel. Iran J Biomed Engin. 2014; 8(3): 249-60. [In Persian]
24.Kim S, Nishimoto SK, Bumgardner JD, Haggard WO, Gaber MW, Yang Y. A chitosan/B-glycerophosphate thermo-
sensitive gel for the delivery of ellagic acid for the treatment of brain cancer. Biomaterials. 2010;31(14):4157-66.
25.Wu J, Su ZG, Ma GH. A thermo-and pH-sensitive hydrogel composed of quaternized chitosan/glycerophosphate. Int
J Pharm. 2006;315(1-2):1-11.

26.Yan J, Yang L, Wang G, Xiao Y, Zhang B, Qi N. Biocompatibility evaluation of chitosan-based injectable hydrogels
for the culturing mice mesenchymal stem cells in vitro. J Biomater Appl. 2010;24(7):625-37.


https://www.ncbi.nlm.nih.gov/pubmed/?term=Alizadeh%20A%5BAuthor%5D&cauthor=true&cauthor_uid=28836399
https://www.ncbi.nlm.nih.gov/pubmed/?term=Abdolhossein%20Zadeh%20B%5BAuthor%5D&cauthor=true&cauthor_uid=28836399
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ghaderian%20SMH%5BAuthor%5D&cauthor=true&cauthor_uid=28836399

