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ABSTRACT
BACKGROUND AND OBJECTIVE: Treatment of cartilage damage for any reason is associated with temporary
relief of joint pain. Providing the possibility of differentiating various stem cells into adult tissues can contribute to
recovery and treatment of damaged cartilage tissue in skeletal system. In this study, chondrogenic potential of chitosan
scaffold, CH-B-GP-HEC, with stem cells derived from human adipose tissue.
METHODS: In this cross-sectional study, adipose tissue-derived stem cells were separated from abdomen of 15
patients who underwent inguinal hernia repair. 6-7x10° cells were cultured in plate one-dimensionally and on chitosan
scaffold three-dimensionally for 21 days. MTT assay was run to evaluate the toxic effect of scaffold on cell viability.
Proliferation and differentiation of cells were studied in the two types of culture after toluidine blue staining. To
confirm the formation of cartilage, expression of collagen type Il was assessed by immunohistochemistry.
FINDING: In MTT assay, the average OD for cells cultured on scaffold is higher than 0.8 compared with control
group, which confirms the nontoxicity of scaffold for culturing stem cells (p>0.05). Chondrogenic differentiation of
cells on scaffold shows more glycosaminoglycan deposition in the extracellular matrix compared with one-layer
culture. Moreover, in group with three-dimensional culture system, cells were spherical and the morphology of nucleus
was different from one-layer culture. Regarding immunohistochemistry results, increased synthesis was observed in
collagen type 1l as chondrogenesis markers in three-dimensional culture system compared with one-layer culture.
CONCLUSION: Results of the study revealed that hydrogel scaffold, CH-B-GP-HEC, with porous structure provides
a better environment for the growth of mesenchymal stem cells and their differentiation into cartilage tissue.
KEY WORDS: Chondrogenesis, Adipose Tissue, Mesenchymal stem cells, Chitosan, Scaffold

Please cite this article as follows:
Karimpour Malekshah AA, Talebpour Amiri F, Ghaffari E, Alizadeh A, Jamalpoor Z, Mirhosseini M, Esmaeelnejad Moghaddam A,
Barzegarnejad A. 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.

*Corresponding author: F. Talebpour Amiri (PhD)

Address: Mazandaran University of Medical Sciences, Khazar road, Sari, I.R.Iran
Tel: +98 11 33543088

E-mail: ftaleb2001@yahoo.co.uk



J Babol Univ Med Sci; 18(9); Sep 2016
Growth and Chondrogenic Differentiation...;A.A. Karimpour, et al

References
1.Afizah H, Yang Z, Hui JH, Ouyang H-W, Lee E-H. A comparison between the chondrogenic potential of human bone marrow stem
cells (BMSCs) and adipose-derived stem cells (ADSCs) taken from the same donors. Tissue Eng. 2007;13(4):659-66..
2.Mackay AM, Beck SC, Murphy JM, Barry FP, Chichester CO, Pittenger MF. Chondrogenic differentiation of cultured human
mesenchymal stem cells from marrow. Tissue Engin. 1998;4(4):415-28..
3.Fortier LA. Stem cells: classifications, controversies, and clinical applications. Vet Surg. 2005;34(5):415-23.
4.Helder MN, Knippenberg M, Klein-Nulend J, Wuisman PI. Stem cells from adipose tissue allow challenging new concepts for
regenerative medicine. Tissue eng. 2007;13(8):1799-808..
5.Gao J, Yao J ,Caplan A. Stem cells for tissue engineering of articular cartilage. Proceedings of the Institution of Mechanical
Engineers, Part H: J Engin Med. 2007;221(5):441-50..
6.Caplan Al. Review: mesenchymal stem cells: cell-based reconstructive therapy in orthopedics. Tissue eng. 2005;11(7-8):1198-211..
7.Zuk PA, Zhu M, Mizuno H, Huang J, Futrell JW, Katz AJ, et al. Multilineage cells from human adipose tissue: implications for cell-
based therapies. Tissue eng. 2001;7(2):211-28..
8.Awad HA, Wickham MQ, Leddy HA, Gimble JM, Guilak F. Chondrogenic differentiation of adipose-derived adult stem cells in
agarose, alginate, and gelatin scaffolds. Biomaterials. 2004;25(16):3211-22..
9.Li X, Kong X, Zhang Z, Nan K, Li L, Wang X, et al. Cytotoxicity and biocompatibility evaluation of N, O-carboxymethyl
chitosan/oxidized alginate hydrogel for drug delivery application. Int J Biol Macromol. 2012;50(5):1299-305..
10.Molinaro G, Leroux J-C, Damas J, Adam A. Biocompatibility of thermosensitive chitosan-based hydrogels: an in vivo experimental
approach to injectable biomaterials. Biomaterials. 2002;23(13):2717-22..
11.Khor E, Lim LY. Implantable applications of chitin and chitosan. Biomaterials. 2003;24(13):2339-49..
12.Lee J-Y, Nam S-H, Im S-Y, Park Y-J, Lee Y-M, Seol Y-J, et al. Enhanced bone formation by controlled growth factor delivery from
chitosan-based biomaterials. J Control Release. 2002;78(1):187-97..
13.Gao J, Liu R, Wu J, Liu Z, Li J, Zhou J, et al. The use of chitosan based hydrogel for enhancing the therapeutic benefits of adipose-
derived MSCs for acute kidney injury. Biomaterials. 2012;33(14):3673-81..
14 Willerth SM, Sakiyama-Elbert SE. Combining stem cells and biomaterial scaffolds for constructing tissues and cell delivery.
2008.Available from:
15.https://www.ncbi.nlm.nih.gov/books/NBK27050/
16.Reilly GC, Engler AJ. Intrinsic extracellular matrix properties regulate stem cell differentiation. J biomech. 2010;43(1):55-62..
17.Haddad-Mashadrizeh A, Matin MM, Bahrami AR, Edalatmanesh MA, Naderi-Meshkin H, Mousavi S, et al. Cytotoxicity and
biocompatibility evaluation of chitosan-beta glycerol phosphate-hydroxyethyl cellulose hydrogel on adult rat liver for cell-based
therapeutic applications. International J Biomed Eng Technol. 2013;12(3):228-39.[In Persian]..
18.Naderi H, Matin MM, Bahrami AR. Review Atrticle: Critical issues in tissue engineering: biomaterials, cell sources, angiogenesis,
and drug delivery systems. J Biomater Appl. 2011;26(4):383-417..
19.Ghaffari E, Amiri FT, Malekshah AK, Mirhosseini M, Barzegarnejad A. Comparing the Chondrogenesis Potential of Human
Adipose-derived Stem Cells in Monolayer and Micromass Culture Systems. J
20.Mazandaran Univ Med Sci. 2016;25(133):37-47..
21.Lee OK1, Kuo TK, Chen WM, Lee KD, Hsieh SL, Chen TH. Isolation of multipotent mesenchymal stem cells from umbilical cord
blood. Blood. 2004;103(5):1669-75..
22.Shirasawa S, Sekiya I, Sakaguchi Y, Yagishita K, Ichinose S, Muneta T. In vitro chondrogenesis of human synovium-derived
mesenchymal stem cells:optimal condition and comparison with bone marrow-derived cells. J cell biochem. 2006;97(1):84-97..
23.Koga H, Muneta T, Ju YJ, Nagase T, Nimura A, Mochizuki T, et al. Synovial stem cells are regionally specified according to local
microenvironments after implantation for cartilage regeneration. Stem Cells. 2007;25(3):689-96..
24.1chinose S1, Tagami M, Muneta T, Sekiya |. Morphological examination during in vitro cartilage formation by human mesenchymal
stem cells. Cell Tissue Res. 2005;322(2):217-26..
25.Yokoyama A, Sekiya I, Miyazaki K, Ichinose S, Hata Y, Muneta T. In vitro cartilage formation of composites of synovium-derived
mesenchymal stem cells with collagen gel. Cell Tissue Res. 2005;322(2):289-98..
26.Focaroli S, Teti G, Salvatore V, Durante S, Belmonte MM, Giardino R, et al. Chondrogenic differentiation of human adipose
mesenchimal stem cells: influence of a biomimetic gelatin genipin crosslinked porous scaffold. Micros Res Tech. 2014;77(11):34-
928..



