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	摘要(中)	人類脂肪幹細胞是一種幹細胞，這種細胞在現在被認為是一種十分具有發展潛力的幹細胞。這是因人類脂肪幹細胞並不像人類胚胎幹細胞一樣有道德爭議。而這種幹細胞還展現了許多不同的特質，包含其良好的分化能力。

  被分離出來的人類脂肪幹細胞其純度會因為分離手法而呈現許多不同層級的純度差異。而混成膜細胞遷移方法是由我們所發展出的細胞純化手法，使用這種方法可以得到高純度的幹細胞和有較高多功能性基因表現的細胞。在這方法中，我們讓剛萃取出來的脂肪幹細胞穿過多孔的薄膜，而這種材料的孔徑大小由11微米到80微米。過濾之後膜會培養在培養基中一段時間來讓其細胞數成長，並使用流式細胞儀分析各種條件下的細胞表面蛋白比例。而這些從薄膜中遷移出來的細胞，在流式細胞儀的分析之下我們發現有極高比例可以表現出間質幹細胞的

表面標誌蛋白。

  另外，與傳統的分離方式相比，這種分離方式所得到的細胞也展現出較高的多功能性基因表現亮 (像是Oct4, Sox2, Klf4 和Nango)。而成骨分化檢測中，其藉由茜素紅染色所測得的鈣含量累積也較為高。

  從這些方面來看，使用不同孔徑大小之耐倫薄膜所分離出來的人類脂肪幹細胞在做為再生醫學應用上展現了良好的發展潛力。
	摘要(英)	Human adult stem cells, such as human adipose-derived stem cells (hADSCs), are considered to be a more attractive source of stem cells than human embryonic stem cells (hESCs) and human induced pluripotent stem cells (hiPSCs). This is because human adult stem cells do not generate the ethical concerns that accompany hESCs. The hADSCs exhibit heterogeneous characteristics, indicating various genotypes and differentiation abilities. 

    The isolated hADSCs can possess different purity levels and divergent properties depending on the purification methods used. A hybrid-membrane migration method was developed to purify hADSCs from a fat tissue solution with extremely high purity and pluripotency. A primary fat-tissue solution was permeated through the porous membranes with a pore size from 11 to 80 μm by the membrane filtration method, and the membranes were incubated in cell culture medium for 15-18 days to expand cell number and hADSCs as well as a primary fat-tissue solution were analyzed using flow-cytometry to evaluate mesenchymal stem cell surface markers. The migrated cells from the membranes were also analyzed using flow cytometry, after the membranes were cultivated in the cell culture medium after permeation of primary fat-tissue solution. The hADSCs that migrated from the membranes contained an extremely high percentage (e.g., >95%) of cells positive for mesenchymal stem cell markers. 

    Compared with cells isolated by conventional culture method, the cells isolated by the membrane filtration method showed higher expression of several pluripotency genes (Oct4, Sox2, Klf4 and Nanog) and more calcium accumulation evaluated by alizarin red staining (ARS) and Von Kossa staining (VKS).  

    hADSCs with high purity and pluripotency will be useful as a cell source for regenerative medicine. Especially, the effect of pore size of Nylon net filter membranes on purity and yield of the isolated hADSCs were investigated by the hybrid-membrane migration method and membrane filtration method in this study.
	關鍵字(中)	
      	  ★ 人類脂肪幹細胞
★ 純化
★ 膜
★ 耐倫
★ 孔徑大小	關鍵字(英)	
      	  ★ human adipose-derived stem cell
★ purify
★ membrane
★ nylon
★ pore siez
	論文目次	Chapter 1    Introduction-1

