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2 Introduction 
First Introduction 
1.1 Tissue engineering, new perspectives for the treatment of cartilage defects 
A satisfactory treatment of cartilage defects in the articular surfaces of the human remains one of the unsolved problems of medicine. It is estimated that more than 80 percent suffer from the over-50s under a sometimes very painful cartilage wear (Kowalewski 2005). But not only with increasing age, the cartilage loses its optimum biomechanical properties, more and more active young people are affected. When they are mainly mechanical overload and sports injuries are the cause of damage, not heal spontaneously and more lead in time to the creation of permanent cartilage defects. The result is a progressive degeneration of the painful tissue, which eventually leads to osteoarthritis. The reason for the lack of post-natal regeneration of cartilage tissue (Buckwalter and Mankin, 1998). Without effective therapeutic treatment, such injuries only closed by the formation of mechanically inferior scar tissue. It is estimated the annual costs for the treatment of osteoarthritis in Germany to around 7 billion euros. (Maetzel, 2004). One way to cure such cartilage damage is the replacement of the defective tissue with intact articular surfaces implants, which hopes to establish with the help of tissue engineering. Previously applied clinical therapies for cartilage defect repair such as the shaving (Messner 1996), subchondral Abrasionsarthoplastik (Johnson, 2001;. Singh et al, 1991), or autologous chondrocyte implantation (. Brittberg et al, 2003) to achieve a mere filling of the defect with no biomechanically competent cartilage . Another surgical procedure is the so-called "mosaicplasty" dar. In this method, small osteochondral cylinder diameter is punched into a mosaic-shaped cartilage defect. This method, however, remains limited to small defects (Hangody et al., 2001). The incomplete defect coverage and the setting of new defects by the removal of uncontaminated place of permanent cartilage are discussion points (cheers, et al, 2002;. Hangody and Fules, 2003). Therefore, the development of a method for the production of one facet implant technicians from autologous cells without damage elsewhere to the central goals of tissue engineering. 
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1.2 Structure and function of cartilage 
1.2.1 Structure of the cartilage and its special characteristics 
There are three different types of cartilage: fibrous, elastic and hyaline cartilage. The fibrocartilage is composed of interwoven collagen fiber bundles, which give it a special strength. Fibrocartilage is found in the menisci, the symphysis and the intervertebral discs. The elastic cartilage that is found in the outer ear canal and the auricle contains, in addition to solid collagen fibers even more special, elastic fiber. The third form of cartilage is hyaline cartilage. It allows for static and dynamic load equally effective shock absorption by distributing the forces acting on a larger area and a virtually friction-free sliding of the articulating joint surfaces. During skeletal formation and growth of hyaline cartilage provides the matrix for the growth of bony skeleton. 
As is the production of hyaline cartilage with great hopes for the treatment of articular surface damage just connected, this paper deals only with the addition of this particular type of cartilage. Articular cartilage can be up to 5 mm thick, eg behind the patella (Eckstein et al., 2001). In general, while the more the load is, the thicker the cartilage. 
The hyaline cartilage consists mainly of water (about 70-80% share;), extracellular matrix (ECM) and chondrocytes (Mankin and Thrasher, 1975). Compared to other tissues, the proportion of cells in the hyaline cartilage of 1-10% is quite low (Carney and Muir, 1988). Articular cartilage can be constructed to present layered with different functions. In Figure 1 this is shown schematically. Looking at the cross section shown from the top (surface cartilage) to bottom (bone surface), so initially the Tangentialzone, also called the perichondrium, visible, which is cartilage surface. It follows the middle zone (transitional zone), the deep zone (radial zone) and the calcified zone of mineralization, which represents the transition to the subchondral bone (Pullig et al., 2001). 
The ECM consists essentially of two main components, namely the layer depending on varying Glykosinaminoglykanen (chondroitin sulfate and keratan sulfate) and collagen type II, IX and XI. The collagen types I and X are, in contrast, only marginal hyaline cartilage. Collagen type I is found only in the uppermost thin layer of cartilage, which is responsible for the particular resistance to the tangential stress (Eyre et al, 1987,.. Mendler et al, 1989). In type X is a Ca + + - binding protein that only the so-called terminally differentiated chondrocytes hyportrophen or near the interface with the 
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Bone is formed (Binette et al., 1998). Its share of total collagen in hyaline cartilage is very small, but increases with progressing to osteoarthritis (Stephens et al, 1992,.. Walker et al, 1995). 
SubchondralerKnochenKnorpeloberflächeHypertrophe ChondrozytenKollagen type XSubchondralesKnochenmarkTerritoriumintakte AggrekanperizelluläreRegion VIInterterritoriumnicht intact collagen-AggrekanMineralisierunsgs zoneTangentialzoneKollagen ITransitionalzoneKollagen Type Type Type IIRadialzoneKollagen IIKollagen bone collagen Type II IKollagen ISubchondralerKnochenKnorpeloberflächeHypertrophe I 
Figure 1: A schematic representation of the vertical longitudinal section of the articular cartilage 
Articular cartilage contains a matrix of collagens and proteoglycans, like other hyaline cartilage, but is not structured homogeneous but composed of different layers. The presentation is adapted from Koopman (Koopman WJ, 2000). 
With the depth of the cartilage to change the orientation of the fibers and the cartilage portion of liquid to the proteoglycans and collagen fibers. In the surface zone, the collagen fibrils are oriented tangentially to the cartilage surface (Clark, 1991, Hunziker et al, 2002.) And the collagen content is highest (Poole et al, 1996).. In the middle zone (transitional zone) on the collagen fibrils have no preferred direction, while they radiate into the deep radial zone approximately perpendicular to the calcified zone (Hunziker et al, 2002;. Venn, 1978). 
Cartilage tissue in comparison to other tissues shows some peculiarities: it is built from a single cell type, and is neither innervated nor vascularized. The diet made ​​solely by diffusion from the surrounding tissue (Mankin, 1982). The chondrocytes are found in the ECM embedded in special capsules, the so- 
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chondrones mentioned, is involved in its construction type VI collagen (P Otte 2001). Involved in what manner the chondrones in the regulation of matrix metabolism are is still not fully understood. A simplified scheme of chondrones is shown in Figure 2. PcPgTmImC chondrocyte RRRRRKol. IXKol. VIKol. IIKol. XI PcPcPgPgTmImC chondrocyte RRRRRKol. XI 
Figure 2: The structure of chondrones. The schematic representation 
The chondrocytes are immediately surrounded by a cartilaginous capsule. Together with the name given to the chondrocytes adjacent to the outside Knorpelhof chondrone. - C - chondrocyte; Pg - pericellular glycocalyx; Pc - pericellular capsule, Tm - territorial matrix; In - Inter-territorial matrix, R - receptors (e. g. Anchorin CII or NG-2 receptor), Colossians II - Type II collagen, Col VI - Collagen type VI, IX, Col - collagen type IX, Colossians XI - XI collagen type. The illustration is modified from Poole (Poole et al., 1992) 
1.2.2 Architecture and Biomechanics of cartilage 
The special benefits of biomechanical hyaline cartilage is explained as today according to the principle of the fiber - reinforced material. The fibers are formed by cross-linked collagen fibrils, the material from highly negatively charged glycosaminoglycans (chondroitin sulfate and keratan sulfate) and hyaluronic acid. The latter form of proteoglycans, especially aggrecan, very large complexes, which generate due to their strong tendency to bind water, a very high swelling pressure endosmotic. Without limitation by the three-dimensional collagen fiber - the network would lead to an influx of water five times larger Quellungsvolumen. Swelling pressure of 0.1 to 0.2 MPa is the fibrils under a correspondingly high tensile stress (Katz et al, 1986; Maroudas et al, 1980, Schneiderman et al, 1986...). The collagen fiber network gets its strength from the high cross-linking, where the two types of collagen IX and XI are involved (Diab et al, 1996,.. Mendler et al, 1989). Figure 3 shows the typical structure of a proteoglycan complex is shown schematically. 
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IIFibrilleLinker-SulfatRegionAggrecanAggrecanChondroitin-IIFibrille 
Figure 3: Molecular structure of the cartilage 
The extracellular matrix (ECM) of the hyaline cartilage consists of a two-component system: long striated fibrils, which consist mainly of collagen type II and the extrafibrillären matrix, composed mainly of proteoglycan aggregates. 
1.2.3 The development of cartilage 
The formation of cartilage, chondrogenesis is a complex process that results in the context of embryogenesis for the development of the skeletal system. It begins with the proliferation and condensation of mesenchymal stem cells (MSCs) (Goldring et al, 2006;. Tacchetti et al, 1992).. The end of each phase is indeed already investigated since 1925 (Fell, 1925), is reproduced in its details not yet complete (Cancedda et al., 2000). It is believed that mesenchymal - epithelial cell interactions play an important role early in the development of cartilage tissue (Tuan, 2004). At this point, initiate morphogenic proteins (BMPs = bone morphogenetic protein), expression of the transcription factor Sox9 (Healy et al., 1999). Sox9 is obviously at a regulatory level is of central importance for the entire sequence of chondrogenesis, because its expression is the condition of the undifferentiated mesenchymal cell observed until the transition to prähypertrophen state (Lefebvre and Smits, 2005). It directly regulates the expression of the genes for type II collagen, type XI and aggrecan (Bridgewater et al, 1998,.. Liu et al, 2000;. Sekiya et al, 2000). After the start of the condensation of mesenchymal cells generated in the first Prächondrozyten center. At the same time the first time the expression of collagen type II was observed (Fig. 4) whereas the expression of markers of undifferentiated cells decreases (Lefebvre and Smits, 2005;. Zhao et al, 1997). The 
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Development of Prächondrozyten goes to early chondroblasts associated with an increase in cell proliferation and matrix production. The cells generate more collagen type II and aggrecan. Link protein, collagen type IX and type XI are first detectable (Lefebvre and Smits, 2005). In the next phase, the cells continue to proliferate, eventually auszudifferenzieren to mature chondrocytes. Figure 4 shows an overview of where the marker called the corresponding stages of development are assigned. MesenchymaleZelle Type I (collagen type II) collagen type II, aggrecan, link protein type II collagen, aggrecan, link protein type II collagen, aggrecan, link protein (collagen type X) collagen type X Sox9 Sox9 Sox9Sox9 ZelltypECM regulatory marker marker chondrogenesis MesenchymaleZelle Collagen markers regulatory marker chondrogenesis 
Figure 4: Simplified representation of individual steps of chondrogenesis with the most important marker proteins 
The presentation is adapted from Lefebvre (Lefebvre and Smits, 2005). 
While the proliferation of one Avaskularisierung tissue is observed, which is a prerequisite for the formation of cartilage-specific matrix (Yin and Pacifici 2001). The proliferation occurs only during the transition to prähypertrophen chondrocytes to a halt. When walking through the now beginning the development of bone cells and the prähypertrophe hypertrophic stage of development. They initially contain mRNA for aggrecan and collagen type II, but is now increasingly more collagen type X produces. Here take the chondrocytes strongly increased in size and build a matrix for later immigrating osteoblasts and the subsequent mineralization. In the past in the articular surface chondrocytes (articular chondrocytes) the hypertrophy is prevented. They get their differentiated phenotype, which is the prerequisite for the formation of articular cartilage (Goldring et al., 2006). The permanent preservation of the differentiation state of articular chondrocytes is facilitated by several factors. Here avascular tissue that plays in a decreased oxygen content has a role, but in addition some especially 8 
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Growth factors and mechanical stimulation - - mechanotransduction (Szafranski et al, 2004).. Among the growth factors involved in the Transforming Growth Factor-beta1 (TGF-beta1) and insulin-like growth factor I (IGF-I) include (Roark and Greer, 1994;. Wang et al, 1995). IGF-I increases Matrixbiosynthese and increases the mitogenic activity of chondrocytes. At the same time it inhibits matrix degradation. He also has been demonstrated in acute cartilage defects in joints osteoathritischen in higher concentrations (De Ceuninck et al, 2004;. Schmidt et al, 2006;. Trippel, 1995;. Susant van et al, 2000). TGF-ß1 increases the production of large, anionic proteoglycans in the synovial fluid and is up-regulated by immobilized knees (Morales 1991, Nixon et al 1998,.. Okazaki et al 2001). Glucocorticoids have an indirect effect. They neither promote nor the formation of chondrogenesis and preservation of the articular cartilage directly (Li et al., 2006). However, it seems the presence of this hormone in the early stages of differentiation of mesenchymal stem cells to be essential (Sekiya et al., 2002). Is also known that dexamethasone also affects the migration and adhesion of the cells (Frosch et al., 2002), which is reflected both in cell morphology and in growth patterns. 
1.3 Tissue engineering of cartilage in vitro by aggregation of adult chondrocytes 
The findings on the early chondrogenesis have given rise to the hope of being able to produce autologous cartilage by simulation of chondrogenesis in vitro for the treatment of articular surface damage (Solursh, 1988). The variety of approaches can be made ​​in principle be divided into two groups, those who want to stimulate tissue formation by aggregation of adult chondrocytes from the articular surface and those that they want to achieve by the condensation of mesenchymal stem cells. Both methods have their specific advantages and disadvantages. 
Method for obtaining primary chondrocytes from biopsy material from the joint surface cartilage of different animal models and man have been long known (Grande et al., 1999). It was shown early on that such chondrocytes still have the special ability to start with intensive cell-cell contacts with the formation of a cartilage-like matrix (Kim et al., 1994). In practice, this was very easy to sedimentation through a so-called pellet culture (micromass culture) achieved. The main disadvantage of the method is needed for that to be a possible therapeutic application of this method is considerably more cells than can be obtained from biopsies. Because so far all attempts have failed, primary chondrocytes while maintaining their differentiated phenotype in effectively 
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vitro to proliferate (Benya and Shaffer, 1982;. Goessler et al, 2005; Yu et al, 2006).. Effective propagation is possible under different conditions, but without the cells simultaneously to de-differentiate. At the molecular level is observed as a consequence of this de-differentiation, the increasing formation of collagen type I, which is different from the collagen type II, not in a position to form three-dimensional collagen fibers with the required biomechanical properties. (. Shakibaei et al, 1995). While they have discussed various mechanisms that could be responsible for the dedifferentiation of chondrocytes in the growth phase, the loss of contact between chondrocytes and matrix (Grundmann et al, 1980 be,. Narrow et al, 2006), cell maturation (Chacko et al., 1969), the aging of cells (Moskalewski et al., 1979) or contamination with fibroblasts ((Norby et al., 1977)). However, methods for re-differentiation as yet only available for a variety of animal models but not in humans (Benya and Shaffer, 1982;. Hauselmann et al, 1992;. Nagel-Heyer et al, 2006). 
1.4 Tissue engineering of cartilage in vitro by stimulation of embryonic chondrogenesis 
The second approach to the healing of cartilage defects is based on the process of condensation of mesenchymal stem cells during chondrogenesis. 
1.4.1 General properties of stem cells 
In the mesenchymal stem cell, although it is by cell with the ability to divide and in different cell types to mature, but we must distinguish them from the embryonic stem cell, which alone has a maximum potential for self-replication and unlimited differentiation potential. Up to 8-cell stage in humans until about the third day after fertilization, this is referred to as totipotent cells because each cell can be individually develop into a complete individual. Can you can multiply still indefinitely through cell division and educate even any of the approximately 210 cell types of a man, but in contrast to the totipotent cell is not an independent organism more arise from them (Mountford et al, 1998: The cells are called pluripotent. ). The so-called adult stem cells are found in various tissues of adult humans. They are called multipotent, because they also possess the ability to self renew and to develop into specialized cell types of a tissue (Czyz et al, 2003;. Lange et al, 2005;. Storch et al, 2001). 
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1.4 2 properties of mesenchymal stem cells 
Even in the bone marrow of human multipotent stem cells are found, including the Bone Marrow stromal cells, which are also known as mesenchymal stem cells (hMSCs). They come when people originally from the mesoderm. Their numbers in the bone marrow is low and decreases with increasing age from approximately exponentially. Can be found in the newborn for about 10 2 10 6 MSCs per nucleated cells, it is the fifties, only about 2 per 10 6 (Caplan, 1994). Because of their large multiplication and differentiation potential, but is more frequently recommended to use these cells in regenerative medicine to the problem of de-differentiation of adult chondrocytes under in vitro - to avoid proliferation. Based on the fundamental studies on the differentiation potential of bone marrow (Ashton et al, 1980,.. Friedenstein et al, 1968), the theory of the existence of mesenchymal stem cells has been suggested (Caplan, 1991) Owen, 1985;) and examined their chondrogenic potential (Barry et al ., 2001b; Johnstone et al, 1998).. In addition, it was also demonstrated that MSCs in adipose tissue (Sekiya et al, 2004.) Bennett et al. 1991), bone (Jaiswal et al, 1997) and muscle (Bennett and Adams, 1987,.. Ferrari et al, 1998 can) differentiate. According to recent results is to accept even that mesenchymal stem cells are responsible not only for the musculoskeletal system, but also in cardiomyocytes, endothelial cells and pericytes (Fukuda and Fujita, 2005; Gojo and Umezawa, 2003) and in those able to differentiate with neuronal character (Kopen et . al, 1999; Zhao et al, 2002). 
1.4.3 The heterogeneity of the human bone marrow MSCs occurring 
Even after removal of red blood cells and hematopoietic stem cells obtained from a bone marrow aspirate still not a homogeneous cell population. Rather, one must reckon with the stem cells of different origin and function (Colter et al., 2001). This is shown in Figure 5 illustrate schematic model this heterogeneity. From the undifferentiated hMSCs, so-called RS (self renew) cells (Figure 5 in the red box) are shown by asymmetric division of different daughter cells. This results in either re-identical stem cells or progenitor cells of the differentiated non-identical target cells. The progenitor cells have only a limited differentiation potential. They divide symmetrically and produce tri-and bipotent cells, the multipotent hMSCs, although morphologically similar, but already have a different gene expression profile (Baksh et al., 2004). In a given bone marrow so it will only contain the stem cells and the various intermediate stages on the 11 
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branching paths to find the target cells (Figure 5 in the yellow box) (Baksh et al, 2004;. Gronthos et al, 2003).. The proportion of progenitor cells from each individual condition of the donor organism depends on the time of removal from the aspirate (Phinney et al., 1999). As reported, on average, only about one third of human MSCs tripotentes (chondro-, osteo-and adipogenic) has development potential (Zuk et al., 2002) was). This heterogeneity opens the one hand, the possibility for tissue engineering, but makes it clear that the other problem with the use of hMSCs to detach from the bone marrow. Because for the production of a hyaline cartilage has a very homogeneous population of differentiated chondrocytes are available. 
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renewself-Figure 5: A model of the development of adult MSC 
The multipotent, undifferentiated MSCs divide asymmetrically. This creates an identical stem cell (in red frame) and an identical progenitor cell. Then go through the MSC genetic modifications and generate progenitor cells with similar phenotype and self-renewal potential. A - Asymmetric cell division, S - symmetric cell division. The different states of differentiation will not only go through one after another, but exist in a bone marrow aspirate and always occur together (in the yellow frame). The presentation is adapted from The Bacchae (Bacchae et al., 2004). 
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1.4.4 Methods for obtaining a suitable for in vitro chondrogenesis of bone marrow cell population 
The heterogeneity encountered in a bone marrow cell populations makes an effective selection of appropriate cells for chondrogenic differentiation is necessary. Successful attempts to isolate chondrocytes directly from the mixture of different cell types have not previously been described, probably because the proportion of cells with differentiated phenotype is too low. The approach to capture all the cells that are already on the path of chondrogenic differentiation (blue circles in Figure 5), falls short. On the one hand, should this procedure, specific markers for each stage of differentiation are available, which is not currently the case (Bianco and Gehron Robey, 2000; Conget and Minguell, 1999. Yoo et al, 2005), on the other hand, can be fully and partially differentiated cells proliferate in vitro significantly more difficult to obtain the differentiation status as undifferentiated. This is based on the phenomenon that the proliferation potential decreases with increasing degree of differentiation, which should be indicated with the blue and red wedge in Figure 5. 
Especially the last argument in favor of the alternative that proliferate preferentially as the undifferentiated stem cells. In this case, the chance to be used, the relative proportion decreases to less divisive, partially differentiated cells with the number of passages. This idea proved to be especially so far as successful if the cells were seeded at the same time to proliferate in very high dilution (Prockop et al., 2001). It is likely that the differentiation-promoting paracrine factors in a higher initial cell density accumulate faster, which then leads to the throttling of the proliferation rate. The result would be not only a lower Endzellzahl, but also an increase in the heterogeneity of the cell population with regard to the differentiation status of the individual cells and not a degradation. 
The proliferation capacity of a population of mesenchymal stem cells in cell culture depends on both the age and condition of the bone marrow donor as well as from the time of removal from (Caplan, 1994;. Digirolamo et al, 1999). Therefore, in addition also tried the mitogenic effects of various growth factors such as FGF2 (fibroblast growth factor 2), PDGF (Platelet-Derived Growth Factor) and EGF (Epidermal Growth Factor) to use to increase the proliferation rate maximum (Bianchi et al. 2003;. Gruber et al, 2004; Yao et al, 2003).. However, for the objective of the selective enrichment of undifferentiated cells is left strictly as proliferation-stimulating growth factors often also affect the differentiation potential. Whether this is desirable or undesirable is manifested as a pre-selection effect in the sense of the objective must be checked in each case. 13 
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In addition to the maximum rate of proliferation, other criteria have been proposed for the enrichment of cells with specific differentiation potential. Thus, the application of a mechanical cell-sieve appears for selecting cells with certain size to be as easy as successful (Hung et al., 2002). In another case, an attempt was made ​​to separate by sedimentation of the cells over a Ficollgrandienten unwanted progenitor cells (Lange et al., 2005). 