WAD 592 8 /R 0 Lo [foionm 0593 ¢ b (Sdjy pols olSiils alox
e 5 o 025 awle f ool slb Joho SK59,08 ples g L3,

27.Dragoo JL, Lieberman JR, Lee RS, Deugarte DA, Lee Y, Zuk PA, et al. Tissue-engineered bone from BMP-2—-transduced stem cells
derived from human fat. Plastic Reconstruct Surg. 2005;115(6):1665-73..

28.Lee HJ, Choi BH, Min BH, Park SR. Changes in surface markers of human mesenchymal stem cells during the chondrogenic
differentiation and dedifferentiation processes in vitro. Arthritis Rheum. 2009;60(8):2325-32..

29.Guilak F, Estes BT, Diekman BO, Moutos FT, Gimble JM. 2010 Nicolas andry award: multipotent adult stem cells from adipose
tissue for musculoskeletal tissue engineering Clin Orthop Relat Res. 2010;468(9):2530-40..

30.Koga H, Shimaya M, Muneta T, Nimura A, Morito T, Hayashi M, et al. Local adherent technique for transplanting mesenchymal
stem cells as a potential treatment of cartilage defect. Arthritis Res Thera. 2008;10(4):1-10..

31.Costa-Pinto AR, Reis RL, Neves NM. Scaffolds based bone tissue engineering: the role of chitosan. Tissue Eng Part B Rev.
2011;17(5):331-47..

32.Chatelet C, Damour O, Domard A. Influence of the degree of acetylation on some biological properties of chitosan films.
Biomaterials. 2001;22(3):261-8.

33.Cheng S, Clarke EC, Bilston LE. Rheological properties of the tissues of the central nervous system: a review. Med Engin phys.
2008;30(10):1318-37..

34.Naderi-Meshkin H, Andreas K, Matin MM, Sittinger M, Bidkhori HR, Ahmadiankia N, et al. Chitosan-based injectable hydrogel as
a promising in situ forming scaffold for cartilage tissue engineering. Cell Biol Inter. 2014;38(1):72-84..

35.Schuetz YB, Gurny R, Jordan O. A novel thermoresponsive hydrogel based on chitosan. Eur J Pharma
Biopharmaceutics.2008;68(1):19-25..

36.Yao K, Li J, Yao F, Yin Y. Chitosan-based hydrogels: functions and applications: CRC Press; 2011.Available from:
https://www.crcpress.com/Chitosan-Based-Hydrogels-Functions-and-Applications/Yao-Li-Yao-Yin/p/book/9781439821145.