1-1    Stem Cells-1

1-1-1    Embryonic stem cells (ESCs)-2

1-1-2    Induced pluripotent stem cells (iPSCs)-2

1-1-3    Mesenchymal stem cells (MSCs)-2

1-2    Adipose-derived stem cells-3

1-3    Differentiation capacity of adipose-derived stem cells-4

1-3-1    Adipogenic differentiation-5

1-3-2    Osteogenic differentiation-5

1-3-3    Myogenic and cardiomyogenic differentiation-7

1-4    Immunophenotype-7

1-5    Isolation of adipose-derived stem cells-8

1-5-1    Cell isolation-9

1-5-2    Membrane filtration method and migration method-9

1-5-3    Magnetic-activated cell sorting (MACS)-10

1-5-4    Flow Cytometry-11

1-5-4-1 Fluorescence-activated cell sorting (FACS)-12

1-6    Polymerase chain reaction (PCR)-12



Chapter 2    Materials and Methods-14

2-1    Materials-14

2-1-1    Nylon mesh filters-14

2-1-2    Culture medium-14

2-1-3    Osteogenic induction medium-14

2-1-4    Phosphate buffer saline solution (PBS)-14

2-1-5    Digestion solution-14

2-1-6    ACK lysis solution-15

2-1-7    Flow Cytometry-15

2-1-8    RNA extraction-15

2-1-9    Reverse transcription (RT)-15

2-1-10    Real-time polymerization chain reaction (q-PCR)-15

2-1-11    Q-PCR probe-15

2-1-12    Alkaline phosphatase assay-16

2-1-13    Alizarin red staining-16

2-1-14    von Kossa staining-16

2-2    Experimental Method-16

2-2-1    Preparation of phosphate buffer saline solution (PBS)-16

2-2-2    Culture medium preparation-17

2-2-3    Isolation and culture of adipose-derived stromal cells-17

2-2-4    Culture and passaging of ADSCs-18

2-2-5    Cell density measurement-19

2-2-6    Cell purification (membrane migration method)-20

2-2-7    Differentiation of adipose tissue-derived stem cells-21

2-2-8    Surface markers analyzed by flow cytometry-21

2-2-9    Isolation of total RNA-22

2-2-10    Reverse transcription of mRNA into DNA-22

2-2-11    Quantitative real time polymerase chain reaction-23

2-2-12    Alkaline phosphatase activity-24

2-2-13    Alizarin Red staining-24

2-2-14    von Kossa staining-24

2-2-15    Quantitative analysis of osteogenesis-25



Chapter 3    Results and Discussions-26

3-1    Permeation of SVF through Nylon mesh filter having different pore size-26

3-2    hADSCs purified from SVF in conventional culture method-28

3-3    Purification of hADSCs from SVF by membrane filtration and migration methods through Nylon mesh filters having different pore sizes-32

3-3-1    Growth curve of hADSCs in SVF and migrated cells from Nylon mesh filters-32

3-3-2    Flow cytometry analysis of ADSCs migrated from Nylon mesh filters-34

3-4    Pluripotency analysis of hADSCs purified by several methods-41

3-5    The differentiation ability of hADSCs purified by hybrid membrane method into osteoblasts-46



Chapter 4    Conclusions-51



Chapter 5    Appendix Data
	參考文獻	1.    Mitalipov S, Wolf D (2009). "Totipotency, pluripotency and nuclear reprogramming". Adv. Biochem. Eng. Biotechnol. Advances in Biochemical Engineering/Biotechnology 114: 185–99.

2.    Ulloa-Montoya F, Verfaillie CM, Hu WS (2005). "Culture systems for pluripotent stem cells". J Biosci Bioeng. 100 (1): 12–27.

3.    Thomson JA, Itskovitz-Eldor J, Shapiro SS, Waknitz MA, Swiergiel JJ, Marshall VS, Jones JM (1998). "Blastocysts Embryonic Stem Cell Lines Derived from Human". Science 282(5391): 1145–1147.

4.    Thomson, J.A., et al., Embryonic stem cell lines derived from human blastocysts. Science, 1998. 282(5391): p. 1145-1147.

5.    Wu DC, Boyd AS, Wood KJ (2007). "Embryonic stem cell transplantation: potential applicability in cell replacement therapy and regenerative medicine". Front Biosci 12 (8–12): 4525–35.

6.    Jiang, Y., et al., Pluripotency of mesenchymal stem cells derived from adult marrow (vol 418, pg 41, 2002). Nature, 2007. 447(7146): p. 879-880.

7.    Higuchi, A., et al., Biomimetic Cell Culture Proteins as Extracellular Matrices for Stem Cell Differentiation. Chemical Reviews, 2012. 112(8): p. 4507-4540.

8.    Takahashi, K; Yamanaka, S. "Induction of pluripotent stem cells from mouse embryonic and adult fibroblast cultures by defined factors". Cell, 2006. 126(4): 663–76.

9.    Okita, K., T. Ichisaka, and S. Yamanaka, Generation of germline-competent induced pluripotent stem cells. Nature, 2007. 448(7151): p. 313-U1.

10.    Yu, J., et al., Induced pluripotent stem cell lines derived from human somatic cells. Science, 2007. 318(5858): p. 1917-1920.

11.    Higuchi, A., et al., Biomaterials for the Feeder-Free Culture of Human Embryonic Stem Cells and Induced Pluripotent Stem Cells. Chemical Reviews, 2011. 111(5): p. 3021-3035.