1.4.5 Methods for identification of different populations of hMSCs 
The ability to reproducibly enrichment or isolation of certain mesenchymal cell types including progenitor cell makes a powerful method for identification is required. Despite an intensive search in recent years it has not yet been able to find unique high specific surface antigens for this question. For this reason, it is also not yet been possible to use cell sorter to isolate a defined mesenchymal cell types. Currently can only be used on hematopoietic stem cells and leukocyte antigens CD34 and CD45 occurring to demonstrate the absence of these cell types. Only in combination with some positive markers are used during routine inspections. These include CD105 (endoglin), a receptor for the growth factor TGF-β1, CD90 (Thy1), a thymocyte antigen and the antigens STRO1 and CD106 (VCAM1) (Barry et al, 1999,.. Gronthos et al, 2003 ; Simmons and Torok-Storb, 1991;. Tepliashin et al, 2005). Specific antibodies directed against these antigens can indeed be replaced as part of FACS analysis of important information, but can not elaborate identification of cell populations on their ability to differentiate into the various target cells (Pittenger et al., 1999) . 
1.4.6 The pellet culture as a differentiation model 
A major advance for the potential use of in vitro chondrogenesis were studies that demonstrated that the suspected proliferation capacity can be used practically (Yoo et al., 1998). Varied according to the studies on the possibility of MSCs in vitro into osteoblasts (Jaiswal et al., 1997) and chondrocytes (Mackay et al., 1998), found the underlying differentiation model of pellet culture, a rapid acceptance (Johnstone et al. , 1998, Yoo et al, 1998).. It has been demonstrated in various ways, how effective is the system of 3D cultures for the production of cartilage repair tissues for articular cartilage defects (Adkisson et al, 2001;. Angele et al, 1999,.. Solchaga et al, 1999). In most cases, cell-cell contact to initiate a differentiation process, lasting 2-3 weeks 
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used, which is usually also supported by various differentiation factors. Barry was able to show that the different TGF-β isoforms-β1 β3,-have a strong chondrogenic effect (Barry et al., 2001b). The two factors bind to endoglin (CD 105), which is in the control of chondrogenic differentiation of MSCs and their interaction with hematopoietic stem cells are important (Barry et al., 2001a). It is known that the factors TGF-β1-β3 to be formed in embryonic cartilage, where they are ascribed an important role in the chondrogenic transformation in the context of cell condensations (Hall and Miyake, 2000). Another important factor with strong anabolic properties of IGF-I, which has been used successfully for cartilage formation in animal models (.. Hardingham et al, 1992; Yaeger et al, 1997). The frequent use of dexamethasone to support the differentiation is based on the observation that it stimulates the formation of the transcription factor Sox9 (Sekiya et al., 2002). 
1.4.7 limits the pellet culture as a differentiation model 
In spite of its successes in the use of various forms of pellet culture but also the limitations of this differentiation model for use in tissue engineering visible. The repeated together with the expression of collagen type II shown increase in the formation of collagen type I and type X leads to the conjecture that the technique of pellet culture all chondrogenic differentiation stages of mesenchymal cell are passed through to terminal differentiation (Parsch et al ., 2004). Be a prerequisite for the use of in vitro differentiated cells for the formation of hyaline cartilage, however, the permanent arrest of chondrocytes in Differenzierunkstatus commitment for which the expression of collagen type II, but not the type of X is characteristic. 
1.5 An alternative model for differentiation of mesenchymal stem cells 
The development of an alternative differentiation model, which has the use of mesenchymal stem cells for in vitro production of hyaline cartilage to the target, one must consider the causes that are potentially responsible for the failure of the pellet culture model in its present form (Lawrence et al., 2005 ,. Parsch et al, 2004). Here there are different starting points. 
The first in the pellet culture model unintended consequence of terminal differentiation could be very successful in simulating the in vitro chondrogenesis of 
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His growth plate, which also includes the hypertrophy of the chondrocytes. In this case would be examined, checked in how far this process in vitro, such as use of appropriate growth factors, or may be interrupted. 
Second alternative can also be assumed that the pellet culture is an inadequate model for chondrogenesis. While in vivo of chondrogenesis to proceed at a number of processes in topologically and temporally ordered manner, which are supported in the various phases by different factors, is in the pellet culture is applied over several weeks, held constant culture condition. It is assumed that the conditions that promote the differentiation of mesenchymal stem cells is still very immature at first, later, an inhibitory effect on already differentiated cells that have already begun with the formation matrix. This could possibly be a changed composition of the culture period of added growth factors provide a remedy. It is known that the most frequently used to promote the differentiation factors used, TGF-ß3 and dexamethasone, the matrix formation activity (De Luca, 2006;. Fujita et al, 2004;. Goessler et al, 2006; Ohno et al, 2005. ). This could actually have been the omission of these factors have a positive influence. However, appropriate protocols are not yet known. 
Third is still conceivable that exist regarding the use of the differentiation status of cells from heterogeneous cell population at the beginning of asynchronous conditions in the pellet culture. While some of the cells by the presence of differentiating factors offered benefits, the other part is inhibited at the matrix formation. In this case, it would in addition to seasonal adjustments of the growth factor profile and the matrix formation are delayed until all cells have the same differentiation state. 
1.5.1 The three-phase model 
Which could in the last section under 3 conditions required to be checked in a so-called three-phase model. It could be the three of chondrogenesis in running processes - proliferation, differentiation and matrix formation of separate periods are assigned so that the culture conditions can be optimized separately for each phase. As illustrated by the diagram in Figure 6, the pellet culture as a differentiation model is compared to only a two-phase model dar. The idea of different stages of development to be separated from each other is not fundamentally new. That the separation of the tissue formation of the proliferation benefits, was recognized earlier (Strehl et al., 2002). In the current case has changed for the first and third stage is unlikely: The proliferation may 
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in conventional monolayer - Technology and matrix formation in pellet culture are carried out. For the second phase of the embedding in alginate gel offers good conditions. 
Phase culture culture culture phase three-phase model two-phase model pellet 
Figure 6: Two-phase and three phase model for chondrogenic differentiation of hMSC 
In a two-phase model (direct pellet culture) the cells after isolation from bone marrow aspirate selectively increased sedimentation in the proliferative phase (first phase), a pellet culture (second stage) and cultured for three weeks. , In which two different processes (differentiation and matrix formation) and interfere with each other. The additional phase in the alginate culture separates the temporal differentiation of the cells and matrix formation (three-phase model). 
1.5.2 The technology Alginatkultur 
Alginate consists of linear polymers derived from brown algae. Similar to agarose gel, it forms a large pore, but not during cooling of dilute solution, but in the presence of Ca + + ions (M & M 2.4). This represents a major advantage. For a brief treatment with EDTA as a chelator for Ca + + ions in the alginate gel can depolymerize again. In alginate embedded cells can be released so again. In particular, the compatibility with chondrocytes has been demonstrated extensively (Hauselmann et al., 1992). Also, the embedding of chondrocytes in alginate for redifferentiation already described by chondrocytes (Chubinskaya et al, 2001,.. Heyland et al, 2006;. Mok et al, 1994). Some authors have described the synthesis of cartilage - specific markers, such as the collagen types II, IX and X described in alginate (Bonaventure et al, 1994; Petit et al, 1996..). In various animal models, it is also managed from the alginate gel and then isolated differentiated cartilage chondrocytes in vitro to breed (Heyland et al., 2006). The example of embedding in an agarose gel has been the possibility 
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the differentiation of mesenchymal stem cells in the presence of TGF-ß3 and dexamethasone demonstrated (Huang et al, 2004;. Shyy and Chien, 1997). Other authors have alginate used for this purpose and demonstrated the expression of collagen type II and the formation of glycosaminoglycans (Kavalkovich et al, 2002,.. Mehlhorn et al, 2006). 
The particular suitability of Alginatkultur technique for three-phase model is that the matrix for the formation of essential cell-cell contacts can be effectively prevented during the differentiation phase. The schematic comparison of the two - - phase model with the three - phase - the model is illustrated in Figure 6. 
It is also important that can be recovered during the several weeks of culturing differentiated cells again, or use it to analyze using the technique of pellet culture to be able to matrix formation. This is one planned for use for tissue engineering very important aspect. 
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1.6 The aim of this work 
This work was begun with the intent to use the large multiplication and differentiation of mesenchymal stem cells potential to improve the conditions for in vitro production of cartilage implants for the treatment of joint surface defects. According to present knowledge, the numerous studies on differentiation model of pellet culture, but very important knowledge for the pursuit of this objective are delivered, while also highlighting its limitations. With the Alginatkultur is building on an alternative differentiation model designed it, built into a three-phase model, which could enable in vitro production of hyaline cartilage cells from the bone marrow. For the experimental verification of this thesis is presented concretely, the following four tasks: 
First development of conditions for the enrichment or isolation of mesenchymal cells from human bone marrow, which are suitable for chondrogenic differentiation 
Second Quantitative differentiation of human mesenchymal cells into chondrocytes with differentiated phenotype in the Alginatkultur 
Third analysis of the differentiated cells 
4th Functional verification of the differentiated cells by their ability to form cartilage tissue of human 
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Second Material and Methods 
This chapter describes the experiments used in the implementation of the materials and methods. The outline of this section is carried out in the order of the tests. First, the cell culture methods and isolation of the sample material under investigation are described. Following the presentation of the different methods of analysis and information is for statistical analysis. All the methods described in this part of the standard methods. Possible deviations are noted in the results section. 
Chemicals and solutions: 
All chemicals were, unless otherwise indicated, in purity "analysis" is used and by the following companies related: Amersham Pharmacia Biotech (Freiburg, Germany), Merck KGaA (Darmstadt, Germany), Roth (Karlsruhe, Germany), Roche Molecular Biochemicals ( Mannheim, Germany), Serva (Heidelberg, Germany), Sigma (Munich, Germany). The solutions were diluted with deionized water (Milli-Q Water Purification System, Bedford, USA) was prepared and autoclaved as needed (20 min, 120 ° C, 2x105 Pa) or sterile filtered (pore diameter 0.25 microns, Sartorius Minisaart). 
2.1 Cell culture 
Material: 
• sterile workbench Hera safe (Heraeus, Hanau) 
• CO2 / O 2 incubator (Heraeus Instruments GmbH, Hanua) 
• CASY ® Cell Counter + Analyser System Model TT (Scharfe System, 
• Reutlingen) 
• Buffer CASY (Scharfe System, Reutlingen) 
• Zentriguge Hettich Rotanta / TRC (Hettich centrifuge, Tuttlingen) 
• microscope (Olympus CK2, Olympus Germany GmbH, Hamburg, Germany) 
• GFL water bath (Lab GmbH Burgwedel) 
• Set of 5 pipettes (Eppendorf, Hamburg) 
• Mettler PC180 balance (Mettler-Toledo GmbH, Giessen) battery cell culture pipette for Accu-Jet (fire Gm 
• bH, Wertheim) • PBS (Gibco 14190-994, Invitrogen) 
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• Trypsin-EDTA solution (Gibco 25300-054, Invitrogen) 
5-025, Invitrogen) 
in USA) 
All the e bathe), 
.1.1 Extraction and isolation of stem cells and chondrocytes 
• DMEM +1000 mg / L glucose + Glutamax I (GIBCO 2188 
• DMEM +4500 mg / L glucose + Glutamax I (GIBCO 31966-021, Invitrogen) 
• penicillin-streptomycin 10 000 units / mL (GIBCO 15140-122, Invitrogen) 
• Antibiotic / antimycotic solution (100x) (GIBCO 15240-062, Invitrogen) 
• Fetal calf serum (FCS) (Cat No.: DE14-801F 8 South American Orig 
• growth factors: bFGF, TGF-ß3, IGF-I, PDGF-BB (R & D Systems Inc., Minneapolis, USA), dexamethasone (Sigma, Munich) 
Vrbrauchsmaterialien for cell culture derived from the company Nunc (Wies 
Sarstedt (USA) and Falcon (Becton Dickinson Labware, USA) 
2 
Human stem cells 
Material: 
• Culture medium: DMEM 1000 mg / L glucose, 10% FCS, 1% penicillin / streptomycin 
Major fü 
• Ficoll 1.077 g / ml (Sigma, Munich) 
chhrung: 
The experiments in this work were carried out with human stem cells from 
the bone marrow transplant department at the University Hospital Eppendorf, were made ​​available. The (2-3 ml) by aspiration from the iliac bone marrow was first extracted in 20 ml DMEM LG, resuspended supplemented with 10% FCS. In a next step, the nucleated cells are separated from the other cell types. This was done using a Ficoll - gradient. For this purpose were overlaid 20 ml Ficoll in a 50 ml Falcon tube with 20 ml of sample carefully. This was done very slowly to the forming border, Ficoll - phase and cell suspension - stage to be able to recognize. Finally, the tubes for 20 minutes at 800 * g were centrifuged (without brakes). After centrifugation a ring about 0.5 to 1 cm thick in the middle phase of the tubes visible (Fig. 7) was. 21 
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0.5-1 cm stage of MNC0 ,5-MNC 
Figure 7: Schematic representation of the Ficoll gradient separation 
The phase (yellow) of the mononuclear cells (MNC) after separation in Ficoll gradient. 
This phase was removed very carefully with a pipette. Next were added to 2 to 3 ml of removed cell suspension 10 ml of serum-containing medium. The tube containing the cell suspension was centrifuged (5 min at 400 *) and the supernatant was discarded. The resulting pellet was resuspended in 5 ml of fresh medium was added and the resulting cells counted using the CASY device. Then the cells were in a range of 6 to 20 million cells per T 25 or T 75 culture flask for 72 hours were plated 
Human chondrocytes 
Material: 
• 4% formalin in PBS, pH 7.4 (Merck, Darmstadt) 
• Petri dish 
• Scalpels 
• RNAlater stabilization solution (Qiagen GmbH, Hilden) 
Implementation: 
The source of the human cartilage was the Department of Forensic Medicine, University Hospital Eppendorf. The results obtained from the coroner's cartilage pieces were washed, cleaned of blood and tissue debris and crushed in a Petri dish with scalpels. For the histology of the cartilage pieces in formalin and for PCR analysis in RNAlater stabilization solution were kept. 
2.1.2 cell preparations 
It was performed a total of 34 isolations of hMSC from bone marrow aspirate from the pool. The age of healthy donors ranged 2-42 years (20 men and 14 women). After isolation, the first human stem cells should be 22 
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increasingly be to provide a sufficient quantity for the target trials. Depending on the number of these isolated cells were seeded and used after Ficoll gradient separation either in one, two or three culture flasks. The cells were cultured under different conditions were considered as different cell preparations. 
2.1.3 Cell Counting 
Material: 
• CASY Cell Counter (Scharfe System GmbH, Reutlingen, Germany) 
• Buffer CASY (Scharfe System, Reutlingen) 
• Neubauer hemocytometer (Brand GmbH, Wertheim) 
• Trypan blue solution: 0.5 g trypan blue (Sigma, Munich), 0.9 g NaCl per 100 ml of distilled water. Water 
Implementation: 
The number and viability of cells was usually using the CASY cell counter, determined. The measured values ​​could be printed for further analysis. If necessary, an additional cell counting in a Neubauer hemocytometer after trypan blue staining was carried out. Trypan blue is a dye that is retained by the membrane of living cells, where the dead cells with permeable porous membrane for the dye and are stained blue. The cell suspension and trypan blue solution were mixed in a 1:1 ratio, placed in a Neubauer chamber and counted the cells rapidly. The vitality was derived from the ratio of viable cell number (unstained cells) to the total number of cells (unstained and blue stained cells). 
2.2 Proliferation of cells 
Material: 
• Culture medium: DMEM 1000 mg / L glucose, 10% FCS, 1% penicillin / streptomycin 
Implementation: 
The cultivation of the cells was carried out as follows. Fig.8 
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Cells after separation imFicoll GradientenPassage-0 (up to approximately 80% confluence).. N.. 3 days after removal of the non adhäriertenZellenHeterogene cell population (hämatopoetitischeZellen and hMSC) hMSCPassage n 1 (up to approximately 80% confluence) passage cells 1 +1 
Figure 8: Schematic representation of the cell culture of hMSC 
The cells were seeded in culture flasks and supplemented in DMEM with 10% FCS, proliferating 1% penicillin / streptomycin up to 80% confluence. Here, the medium two to three times per week was changed. Before trypsinization of these cells were washed twice with PBS. Depending on the content of the culture bottle was an appropriate volume of trypsin / EDTA solution was added (T25 flask: 2.5 ml, T-75 flask: 4.5 ml, T-175-bottle: 7 ml) and the detachment of the cells checked under a microscope. If necessary, the remaining cells were detached by tapping, and then inactivates the trypsin by adding serum-containing medium. The number of cells was determined and the cells were centrifuged at 400 g for 5 minutes. The cells were then resumed in serum-containing medium and plated according to appropriate use in seeding density. In general, the cells were used after passage 1 for Alginatkultur, the pellet culture or analysis. Depending on use, the cells were supplemented with different factors. To the factors used and their concentrations are listed below. 
Growth factor 
Concentration [ng / mL] 
bFGF 
10 ng / mL 
TGF 
10 ng / mL 
PDGF 
1 ng / mL 
2.2.1 Growth behavior 
For the growth kinetics of hMSC were in a given concentration 
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in culture flasks with an area of 75 cm ² (T75) exposed and cultured under certain conditions. Every 14 days the cells were trypsinized, counted and will continue under the respective cell culture conditions. The multiplication factor was calculated as follows: 
VF = cell count after passage s / cell number after passing n-1 
VF-multiplication factor 
n - Passage number 
For P0 after adherence VF was not determined because the initial number of hMSC after Ficoll gradient separation was not known. The creation of the growth curve of a cell population (proliferation rate) was determined by extrapolating the number of cells of a bottle. As a starting point for the growth curve used the number of cells after passage 0th 
2.3 Differentiation of cells in vitro 
Material: 
• Culture medium: DMEM 4500 mg / L glucose, 10% FCS, 1% penicillin / streptomycin 
• ITS + (BD Biosciences, Heidelberg) 
• sodium pyruvate (Sigma, Munich) 
• ascorbic acid 2-phosphate (Sigma, Munich) 
• proline (Sigma, Munich) 
• dexamethasone (Sigma, Munich) 
• TGF-ß3 (R & D Systems Inc., Minneapolis, USA) 
• IGF-I (R & D Systems Inc., Minneapolis, USA) 
• ITS + (BD Biosciences, Heidelberg) 
2.3.1 Two-phase model of chondrogenesis 
Direct Chondrogenesis 
Implementation: 
For direct chondrogenesis, cells were first trypsinized as described above, washed with PBS and counted. The cells were then centrifuged again, and as used in one volume differed from the recorded medium. The medium was supplemented with the following substances: 
Substance 
Final concentration of dexamethasone 0.39 μ g / ml 
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Sodium pyruvate 
100 μ g / ml 
Ascorbic acid 2-phosphate 
) 
Anach the cell suspension into several 15 ml tube was divided so that each 
.3.2 Chondrogenesis three-phase model 
50 μ g / ml 
Proline 
40 μ g / ml 
IS + 
1:100 (v / v 
D 
Tubes received 300,000 cells. The preparation of pellets by centrifugation (5 min at 200 g *). Subsequently, the pellets in polypropylene - tubes with semi-open lid for better gas exchange in an incubator at 37 ° C, incubated for 5% CO 2 and 20% O 2. After 2 days, the pellets were molded into pellets at this time were (one pellet per well with 2 ml of medium) in a 12-well plate to. The medium was exchanged three times per week until the end of the experiment after 21 days. 
2 
Production of "alginate beads" 
Material: 
• 2.4% alginate alginate in 1-fold security buffer 150 mM NaCl (Sigma, Steinheim) 
Major fü 
• 1-way security buffer (150 mM NaCl, pH 7.4) 
• calcium buffer (100 mM CaCl 2) 
chhrung: 
The differentiation of stem cells was carried out in the alginate culture. For this purpose 
The cells were embedded in alginate gel. Therefore, the cells were centrifuged after trypsinization and cell counting (5 min, 400 g) and then washed 1-fold washing buffer. After another centrifugation (5 min, 400 g), the cells were taken in washing buffer and mixed with 2.4% alginate in a ratio of 1:1. The final concentration of alginate was thus 1.2%. To the extent not otherwise specified, the differentiation of the cells occurred in alginate at a cell density of 2 x 10 6 cells / ml. For the production of Alginatkultur (alginate "beads"), the cell suspension was dropped into a petri dish with calcium buffer. When dropped into the calcium alginate polymerization buffer, so as to form alginate beads (beads) (Fig. 2). 
