[image: image1.png]1d 1
e




	Dendritic cells derived from pluripotent stem cells: potential of large scale production
Yan Li, Meimei Liu, Shang-Tian Yang

	CITATION
	Li Y, Liu M, Yang ST. Dendritic cells derived from pluripotent stem cells: Potential of large scale production. World J Stem Cells 2014; 6(1): 1-10  

	URL
	http://www.wjgnet.com/1948-0210/full/v6/i1/1.htm

	DOI
	http://dx.doi.org/10.4252/wjsc.v6.i1.1

	OPEN ACCESS
	Articles published by this Open-Access journal are distributed under the terms of the Creative Commons Attribution Non-commercial License, which permits use, distribution, and reproduction in any medium, provided the original work is properly cited, the use is non commercial and is otherwise in compliance with the license.

	CORE TIP
	Human embryonic stem cells (hESCs) and human induced pluripotent stem cells (hiPSCs) are promising sources for hematopoietic cells. This review summarizes recent advances in differentiating hESCs and hiPSCs to dendritic cells (DCs), which are unique immune cells in the hematopoietic system and can be loaded with tumor specific antigen and used as vaccine for cancer immunotherapy. While autologous DCs from peripheral blood are limited in number, human PSC (hPSC)-derived DCs provide a novel alternative cell source for clinical application. Different strategies and effects of shear stress on large-scale production of hPSC-derived DCs in bioreactors are also discussed.

	KEY WORDS
	Pluripotent stem cells; dendritic cells; bioreactor; hematopoietic differentiation; large scale production

	COPYRIGHT 
	© 2014 Baishideng Publishing Group Co., Limited. All rights reserved. 

	COPYRIGHT LICENSE
	Order reprints or request permissions: bpgoffice@wjgnet.com 



	NAME OF JOURNAL
	World Journal Stem Cells

	ISSN
	1948-0210 ( online)

	PUBLISHER
	Baishideng Publishing Group Co., Limited, Flat C, 23/F., Lucky Plaza, 315-321 Lockhart Road, Wan Chai, Hong Kong, China 

	WEBSITE
	http://www.wjgnet.com


ESPS Manuscript NO: 5306
Columns: MINIREVIEWS
Current applications of adipose-derived stem cells and their future perspectives

Eun-Hee Kim, Chan Yeong Heo

Eun-Hee Kim, Chan Yeong Heo, Department of Plastic and Reconstructive Surgery, Seoul National University Bundang Hospital, Seongnam 463-707, South Korea

Chan Yeong Heo, Department of Plastic and Reconstructive Surgery, College of Medicine, Seoul National University, Seoul 110-799, South Korea
Author contributions: Kim EH and Heo CY equally contributed to this paper.

Correspondence to: Chan Yeong Heo, MD, PhD, Department of Plastic and Reconstructive Surgery, Seoul National University Bundang Hospital, Gumi-Dong 300, Seongnam 463-707, South Korea. lionheo@snu.ac.kr

Telephone: +82-31-7877222   Fax: +82-31-7874055

Received: August 28, 2013     Revised: November 18, 2013   Accepted: December 12, 2013

Published online: January 26, 2014
Abstract
Adult stem cells have a great potential to treat various diseases. For these cell-based therapies, adipose-derived stem cells (ADSCs) are one of the most promising stem cell types, including embryonic stem cells (ESCs) and induced pluripotent stem cells (iPSCs). ESCs and iPSCs have taken center stage due to their pluripotency. However, ESCs and iPSCs have limitations in ethical issues and in identification of characteristics, respectively. Unlike ESCs and iPSCs, ADSCs do not have such limitations and are not only easily obtained but also uniquely expandable. ADSCs can differentiate into adipocytes, osteoblasts, chondrocytes, myocytes and neurons under specific differentiation conditions, and these kinds of differentiation potential of ADSCs could be applied in regenerative medicine e.g., skin reconstruction, bone and cartilage formation, etc. In this review, the current status of ADSC isolation, differentiation and their therapeutic applications are discussed.
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Core tip: Adult stem cells have a great potential for reconstructive and regenerative medicine. Particularly, adipose-derived stem cells (ADSCs) are a promising useful cell source for cell-based therapy because of their capability of expansion and differentiation into special cell types. In this review, the current status of ADSC isolation, differentiation and their therapeutic applications are discussed.
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INTRODUCTION
Stem cells include embryonic stem cells (ESCs), induced pluripotent stem cells (iPSCs) and postnatal adult stem cells. ESCs are capable of self-renewal and differentiation into any cell type in the body. Induced PSCs are genetically reprogrammed somatic cells and have characteristics of ESCs but it is still unknown what the differences between ESCs and iPSCs are. Because of ethical and political concerns, it is difficult to apply ESCs in clinical research and practice but iPSCs and postnatal adult stem cells do not have such problems. Among postnatal adult stem cells, adipose-derived stem cells (ADSCs) are one of the most promising stem cell types. They can be easily obtained from liposuction aspirates or subcutaneous adipose tissue fragments and expanded in vitro and there are no ethical concerns like human ESCs for their use in diverse clinical applications.