12.    Higuchi, A., et al., Separation of hematopoietic stem cells from human peripheral blood through modified polyurethane foaming membranes. Journal of Biomedical Materials Research Part A, 2008. 85a(4): p. 853-861.

13.    Kern, S., et al., Comparative analysis of mesenchymal stem cells from bone marrow, umbilical cord blood, or adipose tissue. Stem Cells, 2006. 24(5): p. 1294-1301.

14.    Crisan, M., et al., A perivascular origin for mesenchymal stem cells in multiple human organs. Cell Stem Cell, 2008. 3(3): p. 301-313.

15.    Netter, F.H., Musculoskeletal System: Anatomy, physiology and metabolic disorders. U.S.A : Indoo, 1987.

16.    Zuk, P.A., et al., Multilineage cells from human adipose tissue: Implications for cell-based therapies. Tissue Engineering, 2001. 7(2): p. 211-228.

17.    Aust, L., et al., Yield of human adipose-derived adult stem cells from liposuction aspirates. Cytotherapy, 2004. 6(1): p. 7-14.

18.    Gimble, J.M. and F. Guilak, Differentiation potential of adipose derived adult stem (ADAS) cells. Current Topics in Developmental Biology, Vol 58, 2003. 58: p. 137-160.

19.    27.    Fraser, J.K., et al., Fat tissue: an underappreciated source of stem cells for biotechnology. Trends in Biotechnology, 2006. 24(4): p. 150-154.

20.    Locke, M., J. Windsor, and P.R. Dunbar, Human adipose-derived stem cells: isolation, characterization and applications in surgery. Anz Journal of Surgery, 2009. 79(4): p. 235-244.

21.    Zuk, P.A., et al., Human adipose tissue is a source of multipotent stem cells. Molecular Biology of the Cell, 2002. 13(12): p. 4279-4295.

22.    van Dijk, A., et al., Differentiation of human adipose-derived stem cells towards cardiomyocytes is facilitated by laminin. Cell and Tissue Research, 2008. 334(3): p. 457-467.

23.    Schaeffler, A. and C. Buechler, Concise review: Adipose tissue-derived stromal cells - Basic and clinical implications for novel cell-based therapies. Stem Cells, 2007. 25(4): p. 818-827.

24.    Mitchell, J.B., et al., Immunophenotype of human adipose-derived cells: Temporal changes in stromal-associated and stem cell-associated markers. Stem Cells, 2006. 24(2): p. 376-385.

25.    Oedayrajsingh-Varma, M.J., et al., Adipose tissue-derived mesenchymal stem cell yield and growth characteristics are affected by the tissue-harvesting procedure. Cytotherapy, 2006. 8(2): p. 166-177.

26.    Zaragosi, L.-E., G. Ailhaud, and C. Dani, Autocrine fibroblast growth factor 2 signaling is critical for self-renewal of human multipotent adipose-derived stem cells. Stem Cells, 2006. 24(11): p. 2412-2419.

27.    Rubio, D., et al., Spontaneous human adult stem cell transformation (Retracted article. See vol. 70, pg. 6682, 2010). Cancer Research, 2005. 65(8): p. 3035-3039.

28.    Liu, Q., et al., A comparative study of proliferation and osteogenic differentiation of adipose-derived stem cells on akermanite and beta-TCP ceramics. Biomaterials, 2008. 29(36): p. 4792-4799.

29.    Ahn, H.H., et al., In Vivo Osteogenic Differentiation of Human Adipose-Derived Stem Cells in an Injectable In Situ-Forming Gel Scaffold. Tissue Engineering Part A, 2009. 15(7): p. 1821-1832.

30.    Flynn, L.E., The use of decellularized adipose tissue to provide an inductive microenvironment for the adipogenic differentiation of human adipose-derived stem cells. Biomaterials, 2010. 31(17): p. 4715-4724.

31.    Natesan, S., et al., Adipose-Derived Stem Cell Delivery into Collagen Gels Using Chitosan Microspheres. Tissue Engineering Part A, 2010. 16(4): p. 1369-1384.

32.    Awad, H.A., et al., Chondrogenic differentiation of adipose-derived adult stem cells in agarose, alginate, and gelatin scaffolds. Biomaterials, 2004. 25(16): p. 3211-3222.

33.    Betre, H., et al., Chondrocytic differentiation of human adipose-derived adult stem cells in elastin-like polypeptide. Biomaterials, 2006. 27(1): p. 91-99.

34.    Tchkonia, T., et al., Abundance of two human preadipocyte subtypes with distinct capacities for replication, adipogenesis, and apoptosis varies among fat depots. American Journal of Physiology-Endocrinology and Metabolism, 2005. 288(1): p. E267-E277.