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Ca2 + Ca2 + Ca2 + Ca2 + Ca2 + Ca2 +-alginate GelhMSCMonolayer cell-culture-GelSuspensionZell GelSuspensionvor contact with Ca 2 + ion-cell GelSuspensionnach contact with Ca 2 + + Ca2 + Ca2 + IonenNaNaNaNaNaNaNaCa2 Ca2 + Ca2 + 
A: Preparation of alginate culture B: Molecular structure of the alginate culture 
A1: A2: A3: B1: B2: 
IonenNaNaNaNaNaNaNaNaNaNaNaNaNaNaCa2 + Ca2 + Figure 9: Schematic representation of the alginate culture of hMSC 
1), the hMSC of the 
Bottom of the cell culture bottle replaced enzymatically and the alginate gel solution is prepared. In the second 
For the curing of these so-called alginate - "beads" for about 10 minutes ranged 
once with 1-fold 
The alginate culture is created in three steps (A): In the first step (A 
Step (A2) two components are mixed together in a defined ratio and mixed. In the third step (A3.), this cell-gel suspension using a pipette dropwise into a CaCl 2 solution, and remains there until the polymerization. Molekülare the structure of the alginate-cultured with hMSC (B) prior to polymerization (B1) and after (B2). 
Calcium buffer. Of a milliliter of cell suspension resulted in approximately 40 to 45 alginate beads, each containing about 40,000 to 50,000 cells. After 10-minute hardening for 10 minutes, the beads 
Wash buffer and then further washed once with supplemented medium. Finally, the cells were cultured in medium with added supplements and transferred for further cultivation in sterile flasks. 
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Alginate culture 
Implementation: 
The cells in alginate - "beads" were in culture medium (see above) for one to 3 weeks 
but 
Phosphate 
) 
uring the cultivation in alginate was formed around the embedded cells 
cher cells from the alginate and further processing 
37 ° C, 5% CO 2 and 10% O 2 cultured. The culture medium (five times in volume) were, if not otherwise specify, the following factors added: Substance final concentration 
Dexamethasone 
0.39 μ g / ml 
Sodium pyruvate 
100 μ g / ml 
Ascorbic acid-2 
50 μ g / ml 
Proline 
40 μ g / ml 
IS + 
1:100 (v / v 
W 
pericellular matrix was formed hofförmig. This court is called, in analogy to the chondrones as Pseudochondron. 
Is 
Material: 
• ED • 1-way security buffer (150 mM 
TA buffer (40 mM EDTA in 150 mM NaCl, pH 7.4) 
NaCl, pH 7.4) 
Major fü 
chhrung: 
The isolation 
the Pseudochondrone from alginate was carried out in several steps. 
Ellet after alginate culture 
After washing in 1-fold washing buffer, the cells were incubated in an EDTA buffer of at least five times the volume of the beads were incubated for about 5 -10 below shaking. After the complete dissolution of the alginate gel Pseudochondrone were 5 min at 200 * g centrifuged, resuspended in wash buffer and finally counted. For the analysis required Pseudochondronen were removed at this step. The remaining Pseudochondrone were again centrifuged and vary depending on the experiment in supplemented medium and used for further processing in pellet culture (see pellet - after alginate culture). 
P 
Implementation: 
The preparation of the pellets after Alginatkultur followed the same principle as for 
the direct method described chondrogenesis, but with a difference. The quantification of the cells to the pellet culture after alginate was performed by counting the 
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Alginate - "beads" (approx. 50 000 cells per bead). Finally, place the Pseudochondrone centrifugation at 200 * g for 10 min. By default, the alginate pellets were after the same factors as for direct pellet - added culture. Variations in the factors are added to the description of the experiments indicated. 
2.3.3 adipogenic differentiation 
Material: 
• maintenance medium: DMEM 4500 mg / L glucose, 10% FCS, 1% 
KS, 1% 
Durchfü 
Penicillin / streptomycin • adipogenesis inducing medium: DMEM 4500 mg / L glucose, 10% F 
Penicillin / streptomycin, 1 micron dexamethasone, 0.2 mM indomethacin, 0.5 mM 3-isobutyl-1-methylxanthine, 2 microM insulin. Currency: 
To carry out the adipogenic differentiation, the cells at a density of 
.3.4 Osteogenic Differentiation 
5x10 3 cells / cm 2 in 6-well plates and cultured with the respective culture medium for 5-7 days at 37 ° C and 5% CO 2. Thereafter, the culture (day 0) was stimulated for three days, with an adipogenesis-inducing medium (Pittenger et al., 1999). The medium was then removed and the cells further cultured for two days in adipogenesis maintenance medium. This change of medium-cycle of three days and two days induction medium was repeated three times with maintenance medium and the cultures were then further cultured for a week in maintenance medium. Even non-stimulated controls were treated the same, except that, instead of the adipogenesis-inducing medium, the medium-sustaining. The proof of adipogenesis was histologically (see Oil Red O staining). 
2 
Material: 
• Basal medium: DMEM 4500 mg / L glucose, 10% FCS, 1% penicillin / streptomycin 
Durchfü 
• osteogenesis-inducing medium: DMEM 4500 mg / L glucose, 10% FCS, 1% penicillin / streptomycin, 0.1 mu.M dexamethasone, 10 mM β-glycerophosphate, 0.05 
mM ascorbic acid-2-phosphate. Currency: 
The osteogenic differentiation of mesenchymal stem cells was done according to the 
Differentiation protocol by Jaiswal (Jaiswal et al. 1997). For osteogenic differentiation, cells were seeded at a density of 5x10 3 cells / cm 2 in 6-well plate and cultured at 37 ° C and 5% CO 2 for 5-7 days with basic osteogenic medium and then induced (day 0). The stimulation was carried out over a period of 21 days 29 
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in osteogenesis-inducing medium. Unstimulated controls were treated the same, except that instead of the induction medium was basic medium used. Evidence of the formation of mineralized matrix was histologically (see von Kossa staining). 2.4 Molecular biological analysis 
Material: 
• 5415C tabletop centrifuge (Eppendorf, Hamburg) 
) 
.4.1 RNA isolation 
• vortexer VF2 (Janke & KunkelI KA Laboratory Technology 
• PicoFuge (Stratagene Heidelberg) 
2 
Material: 
• RNeasy kit ink. QIAshredder homogenization kit and DNA digestion with the kit 
Sigma, Munich) 
Major fü 
RNase-free DNase I (Qiagen GmbH, Hilden) • Mortar and gun cartilage pieces 
• cells, pellets, or 
• Liquid Nitrogen 
• Ethanol 70% 2-mercaptoethanol ( 
• chhrung: 
A contamination 
To avoid contamination with RNases, were all working with RNA 
onzentrationbestimmung of RNA 
performed with gloves. Total RNA isolation was performed under standardized conditions, using the RNeasy kit. For total RNA isolation, cells were used after trypsinization and washing with PBS. For extraction of RNA from the pellet culture and native cartilage were the first biological sample in a mortar using the Pistel crush (for cartilage using liquid nitrogen) and then worked up according to the manufacturer's instructions with the kit. The RNA was stored as a total RNA in RNase-free water and sterilized 1.5-ml tubes as aliquots of 15μl at -80 ° C approx. Working with the RNA and thawing of the aliquots were performed on ice. 
K 
Implementation: 
The RNA concentration of a solution in the photometer (Eppendorf GmbH, Hamburg) 
using the optical density determined. Is the measurement at 260 nm while the RNAGehalt 
at at 280 nm of the protein content of the sample is shown. The ratio between 
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260 nm and 280 nm is a measure of the purity of the sample. This was in all the tests in normal range 1.7 to 2.0. The samples were used for the measurement of H 2 O in the ratio 1:50 (v / v). The RNA concentration was calculated using the following formula: concentration in mg / mu.l = absorbance × dilution × 0.04 2.4.2 cDNA Synt 
hese 
Marerial: 
• cDNA synthesis kit: Cloned AMV First-beach cDNA Synthesis Kit (Invitrogen, 
plex (Eppendorf, Hamburg) 
tion: 
Netherlands) 
• ThermomiDurchführ 
Kits for the D 
t or the cDNA isol - synthesis, the RNAie 
measure described above, so that you too for the comparative 
• 10 mM dNTP - Mix 1 mu.l 
• DEPC. H 
CNA was used RNA synthesis solution, previously with the RNeasy 
ierworden (see RNA isolation) was. V 
Concentration w 
Could always use the same amount of RNA samples. For the synthesis of cDNA molecules that are complementary to the mRNA molecules, the cDNA synthesis kit was used. As a primer oligo (dT) primer were used. The composition of the complete reaction mix (per sample) was: • oligo (dT) primer 1 mu.l • ng RNA in RNase-free water 100 
Mu.l 2 O at 13 
• 5x First beach mu.l of buffer 4 
• RNAseOUT (40 U / uL) 1 mu.l 
• 0.1 M DTT, 1 mL 
• Reverse transcriptase (AMV) 1 mu.l 
• The total mu.l 20 ng) and then 60 minutes at 50 ° C 
e eve ranskriptase incubated for 5 min at 85 ° C 
iv ea r further use at -80 ° C. 
Asatz was 5 minutes at 60 ° C (Annealin 
birt. Subsequently, the T Rrse 
d 
ktiert and the cDNA synthesis product to 
stored for determining the concentration of DNA. Implementer: The concentration of DNA was determined by two different methods 
carried out: 
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First measurement of optical density by absorption spectrophotometry using the 
ppendorf GmbH, Hamburg). The DNA concentration is photometrically 
s used, the wavelengths of 260-280 nm. The samples were used for 
retical fractionation may 
Photometer (E 
by measuring the optical density of DNA solutions are determined. For the measurements 
the measurement with H 2 O in the ratio 1:50 (v / v). Second, the estimation of concentration by agarose gel electrophoresis. To determine the concentration of DNA samples that could not be determined photometrically, was a reference DNA (DNA standard, Invitrogen) of known concentration and size applied to the gel. After elektroph 
Concentration of the sample are compared to the estimated reference DNA 2.4.3 DNA separation in agarose gel material - DNA: • Agarose powder (Biorad, Laboratories GmbH, Munich). 
• electrophoresis with accessories (New England Biolab, Frankfurt aM) 
EDTA, pH 8.0 (acetic acid) 
H, Karlsruhe) 
idiumbromid solution (10mg/ml) 
ot G3 and software 
Major fü 
• 1x TAE buffer (40 mM Tris-acetate, 1 mM • 6xDNA sample buffer Roti-Load DNA (RED 
• Eth 
• Gel Documentation BDA Digital Camera Canon Powershot Sh 
BioDoc Analyze (Biometra GmbH, Göttingen) 
• Standard size 100 bp DNA ladder (ROTH, Karlsruhe) 
chhrung: For e horizontal agarose gels were used. 
Dab r, the 
ments occurred were 1.0% and 2.0%-owned 
Agarose gel in 1 × has been 
Tues separation of DNA fragments 
the concentration of agarose gels according to the size of eiichtet Fragmenteennt should be. Depending on the size of the fragments 
Agarose 
e used gels in 1 × TAE buffer. To prepare the 
TAE buffer, boiled. The addition of 0.5 mg / ml ethidium bromide was carried out after cooling the gel solution to about 50 ° C. Then the gel was poured into the gel tray. As running buffer 1x TAE buffer was used. Depending on the thickness and density of the gel, different voltages (from 50 to 120 V) were applied. For all samples was in front of each gel run 6xDNA sample buffer in the ratio 1:6, where (v / v). The visualization of DNA fragments in the gels was ethidiumbromidhaltigen under UV light and documented photographically. The determination of the size of DNA fragments in agarose gels was carried out by the added size standard. 32 
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2.4.4 Polymerase chain reaction (PCR) 
aterial: 
M 
• Platinum ® Taq DNA Polymerase kit (Invitrogen, Netherlands) 
• TGradient PCR machine (Biometra, Göttingen) 
• Primers: Primers for PCR 
G 
s sequence 
Product 
Size (bp) 
Tm 
° C 
GAPDH 
forward - ACCACAGTCCATGCCATCAC 
reverse - TA TTCAC 
CACCCTGTTGCTG 
455 55 
Collagen Type I 
(Col1a 
1) 
forward - TGACGAGACCAAGAACTG 
reverse - CCATCCAAACCACTGAAACC 
660 
55 
Collagen type II 
(COL2A1) forward - GGCAATAGCAGGTTCACGTACA 
reverse - CGATAACAGTCTTGCCCCACTT 
614 62 
Osteocalcin 
forward - CATGAGAGCCCTCACA 
reverse - AGAGCGACACCCTAGAC 
310 52 
ALP 
forward - ACGTGGCTAAGAATGTCATC 
reverse - CTGGTAGGCGATGTCCTTA 475 53 
Table 1: a primer 
hführung: 
ür PCR 
Durc 
For a PCR reaction mix was used per reaction, 100 ng of template cDNA. 
De pipetted in a volume of 25μl as follows. 
Component volume final concentration 
mu.l 1X 
s reaction was 
PCR buffer 2.5 
Mu.l of 10 mM dNTP mix 0.5 mM 0.2 mM MgCl 2 0.75 50 mu.l 1.5 mM 
Primer Mix 
Mu.l ≥ 1 
mu.M each 0.5 
CDNA template 
Mu.l ≥ 1 
approximately 100 ng 
Polymerase 
Mu.l 0.2 
2 Units 
H 2 O 
add 25 ml 
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The PCR reaction was em na program: 
tep process Tm (° C) time 
Denaturation 95 ° C, 2 min. - 
Denaturation 95 ° C, 30 sec. 
see primer table 
sec. 
n k. 
Repeat steps 2 to 4 34 
Repetitions 
The analysis of the RT-PCR was performed in a 1-2% agarose gel (see DNA separation in 
arosegel). 
Following ch 
S 
1 
2 
Primer annealing 3: Depending on primer 30 
4 
Elongation 
72 ° C; 
30 se 
5 
Elongation 
72 ° C; 
3 min. 
6 
Store 
4 ° C; 
~ 
Ag 
2.4.5 Quantitative PCR (qPCR) 
Materials: • LightCycler II (Roche GmbH • Master SYBR Green I Ki 
Mannheim) 
t (Roche Diagnostics GmbH, Mannheim) 
• LightCycler capillaries (Roche Diagnostics GmbH, Mannheim) 
• Primers: Primers for qPCR 
Gene 
Sequence 
Product 
Size (bp) 
Tm 
° C 
Reference 
CAP H 
D forward - GAGTCAACGGATTTGGTCGT 
reverse - TTGATTTTGGAGGGATCTCG 
238 57 NM_002046 
Collagen 
Type I 
(Co 
l1a1) forward - AGGGCCAAGA 
CGAAGACATC 
reverse - TGTTGTGCGATGACGTGATCT 
137 
NM_000088 57 
Collagen 
Type II 
(COL2A1) 
forward - CTCCTGGAGCATCTGGAGAC 
reverse - ACCACGATCACCCTTGACTC 
152 
61 
NM_001844Kollagen 
Type X 
forward - CAGGCATAAAAGGCCCACTA 
reverse - AGGACTTCCGTAGCCTGGTT 
179 
57 
NM_000493 
Sox 9 
forward - ACACACAGCTCACTCGACCTTG 
reverse - GGAATTCTGGTTGGTCCTCTCTT 
102 61 NM_000346 
Table 2: 
Primers for qPCR 
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IMPLEMENTA 
ng: 
For quantification of mRNA from cells was carried out as follows. And RNA was 
2.4.1 better in isolation, as described in 2.4.2 in 
cDNA and transcribed using the Light Cycler technology, according to the 
He r eason was pipetted for each sample, the following approach: 
chrieben from cells or cell aggregates 
REATING quantified. Hie 
• 10x master mix SYBRGreen 1.5 mu.l of 25 mM MgCl 2 1.8 • • mu.l Primer mix 0.2 mu.l cDNA template • ≥ 1 mu.l (100 ng) • H 2 O to 15 ul 
The i of 15μl was 400 nM (per primer). 
For an R o mmer pipetted ne template cDNA. The 
Rea io amplicon were as follows 
Pro. 
ling: Depending on primer 
see primer table 
5 sec. 
n k. 
44 
Repetitions 
° C; 
C; 
Detektio szenz vo R Green took place during the synthesis phase in 
° C. After Gram always a melting analysis of the obtained 
Products made. This product specificity was checked. Were analyzed 
Samples, only one d elzku alyse 
Prmerpaarkonzentration in the reaction volume 
Oh i was Kntrolle eaktionsansatz 
ktn reaction mixtures containing at least two per 
conducted program 
Step process, Tm (° C) first time Denaturation 95 ° C, 10 min. - 2 denaturation 95 ° C, 1 sec. Third PrimeranneaSchritt 2-4 
4th 
Elongation 
72 ° C; 
20 se 
6th 
Melting curve 
of 65 
to 95 ° 
- 
7th 
Store 
4 ° C; 
~ 
The 
n the fluors 
n SYB 
72 
End of each 
ms was 
The 
ie in the Schm 
rvenan 
n distinct peak, ie a product 
ufwiesen. Been made ​​in establishing the method for each PCR run, the 
LightCycler software data exported to Excel format, the initial concentration of 
a 
control PCR products obtained in both by-products as well as to their identity (size of the product) in an agarose gel. The analysis of the PCR data was performed using the Roche LightCycler Software Ver.3. The absolute quantification was performed using the program LinRegPCR Ver 7.5 in 2004 (Amsterdam, Netherlands). The program allows, on the basis of the 
35 
Materials and methods 
Zielgenmolekülen in the solution used to calculate cDNA (Ramakers et al., 2003). The relative quantification of target gene was performed using the housekeeping gene 
GAPDH, whose expression in the cell is assumed to be constant (Barber et al., 2005). Of each cDNA as a reference value, the concentration of GAPDH was determined and normalized to the cDNA concentration (Kuhne and Oschmann, 2002). The expression values ​​were analyzed with the spreadsheet program Excel 2003 and represented graphically analyzes 2.5.1 Histological sections 2.5 protein material. • Tissue Processor (Citadel, ThermoShandon) 
• microtome (SM 200R Schlittenmikrotrom, Leica) 
Auda-Königshofen) 
inthe ED 53 
l) 
itrogen) 
absolute anol (Merck KGaA, Darmstadt) 
• Slides Histo Bond (Paul Marienfeld GmbH & Co.KG • L incubator WTB B 
• GFL water bath (Lab GmbH Burgwede • PBS (Gibco 14190-994, inv 
• Eth 
• Formalin (4% in PBS, pH 7.4, Merck) 
• Antibodies (see Table 3) 
Primary antibodies 
Per n 
tei host / producer isotype dilution comments 
CD 45 
Mouse/IgG1 Acris 1:100 mono / FITC / F 
CD 90 
Mouse IgG1 1:100 Acris mono / FITC / F 
CD 5 
10 Mouse IgG1 1:100 Acris mono / FITC / F 
CD 106 Mouse IgG1 1:100 Acris mono / FITC / F 
STRO-I Mouse IgM 
RD System 1:200 mono / F 
Isotype Control 
Mouse IgG 
Acris 
1:100 
FITC / mono / F 
Collagen Type I 
Mouse IgG2 
Acris 
1:100 
Mono / C 
Collagen Type I 
Mouse IgG1 
Medicare Corp. 
1:100 
mono / PS 
Collagen Type I 
Goat / IgG 
Southern 
Biotechnology 
Associates 
1:1000 
poly / WB 
Collagen type II 
Mouse IgG2 
Acris 
1:100 
Mono / C 
Collagen type II 
Mouse IgG1 
Medicare Corp. 
1:100 
mono / PS 
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Collagen type II 
Goat / IgG 
Southern 
Biotechnology 
Associates 
1:1000 
poly / WB 
Collagen type VI Mouse IgG2 
Medi Corp. 1:100 mono / PS / C 
Secondary antibodies 
Goat anti-rabbit 
IgG 
Southern 
Biotechnology 
Associates 
1:4000 
WB 
Goat anti-Mouse ... 
IgG 
Southern 
Biotechnology 
Associates 1:200 (H + L) Biotin 
Goat anti-Mouse 
IgG 
Chemicon 
1:200 
(H + L) Biotin 
Goat anti-Mouse ... 
/ IgG 
Invitrogen 1:500 PE / C 
... 
Goat anti-Mouse 
/ IgG 
Chemicon 1:200 FITC / C 
... 
Goat anti-Mouse 
/ IgM 
Acris 
1:1000 
FITC / F 
Table 3: Antibodies 
expand abbreviations in CC-par lease, WB blot Fdurchflusszytometri 
. 
he 
Abbreviation 
the table: - 
ytospins, PS 
affinschn 
West- 
cal analysis 
Implementation: 
After the pellet culture for at least 24 h, the pellets were fixed in formalin. Anus 
washing in PBS, the samples through an ascending alcohol series (70% - 
100%) dehydrated. For embedding a Tissue Processor was used. The 
solvent contained in the samples was carried at 56 ° C in paraffin machines 
first 
s and incubated overnight at 37 ° C 
ow. With the help of a microtome tissue sections were prepared from 5 microns in thickness. 