ADSCs are found in any type of white adipose tissue, including subcutaneous and omental fat[1]. To obtain adipose tissue for ADSC isolation, liposuction is a safe process with a low complication rate[2]. Shiffman et al[3] reported that 90%-100% of adipocytes from lipoaspirate are intact after autologous fat transplantation. The isolated ADSCs can be expanded vigorously until they enter into the differentiation process to specific cell lineages. ADSCs are capable of differentiating into adipocytes, osteoblasts, chondrocytes, myocytes etc., in vitro and genetically stable in long-term culture. Thus, ADSCs would be a valuable stem cell source for clinical use, with fewer restrictions compared to other cell sources.

ISOLATION AND CULTURE OF ADSCs
Stem cells derived from adipose tissue show higher yields compared with other stem cell sources. Currently, ADSCs could be isolated not only manually but also automatically using automatic centrifuge for cell isolation specialized in cells from adipose tissue.

To isolate stem cells from adipose tissue, current methods rely on a collagenase digestion followed by centrifugal separation. They display a fibroblast-like morphology and lack intracellular lipid droplets seen in adipocytes. Isolated ADSCs are typically expanded in a monolayer on standard tissue culture plastics with a basal medium containing 10% fetal bovine serum[4].

DIFFERENTIATION POTENTIAL

ADSCs are multipotent and can differentiate into adipocytes[5-7], osteoblasts[5,8], chondrocytes[5], myocytes[5,9] and neuronal cells[10].

For induction of adipogenic differentiation, dexamethasone, insulin and isobutylmethylxanthine are needed[5]. Adipogenic differentiation status can be evaluated by Oil Red O staining.

Differentiation into osteoblasts can be induced by dexamethasone, ascorbic acid and glycerophosphate and identified using Alizarin red which stains calcified extracellular matrix in the osteoblasts or alkaline phosphatase[11].
Induction of chondrocyte differentiation is carried out by the addition of insulin, transforming growth factor beta 1 and ascorbic acid. The chondrocyte differentiation can be assessed by safranin O or toluidine blue staining.
ADSCs differentiate into myocytes in media supplemented with hydrocortisone and dexamethasone usually. ADSCs can also differentiate in a medium which is composed of control medium supplemented with horse serum and hydrocortisone and expresses myoD1 and myosin heavy chain[12,13]. The differentiated cells form myotubules and express myosin light chain kinase in addition to other markers characteristic of the myocyte lineage[13].

Recently, ADSCs have also been induced to differentiate into neuronal cells. The composition of the neuronal induction medium is basal medium with butylated hydroxyanisole, retinoic acid, epidermal growth factor and basic fibroblast growth factor. The differentiated cells express neuronal markers for immature and mature neurons, such as Ⅲ-tubulin, microtubule-associated protein 2, neuron specific enolase, synaptophysin and TAU[10].

CELL-BASED THERAPEUTIC APPLICATIONS OF ADSCs
Due to multipotency of the ADSCs, they can be used widely in various clinical applications. Unlike ESCs, ADSCs lack the ability to form all tissues or organs of the body and regenerate an entire living organism. Inducing differentiation of ADSCs requires potent doses of growth factors in vitro. ADSCs do not easily transform to mature cell types without strong signaling and they tend to resist differentiation in situ. The mechanisms for signaling ADSC differentiation to a mature adipocyte within a native adipose deposit are not well understood[14,15].