35.    Tchkonia, T., et al., Fat depot-specific characteristics are retained in strains derived from single human preadipocytes. Diabetes, 2006. 55(9): p. 2571-2578.

36.    Macotela, Y., et al., Intrinsic Differences in Adipocyte Precursor Cells From Different White Fat Depots. Diabetes, 2012. 61(7): p. 1691-1699.

37.    Shi, Y.Y., et al., The osteogenic potential of adipose-derived mesenchymal cells is maintained with aging. Plastic and Reconstructive Surgery, 2005. 116(6): p. 1686-1696.

38.    Rider, D.A., et al., Autocrine fibroblast growth factor 2 increases the multipotentiality of human adipose-derived mesenchymal stem cells. Stem Cells, 2008. 26(6): p. 1598-1608.

39.    Peptan, I.A., L. Hong, and J.J. Mao, Comparison of osteogenic potentials of visceral and subcutaneous adipose-derived cells of rabbits. Plastic and Reconstructive Surgery, 2006. 117(5): p. 1462-1470.

40.    Stein, G.S., et al., Transcriptional control of osteoblast growth and differentiation. Physiological Reviews, 1996. 76(2): p. 593-629.

41.    Martin, I., et al., Selective differentiation of mammalian bone marrow stromal cells cultured on three-dimensional polymer foams. Journal of Biomedical Materials Research, 2001. 55(2): p. 229-235.

42.    Miyahara, Y., et al., Monolayered mesenchymal stem cells repair scarred myocardium after myocardial infarction. Nature Medicine, 2006. 12(4): p. 459-465.

43.    Planat-Benard, V., et al., Spontaneous cardiomyocyte differentiation from adipose tissue stroma cells. Circulation Research, 2004. 94(2): p. 223-229.

44.    Strem, B.M., et al., Expression of cardiomyocytic markers on adipose tissue-derived cells in a murine model of acute myocardial injury. Cytotherapy, 2005. 7(3): p. 282-291.

45.    Rodriguez, A.M., et al., Transplantation of a multipotent cell population from human adipose tissue induces dystrophin expression in the immunocompetent mdx mouse. Journal of Experimental Medicine, 2005. 201(9): p. 1397-1405.

46.    Sefcik, L.S., et al., Collagen nanofibres are a biomimetic substrate for the serum-free osteogenic differentiation of human adipose stem cells. Journal of Tissue Engineering and Regenerative Medicine, 2008. 2(4): p. 210-220.

47.    Malafaya, P.B., et al., Chitosan particles agglomerated scaffolds for cartilage and osteochondral tissue engineering approaches with adipose tissue derived stem cells. Journal of Materials Science-Materials in Medicine, 2005. 16(12): p. 1077-1085.

48.    Engler, A.J., et al., Matrix elasticity directs stem cell lineage specification. Cell, 2006. 126(4): p. 677-689.

49.    Ward, D.F., Jr., et al., Mechanical strain enhances extracellular matrix-induced gene focusing and promotes osteogenic differentiation of human mesenchymal stem cells through an extracellular-related kinase-dependent pathway. Stem Cells and Development, 2007. 16(3): p. 467-479.

50.    Zscharnack, M., et al., Low Oxygen Expansion Improves Subsequent Chondrogenesis of Ovine Bone-Marrow-Derived Mesenchymal Stem Cells in Collagen Type I Hydrogel. Cells Tissues Organs, 2009. 190(2): p. 81-93.

51.    Zimmerlin, L., et al., Stromal Vascular Progenitors in Adult Human Adipose Tissue. Cytometry Part A, 2010. 77A(1): p. 22-30.

52.    Yoshimura, K., et al., Characterization of freshly isolated and cultured cells derived from the fatty and fluid portions of liposuction aspirates. Journal of Cellular Physiology, 2006. 208(1): p. 64-76.

53.    Civin CI, S.L., Brovall C, Fackler MJ, Schwartz JF, Shaper JH., Antigenic analysis of hematopoiesis. III. A hematopoietic progenitor cell surface antigen defined by a monoclonal antibody raised against KG-1a cells. J Immunol, 1984. 133(1): p. 157-65.

54.    Asahara, T., et al., Isolation of putative progenitor endothelial cells for angiogenesis. Science, 1997. 275(5302): p. 964-967.

55.    Mizuno, H., M. Tobita, and A.C. Uysal, Concise Review: Adipose-Derived Stem Cells as a Novel Tool for Future Regenerative Medicine. Stem Cells, 2012. 30(5): p. 804-810.