Thereafter, the sections were mounted on slides 
2.5.2 Immunostaining dried material. • hyaluronidase 0.5 mg ml -1 in 0.1 M phosphate buffer, pH 5.5 (Sigma, Munich) • PBS (Gibco 14190-994, Invitrogen, Karlsruhe) 
• coverslips (Paul Marienfeld GmbH & Co.KG, Lauda Königshofen) 
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• Alkaline phosphatase - reagent (Vestastain, Vector Laboratories, USA) • hemalum solution (Merck KGaA, Darmstadt) 
• Ultra Mount (Dako, Hamburg) 
2) 
stratlösung: 
Major fü 
• Antibodies (s Tab 
• Sub 
150 ml Tris / NaCl buffer pH 8:24 300 mg sodium nitrite 
Mu.l Neufuchsinlösung 300 (5% in 2 M HCl) 
20-30 naphthol AS-BI phosphate in 750 mg mu.l of dimethylformamide 
chhrung: The hi munfärbung first with xylene 
developed a growing alcohol series (100%, 96%, 90%, 
70% distilled water.) Rehydrated. Subsequently, the epitopes of hyaluronidase 
unmasked at 37 ° C in ends. Then the sections were 
with 10% F to block the nonspecific binding for 30 min 
dealt with. mmer 
histological sections needed for the 
parffiniert and connectable 
from one end by 
a moist chamber for 3 Stu 
CS in PBS at 37 ° C z 
The incubation with the primary antibody 
rn was performed in a humid Kai 4 ° C. Then the sections were washed twice in PBS 
overnight be 
washed. The incubation with the secondary antibodies was performed for an hour in a moist chamber at room temperature. At the next step, the alkaline phosphatase reagent was applied to the sections and incubated for 30 minutes. After three washes with PBS, followed by incubation with substrate solution for 30 min in the dark. Thereafter, the sections were washed with tap water and in A. least. transferred. Counterstaining of cell nuclei with 1:5 (v / v) with distilled water. Hemalum solution was diluted for 30 sec in Coplin jars. Finally, the sections were incubated for 10 min. blued in tap water. Eindeckeln cuts to the ultra-Mount and coverslips were used 2.5.3 Semi-quantitative determination of collagen (PAGE, Western blot). Material: 6 M guanidine • in 0.2 M Tris pH 8.5 (Sigma, Steinheim) • dithiothreitol (Serva, Heidelberg) • 0.6% and 10% acetic acid (Merck KGaA, Darmsta • JAA solution: 0.1 M iodoacetamide in DMSO (Sigma, Steinheim) 
dt) 
• dialysis solution: 250 ml of 6 M urea (Serva, Heidelberg), 2.5 ml of 0.1 M PMSF 
• Methyl red solution: 2% methyl red in 0.6% acetic acid (Merck KGaA, Darmstadt) 
10% separating gel for gels: 10 M urea (60 ml), distilled water. (17.5 ml), glacial acetic acid (7 
ml), 14 ml 50% acrylamide solution (Biorad, Laboratories GmbH, Munich), APS - 
MED - 
• (Hoffmann-La Roche Ltd., Basel, Switzerland) in DMSO, 1 ml of solution JAA 
• 7.5 
Mu.l 10% ammonium 750 (Merck KGaA, Darmstadt), TE 
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N, N ', N'-tetramethylethylenediamine mu.l 750; (Biorad, Laboratories GmbH, 
00 mu.l glacial acetic acid, 4 
• 
( 
hlor-3- 
Major fü 
Munich) 
• 4% stacking gels for 10: 31.6 ml of urea, 13.4 ml of distilled water, 3 ml of acrylamide, 350 and 350 mu.l APS mu.l of TEMED. 
PBS (10-fold: 0.58 M NaHPO, 0.17 M NaHPO, 0.68 M NaCl) 
• 2424 
• least 20 s in PBS, 0.02% sodium azide (Merck KGaA, Darmstadt) in A.. Wash buffer: 0.2% casein (I-block, Tropix, Bedford, USA) / 0, 1% Twe 
• Blocking buffer: 0.5% casein / 0.1% Tween 20 (Serva Heidelberg) in distilled PBS and 0.02% sodium azide in A.. Streptavidin-alkaline phosphatase (AP) (Invitrogen Netherlands) 1:4000 inWaschpuffer 
• AP substrate buffer: 0.1 M diethanolamine (Tropix, Bedford, USA) / HCl, pH 10, 1 mM magnesium chloride (Merck, Darmstadt), 0.02% sodium azide substrate solution for AP: 66 mu.l p-Nitrotetrazolium 
• Blue-Sigma Steinheim, 50 mg / ml in 70% dimethylformamide, Merck KGaA, Darmstadt), 33 mu.l of 5-bromo-4-C 
Indolylphosphate-toluidine salt (Sigma Steinheim, 50 mg / ml in 100% dimethylformamide) in 10 ml of substrate buffer. 
• Blot membrane: PVDF membrane (Biorad, Laboratories GmbH, Munich) 
chhrung: n I e Koll and collage 
lets initially using 
in 500 t 
not ae 30 
Mu.l 50 minutes were up 10% acetic acid 
by 1 and 0 - 
100 ul of sample removed. As a dialysis solution was added 250 ml of 6 M 
agen II can be isolated by gel electrophoresis auftgetrennt (PAGE) demonstrated undWesternblot. For this purpose, Pel 
mu.l guanidine hydrochloride long 2 hours at 60 ° C. (meisuf solve it yourself!). After the addition of 50 mL dithiothreitol, each sample was further incubated at 60 ° C. To the reduced Pr 
Mu.l 5 JAA solution was added. Then, the guanidine hydrochloride 
hour of dialysis 
Urea, 2.5 ml PMSF and 1 ml JAA solution in 0.6% acetic acid applied. Finally, the total sample volume of 10-methyl mu.l solution was added. Then came the electrophoretic separation, which was performed in 7.5% acrylamide gels in the presence of acetic acid and urea. For the production of the separation gels were used for gel solution of ammonium peroxodisulfate (APS) and N, N ', N'-tetramethylethylenediamine (TEMED) were added for polymerization. The gel was then with 500 mu.l 0.6% acetic acid, and covered with a layer could polymerize for one hour. Thereafter, the stacking gel (4%) were poured and allowed to stand overnight to polymerize. The cleaning of the gels was performed in the electrophoresis in 0.6% 
Acetic acid at 100 V for one hour. The collagen - collagen type I were standard (100 ng, beef) and collagen type II (50 ng, beef) from Southern Biotechnology Associates, applied in each case in the first two bags. Of each dialyzed sample was added in the other pockets each 10 mu.l. Was then applied to the gels have a voltage of 100 V for 30 min and 200 V for another 150 minutes. 
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The blotting was carried out in 0.6% acetic acid at 80 V for one hour. Thereafter, the blot membrane to develop first for 5 minutes in PBS and then incubated for one hour at room temperature in blocking buffer. The incubation with primary antibodies (see Table 1) was carried out overnight. Then the membrane was washed twice with wash buffer and then incubated for two hours with the secondary antibody (see Table) at RT. Min after a fresh wash of 5 in the gels wash buffer for 30 minutes with alkaline phosphatase at RT were treated. 
This was followed by three washes for 5 minutes in wash buffer and two washes of 5 minutes each in substrate buffer for AP. After a final incubation in substrate solution for AP in the dark at RT for 15 minutes, five minutes twice in A. Blot membranes were washed and dried least 2.5.4 Creation of cytospins material. Cyto chamber top centrifuge (Hettich, look at yourself in the lab) PBS (Gibco 14190-994, Invitrogen) Histo Bond slides (Paul Marienfeld GmbH & Co.KG, Lauda Königshofen) 
Acetone (Merck KGaA, Darmstadt 
Implementation: 
The knowledge gained from the Alginatkultur Pseudochondrone were using the 
centrifuged 
Cyto chamber with rubber sealing ring by a 
hrough the 
surface of cells of 0.85 cm 2. Per slide were 
a. 10 000 Pseudochondrone from the alginate culture in a volume of 200 mu.l PBS 
ch removal of the liquid, the slides were from the 
Cyto chamber and centrifuge essay on specially coated slides 
(Min 200 g * 10). It was the 
Clip to slide down and placed in an essay. D 
Centrifugation resulted in a circle 
c 
is used. Well 
Solved cyto chamber and dried. For storage at -80 C, the cytospins frozen and thawed as needed later lying. The obtained cytospins were fixed with acetone for one minute and immunostaining performed Pseudochondronen 2.5.5 fluorescent labeling of material. Stock solution of DAPI (5 mg / ml stock solution 0.1 mg / ml in methanol) 
Methanol (Merck KGaA, Darmstadt) 
Fluoromount-G (Biozol Sales GmbH) 
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Coverslips (Paul Marienfeld GmbH & Co.KG, Lauda Königshofen) Procedure: 
The fluorescent staining of the cytospins was performed as described above for paraffin sections, 
ronidase lasted only 30 
min. In addition, the cytospins with fluorescently labeled secondary antibodies 
incubated in the dark. Was then washed 3 times with PBS and 
and using Fluoromount-G with coverslips 
nkeln (max. 24 hours) 
but with some differences: the unmasking of hyaluronic 
(See Table 1) 
DAPI for 15 min in the dark at room temperature. Finally, the 
Cytospins washed 3 times with PBS 
coverslipped. They were stored at 4 ° C in You 
2.6 Other techniques 2.6.1 Determination of DNA material: (Victor 1420 multilabel counter, Wallac Distribution GmbH, Freiburg) fluorometer • • Thermomixer 5436 (Eppendorf, Hamburg) • Papain solution: 500 mu.l of 0.1 M NaH2PO4 / 0.005 mM EDTA, pH 6 ; 5 mu.l Mercaptoethanol, 2.5 mu.l papain solution (10 mg / ml, F. Hoffmann-La Roche Ltd., 
Basel, Switzerland) 
• DNA dilution buffer (2.5 M NaCl / 17.5 mM sodium citrate, pH 7) 
5 mM sodium citrate, pH 7) 
s DNA, F. Hoffmann-La Roche Ltd., Basel, 
• bisbenzimide solution (stock solution 2 mg / ml bisbenzimide in DNA-buffer approach, 
rva Feinbiochemica GmbH & Co., Heidelberg 
Major fü 
• Approach buffer (2 M NaCl, 1 • DNA standard (25 micrograms / ml Kalbsthymu 
Switzerland). 
Se 
chhrung: One is by qg 
Application of GAG and DNA - analysis allows. 
Rix on each cell 
give e 
For an e 
60 ° 
Eppend 50μl of the solution obtained with 
NA-dilution buffer 1:5 (v / v). As a standard used was a 1:5 diluted DNA 
For the determination of DNA in all wells of the microtiter plate was 
further diluted. This resulted in a dilution series for each sample. Subsequently 
uantitative s statement about the cartilage-specific Matrixbildun The GAG / DNA values ​​were 
statements about how much glycosaminoglycan and thus how much Mat 
ildt was 
Bstimmung the DNA content of the samples overnight (16 hours) b 
C/800rpm in a Thermomixer in 500μl with papain-digested solution filled orfgefäßen. For the determination 
D 
Standard solution. 
Mu.l buffer 100 presented approach. In the first line in two wells 100 may mu.l of the diluted sample and then 1:2 (v / v) into the underlying wells ever 
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mu.l were added to each 100 dye solution. To determine the DNA content of each sample was duplicated in 96-well microtiter plates measured fluorometrically. The 
Measurement of the plates was done at an excitation of 360 nm and an emission of 460 nm in the computer-based fluorometer. The measured values ​​were issued in the format of Excel files and using a regression analysis (Excel Macro; Adamietz) evaluated 2.6.2 GAG determination. Material: • Photometer (counter Victor 1420 Multilabel, Wallac Distribution GmbH, Freiburg) • Thermomixer 5436 ( Eppendorf, Hamburg) • Papain solution: 500 mu.l of 0.1 M NaH2PO4 / 0.005 mM EDTA, pH 6, 5 mu.l Mercaptoethanol, 2.5 mu.l papain solution (10 mg / ml, F. Hoffmann-La Roche Ltd., Basel, Switzerland ) • dilution buffer (2 M NaCl / 15 mM sodium citrate, pH 7) • Standard GAG: chondroitin sulfate C from shark 10 micrograms / ml (Sigma, Steinheim) • 1.9-Dimethylmethylenblauchlorid solution: 27.2 mg / l 1, 9 - 
Dimethylmethylenblauchlorid (Serva, Heidelberg), 5168 g / l glycine, 4.03 g / l NaCl, 
32.3 ml / l of 1 M HCl, absorbance at 525 nm 0.530 
Implementation: 
To determine the GAG content was previously developed for the analysis of DNA 
Papainpuffer made 
Sta-us a chondroitin sulfate-C produced. The 
Me n ow the DNABestim 
be 
e ellt train. Thereafter, in 
s all customer 
eter at a wavelength at u 
of 53 r 
sis. 
e Matrixverdaulösung reused. To create a GAG 
ndrdkurve advance a stock solution was a 
ssug was well into 96-well microtiter plates wmung performed. In all 100 wells were mu.l least a.. submitted, 100 l of each digested 
egben and a dilution series as described above until 
mu.l WLLs 150 1.9-Dimethylmethylenblauchlorid solution was added and 30 seconds 
Ramtemperatur incubated. The measurement was performed in Photom0 nm was also evaluated as a means of determining the DNA 
Regression 
2.6.3-dimethylmethylene blue dye (DMMB) Material: • Cooking Oils solution: 78 mM Dimethylmethylenblauchlorid 1.9 (Merck Darmstadt) at least a. • PBS (Gibco 14190-994, Invitrogen). Implementer: For qualitative detection of sulfated glycosaminoglycans which are a crucial component of hyaline cartilage, which were isolated from the alginate cell 
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mixed solution - with the dimethylmethylene blue. After 5 min. Incubation, the cells were washed with PBS and thoroughly documented photographically. 
ian - blueness 
Ma ia 
2.6.4 Alc 
rrrr: 10% formalin (10 ml of t he • 37% solution to 27 ml of PBS) 
) 50 mg of Alcian blue-Lösung8 GX (Sigma Munich) in 50 ml 0.9% 
• Alcian Blue solution: 
a 
NaCl plus 6 ml of conc. Acetic acid, pH 1.5 b) 4 g MgCl 2 (Fluka No. 63 063) in 50 ml 0.9% NaCl mix a and b after 3 days through a 0.45 micron filter filter • 2% acetic acid (2 ml of conc. Acetic mix with 98 ml ad) Implementation: 
With the Alcian blue staining of histological evidence of acidic Proteolykanen done. 
And that made ​​the first Alginatsbeads in toto for an hour in 10% formalin 
wash in 2% acetic acid and overnight at RT 
u-colored solution. Subsequently, the first Alginatsbeads 3 x in 2% 
Ess ä te the microscopic 
Evaluation and photographic documentation. 
2.6.5 Oil Red 
Material: 
g 
fixed at RT. Then for 5 min 
Alcian-Bla 
igsure least 3x and then into A.. washed. After this successful 
O staining (Adipozytenfärbung) 
Oil d 
pA 
Re O stock solution 
0.5 g Oil Red O in 100 ml of isopropanol 
Oil Red O staining solution solution stock solution / H 2 O, (6v/4v) let stand 24 hours and then filter implementation: Oil Red O is a dye that accumulates in the lipid content of tissues. The vital staining with Oil Red O neutral fats appear red. Thus one can 
Cytoplasma stored 
sen was the aspiration of the culture medium after 30min. with the staining solution 
incubated. After several washes with PBS could be in 
n recognize. The data were photographically 
increasing number as well as the widening of the Z 
Fat droplets seen on the culture period. 
The Zellra 
overlaid and at RT 
Red colored light microscope Fetttröpfche 
documented. 
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2.6.6 Von Kossa staining (detection of osteogenic mineralization) 
Material: 
• 5% silver nitrate solution: 100 mg of silver nitrate in 2 ml of Aqua solve Bidistilled 
• 1% pyrogallol: 20 mg pyrogallol in 2 ml double-distilled water dissolve • 5% thiosulfate: 100 mg of sodium in 2 ml double-distilled water • solve formalin (10% in PBS without Ca, pH 7.4, Merck) Procedure: 
With the von Kossa staining, the formation of a mineralized matrix is demonstrated. The carbonates and phosphates in the matrix-bound calcium is exchanged unresolved by silver ions and reduced to metallic silver. Calcium-containing zones are stained brown-black and so clearly reveal the degree of mineralization. 
For the von Kossa staining, cells were fixed for 10 min in 10% formalin. Anus 
x with A. 
ash. Then the cells were covered with 2-3 min and 1% pyrogallol 
dan h for 5 minutes 
with s and air dried. 
sscytometrische analysis 
ät 
r 
ight (SC) and recorded as a measure of the granularity of the cells (scattering 
. hen 
Incubation (30 min) were dissolved in 5% silver nitrate solution in daylight for 2 cells 
least weight 
ac several times with distilled A.. washed. The cells were then 
disabi sodium thiosulfate solution, fixed 2 x A. least. washed 
2.6.7 flow- 
By flow cytometry, both the cell size and granularity 
the cells as well as fluorescently labeled antibodies to various surface markers and intracellular molecules and examine evidence. The flow cytometric analysis of this work were performed on the device Cytomics FC 500 (Beckman Coulter). For this purpose the cells with fluorochrome-labeled monoclonal antibodies (see Table 3) were stained and analyzed by light scattering and fluorescence intensity. The light scattering in the forward direction (180 ° - Forward Scatter) is a measure of the size of the cells (small cells scatter less light). The 90 degree wide angle scattered light, a small portion of the light is, as side scatter 
L 
Membrane folding of the cells affected) regarded 
Materials: • cytometer Cytomics FC 500 (Beckman Coulter) • tabletop centrifuge 5415C (Eppendorf, Hamburg) • vortexer VF2 (Janke & KunkelI KA Labortechnik) • Buffer (Beckman Coulter) • wash buffer (PBS containing 1% FCS and 0.1% NaN) • Fixierpuffer ( PBS with 1% paraformaldehyde) • Antibodies (see table 3) 3 
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Procedure: The cells to be analyzed were first washed with Dulbecco's PBS pH 7.4, and fixed for 10 minutes in ethanol. After centrifugation at 8000 rpm for 5 min, cells were taken in washing buffer with FCS, non-specific binding sites to 
. lockie Thereafter, the cells in 1.5 ml tubes according to the number of 
divided. For FACs analysis were at least 100,000 cells per assay 
different n 5 min, 1,000 rpm, 4 ° C) 
Xt 2 min, 1,000 rpm, 4 ° C). Cells with 5 - 
Resuspend able 2 10 d) and 60 
Min at times with Wash Buffer 
what ep were rn the cells in 500 ml 
Fixi For non - conjugated antibodies, cells were treated with 
usgetesteten antibody concentrations of secondary antibodies 
ondronen was an important measure of the 
hlten area was measured and 
signed the macro would 
Number of green or red areas (FITC and PE for the matrix) with the number of 
b 
Attempts 
wedet: 1 each - Centrifuge 5 x 10 5 cells in 1.5 ml tube ( 
Wed 100 - 150 mu.l wash cold washing buffer (5 
mu.l he been tested antibody concentrations (see T 
. The cells were then ren. 2 e 
Dark at 4 ° C. Incubate 
. chn In directly with FITC-labeled antibody 
Date erungspuffer. 
5-10μl of a 
resuspended, incubated for 30 min in the dark at 4 ° C and finally also included in fixing buffer. The fluorescently-labeled cells were kept on ice until measurement in the dark. The flow cytometric measurement was performed at Cytomics FC 500 (Beckman Coulter). The evaluation of the percentage of labeled cells was performed using the software (Beckman Coulter CXP) to unlabeled cells (for analysis directly after Ficoll gradient) or against CD 45 (in the analysis of cells after adherence). Due to the possible autofluorescence of cells, the samples were incubated for control with a control antibody and analyzed (isotype control or secondary antibody in the indirect labeling). 2.6.8 Quantitative analysis of stained cytospins The quantitative evaluation of the number of Ch 
Differentiation status of cells. For this purpose, the cartilage-specific collagen II Pseudochondrone against collagen VI and collagen I were stained and compared. After recording the images of the cytospins using the fluorescence microscope using the program Lucia G (Nikon GmbH, Düsseldorf) were evaluated. This software worked with to RGB (Red Blue Gün) which defines for each color intensity range from 0-255. This was the program, the colored areas (eg FITC or DAPI) both recognize and count their number and their area. The area of the AusgewÃ 
acted as a mask. After the program for the GE 
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blue areas (DAPI for cell number) are compared in this screen. The blue dots (nuclei) that have a green or red region (matrix) were considered as labeled cells. In addition, the surfaces of the stained areas could be measured. As a result was able to not only the number of stained cells, but also the relative area of the stained areas (green and red 
DNA calibration curve 
He was number of cells in pellet culture indirectly by measuring the DNARegressionsanalyse 
of experimentally 
DNA obtained initial values ​​used. Therefore, a calibration curve formed 
Are color-field area by the number of blue points determined). In the Appendix an example screenshots demonstrating the method are presented. 2.7 Analysis 2.7.1 GAG / DNA analysis (G / D ratio) As the number of cells depending on culture conditions varied in the experiments were not always the absolute GAG levels to be compared directly be. For this reason, for the statistical analysis of the GAG / DNA ratio formed (G / D ratio). For this purpose, the GAG / DNA - ratio formed (GAG content by the DNA - content). The resulting value is the ratio of the number of cells cultured on matrix. This analysis allowed both comparison and the statistical evaluation of the various tests. 
The determination of d 
Salary. For the evaluation, a 
To verify the accuracy of cell counting, the values ​​obtained were compared with literature values ​​retrieved from DNA content (Baserga, 1989). To construct the calibration curve of the third passage cells were used. The cells were adjusted to the respective cell number (Table 2), immediately centrifuged and digested. Cell count 12 500 
0 250000 500000 750000 100000 
0 
125 000 
0 
15 000 
00 
175 000 
00 
20000000 
Number of samples 5 6 5 5 5 4 3 5 4 
Table 4:. The cell number and number of samples taken for DNA calibration curve, the measured values ​​of the samples differed for the calibration curve is not significant (R 2 = 0.9987, p <0.001) from the expected values ​​(Fig. 10). 