Adipocytes derived from ADSCs have uses in soft tissue defects, postmastectomy repair, lipodystrophy and soft tissue cosmetic applications, like anti-contour defects and anti-wrinkles. For soft tissue regeneration, autologous fat grafts have been widely used; however, several limitations still remain. One of the limitations is the poor long-term graft retention. The transplanted fat grafts can lose its volume over time due to tissue resorption that can results in the loss of 20%-90% of the original transplanted grafts volume[16]. The soft tissue regeneration would be more effective if the defect volume is filled. To fill the soft tissue defects, vasculature for supplying nutrition to the grafted tissue is needed. ADSCs could help the neovascularization by vascular endothelial growth factor (VEGF) secretion and adipocyte and fibroblast regeneration by their differentiation potential.

Chondrocytes differentiated from ADSCs express extracellular matrix components which are localized in cartilage and maintain their phenotype in vivo[17]. Chondrocyte derived ADSCs show practical possibilities for applications in repair of articular cartilage defects, such as osteoarthritis, in the future.

For bone repair, isolated ADSCs can be induced to differentiate into osteoblasts which are able to mineralize their extracellular matrix and express genes and proteins associated with a bone phenotype[18]. Osteoblasts or precursors of osteoblasts derived from ADSCs are able to be applied not only as cell materials, but also in combination with scaffold to a bone defect site[19].

Various cardiovascular diseases are the leading causes of mortality worldwide. Growing evidence indicates that injection of ADSCs improves cardiac function via the differentiation into cardiomyocytes and vascular cells and through paracrine pathways. Paracrine factors secreted by injected ADSCs enhance angiogenesis, reduce cell apoptosis rates, and promote neuron sprouts in damaged myocardium[20-23]. Danoviz et al[22] showed the effects of co-injecting ADSCs with biopolymers on cell cardiac retention, ventricular morphometry and performance in a rat model of myocardial infarction. They could confirm that intramyocardial injection of ADSCs mitigates the negative cardiac remodeling and preserves ventricular function post myocardial infarction. These findings suggest important implications for the design of future cell therapy strategies for cardiac repair.

For treatment of neurodegenerative diseases, various stem cell types are under investigation. Stem cells are able to differentiate into neurons[24,25] and glial cells[26,27]. Similarly to other stem cell types, ADSCs have been known to have a differentiation potential into neuronal and glial cells[28,29] and are capable of promoting neuronal healing by secretion of some nerve growth factors. ADSCs express a significantly high proportion of nestin, which is a marker for neural progenitor cells[30]. ADSCs can secrete angiogenetic factors such as VEGF[31] and some neuroprotective factors such as insulin-like growth factor 1, the major factor that mediates protection against serum and potassium deprivation-induced apoptosis of cerebellar granule neurons[32]. Limitations in protocols to establish homogeneous populations of neural progenitors and stem cells still need to be resolved for effective therapy for neurodegenerative diseases like Parkinson’s disease, multiple sclerosis and Alzheimer’s disease[33].

PERSPECTIVES

Stem cells would be a useful tool for cell-based therapies for diverse diseases. A number of challenges still remain for cell-based therapies using stem cells. Safety issues in clinical use of stem cells expanded in vitro, development of differentiation protocol and in vivo delivery method, and problems of immune response in allogeneic transplantation are some to be overcome.

Because ADSCs can be harvested in large numbers and have shown evidence of safety and efficacy, their use is currently increasing in clinical fields. For ADSC culture, a whole adipose-derived stromal vascular fraction is usually used which is a heterogeneous mixture of various cell populations, including ADSCs. However, suitable cell surface markers can identify an ADSC population and the positively marked ADSCs can be separated by a cell sorting experiment. ADSCs purified by the specific cell surface markers would differentiate more efficiently into targeted cell types and make it easier to evaluate their influences on the therapeutic effects. Development of culture media compositions without animal origins is also an important aspect. This problem could be resolved by technology of recombinant proteins and cryopreservation methods of ADSCs over long time periods would be also useful.

Recently, many of these aspects have been considered and investigated and the progress to overcome such limitations would lead to applying stem cells, including ADSCs, widely in clinical practice in the future.
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