56.    Higuchi, A., et al., Cell separation between mesenchymal progenitor cells through porous polymeric membranes. Journal of Biomedical Materials Research Part B-Applied Biomaterials, 2005. 74B(1): p. 511-519.

57.    Higuchi, A., et al., Separation of CD34(+) cells from human peripheral blood through polyurethane foaming membranes. Journal of Biomedical Materials Research Part A, 2006. 78A(3): p. 491-499.

58.    Rodbell, M., Metabolism of isolated fat cells. II. The similar effects of phospholipase C (Clostridium perfringens alpha toxin) and of insulin on glucose and amino acid metabolism. J Biol Chem, 1966. 241(1): p. 130-9.

59.    Rodbell, M., The metabolism of isolated fat cells. IV. Regulation of release of protein by lipolytic hormones and insulin. J Biol Chem, 1966. 241(17): p. 3909-17.

60.    Rodbell, M.a.A.B.J., Metabolism of isolated fat cells. 3. The similar inhibitory action of phospholipase C (Clostridium perfringens alpha toxin) and of insulin on lipolysis stimulated by lipolytic hormones and theophylline. J Biol Chem, 1966. 241(1): p. 140-2.

61.    Assenmacher, M., et al., FLUORESCENCE-ACTIVATED CYTOMETRY CELL SORTING BASED ON IMMUNOLOGICAL RECOGNITION. Clinical Biochemistry, 1995. 28(1): p. 39-40.

62.    Bonner, W.A., et al., Fluorescence Activated Cell Sorting Review of Scientific Instruments, 1972. 43(3): p. 404-409.

63.    Johnson, K.W., M. Doner, and P.J. Quesenberry, Flourescence Activated Cell Sorting: A Window on the Stem Cell Current Pharmaceutical Biotechnology 2007. 8(3): p. 133-139.

64.    Chen, D.-C., et al., Purification of human adipose-derived stem cells from fat tissues using PLGA/silk screen hybrid membranes. Biomaterials, 2014. 35(14): p. 4278-4287.

65.    Higuchi, A., A hybrid-membrane migration method to isolate high-purity adipose-derived stem cells from fat tissues. Sci. Rep., 2015. 5(10217).

66.    Johnson, K.W., M. Doner, and P.J. Quesenberry, Flourescence Activated Cell Sorting: A Window on the Stem Cell Current Pharmaceutical Biotechnology 2007. 8(3): p. 133-139.

67.    Miltenyi, S.e.a., High gradient magnetic cell separation with MACS. Cytometry, 1990. 11(2): p. 231-238.

68.    Kato, K.a.A.R., Isolation and Characterization of CD34+ hematopoietic stem cells from human peripheral blood by high-gradient magnetic cell sorting. Cytometry, 1993. 14(4): p. 384-392.

69.    Watson, J., et al., Introduction to flow cytometry, First paperback edition. Cambridge University Press, 2004.

70.    Ormerod, M.G., Flow cytometry: A practical approach, 3rd edition. Oxford University Press, 2000.

71.    Saiki, RK; et al. (1988). "Primer-directed enzymatic amplification of DNA with a thermostable DNA polymerase.". Science 239 (4839): 487–91. 

72.    Saiki, RK; et al. (1985). "Enzymatic amplification of beta-globin genomic sequences and restriction site analysis for diagnosis of sickle cell anemia". Science 230 (4732): 1350–4.

73.    Mullis KB (April 1990). The unusual origin of the polymerase chain reaction.Sci. Am. 262 (4): 56–61, 64–5.

74.    Mitchell, J.B., et al., Immunophenotype of human adipose-derived cells: Temporal changes in stromal-associated and stem cell-associated markers. Stem Cells, 2006. 24(2): p. 376-385.

75.    Wu, C.-H., et al., The isolation and differentiation of human adipose-derived stem cells using membrane filtration. Biomaterials, 2012. 33(33): p. 8228-8239.
	指導教授	
      	  樋口亞紺(Akon Higuchi)
      	 	審核日期	2016-7-6
	推文	
      	  facebook   plurk   twitter   funp   google   live   udn   HD   myshare   reddit   netvibes   friend   youpush   delicious   baidu   
      	 
	網路書籤	
      	  Google bookmarks   del.icio.us   hemidemi   myshare   
      	 


  

  











若有論文相關問題，請聯絡國立中央大學圖書館推廣服務組 TEL:(03)422-7151轉57407，或E-mail聯絡
	       - 隱私權政策聲明



	