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Figure 10: DNA calibration curve - comparison of the regression of the measured and expected 
Values 
The expected regression line is indicated by the dotted line. The means and 
Standard deviations are shown. 
2.7.2 Statistical analysis and bioinformatics 
For the determination of qualitative data (eg blots, or dyes), the 
Minimum of two samples analyzed for each experimental conditions. For the 
statistical analysis of the experiments were used at least three samples. The 
Statistical analysis of experimental results was carried out using Microsoft Excel 2003. 
The respective mean values ​​with standard deviation and the regression line 
specified. The analysis indicated significance of their results were 
de 
Were design and database search - for the sequence analysis, the primers 
following 
• National Center for Biotechnology Information: http://www.ncbi.nlm.nih.gov 
• UCSC Genome Bioinformatics http://genome.ucsc.edu/ 
Er3): http://frodo.wi.mit.edu/ 
Identified 4000 DN 6000 A 14000 m t-Student test. 
following online tools used: 
• Whitehead Institute for Biomedical Research (Prim • OligoPerfect Invitrogen ™ Designer: http://www.invitrogen.com/ 
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3.Ergebnisse 
The aim of experimental investigations of this work was to develop a method for chondrogenic differentiation of human bone marrow mesenchymal stem cells occurring. The results section is divided into the following four parts: 
• extraction of cells 
• proliferation (in vitro multiplication) 
• Differentiation in two - or three - phase - Model 
• matrix formation 
Since the isolation and proliferation of cells in vitro methods used to influence the outcome of differentiation very much, these steps are presented in separate chapters. The following is a comparison of advantages and disadvantages of the two differentiation models. In the last section, the ability of differentiated cells to form cartilage after aggregation is investigated. Additional records can be found in the appendix. 
The following diagram (Fig. 11) shows all the essential steps of the work, whose results are described below in detail. Proliferative 3 -4 weeks of alginate culture 1 -3 weeks 3 WochenGewinnungder pellet culture cells DEX ± ± ± TGF IGFAdhärenzAussaatdichte ± bFGF PDGF ± ± ± O2 ± TGFZelldichteDauer DEX ± ± TGF-IGFErstellen derAlginat KulturSedimentieren proliferation of cells ± IGF IGF ± 3 cells 
Figure 11: Schematic representation of the sequence of trials 
Unless otherwise indicated, all experiments were performed under standard conditions, which are listed in the "Materials and Methods." Changes to this are always shown in the legend to the figures. 
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3.1 Separation of cells on the Ficoll gradient 
To isolate a suitable population of human mesenchymal stem cells (hMSCs) were caused by aspiration from human bone marrow-derived cells first subjected to centrifugation on a Ficoll gradient (s 2.1.1) to separate mononuclear cells from erythrocytes and granulocytes. In Figure 12 is indicated, extracted at the position (yellow marking) nucleated cells. PlasmaFicoll were (granulocytes) ErythrozytenGranulozytenMononukleäreZellenLymphozyten, MonozytenStammzellenPlasmaFicoll (MonozytenStammzellen 
Figure 12: The separation of the cell suspension on Ficoll gradient 
The phase boundary (yellow) between plasma and Ficoll-phase contains the mononuclear cells (MNC). 
The yield of cells depending on the age of the donor was between 6 million to 20 million cells from older to younger donors. Major constituent of the cells thus obtained were, however, hematopoietic cells. The proportion of undifferentiated mesenchymal stem cells in the total mononuclear cell fraction is estimated by various authors to about 1:100,000 (Caplan et al. 1994). 
3.1.1 Separation of hematopoietic cells 
The large excess of hematopoietic cells can be using a very simple and now widely used method to reduce very effectively. As described in the Methods section, adhere to the cells of mesenchymal origin highly selectively on surfaces of conventional plastic cell culture vessels. After 24-72 h adhesion can be the biggest part of the hematopoietic cells removed by thorough washing. The success of the application of this technique was routinely monitored using flow cytometric analysis. 
This is a representative result of the selective effect on the adhesion of hMSC cell culture bottles in the bottom of Figure 13 is shown. It draws on the 
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hematopoietic cells for flow cytometry selectively fluorescently labeled using specific against the surface markers CD 45 antibodies directed. The analysis shows the cell frequencies as a function of the strength of the fluorescence signal, the number of cells number of cells fluorescence intensity fluorescence intensity A:. B: cells from Ficoll-GradientenTrennungdirektnach Adhäsionadhärieren number Adhäsionadhärierenadhärieren 
Figure 13: Successful removal of CD45-positive cells after separation on Ficoll - gradient and adhesion 
The figure shows the presence of CD45-positive (dashed line), hematopoietic cells before and after the adhesion. As a control, unlabeled cells (gray underlay) are shown. 
A: Flow cytometric analysis of CD45-positive (dashed line), hematopoietic cells in a freshly isolated cell population. 
B: Flow cytometric analysis of CD45-positive cells (dashed line) after its removal by adherence (passage 0). 
To better understand the distribution is also not labeled CD 45 selected cells with gray backing. When comparing the two images is striking that virtually hematopoietic cells with fluorescence above the noise after the Adhäsionphase no longer detectable. 
In the graphs 14A and 14B, the parameters Forward Scatter (FS) was applied for the size and side scatter (SS) for the granularity or roughness of the surface against another. 
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FSSS A: SSRSMSCFS B cells from Ficoll-GradientenTrennungdirektnach Adhäsionadhärieren FSSS A: AdhäsionadhärierenZellen Adhäsionadhärierenadhärieren 
Figure 14: Different morphology of the cells directly after Ficoll gradient separation as compared to the cells that adhered to the surface of culture bottles 
The cells were trypsinized for passage 0 (B) and with cells from the Ficoll - compared gradient fractionation (A) using flow cytometric analysis. The adhesion of cells leads to the reduction of the heterogeneity of the cell population. Abbreviations: FS = scale size of the cells. SS = scale granularity of the cells. MSC = hMSC, RS self-renew cells (a subpopulation of hMSC). 
When comparing the two graphs can be seen already, a reduction of the heterogeneity of the cell population used by the Zelladhärierung. While visible in front of adhesion at least four fractions are found after essentially two populations, a smaller one with small, agranular cells (RS) and a larger one with large, granular cells (MSC), which agrees well with the data of other authors ( Prockop et al., 1997, Lange et al., 2005). 
3.1.2 The heterogeneity that after Ficoll gradient separation derived cell population of hMSC 
The use of flow cytometry with fluorescently labeled antibodies against specific surface markers of various mesenchymal cell types confirms the expected heterogeneity of the mononuclear cell population (MNCs). As can be seen from the breakdown in Figure 15, only a small fraction of CD45-negative cells with antibodies against four different surface marker is detected. 
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Figure 15: Analysis of different surface antigens to characterize the heterogeneity of MNC directly after separation on Ficoll gradient 
The figure summarizes the results of quantitative analysis by flow cytometry. Four different fluorescently labeled antibodies were used to analyze the gradient centrifugation through Ficoll-derived cells. In addition to CD 90 - and CD 105-positive undifferentiated MSCs are very few chondrogenic, CD 106-positive progenitor cells and found significantly more osteogenic I STRO-positive progenitor cells (n = 3). 
Already, the proportion of these cells with the surface markers of mesenchymal cells such as CD 90 (1.82%) and CD 105 (0.90%) is low. Even cells with the marker CD 106 (0.40%), which can be found on chondrocytes and their progenitor cells are barely detectable. A slightly higher proportion of cells carrying the marker STRO-1 (5.73%), which indicates the presence of osteogenic precursor cells. Overall, flow cytometric analysis confirmed that isolated from the bone marrow cells contain only a very small fraction of hMSC that qualify as candidates for the chondrogenic differentiation in question. Even after the successful removal of hematopoietic cells using Adhesion of the cell population remains very mixed. 
Supplemented and confirmed this impression by the results of gene expression analysis by RT-PCR technique. To determine how large proportion of osteogenic or chondrogenic differentiated cells in the fraction is isolated from the bone marrow mononuclear cells, primers were used for those genes whose expression increased according to the differentiated cells is characteristic. To demonstrate osteogenic differentiated cells, the mRNA of osteocalcin and alkaline phosphatase and was the detection of chondrogenic differentiated cells, the mRNA of collagen type II, and compared the mRNA of collagen type I as a marker of stem cells with the concentration of GAPDH mRNA. Figure 16 shows the electrophoretic separation of amplified by PCR cDNAs of these marker genes on an agarose gel. One can see an expression of markers of osteogenic differentiation, whereas it is for the chondrogenic differentiation-specific genes collagen II is not evidence. The expression of 
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Collagen type I, which applies to non-specific as chondrogenesis, was also demonstrated. IOsteocalcinGAPDHALPKollagen marker collagen IIKontrolle500 bpMarkerKollagen bp400 BP300 bp 
Figure 16: PCR analysis of some differentiation markers directly after isolation 
A representative result of gel electrophoresis of PCR amplified cDNAs shown by using the designated genes. A basal differentiation can be seen only for the osteogenic markers osteocalcin (weak band), alkaline phosphatase (ALP) and stem cell markers, type I collagen. Serves as a positive control, the housekeeping gene GAPDH, as a negative control a PCR reaction without template (control). 
3.1.3 multipotency of cells obtained 
As a direct proof of chondrocytes or their progenitor cells from bone marrow in the isolated population of mesenchymal cells either using flow cytometry or by using the RT-PCR was possible attempt was made ​​to determine the chondrogenic differentiation potential. These were enriched on the Ficoll gradient centrifugation and adhesion to plastic of hematopoietic cells liberated cells to provide a sufficient number of cells initially subjected to a further passaging (passage 1). To check the chondrogenic, osteogenic and adipogenic differentiation potential were on cell aliquots as described in "Materials and Methods" specific differentiation protocols applied. After three weeks under conditions of adipogenic differentiation (see 2.3.3) could be formed in the cells of the typical fat-containing vesicles with the dye Red O staining (see 2.6.5) (Fig. 17B). Similarly succeeded after three weeks under osteogenic differentiation conditions (see 2.3.4) with the von Kossa staining (see 2.6.6), the detection of calcium deposits as an indication for the formation of osteoblasts (Fig. 17 D). 
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B: redo FärbungD: vonKossa-FärbungF: collagen I staining C: redo color: vonKossa-FärbungG: collagen II staining A: Proliferation Passage 1AdipogeneseOsteogeneseChondrogeneseMonolayerkulturPelletkultur + - B differentiation: differentiation 
Figure 17: Tripotenz the cells after one passage 
The Tripotenz the cells after passage 1 without addition of growth factors in the proliferative phase with a seeding density of 1000 cells per cm 2 was confirmed by differentiation assays. Scale bar: 200 microns. 
A: morphology of the cells prior to differentiation assays. 
B: The Red O staining shows fat deposits in the cells after 3 weeks of adipogenic differentiation. 
C: control of adipogenic differentiation. 
D: Osteogenic differentiation could be using the von Kossa staining demonstrated after 3 weeks by the presence of insoluble calcium salts. 
E: control of osteogenic differentiation. 
F and G: For chondrogenesis, cells were aggregated and 3 weeks in the presence of TGF-ß3 and dexamethasone as well as other standard additives (see 2.3.1) cultivated. The proof of chondrogenic differentiation was made ​​by a immunohistological staining against collagen I and II as well as a GAG determination (G / D ratio = 1.7 [ng / ng]). 
To examine the chondrogenic differentiation potential of the cells for the initiation of intensive cell-cell contacts were centrifuged into pellets and cultured for 3 weeks in the presence of appropriate growth factors such as TGF-ß3 and dexamethasone. In paraffin sections obtained from the pellets could be using Immuno Although small amounts of collagen type I, but not detected by collagen type II, which serves as chondrogenic markers. In addition, the preparations were not typical of hyaline cartilage morphology, but were more like a cell aggregation without significant extracellular matrix components. This is also confirmed by the results of the quantitative determination of glycosaminoglycans formed. They showed only a very small increase in GAG / DNA ratio (G / D ratio of 0.0 to 1.7 [ng / ng]). 
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This results in the overall impression that the population-derived hMSC chondrogenic progenitor cells is likely to contain too little to get it under the conditions generally recommended for tissue engineering of cartilage sufficient number of chondrocytes. 
3.2 proliferative phase - in vitro propagation 
3.2.1 sowing density and propagation factor 
One way to gain from the hMSC population of bone marrow, a sufficient number of cells that differentiated into chondrogenic, the selective enrichment of rapidly proliferating, less differentiated stem cells (Prockop et al., 2001). This can be achieved by maximal stimulation of proliferation of hMSCs over several passages, which also leads to slower relative decline and unwanted, partially differentiated cells. To achieve this goal, two methods were used: 
a) A reduced seeding density of cells 
b) use of specific mitogenic growth factors 
Typical for primary chondrocytes optimal sowing densities are approximately 5000 cells per cm 2. If these conditions are also used for propagation of stem cells, the results are unsatisfactory. However, the seeding density by a factor of 10 or more reduced, an increase in cell proliferation is observed that the losses resulting from the initial dilution is not only compensated but exceeds. In order to verify these relationships hMSC were isolated after removal of the adherent cells (passage 0) with different sowing densities (500, 1000 and 5000 cells per cm 2) but otherwise identical conditions proliferated. The cells were trypsinized and seeded in each case after 2 weeks again. The cell number was determined after each passage. The result is shown in Figure 18. 
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Figure 18: Effect of sowing density on the proliferation rate of cells 
The cells were proliferating without WF during the first six passages with different sowing densities. After each passage, the cells were counted. Seeding densities: 500 cells per cm 2; 1000 cells per cm 2; 5000 cells per cm 2. The cells with a low seeding density proliferate faster than cells with a higher seeding density. Represented the mean values ​​(1 <n <4). Representation of the ordinate in logarithmic scale. 
It was noted that the multiplication factor of the cells is inversely correlated with the seeding density. Beside it was also not overlook that the proliferation rate decreases with the number of passages, and this effect is much stronger at higher seeding densities. Experiments with sowing densities well below 500 cells per cm 2 failed. 
3.2.2 Depending on the morphology of the cells of the seeding density 
In addition to a significant increase in proliferation rate, the application of such a low seeding density apparently had other effects on the cells. It shall first have a different morphology of the cells was observed (Fig. 19 AC). Figure 19 shows representative phase contrast images of cells are shown, which were passaged with sowing densities 500-5000 cells per cm 2. It can be seen only at the low seeding densities, elongated, spindle-shaped cells. In comparison, the cells were larger and showed a chopped-wide elongated shape when they were seeded at a seeding density of 5000 cells per cm 2. 
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Figure 19: Dependence of the morphology of the cells of their seeding density 
The proliferation of the cells without WF, but with different planting densities influenced the morphology of the cells. After the first passage were sown at a density of 500 cells per cm 2 elongated, spindle-shaped cells observed. A similar morphology was, though not so much to see in a pronounced form, even at a seeding density of 1000 cells per cm 2. In contrast, the cells were seeded at a seeding density of 5000 cells per cm 2, and showed a higher cut-up, wide-stretched form (light micrograph, phase contrast). Scale bar: 100 microns. More pictures can be seen in the appendix. 
Were increased with different sowing densities of cells using flow cytometry comparing the visual impression could be confirmed by the morphological differences (Fig. 20) seeding density [cells / cm 2] 10005005000FSFSFSFSSSSSSSSSSSSSFSFSPassage 1Passage 6 A:. B: C: D: E: F: 
10005005000FSFSFSFSFSFSSSSSSSSSSSSSSSSSSSSSSSSSFSFSFSFSPassage Figure 20: Sowing density and passage number affect the morphology of the cells 
Morphological differences in size and shape of the cells, which were caused by differences in seeding density over several passages, with the flow cytometry - analysis confirmed. Cm at seeding densities of 500 cells cm 2 and 1000 2 cells, the cells after passage 1 and passage 6, essentially the same division into two subpopulations. In contrast, the heterogeneity of the cells in shape and size at a seeding density of 5000 cells per cm 2 is significantly larger. These differences are even more pronounced after passage 6. FS = scale size of the cells. SS = scale granularity of the cells. 
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Figure 20 shows the FS / SS plots of cells that have proliferated with different sowing densities. Cells with low seeding densities (500 and 1000 cells per cm 2) do have a broad size distribution, but overall have a low granularity (Fig. 20 A and B). The result will not change significantly when the cells were seeded at 5000 cells per cm 2. Now, more cells could be observed with increased granularity, which is typical of more differentiated cells. Furthermore, only the cells with low seeding densities, a separate population of very small cells with very low granularity simultaneously detected (Fig. 20 A and 20 B vs. Fig. 20 C). This fraction was already observed by other authors and referred to as RS cells. The lower three images (Fig. 20 D - 20 F) show the same analysis, however, cells that were previously proliferated for six passages. In comparison to the result after only one passage has increased the granularity at all seeding densities and shows a wider distribution. The cells with lower seeding densities have indeed retained the unity, have so-called RS cells (cells self renew) decreased in number. 
3.2.3 Influence of mitogenic growth factors on the proliferation rate 
It is known that the presence of various mitogenic growth factors can influence in the culture medium not only the rate of proliferation, but also the potential for differentiation. Generally, growth factors are desirable to prevent a spontaneous differentiation during proliferation, as this will receive a maximum of pluripotency. On the other hand, in this particular case, growth factors are required, the permit or facilitate predifferentiation towards chondrocytes. Therefore, the criterion for the selection of appropriate growth factors alone is not the optimal stimulation of the proliferation rate but also the extent to which later differentiate into chondrocytes is favored. With this aim, some growth factors were examined, including some combinations for their ability to support the proliferation and differentiation of chondrocytes. These growth factors or their combinations have proved to be chondrogenic positive effect on the proliferation of human chondrocytes. Figure 21 shows the first effects are shown on the proliferation rate of cells. 
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Figure 21: Influence of mitogenic growth factors on proliferation of cells 
The addition of different WF leads at the same seeding density of 500 cells per cm 2 to differences in the proliferation rate of cells. A higher rate of proliferation is achieved by adding a combination of bFGF and bFGF, TGF and PDGF. A combination of bFGF and TGF shows worse results than the control without added growth factors. The lowest rate of proliferation was observed upon addition of PDGF and TFG. Shown are the mean values. Representation of the ordinate in logarithmic scale. 
The highest rate of proliferation is achieved in the presence of bFGF. Only slightly worse cuts off a combination of the three growth factors bFGF, TGF-ß3 and PDGF. However, it seems that this combination while simultaneously stimulate the proliferation to a significant extent the formation of extracellular matrix. The apparent matrix secreted by the cells could not be removed simply by trypsin treatment of the culture. A solubilizing and resuspension of the cells was only after treatment of the sedimented cell pellets after Zellzentrifugation but not with collagenase hyaluronidase, which was interpreted as indirect evidence for the formation of a matrix of collagen content. The remaining combinations of growth factors showed poorer results in terms of cell proliferation rate compared to the control that was cultivated without external growth factors. Therefore, bFGF was applied in addition to the proliferation of the cells by default. 
3.2.4 Flow cytometric analysis of cells after the proliferation phase 
An important note for the possibility that mitogenic growth factors may also influence the differentiation potential of stem cells comes from cytometric analysis of undifferentiated hMSCs using the specific surface markers CD 90 and CD 105th Figure 22 shows the results of a comparative analysis of cells are shown to proliferate with or without bFGF 
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were. It is seen that the proportion of cells with these markers is significantly smaller when the proliferation of cells stimulated by bFGF. It remains open whether this effect for the purpose of supporting the chondrogenic differentiation, is not useful or 020406080100CD 105Fluoreszenzfarbstoff 90CD-coupled antibody portion of the labeled cells [%] + bFGF. - 
Figure 22: Influence of the addition of FGF to the presence of differentiation markers CD 90 and CD 105 during the proliferation of cells 
A change in the state of differentiation of the cells after one passage can be followed using flow cytometry. The proportion of CD 90 - and CD 105 - labeled cells is shown. The concentration of hMSCs for characteristic markers CD 90 and CD 105 takes visible from a passage in the presence of FGF. Shown are the averages of three independent experiments. 
3.2.5 Effect of mitogenic growth factors on the synthesis of glycosaminoglycans in pellet culture with and without differentiation 
Based on the results of flow cytometric analysis has been suggested that in the presence of mitogenic growth factors show proliferating cells an altered differentiation potential. To check whether any of the already to study the proliferation rates of the factors employed may support chondrogenic differentiation, as well as the ability to GAG synthesis in pellet cultures as a function of the added in the proliferative phase of mitogenic factors was determined (Fig. 23). 
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Figure 23: Effect of various growth factors on GAG synthesis in pellet cultures after stimulation of proliferation 
The cells were proliferated in the presence of various growth factors and with a seeding density of 500 cells per cm 2 and then sedimented to pellets. The GAG production was calculated in proportion to the amount of DNA (s 2.7.1) and the influence of the applied in the proliferative phase of growth factors on GAG production in the pellet culture is shown. Of all the controls without growth factors, a mean value is indicated (n = 4). 
The pellet cultures were prepared with an identical number of cells and other matching culture conditions in order to subsequently determine the rate of synthesis of glycosaminoglycans. The only difference was the conditions of the previous proliferation of the cells used. As a comparison, in this case were used pellet cultures of cells that had proliferated without added growth factors. In Figure 23 we see a significantly increased GAG production in the pellet culture if the cells had proliferated with the addition of bFGF. 
3.2.6 The morphology of the cells that were used for chondrogenic differentiation 
The results of the experiments described so far support the idea that conditions are maximal stimulation of the proliferation rate as low seeding density and use of bFGF is not in contradiction to the maintenance of chondrogenic differentiation potential of cells. Therefore, cells were always below under the optimal conditions for cell proliferation (seeding density of 500 cells / cm 2, addition of bFGF) supplemented when it came to the optimal maintenance of the chondrogenic differentiation potential. Here were helpful observations on the morphology of the cells, which proved to be highly dependent on the current rate of proliferation of the cells. Were so small, colony-forming cells to be seen only at high proliferation rates (Fig. 43). Appeared more frequently large, ovoid or triangular - shaped cells, this was always an indication of a low proliferation rate and probably 
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chondrogenic differentiation potential are considered inadequate, as it turned out in subsequent experiments for differentiation. 
3.3 embedded in alginate gel as hMSCs differentiation model 
The embedding of cells in an alginate gel - hereinafter referred to as alginate culture - its purpose, the cells spatially separated. This should in particular cell-cell contacts can be avoided without access to the cells of soluble factors limiting noticeable. It is discussed that the cell-cell contacts with mesenchymal stem cells, presumably at the initiation of differentiation into chondrocytes are involved, as they trigger in the native chondrocyte matrix synthesis. Both processes run sequentially in so-called pellet cultures in which hMSCs centrifuged to a pellet and then cultured for up to three weeks with a suitable medium. The success can be quantified by the main products of the formed cartilage matrix - type II collagen and glycosaminoglycans (GAG) - to be confirmed. Alternatively, the pellet culture in the adjacent part of the processes of differentiation and matrix synthesis are separated in time, if you prevent the essential for chondrogenesis cell-cell contacts during differentiation in alginate culture. To assess the effectiveness of alginate culture as differentiation model, the success by determining the matrix synthesis in a subsequent pellet culture are compared with the matrix synthesis, which is in pellet cultures observed not previously separately differentiated hMSCs (direct pellet culture). 
3.3.1 GAG synthesis in pellet cultures with and without differentiation in alginate culture 
To the GAG synthesis in pellet cultures with and without prior differentiation in alginate culture: compare (alginate culture standard conditions, see 2.3.2), cells were incubated for proliferation of the first to the third passage under identical conditions with respect to the medium composition and the addition of growth factors (proliferation: the addition of bFGF, seeding density 500 cells / cm 2; pellet culture: standard conditions, see 2.3.1) were cultured and analyzed. In Figure 24 A, the cellular DNA related to the GAG values ​​are compared. One can see that in the pellet cultures after differentiation in alginate culture 3-5 times more GAG is formed as a pellet after direct culture. It seems that the differences with the decline in proliferation rate in successive passages to correlate (Fig. 24 B). This supports the hypothesis that proliferation and preservation of the (chondrogenic) differentiation potential are positively correlated. 
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Figure 24: Comparison of GAG / DNA ratio for direct pellet culture and pellet culture after differentiation of alginate as a function of passage number and proliferation rate 
A: The formation rate of GAG in alginate - depending on the pellet culture passage number. It decreases continuously during the first three passages, whereas with direct chondrogenesis remains practically unchanged. 
B: decrease of the propagation factor with increasing passage number. 
C: Positive correlation between G / D ratio and multiplication factor. A positive correlation between GAG - Education and proliferation rate is confirmed by the regression. 
3.3.2 Optimization of conditions for the differentiation in alginate culture 
To optimize the differentiation of hMSCs in the alginate matrix synthesis in culture was followed by a pellet as a function of culture 
First the duration 
Second of cell density 
Third of the oxygen partial 
is measured. 
The culture conditions for each phase were: 
Proliferation: Sowing density: 500 cells per cm 2, with bFGF 
• Alginate Culture: IGF-1, TGF-ß3, dexamethasone, with additives (s. 2.3.2). 
• pellet culture after alginate: IGF-1, TGF ß3, dexamethasone, with additives (s 2.3.1). 
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The results are shown in Figures 25-27. 
Influence of the duration of the alginate culture on the success of the differentiation 
The matrix formation in the pellet culture after differentiation is dependent on the duration of phase differentiation in alginate culture. Be seen from the Figure 25 A, the matrix formation significantly in the first two weeks of increases. The cell number, measured by DNA content decreases, while slightly after three weeks in alginate (Fig. 25 B). 
Duration of the alginate culture [day] 0100020003000DNA content [ 
ng] 71 421 B: 01020G / D 
Ratio [ 
ng / ng] 21Dauer the alginate culture [days] 714 A: 
Figure 25: The effect of duration of culture in alginate matrix formation in the pellet culture after differentiation in alginate 
The cells were pelleted after every 7, 14 or 21 days in alginate culture under standard conditions to the pellet for 3 weeks and stimulates matrix formation by adding Chondrogenesemedium. Finally, a GAG / DNA analysis was performed (n = 4). 
A: The G / D ratio increases with increase in the duration of phase differentiation in alginate. 
B: The DNA content shows a slight decrease in the number of cells in the pellet culture after 3 weeks of differentiation in alginate culture. 
It was shown the largest G / D ratio in the pellet culture when the cells were three weeks in alginate culture. This could be attributed to the decrease in DNA content after three weeks in alginate. Since the cells, the pericellular matrix form, no longer able to proliferate, a small drop in DNA content after 3 weeks in alginate culture was positive. Also showed that the DNA content based on GAG production in the third week, no major fluctuations. Therefore, a three-week differentiation period was considered as the optimal culture condition. 
The cell density in alginate gel and its effect on the pellet culture 
An important parameter for the success of the alginate culture may also be embedded in the initial density of the alginate gel cells. There is not excluded that the cells secreted paracrine factors to the success of 
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Say in differentiation, the effect of different cell densities on the GAG synthesis in the subsequent pellet culture was determined. 
The results shown in Figure 26 show significant differences in the use of one, two and four million cells / ml. 01000020000300001 million2 million4 Mio.GAG [ng] 01000200030001 million2 million4 Mio.DNA [ng] 048 121 million .2 million4 Mio.G / D ratio [ng / ng] A: B: C: cell count [cells / ml] cell count [cells / ml] cell count [cells / ml] 
Figure 26: Dependence of the effectiveness of differentiation in alginate gel used by the initial cell density (n = 3) 
A: The GAG and DNA analysis of the pellet after alginate culture shows that the optimal cell density for a differentiation of the cells in alginate culture 2 million cells per ml alginate. 
In the application of other cell densities during the Alginatphase a suboptimal differentiation state is reached and as a consequence be less matrix in the pellet culture produced. 
B: The DNA analysis also shows that the optimum is for the cells at 2 million cells per ml alginate. 
C: The G / D ratio confirmed that the cells reach a density of 2 million cells per ml of alginate gel in the following pellet culture after the highest GAG formation rate per cell. 
The GAG production achieved at a cell density of 2 million cells / ml at a maximum. Its strong, over-proportional increase of 1 million with the increase in cell number at 2 million cells indicates a support point of paracrine factors during differentiation. 
The decrease in G / D ratio by about a factor of four at 4 million cells / ml can not be explained by the loss of cells because the DNA content is only a factor of two. In terms of the related to the DNA content of GAG production is the mean cell density (2 million cells / ml) is optimal. 
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Dependence of differentiation of hMSCs in alginate gel on oxygen partial pressure in the gas phase of the incubator 
It has long been known that hyaline cartilage has a lower oxygen pressure than most other tissues, including bone. It was therefore also examined whether the differentiation in alginate gel by reducing the partial pressure of oxygen is transported into the area. As can be seen from Figure 27, is already having a reduction to 10% O 2 positive effect on the G / D ratio. Therefore, this observation in the determination of the optimal conditions for differentiation was considered. 0102051020G / D 
Ratio [ 
ng / ng] oxygen content in the gas phase [%] 
Figure 27: Influence of oxygen partial pressure in the alginate culture on GAG synthesis in the subsequent pellet culture 
The differentiation potential of cells is influenced by the oxygen partial pressure in the Alginatphase. The reduction of oxygen content in the gas phase of the cell incubator during alginate culture influences the differentiation status of cells and as a consequence, the matrix formation in the subsequent pellet culture. Shown are the averages of five independent cell preparations. 
3.3.3 Identification of the alginate-chondrocyte culture formed 
As a criterion for the optimization of culture conditions on chondrogenic differentiation in alginate culture, the ability to form glycosaminoglycans in a subsequent pellet culture was used. This highly complex process was necessary because all attempts to establish a quantitative correlation between those already in the Differenzierunsphase in alginate culture formed cartilage components such as collagen type II and glycosaminoglycans, and the progress of differentiation have failed. It could be won only qualitative evidence presented in the figure 28. Figure 28 A, the existence of a pericellular GAG-containing matrix directly by staining the cells embedded in the gel as well as from cells after their isolation has been shown from the alginate. 
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A: cells in alginate B: cells after isolation from Alginat100 microns A: micron 
Figure 28: Direct Detection of GAG formation in the alginate culture 
May GAG formation begins during the differentiation phase in the alginate culture, what we recognize a mihilfe Alcian blue staining of alginate beads with the embedded cells: A. Each cell forms an intensely stained pericellular yard. This court notes the existence of the so-called chondrones. 
B: The farm is also after the release of cells from the alginate gel to see. The isolated cells from the alginate gel was GAGs with 1,9 - dimethylmethylene blue (DMMB) 
stained. 
Because of the higher specificity of immunohistochemical studies were also performed. They provide valuable direct and reproducible conclusions about the success of the differentiation of hMSCs in alginate culture. Crucial to the success of the differentiation is in fact not the amount of gebildenten matrix components, but the proportion of cells in the hMSC population employed in the course of treatment in the alginate culture the ability to form cartilage-specific matrix components wins. The results described below are based on the highly specific for differentiated chondrocytes property of forming within the tissue formation of so-called chondrones that can be imagined as a kind of shell surrounding the chondrocytes. For immunohistochemical analysis of cells that were differentiated under conditions optimized in the alginate culture from the hMSCs, these were sedimented after solubilization from the gel onto glass slides (cytospins) and stained using antibodies against collagen type I, II and VI with fluorescent dye (see 2.5.5). To identify the position of the cell nuclei were also stained with the DNA-specific fluorescent dye DAPI. An overview of the rubbed cells that were cultured under standard conditions is shown in Figure 29. It can be seen that the cells are stained specifically with all three antibodies, while in the control without primary antibody only the DNA of the cell nuclei as a result of simultaneous DAPI staining is visible. Considering further that the pericellular staining is strongest, which in the enlarged view in Figure 30 is even clearer condenses the assumption that in the alginate gel formed pericellular chondrones real shells are very similar. 
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A: I + DAPIB collagen: collagen II + DAPIC: collagen VI + DAPID: without primary antibody + Dapia: DAPI 
Figure 29: Direct Detection of collagen formation in the alginate culture 
In the alginate culture cells were differentiated using a treatment with citrate released from the alginate gel and then centrifuged for immunological analysis on slides. In the overview images can be seen that the cells next to the pericellular collagen types I and II and type VI collagen have expressed. Bottom right is a control without primary antibody, in which one detects only the cell nuclei stained with DAPI. All cells can be identified by the formed collagen as differentiated chondrocytes. Scale bar: 300 microns. 
These are the hMSCs differentiated from the pseudo-chondrones in Figure 30, A and C juxtaposed for comparison. In accordance with findings of other authors, the Collagen Type VI cell appears in both cases, something closer in distance to surround as collagen type II, which is found in a slightly greater distance. As is further known that collagen type VI in hyaline cartilage pericellular exclusively, occurs in the chondrones ie, proof of this collagen type, a suitable tool with very high specificity for the identification of differentiated chondrocytes. 
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A: B: C: D: Native cartilage collagen II μm50 50 microns 50 microns μm50 collagen-VIPseudo ChondronA: μm50 μm50 μm50 μm50 chondrone 
Figure 30: Comparison of the structure of native and pseudo-chondrones chondrones from the alginate gel 
The two left images (images A and C) show the typical topology of collagen II and VI colors of the chondrones from native cartilage (immunostaining of Parafinschnitten). The images B and D show the staining of cytospins right after isolation from the alginate gel. The staining of collagen type II in both cases shows a radially outgoing structure (A and B). In contrast, type VI collagen staining is localized more compact and closer to the cell surface (C and D). 
Because of all cell types arising from hMSCs differentiated chondrocytes exclusively to the formation of such chondrones are capable of this detection system can be regarded as specific for the formation of differentiated chondrocytes in primary culture cells. 
3.3.4 The quantification of alginate in the culture formed chondrones 
For the potential use of the chondrocytes in vitro production of hyaline cartilage for therapeutic tick the provision of a homogeneous population of differentiated cells is an essential condition. Therefore, the quantitative differentiation, that is the most complete transformation of hMSCs used in differentiated chondrocytes, as important as the one shown above qualitative identification of chondrones. To determine, had formed what proportion of the released from the alginate gel cells during the differentiation phase chondrones, were immunologically stained cytospins of the software Lucia G (Nikon Japan) using evaluated (see 2.6.8), which defines the number of cells allows a minimal fluorescence signal. As shown in Figure 31 A, showed the mean of four independent analysis accounts for nearly 98% of cells stained with DAPI at the same time next to a nucleus exhibited a type VI collagen-containing pericellular sheath. 
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Cell count] A: B: 
Figure 31: Quantitative analysis of the alginate gel formed Pseudochondrone 
Isolated from the alginate Pseudochondrone were compared using collagen I, II and VI, marked directed, fluorescently labeled antibodies and quantitatively analyzed (n = 4). 
A: Virtually all cells have a pericellular court of collagen type VI. Collagen I and II were also detected in the majority of the cells. 
B: All cells from the alginate gel have a production of the three different types of collagen. 
The relative amount of the resulting collage shows less collagen VI as collagen I and II 
The proportion of cells and collagen type I and type II was contained somewhat lower. It is assumed that this is the result of experimental manipulation. During the preparation of cytospins, a partial loss of the mechanically sensitive Chondronhülle is not to be avoided completely. Since the stain with collagen types I and II parts are further out, they are more influenced by mechanical losses. 
3.3.5 Effect of dexamethasone in the differentiation of hMSCs used in the alginate culture 
The presence of glucocorticoids (dexamethasone) is consistently described by many authors to be very conducive to the success of chondrogenic differentiation. Therefore, all previously described experiments with the addition of these supposedly beneficial conditions were performed. In order to verify whether this is actually used for the alginate culture system, in addition some comparative measurements were performed with and without the addition of these two factors. 
The absence of dexamethasone were in differentiation medium formed chondrocytes to collagen type I, II and VI, marked with fluorescence, and the results obtained are summarized in Figure 32. It can be seen first in Figure 32 A, the proportion drops of chondrone-forming cells from 100% to around half, if we dispense with the addition of dexamethasone. At the same time lowers the stained area (matrix volume) to about 10-30%, probably not caused by a reduced secretion of the three collagen types I, II and VI (data 
70 
Results 
shown). Even more dramatic is the effect that if the expression of collagen II gene using qPCR is investigated. Here is found by differentiation in the presence of dexamethasone approximately 13 times more mRNA in the cells. By contrast, the omission of dexamethasone on the expression of collagen X as a marker for terminally differentiated chondrocytes and Sox9, an earlier marker for chondrogenesis, only a weak effect (Fig. 32 B). VIAnteil 9Relative gene expression (normalized to GAPDH [factor ]) Versuch12-DEX, TGF + + IGF + DEX + TGF, IGF + A: B: C: 
0510152025G / D 
Ratio [ 
ng / ng] in pellet Kultur0255075100Kollagen IIKollagen I 
The collagen chondrones [%] 051015Kollagen IIKollagen IKollagen XSox IGF - Figure 32: Effect of the addition of dexamethasone on the differentiation of cells in alginate culture 
The important role of dexamethasone in the differentiation of the cells was determined using computer-assisted quantitative analysis of Immunofluoreszenzmarkierung, qPCR and GAG / DNA analysis indicated (data from two independent cell preparations). 
A: The percentage of fluorescently labeled antibody detected using the chondrones is based on the DAPI-positive cells shown. The omission of dexamethasone in the differentiation phase has a negative effect on the Chondronbildung. 
B: The relative expression of genes of various cartilage marker is shown. Here it is set in the absence of dexamethasone achieved result = 1. 
C: In this illustration, the production of GAG relative to DNA content in the pellet culture shown as a function of whether the differentiation was performed in alginate in the presence or absence of dexamethasone (in duplicate). 
The late effects of dexamethasone in the alginate culture on the GAG formation in the pellet culture can be found in Figure 32 C. The omission of dexamethasone in the alginate culture appeared in two independent experiments a negative effect on matrix formation in the subsequent pellet culture. 
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3.3.6 Effect of TGF-ß3 on the differentiation of hMSCs used in the alginate culture 
The effect of omission of TGF-ß3 in the differentiation medium in the alginate culture was studied. Regarding the formation of chondrones is the result shown in Figure 33 are not uniform ratio [(normalized to GAPDH [VIAnteil the chondrones [%] + DEX, TGF-, IGF + + DEX + TGF, IGFVersuch12 + A:. B: C: 
010203040G / D 
ng / ng] in pellet Kultur051015Kollagen IIKollagen IKollagen XSox 9Relative factor gene expression]) 0255075100Kollagen IIKollagen I collagen Figure 33: Effect of the addition of TGF-ß3 on the differentiation of cells in alginate culture 
The important role of TGF-ß3 for the differentiation of the cells was determined using computer-assisted quantitative analysis of Immunofluoreszenzmarkierung, qPCR and GAG / DNA analysis showed. 
A: The proportion of detected chondrones is based on the DAPI-positive cells shown. The omission of TGF-ß3 in the differentiation phase has a negative effect on the Chondronbildung. 
B: The relative expression of cartilage marker genes in different cells from the alginate culture. This is achieved in the absence of TGF-ß3 result = 1. 
C: The production of GAG is based on the DNA content in the pellet culture shown as a function of whether the differentiation was performed in alginate in the presence or absence of TGF-ß3 (in duplicate). 
So it seems the proportion of type VI collagen with chondrones and collagen type II, not decrease, when TGF-ß3 is omitted from the differentiation medium. Significantly more important it is the omission of TGF-ß3 but from the transcription of the collagen II gene. In contrast to collagen type II to type I collagen matching losses with respect to the mRNA and protein synthesis as a result of 
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Waiver to the addition of TGF-ß3 found to differentiation medium. The changes in the expression of collagen type X and Sox9 are minimal. 
Also, the GAG / DNA analysis confirms that the matrix formation decreases in the pellet culture in the omission of TGF-ß3 in the alginate culture. 
3.3.7 Effect of IGF-I on the differentiation of hMSCs used in the alginate culture 
The effect of the omission of IGF-I was out of the alginate culture during the differentiation phase also examined using three different analysis. Figure 34 A shows the result shown that IGF-I is a very effective stimulator of the differentiation of cells in alginate gel in terms of the capacity for matrix formation in the subsequent pellet culture. 051015G / D 
Ratio [ 
ng / ng] in pellet culture 50 microns μm50 0235Kollagen IIKollagen IKollagen XSox 9Relative gene expression (normalized to GAPDH [factor]) + DEX + TGF, IGF + DEX + TGF, IGF + + DEX + TGF, IGF + DEX + TGF, IGF + A: B: C: + DEX + TGF, IGF D + DEX + TGF, 051015G + IGF / IGF μm50 μm50 
Figure 34: Effect of IGF-I on the differentiation of cells in alginate culture 
The role of IGF-I for the differentiation of the cells using the GAG / DNA analysis, and qPCR Immunofluoreszenzmarkierung was shown. 
A: The matrix formation in the pellet culture after differentiation in alginate gel as a function of IGF-I during differentiation, as measured by GAG / DNA ratio (n = 5). 
B: The expression of some genes of cartilage markers in the alginate culture in response to IGF-I. The expression in the absence of IGF-I has been set = 1. 
C and D, immuno-staining of collagen type VI in cytospins after differentiation in alginate gel with and without addition of IGF-I. 
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This finding was confirmed by the qPCR method in practice (Fig. 34 B). The expression of collagen type I and II, and is of Sox9 by addition of IGF-I stimulates in the alginate culture. At the same time the amount of mRNA of collagen type X unchanged. 
Figure 34 shows representative images of C and D with antibodies against collagen type VI marked chondrones obtained after alginate culture with and without addition of IGF-I. One recognizes here a strong effect of IGF-I on the Chondronbildung in the differentiation phase. The quantitative evaluation of the visualization was augrund dispensable. 
3.4 The matrix formation in pellet cultures with and without differentiation of hMSCs in alginate culture 
The aim of the differentiation of hMSCs used in the alginate culture of chondrocytes with providing the ability to let themselves be stimulated by cell-cell contacts for the formation of cartilage, similar to what we had observed in freshly isolated from adult articular chondrocytes. To evaluate the acquired properties in the alginate culture is the behavior of hMSCs are compared to those of cells that were not subject to a separate differentiation. 
3.4.1 Matrix form 
The result of the determination of the educated during 3 weeks of pellet cultures glycosaminoglycans (GAGs) with and without prior differentiation in alginate culture is shown in Figure 35. The regulations pertaining to the DNA content of GAG levels are on average more than threefold higher when the hMSCs were previously subject to a separate phase of differentiation. For better comparability were used in this comparison of identical standard culture conditions, including the selection and concentration of growth factors. 
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Figure 35: GAG / DNA analysis of matrix formation in pellet culture with and without alginate phase 
The comparison of the GAG formation was carried out in direct pellet cultures (two-phase model) and in pellet cultures after alginate culture (3-phase model). The additional involvement of the alginate culture to differentiation will generate a significant increase in GAG production of cells in the pellet culture with them. The statistical significance using Student's t tests determined. (Averages of six independent experiments of different cell preparations). 
To assess the separate effect of differentiation on collagen synthesis, Western blot analysis was taken (see 2.5.3) with AlginatM1M2DimerMonomerDimerMonomerohne AlginatA: IB collagen: collagen II IImit AlginatM1M2DimerMonomerDimerMonomerDimerMonomerDimerMonomerohne 
Figure 36: Collagen formation in pellet culture with and without alginate phase 
The result of a representative Western blot analysis: Immunological identification of collagen I and collagen II after extraction from pellet cultures with and without additional differentiation in alginate culture. Equal amounts of protein on the gel were applied. Marker: M1 standard of collagen type I, M2 standard of collagen type II 
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In Figure 36, a slightly stronger form of collagen type II can be seen, though not as pronounced as on the GAG formation. Since type II collagen cross-linked to the biosynthesis, the results can be affected differently by effective extraction of protein from the tissue. 
Therefore, additional paraffin sections were prepared and subjected to immunohistological staining. In Figure 37 it can be seen that were stained in the pellet culture separate without differentiating (direct pellet culture), collagen type I and type II collagen is relatively weak. Contrast, we find an effect of the additional differentiation (pellet culture after alginate) a visibly weaker staining of collagen type I and a stronger staining for collagen type II compared to collagen type I. A: B: C: D: direct pellet culture (2 -phase model) AlginatPelletkultur (3-phase model) IKollagen collagen II A: II 
Figure 37: Immunohistology of the pellet formed in cultures of cartilage tissue with and without additional differentiation in alginate-pellet culture 
Histological sections of pellet cultures without (A and B) and with a separate differentiation in alginate gel (C and D) were stained immunologically with antibodies against collagen type I and type II collagen. After additional differentiation in alginate gel, the formation of collagen type II is significantly stronger than that of collagen type I. Scale bar: 100 microns. 
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3.4.2 The influence of chondrogenic differentiation in alginate culture on gene expression in the pellet culture 
To determine to what extent reflected the differentiation of hMSCs in alginate culture on chondrogenic tissue-specific gene expression, the concentrations of the mRNAs of some genes were examined, whose activation is characteristic for differentiated chondrocytes. Figure 38 shows the amount of detected by qPCR cDNAs of collagen types I, II and X, as well as Sox9, which were formed without (gray bars) and with (blue bars, two cell preparations) prior differentiation. 0255075Kollagen IIKollagen IKollagen XSox 9Relative gene expression (normalized to GAPDH [factor]) direct pellet pellet KulturV1 Kulturnach AlginatV1Pellet-Kulturnach AlginatV20255075Kollagen AlginatV2direkte AlginatV2 
Figure 38: Target gene expression of some genes in pellet culture with and without additional differentiation in alginate culture 
Shown is the normalized to GAPDH quantity of mRNA molecules (overridden in cDNA) of the identified genes in different pellet cultures with and without additional differentiation in alginate culture. The direct expression in pellet culture was set = 1. The data showed two independent cell preparations (V1 and V2). Culture pellet and alginate culture were carried out under standard conditions. 
One can see that is expressed under the specific conditions of measurement, the functionally important for differentiated chondrocytes of type II collagen gene in very different degrees. Thus, in pellet cultures as a result of the additional differentiation in alginate culture 30-70 times higher levels of mRNA measured in question. Noteworthy in this context, the strong fluctuations of expression that were observed in two different cell populations. For the genes of collagen types I and X, and for Sox9 in comparison to only minor stimulation of gene expression as a result of the additional differentiation observed. 
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3.5 The optimization of culture conditions for the formation of matrix in the pellet culture 
The temporal separation between differentiation and matrix synthesis in a three-phase model offers the possibility to optimize both processes separately. The conditions described in the literature regarding the medium composition and the addition of growth factors corresponded to the experience with pellet cultures of undifferentiated hMSCs. Since the differentiation in alginate culture was aimed at differentiating the used hMSCs to before the start of the pellet culture chondrocytes, the conditions for the optimal matrix synthesis in the pellet culture in the three-phase model should be less on recommendations for the optimal differentiation based, but rather take into account experience with the matrix formation in adult chondrocytes. 
3.5.1 Effects of dexamethasone, TGF-ß3 and IGF-I in the pellet culture matrix synthesis 
Primary chondrocytes, as they are isolated from the articular surface of cartilage, have a great potential for the formation of hyaline cartilage, while they their differentiated phenotype, for example in the context of cell proliferation in monolayer culture, have not yet lost (dedifferentiation). Differentiated cells in pellet culture through intensive cell-cell contacts are stimulated to matrix formation, affect factors such as dexamethasone and TGF-ß is not a stimulant, but inhibitory. To check whether behavior differentiated under the terms of the alginate-cultured cells in the pellet culture more like differentiated chondrocytes or remain as undifferentiated hMSCs, the matrix formation in the pellet culture was determined if dexamethasone, TGF-ß3 and IGF -I in the culture medium were missing. 
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Figure 39: Effect of omission of dexamethasone, TGF-ß3 and IGF-I from the culture medium of the pellet culture on the formation of GAG 
After differentiation in alginate in the presence of three factors dexamethasone, TGF-ß3 and IGF-I pellet cultures were incubated in the absence of one or more factors conducted from the culture medium. The statistical significance using Student's t tests determined and based on the G / D ratio of the experiments with DEX, TGF and IGF in the pellet culture. Shown are the averages of four independent cell preparations (n = 4). 
Figure 39 is the result of the determination of GAG synthesis in pellet cultures represented, in which one or more of the missing factors used in the differentiation phase. It is clearly seen that the GAG synthesis is benefiting from the absence of two of the three factors. Is dispensed simultaneously to TGF-ß3 and dexamethasone, resulting at least in terms of GAG synthesis, however, no additive effect. The omission of IGF-I acts as opposed to locking, as described by differentiated chondrocytes. 
The results of GAG analysis are corroborated by immunohistochemical analysis of collagen formation. Figure 40 in paraffin sections from different pellet samples are shown which were stained with antibodies against each collagen type I and II. 
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Collagen in pellet culture IKollagen IIDEXTGFIGF +++-+++-+--+--- A: B: C: D: E: 
pellet culture collagen DEXTGFIGF + + + Figure 40: The effects of DEX, TGF-ß3 and IGF-I on the biosynthesis of collagen type I and II in the pellet culture after differentiation in alginate culture 
Made after the differentiation phase (standard conditions) from the alginate gel released cells cultured with or without single or multiple growth factors in the pellet culture for 3 weeks. Subsequently, the formed pellets were embedded in paraffin, sectioned, and stained for collagen type I or II. Scale bar: 100 microns. 
Figure 40A shows the result of a pellet culture after the Alginatphase, when the hMSCs using all three factors (Dex, TGF-ß3 and IGF-I) for differentiation and matrix synthesis were stimulated simultaneously. Besides the formation of collagen type I collagen type II can be seen. A shift in the collagen type II / I ratio toward collagen type II can be seen already. Even better is the result in terms of collagen type II / I ratio, however, when dexamethasone or TGF-ß3 alone or 
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together during matrix synthesis were omitted in the pellet culture (Fig. 40 B, C and D). There seems to be a significant additive effect with regard to the formation of collagen type II to type. On the other hand, increases in this case in the absence of TGF-ß3 also the level of collagen type I bit. The omission of all three factors was a strong staining and collagen II to collagen I somewhat weaker staining was observed (Fig. 40 E). This representative result is confirmed by further pictures in the Appendix. 
3.5.2 Effects of dexamethasone, TGF-ß3 and IGF-1 in the pellet culture, gene expression 
The immunohistochemical studies were supplemented by qPCR analysis. In Figure 41, the data from the qPCR analysis of three independent experiments are shown with different cell preparations. Susceptible to this was that the preparations were obtained with a high collagen type II / type I collagen ratio and low collagen type X values ​​from cultures with high multiplication factor in the proliferative phase. Sox9Kollagen XKollagen I + DEX + TGF + IGF19, 30,180,090,110,3 S33 W * 8 , 40,071,055,272,6 S2418, S3219 50,250,030,330,24, 30,190,070,260,28 S33VF * I collagen IIVersuchSox9Kollagen IIVersuchSox9Kollagen XKollagen 
DEX + TGF-+ IGF 
S 24 14.78 16.41 2.74 0.29 8.4 
S32 3.05 0.50 0.54 0.37 18.5 
S33 7.02 3.57 2.96 0.14 19.3 
Experiment II collagen collagen collagen X Sox9 VF * 
Collagen I collagen X Sox9 
+ DEX + IGF 
S 24 16.86 12.47 5.70 0.36 8.4 
S32 4.40 0.21 0.64 0.44 18.5 
S33 3.80 1.36 1.81 0.34 19.3 
TGF- 
Experimental collagen II VF * 
Collagen I collagen X Sox9 
- DEX - TGF + IGF 
V24Y 5.04 8.59 4.08 0.25 8.4 
Experimental collagen II VF * 
Figure 41: Effect of omission of various growth factors on gene expression of important markers during cartilage matrix formation in the pellet culture 
The mRNAs isolated from pellets were overwritten in cDNAs and analyzed using the qPCR method. The table shows the normalized to GAPDH, the results are summarized as factors of 3 independent experiments (= different cell preparations). All pellets were after the three-phase model won. The various approaches differ in the presence of the indicated growth factors in the pellet culture. * Attempt S33W shows qPCR data after repeated transfer of mRNA from experiment S33 cDNA as a control for the experiment. Same cell preparations as in Figure 30 VF: multiplication factor (see 2.2.1) 
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To help the review process, are also in Figure 42 faced by each of the three growth factors caused changes in the example of two cell preparations again. 012345Kollagen IIKollagen IKollagen XSox (012345Kollagen IIKollagen IKollagen XSox 9Relative gene expression (norm to GAPDH [factor]) 0246810Kollagen IIKollagen IKollagen XSox 9Relative gene expression (GAPDH norm on [factor]) + DEX, TGF-, IGF + (B)-DEX, TGF-+ IGF (C:)-DEX + TGF, IGF + (A:) + DEX , + TGF, IGF + (AC) A: B: C: 
9Relative norm to GAPDH gene expression [factor]) Figure 42: Effect of TGF-ß3, dexamethasone and IGF-I gene expression important to the cartilage markers 
The results of the S33 and S24 cell preparations from Figure 41 are classified by growth factors in three separate graphs shown. 
Quite analogous to the observed effects on the G / D ratio (Fig. 39) by selective omission of dexamethasone and TGF-ß3 from the culture medium of the alginate pellet culture after the transcription of the gene of type II collagen is stimulated. The amounts of mRNAs isolated from the pellets of the collagen genes of type I, II and X, and the Sox9 gene were shown in Figure 42 as a multiple of the expressed GAPDH mRNA. 
The changes found show that the gene of collagen type II as a result of the omission of dexamethasone and TGF-ß3 in the culture medium of the pellet culture after alginate was activated obviously irrelevant. Parallel were observed for the collagen type X is also an activation by a comparable factor, but at a much lower level. In contrast, for the expression of genes of collagen type I and the transcription factor Sox9 is detected no significant changes as a result of the omission of dexamethasone or TGF-ß3 in the culture medium. 
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The simultaneous omission of TGF-ß3 and dexamethasone has no apparent additive effect on gene expression. This result corresponds to the G / D increase in the cultivation without dexamethasone and TGF-ß3 in pellet culture after alginate (Fig. 39). The expression of genes of collagen type I and X is without the addition of two factors, however, increased (Fig. 42 C). The expression of Sox9 in these experiments shows no major changes. 
Overall, these results agree well with the immunohistochemical data shown and described the effects on GAG synthesis in line. As a common outcome of this analysis can therefore be said that matrix synthesis is strongly inhibited in the pellet culture in the presence of dexamethasone and TGF-ß3, if the cells used were previously differentiated into chondrocytes in alginate culture. This also means that the two work factors examined dexamethasone and TGF-ß3 opposed to the differentiation in alginate culture or matrix synthesis in the subsequent pellet culture. 
3.5.3 Depending on the potential of increased chondrogenesis in hMSCs in vitro multiplication factor of the proliferative phase 
In the determination of gene expression to compare the effects of dexamethasone and TGF-in pellet culture was noted that the multiplication factor during the proliferation of the cells had an effect on chondrogenesis. As already shown in Figure 24, requires a high multiplication factor of a good G / D ratio in pellet culture after alginate. During the culturing of the cells is a connection between the morphology and the multiplication factor was determined. Figure 43 shows the basis of representative examples of typical morphological features of hMSCs that were observed in the early proliferative phase. Cells, which was long before the separation of hematopoietic cell adhesion were given the opportunity to, on average much larger and flatter. In addition, frequently oval and triangular cells were observed (Fig. 43 B). The cells was only 1-3 days given the opportunity to adhere before the cell supernatant was removed (see 2.2), showed that instead often a colony-forming morphology (Fig. 43 A). In large sections could be determined that the colony-forming cells had a significantly higher VF. 
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Figure 43: The relationship between cell morphology on the one hand and Adhärenzzeit and proliferation rate of cells on the other hand, 
All pictures were taken 7 days after isolation. The proliferation medium contained bFGF. The multiplication factor was calculated according to one passage at a seeding density of 500 cells / cm 2 and the addition of bFGF. Scale bar: 100 microns (light micrograph, phase contrast). 
In the course of the research conducted on the labor provisions of chondrogenesis potential showed that the various parameters such as GAG / DNA ratio, immunohistological collagen staining and gene expression of cartilage markers reproduce well made, if they were performed with the same cell preparation. Increased fluctuations occurred, however, if the results obtained with different cell preparations were compared. When searching for the causes noticed that cells with the morphology shown in Figure 43 A showed a higher and those with the morphology shown in Figure 43 B is usually a lower potential for chondrogenesis. One possible explanation for the variation and an indication of a link between the quality of the cells and the observed chondrogenesis provides the potential shown in Figure 44 Correlation of GAG / DNA levels reached during the proliferation and the multiplication factor. It is seen that in all cases where a conducive for the formation of matrix combination of growth factors in the pellet culture was chosen, even 
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Figure 44: The relationship of GAG formation in the pellet and the culture reached in the proliferative phase of multiplication factors 
The GAG / DNA ratio as a measure for the three-phase model matrix formation observed in the pellet culture in each case for different growth factor combinations with the achieved in the proliferative phase proliferation rate (VF = multiplication factor as a measure of the rate of proliferation) correlated. 
3.5.4 Comparison of product formed in the pellet culture with native cartilage, human cartilage 
Analysis of gene expression 
Figure 45 shows results normalized to GAPDH mRNA, a qPCR analysis of some key cartilage markers. Compared to the native human cartilage in the observed values ​​with those obtained with cell preparations with high proliferation rates and with different combinations of various growth factors in a three-phase model. 
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Figure 45: Comparison of the more important in pellet cultures after three-phase model obtained with the marker gene expression in native cartilage, human cartilage 
Which was in pellet cultures in the presence of various growth factors on the three-phase model formed mRNA by qPCR analysis with the level of mRNA compared to native cartilage. Presented the results from pellet culture after alginate (standard conditions) of two cell preparations with a multiplication factor of at least 9.2. 
The Figure 45 shows that the absence of dexamethasone and / or TGF-ß3 to a very strong induction of the expression of collagen type II leads, which exceeds that in native cartilage by a factor of 20 to 30. However, the simultaneous absence of both factors caused a significant gene-activation of collagen types I and X. Since the activation of these two genes for the formation of hyaline cartilage is not desirable, the absence is only brings one of the two factors optimal results. It is for type X collagen expression reached the same level as in the native cartilage. These conditions are also optimal for the expression of Sox9, which can be increased compared to native cartilage nor easy. 
Immunohistochemical analysis 
To assess the extent to which the technique of pellet culture is, from the hyaline in the alginate culture differentiated chondrocytes, cartilage tissue for medical use to breed, were the results of immuno-histologically stained sections from the pellet samples with such from virgin, human cartilage from the articular surface compared. Figure 46 shows for both cartilage samples from each staining with collagen type I, type II and type VI antibodies directed. It can be seen in the tissue produced in vitro, the different localization of two antigens. While collagen type VI is found preferably pericellular, collagen type II is found throughout the extracellular matrix. When compared with the native 
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Samples is mainly that the intercellular spaces in the in vitro test are not yet as large as in the natural tissue. The lower intensity of staining of the collagen type II antibodies in native cartilage and not in the indicated in vitro culture suggest that the epitopes are subject to the effective cross-linking of this collagen type, and thus less accessible to the antibody molecules. 
[Alexei S1] native cartilage collagen VI IKollagen IIKollagen 50μm50μm50μm50μm50μm50μm native cartilage in vitro VI 50μm50μm50μm50μm50μm50μm50μm50μm50μm50μm50μm50μm in vitro cartilage 
Figure 46: Comparison of immunologically stained histological sections of pellet cultures after three-phase model with the sections of native human cartilage 
The immunostaining of paraffin sections were performed in native cartilage and pellet cultures of the three-phase model with antibodies against collagen types I, II and VI. The conditions for pellet culture were: proliferation in the presence of bFGF at a seeding density of 500 cells per cm 2; alginate culture with TGF-ß3, dexamethasone and IGF-I; pellet culture without dexamethasone, however, TGF-ß3 for the first 10 days and IGF-1 for 21 days. 
In the short period of only three weeks in vitro cultured samples was the opportunity for strong cross-linking not been obvious. The minimum 
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Staining with collagen type I antibodies and the different collagen type II and type VI made ​​visible distributions are typical of hyaline cartilage. 
In this chapter, the culture conditions were examined by a three-week pellet culture phase after differentiation in alginate. There were the effects of some growth factors are shown in the matrix formation phase. In summary reads itself concludes that the use of three-phase model results show significant advantages of this method in terms of quality and in vitro cultured cartilage compared with the results of the two-phase model better results. 
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4th Talk 
4.1 The extraction of cells 
In this study, the chondrogenic differentiation of human mesenchymal stem cells in vitro was investigated. Requisite for the treatment of this question, the isolation and characterization of a suitable cell population. As shown in the present work, can human mesenchymal stem cells from bone marrow aspirates of adult donors are isolated and expanded in vitro. A generally accepted, standardized method for the isolation of hMSCs from bone marrow, there is not currently (Haynesworth et al, 1996;. Pittenger et al, 1999).. By other authors has already been shown that the type and quantity of recovered cells are affected by the isolation method (Lange et al., 2005). The cells used in this study were obtained with the most commonly used method: the separation on a Ficoll gradient followed to select those cells by adherence to the plastic surface of conventional cell culture vessels. To control these first steps to characterize the cells using flow cytometric analysis were examined. Primarily those already described in the literature, morphological and immunological parameters were used (Colter et al, 2001,.. Prockop et al, 2001). 
The figure 14 to be seen on the graph on the size and granularity reflects the already observed by various authors heterogeneity of the cells again (Muraglia et al., 2000). The adherent cells (passage 0), followed by thorough rinsing significantly reduces the heterogeneity of the cell population. The effectiveness of this is mainly for the separation of the cells serving hämopotoetischen action demonstrated by the use of CD45 as a marker. 
As a positive immunocytochemical marker for multipotent mesenchymal stem cells were the only two in the literature are standard markers, CD 90 and CD 105, used (Jones et al., 2002). In addition, STRO-1 were used as markers for osteogenic and CD 106 as a marker for chondrogenic progenitor cells (Dennis et al, 2002,.. Diaz-Romero et al, 2005; Gronthos et al, 1994;. Oyajobi et al, 1999). . It turned out, in accordance with statements of other authors, that the proportion of mesenchymal stem cells in freshly isolated cells is very low. With STRO-1, the presence of a small amount of osteogenic progenitor cells can be detected, which was also confirmed by RT-PCR analysis by detection of mRNAs of type I collagen, osteocalcin, and alkaline Phosphatatse. In contrast, neither using flow cytometry (CD 106) or RT-PCR (collagen 
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Type II) progenitor cells with chondrogenic predifferentiation be found, which corresponded to the expectations from the literature (De Ugarte et al., 2003). 
For further confirmation of the multipotent character of the isolated cells were standard protocols used (Jaiswal et al, 1997;. Johnstone and Yoo, 1999;. Pittenger et al, 1999) to determine the potential to differentiate into adipocytes, osteoblasts and chondrocytes. In this case, histochemical and immuno-histochemical staining was used. The results were used as quality control for all the further investigations of this work routinely from 2-3 ml of bone marrow aspirate produced hMSC populations. 
4.2. Proliferation 
4.2.1 The heterogeneity of cell population 
An essential prerequisite for the planned experiments was the possibility for the in vitro proliferation of hMSCs. Here was the problem of heterogeneity of cell population in the center of what has been already addressed by various authors (Reyes and Verfaillie, 2001;. Yoo et al, 2005;. Zohar et al, 1997). Since the early experimental work there is no generally accepted method for the separation of undifferentiated hMSCs was available, had initially based on the experience of other authors, a convenient procedure to be designed and established. 
Was already the results of flow cytometry to make clear that the various cell preparations have a highly variable composition (Smith et al., 2004). They are always a mixture of mesenchymal cells with different proliferation and differentiation capacity dar. it, similar to Colter et al. (2001), in addition to a large, relatively heterogeneous cell population of hMSCs, whose properties are not characterized in detail, a small subpopulation labeled RS cells are shown. The proportion of these cells in vitro and is probably also in vivo is always very small and is generally regarded as a potential supply for every need. According to some authors, these cells have only a maximum proliferation potential and are minimally differentiated (Colter et al., 2000). Others think these RS cells not only for the undifferentiated cells in the isolated population (Sekiya et al, 2002a,.. Smith et al, 2004). Some of them are even rather unsuitable for the chondrogenesis seen in vitro (Hung et al., 2002). For the above reasons, the interest was in regard to the planned experiments for the quantitative differentiation equal to the greater fraction of heterogeneous composition. In the literature, various methods have been described, which was trying to achieve a greater homogeneity of the cell population of mesenchymal stem cells (Baksh et al, 2003;. Curran 
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. et al, 2005; Mareschi et al, 2001).. Thus, by Hung et al. proposed the use of a sieve to separate the hMSCs with high proliferative and Differenzierungspotezial based on their size (Hung et al., 2002). Others have tried to find a clear marker for the undifferentiated hMSCs appropriate in order to sort out using a cell sorter (Van Vlasselaer et al, 1994;. Waller et al, 1995,.. Zohar et al, 1997). To this end, more than 200 different antibodies were tested by surface molecules, yet to achieve but without clear success. Another concept is the idea of selective enrichment of undifferentiated hMSCs from (Prockop et al. Al., 2001). According to the principle that proliferation potential and differentiation potential are inversely correlated, should the higher proliferative potential of undifferentiated stem cells can be used to separate them by maximal proliferation of pre-differentiated effectively already. How Prockop et al. have shown, this procedure could be used advantageously for the enrichment of the cells when the property is taken into account that undifferentiated hMSCs can proliferate at extremely low seeding density is particularly effective. As confirmed by other authors it is actually the proportion of undifferentiated cells enriched (Sekiya et al., 2002a). The explanation can be assumed that paracrine factors that stimulate the differentiation are undesirable, the less the impact. By a lower seeding density was actually a much higher proliferation rate can be achieved. If so, the proportion of undifferentiated cells would be increased, it could also increase the likelihood of being able to use the cells later exclusively for chondrogenic differentiation. As a measure of the success of a chondrogenic differentiation factor could increase the correlation of a measure of the proliferation rate and the amount of produced glycosaminoglycans seen. It was shown that the cell populations that were propagated with greater proliferation rate produce, after chondrogenic differentiation more GAG in the pellet culture. This is interpreted to mean that cell populations that were as a result of low seeding density increases with higher proliferation rate, a higher proportion - can contain cells that differentiate successful chondrogenic later - probably undifferentiated. This assumption is supported by analysis of cell morphology using flow cytometry. With high proliferation rates, with sowing density of 500 to 1000 cells per cm 2 increased cell populations less heterogeneity in size and light transmission when compared to those that have been propagated at a seeding density of 5000 cells per cm 2. It is not so much increased the share of so-called RS cells, but rather the proportion of daughter cells, although according to the theory have been indeed a lower proliferative potential, but still a reasonably broad differentiation potential according exhibit. 
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As another attractive way to increase the proliferation rate in addition to lowering the seeding density, the use of mitogenic growth factors was examined. Was about the influence of various growth factors on proliferation of hMSCs already reported in several studies (Chiou et al, 2006;. Marcopoulou et al, 2003;. Sundberg et al, 2006).. According to these results in this study particularly the effect of bFGF, TGF and PDGF was tested. Be very beneficial to increasing the proliferation rate has subsequently of in accordance with data of other authors (Bianchi et al, 2003; Trippel, 1995.; Chiou et al, 2006.) Proved the use of bFGF. This is also reflected in the results of GAG / DNA analysis. Although it is known, that can affect some growth factors in addition to the proliferation and differentiation of cells (Chiou et al., 2006). The effect can be explained by the idea that bFGF acts in the sense of an increase in the broad differentiation potential. To determine possible changes in the differentiation potential of cells as a consequence of the result of bFGF, flow cytometric analysis were performed. Case of propagation in the presence of bFGF, the cells showed a reduced presence of CD 90 and CD 105 as a marker of undifferentiated hMSCs. This can be interpreted as evidence that bFGF reduces the differentiation potential of cells, or in other words, a predifferentiation in a certain direction steers. The simultaneously observed positive effect on the GAG production may mean that while chondrogenic differentiation miteingeschlossen is very likely. A chondrogenic effect of bFGF was observed even in the in vitro proliferation of adult chondrocytes (Trippel, 1995). In relation to the objectives of this work, a method for differentiation of hMSCs to develop into chondrocytes, this supportive effect of bFGF was used at the chance. 
Another interesting finding was used: During the investigation of optimal Adhärierungszeit for the separation of the hematopoietic cells was observed that cells adhere to proliferate faster, faster. Therefore, the cells in terms of achieving maximum proliferation rates only 24 to 72 hours was given the opportunity to adherent. As more and more slowly proliferating cells had adhered well to the typical changes in morphology, the visual impression could be used for quality control in Phasenkontrastmikrokop. 
4.2.2 The importance of a high proliferation rate in the enrichment of hMSCs 
The isolated during the course of three years from bone marrow aspirates derived hMSCs from different donors and were only gradually, with full 
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Consideration of the above results in terms of achieving a maximum rate of proliferation dissected. To have to demonstrate again how great the impact of the proliferation rate on chondrogenic differentiation, were the results of GAG production (GAG / DNA values) in the pellet culture in the context of the three-phase model as a function of the rate of proliferation with the cells grown in vitro were compiled. Figure 44 shows four different correlations for four different growth factor combinations. It is apparent that measured in all cases be achieved at higher proliferation rates than multiplication factor, higher GAG / DNA values, the slopes of the regression lines are very very different. The result allows two conclusions: firstly, the importance of the high proliferation rate demonstrated as a basis for a successful differentiation. On the other hand, it reflects the different properties of the cell preparations used in this study. Despite the large number of measurements, it is therefore not likely to win by averaging results from different cell preparations with different multiplication factors greater statistical reliability of the statements. When comparing the results obtained with different multiplication factors must be taken into account instead. Therefore, the results of qPCR analysis also illustrated together with the other analytical data. Also in this case in accordance with the assessment of the graphs in Figure 44 the best result when cells were used with high multiplication factors. Experimentally has also been shown to assess the morphology of the cells during proliferation as very helpful. The colonies have at optimal growing proliferation rate and thus often well-suited for the chondrogenic differentiation of cells. Unsuitable for the chondrogenic differentiation according to the three-phase model with individual preparations against it have egg-shaped or triangular cells proved. 
4.3 The Chondrogenic differentiation of hMSCs 
4.3.1 The importance of growth factors 
As in vivo, the success of chondrogenesis in the simulation in vitro on the involvement of certain growth factors is dependent (Goldring et al, 2006;.. Hendriks et al, 2006). In vitro, have it especially different isoforms of TGF-ß and IGF-I and dexamethasone proved (In et al, 2006;. Sekiya et al, 2002b).. IGF-I was the first factor, the chondrogenic effect has been described (Salmon and Daughaday, 1957). For the participation of this anabolic factor in cartilage formation and its maintenance also speaks its presence in the synovial fluid (Schalkwijk et al. 
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, 1989). The supportive effect of IGF-I in the differentiation of hMSCs (McQuillan et al, 1986,.. Neidel et al, 1994) and in the redifferentiation of dedifferentiated in vitro chondrocytes (. Van Osh et al, 2001) has already been described several times. These and similar findings justify the frequent use of IGF-I for experimental approaches to the chondrogenic differentiation of hMSCs. 
For TGF-ß3 are very different functions described in the context of chondrogenesis. The seemingly contradictory findings be explained by the fact that the effect of this growth factor on the differentiation status of the target cell is dependent (Stalinska and Ferenc, 2005) (Jacob et al.). Thus, both mitogenic and chondrogenic effects of TGF-ß1 described (Giannouli and Kletsas, 2006; Yaeger et al, 1997).. In this study, in combination with bFGF and PDGF showed TGF-ß1 used a strong mitogenic effect. Similar effect has been shown in several studies (Bosse et al, 2006;.. In et al, 2006). In contrast, TGF-ß is very often attributed to a strong effect on the differentiation (Wang et al., 2005). All three isoforms, TGF-ß3 are as TGF-ß1 and TGF-ß2 formed among others by chondrocytes. The regulatory role of TGF-beta in cartilage formation during skeletal development was also shown (Kawaguchi et al, 2005). At the same time, TGF-ß apparently involved in the maintenance of cartilage function (Ballock et al, 1993,.. Bohme et al, 1995 ). Then that GAG content from the ECM of the cartilage in the absence of this growth factor (Cawston et al, 1999;. Lee et al, 2004a.). A synergistic effect of TGF-ß1 with IGF-I has been shown in serum-free medium upon stimulation of matrix formation in adult human chondrocytes (. Longobardi et al, 2006; Yaeger et al, 1997).. Also, the concentration dependence of the effect of IGF-I and TGF-ß3 was studied in detail in several publications (In et al., 2006)). The formation and secretion of TGF-ß are other factors such as bFGF or IGF-I and of the TGF-ß-dependent concentration itself (Ruscetti et al, 2005;. Wang et al, 2002).. 
The role of glucocorticoids in the development stages of frühren of cartilage has been investigated for several decades (Jones and Addison, 1975; Kato and Gospodarowicz, 1985). Since then, dexamethasone is considered one of the most important differentiating factors for chondrogenesis and osteogenesis and used experimentally (Kim et al, 2005;.. Locker et al, 2004;. Tanaka et al, 2004). It was observed that the SOX9 is up-regulated expression with the addition of z as dexamethasone, which is considered a prerequisite for chondrogenesis (Sekiya et al., 2000) that the concentration of growth factors in vitro may play a crucial role, has also been shown (Richardson et al, 2003;. Behrens et al, 1975).. This is the effect of dexamethasone is a fine example: high concentration of 
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Dexamethasone served the osteogenic differentiation, whereas at lower concentrations it has a chondrogenic effect. 
4.3.2 The pellet culture as a differentiation model 
A number of recent publications on the topic "Chondrogenic differentiation of mesenchymal stem cells' differentiation based on the model of the so-called pellet culture (Johnstone et al., 1998). In this technique, cells are initially sedimented to a pellet. Subsequently, during several weeks of culture in the presence of an appropriate differentiation medium, the formation of an extracellular matrix is induced. The composition and concentration of the additives could be varied. This basically tries to simulate the process of mesenchymal Zellkondensierung during embryogenesis, are responsible for the specific cell-cell contacts as a trigger for the chondrogenic differentiation (Thorogood and Hinchliffe, 1975; Poole, 1991). 
A typical example of the use of pellet culture as a model for chondrogenic differentiation of hMSCs is described by the 1998 Mackay Court Proceeding (Mackay et al., 1998). In this case, TGF-ß3 and dexamethasone are used to the sedimented hMSCs to support them in matrix formation. If the positive effect of these factors is well proven, the results remain qualitatively and quantitatively, to meet expectations (Yang et al., 2004). 
This impression is also supported in this work confirms to compare data collected through the use of pellet culture as a differentiation model (direct pellet culture). In accordance with the findings of other authors is made ​​in the direct pellet culture no hyaline cartilage, but a biomechanically inferior matrix, which is characterized by the predominant synthesis of collagen type I and type II instead of a weak GAG production. In addition, observed in the direct pellet culture by various authors, the formation of significant amounts of collagen type X, which seems to point to a hypertrophic differentiation of chondrocytes (Ichinose et al., 2005). On the other hand, at this point noted critically that the early expression of collagen type X earlier than that of the collagen type II, not to order the activation of genes fits as of chondrogenesis known in vivo ago (Winter et al., 2003). Therefore, the conclusion can be drawn that the pellet culture for chondrogenic differentiation principle, not of hMSCs in vitro is, when the production plans of hyaline cartilage. 
The cause for the purposes of tissue engineering, unsatisfactory results may lie in the heterogeneity of the isolated bone marrow cell population. It is conceivable that the different stages of differentiation in these cells 
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respond to cell-cell contacts and the added growth factors vary widely. While immature cells enter the differentiation, mature chondrocytes begin with the hypertrophy. Of TGF-ß was already mentioned that its effect depends on the differentiation status of the target cell. Must be accepted as a result of an asynchronous culture. Remains unclear how adipogenic or osteogenic progenitor cells respond to this treatment. 
Although the direct pellet culture, less than one method for cultivation of hMSCs in cartilage tissue engineering of the question, should not be dispensed with entirely on this method. For, as is known from experiments on the aggregation of primary chondrocytes, cell-cell contacts in the mature chondrocytes solve the formation of a hyaline extracellular matrix. Thus, the pellet culture is very well suited to assess the differentiation status of chondrocytes and their progenitor cells. Therefore, at the beginning of this work was started from the hypothesis that the pellet culture should be no more than differentiation model, but only used as a test system for potentially differentiated cells. 
4.3.3 The alginate gel as a differentiation model 
As a replacement for the pellet culture was chosen based on the accumulated experience in the working group to embed the cells in an alginate gel as a differentiation model. This method allows the differentiation of stem cells without the same matrix synthesis start to what was seen as the cause of the problems outlined. This is mainly achieved by preventing cell-cell contacts. In principle, therefore the two processes of differentiation and matrix synthesis are temporally separated from each other. The alginate gel in the differentiated cells are then only by intense cell-cell contacts in pellet culture synchronized to stimulate matrix formation. Because this process has been formally extended for this process, the term "three-phase model" is selected. In contrast, as described in the literature direct pellet culture, differentiation and matrix synthesis, while allowing in a reaction vessel, as a "two-phase model". In both cases separately performed proliferation is regarded as the first phase. The differentiation of hMSCs in alginate culture effectively prevents the unwanted, premature matrix synthesis, and still leaves open all possibilities of stimulation by growth factors. Moreover, in the three-phase model, where the additional advantage that stimulate two separate processes by selecting the most appropriate growth factors optimally. 
The confirmation of the benefits of using the three-phase model in comparison to the two-phase model was central to this work. This model has been used successfully. Thus, in the pellet culture after differentiation in alginate 
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Gel not only more GAG than in the direct pellet culture produces, but also improves the quality of the resulting matrix. As further evidence, a much higher rate of synthesis of collagen type II can be given. This was shown both at the protein level by Western blot and immuno-histologically and at the mRNA level using qPCR. 
The use of the embedding of cells in an alginate gel as a culture for cartilage production in vitro is not new (Kavalkovich et al, 2002,.. Ma et al, 2003;. Majumdar et al, 2000; Mehlhorn et al, 2006;. Shakibaei and De Souza, 1997). Majumdar was able to show, for example, that which in the alginate gel matrix formed collagen II (Majumdar et al., 2000). More widely, several authors have tried these results by optimizing the conditions of alginate technology improve. Here, different parameters for the alginate culture studied such as the density of the gel, the shape of the alginate gel, the cell concentration and the duration of the culture (Steinert et al, 2003;.. Williams et al, 2005). In addition, was also tried both methods - the direct pellet culture and alginate culture - to compare directly. Thus, the advantages of chondrogenesis in alginate gel compared with the direct reports in pellet culture (Yang et al., 2004). In this example, but at the same time the main difference to one's own use of alginate technology significantly. It lies less in the way as in the type of use. For while the embedding of cells in an alginate gel found in the examples mentioned in the literature for the promotion of chondrogenesis, including differentiation and matrix formation is recommended, it is used as part of the three-phase model exclusively as a differentiation model. In contrast to the above examples, the cells within the three-phase model for the differentiation of the alginate gel can be isolated in order to subsequently stimulate through induction of cell-cell contacts in the pellet matrix formation. 
To establish this system in the laboratory, the influence of several parameters, the differentiation of cells in alginate gel was examined, most notably various growth factors, the partial pressure of oxygen in the gas phase, the cell density in the gel as well as the duration of the alginate culture. 
The positive effect of decreased oxygen partial pressure for the differentiation or redifferentiation of chondrocytes has been described (Domm et al., 2002). This also corresponds to the knowledge of the natural environment of the chondrocytes. As reported by Brighton, the oxygen content in the native cartilage to drop to about 1% (Brighton and Heppenstall, 1971). Thus, the findings presented in this work appear on a supportive role of decreased to 10% oxygen partial pressure in the chondrogenic differentiation in alginate culture is quite plausible. It is known that metabolic active cells, it was during the 
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Proliferation and matrix synthesis, have a higher oxygen consumption. Accordingly, these processes can be promoted through a maximum with oxygen supply. It is different with less energy-consuming processes such as differentiation. Here, a lower oxygen partial pressure of advantage (Wang et al., 2000). Quite analogous considerations also led to the decision in the alginate culture medium to select one with a lower glucose concentration in the pellet and culture to such a use with higher glucose concentration. That this decision brought benefits could be experimentally confirmed by an increased GAG production (data in appendix). 
The optimal cell density for the differentiation phase in the alginate culture was purely determined experimentally. Served as criteria for the formation rate of GAG and DNA content as a measure of the vitality of the cells in the following pellet culture. Recommended by other authors in higher cell density, which supposedly is conducive to the formation of matrix in the alginate gel (Majumdar et al., 2000), works in the alginate gel as a differentiation stage rather harmful. In a sub-optimal cell density, a disproportionate decrease in GAG synthesis rate is observed, indicating the support of the differentiation by paracrine factors first Be advantageous, the cell density was found from 2 million cells per ml of alginate culture. This value corresponds approximately to the cell density in the native cartilage (about 1,6 million per ml of matrix). 
Another criterion for the optimization of differentiation in alginate culture was the duration of the alginate culture. The experimental data show that a period of two weeks is to be regarded as minimal for the cells to give optimal opportunity to achieve the differentiation state of mature chondrocytes. Measurements were made ​​in the form of matrix formation in a subsequent standard pellet culture. A longer-alginate culture has disadvantages due to cell loss. After three weeks of culture in alginate gel decreases the cell number, which was identified by DNA analysis in pellet culture. 
Since the optimization of the method under the perspective of a therapeutic intervention was carried out later, was also tested using human serum (as a substitute for autologous serum) in the differentiation phase in alginate gel. The results provided in comparison to no visible differences calf serum (data in appendix). 
One of the most important criteria for the success of the alginate culture as a differentiation model, the characterization of the isolated cells from the alginate gel with the 
1 As used in the pellet cultures are always the same number of Alginatbeads was and the standard conditions in the pellet - culture were the same (see M & M), one can say with certainty that the only reason for the decrease in the number of cells, the cell density in alginate or the duration of the alginate - culture was. 
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Its characteristics of mature chondrocytes. For this purpose, the ability to form chondrones a used unique structure typical for chondrocytes (Poole et al., 1992). Evidence of the formation of chondrones place one hand by the typical morphology and the other by the immunological identification of a highly specific marker for the chondrones, the collagen type VI. In addition to the quantitative evaluation revealed that virtually all of the alginate gel-isolated cells (98% + - 2%) were stained with fluorescently labeled antibodies directed against collagen type VI. This means that we have succeeded with the three-phase model to gain a virtually homogenous cell population of mature chondrocytes from a heterogeneous population with regard to the differentiation status of hMSCs. The formation of collagen type VI was accompanied by the formation of collagen type I and II. The synthesis of collagen type II is characteristic of hyaline cartilage and is necessary for a meaningful tissue replacement (Poole et al., 1992). The simultaneous formation of collagen type I can be interpreted as an indication of the scarring response. You will be observed at suboptimal in vitro culture conditions (Shakibaei et al., 1993). 
In the context of finding the optimal conditions for the differentiation in alginate gel were also tested different combinations of growth factors. As a start condition the same combination was used at the same concentrations as described for direct pellet culture as essential, namely dexamethasone, TGF-ß3 and IGFI. To limit the contribution of individual growth factors, singly and in combinations were omitted from the culture medium. 
The omission of dexamethasone led to decrease in the proportion of cells that 
after differentiation in alginate culture using antibodies against collagen type I, II and VI were stained. In addition, it was observed at the mRNA level, particularly a decrease in collagen type II expression and the expression of collagen type I remained virtually unchanged. The benefits derived from these results, positive influence of dexamethasone on the differentiation of stem cells is therefore in accordance with data that has been already shown by other authors (Derfoul et al, 2006;. Grigoriadis et al, 1989).. Also as a result of the omission of dexamethasone was a slight decrease in the expression of SOX9 and type X collagen found. This is in par with the observations of Chen and John Stone, who have examined the influence of dexamethasone and TGF-ß3 in pellet culture model of differentiation (Johnstone et al, 1998;. CW Chen et al, 2005).. 
The most important criterion for assessing the effect of dexamethasone on the differentiation in alginate gel matrix, however, the educational potential of the cells in a subsequent pellet culture was viewed. It was found that the cells 
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less GAG produced when they were differentiated in the absence of dexamethasone. Dexamethasone was obviously needed by the cells in the alginate culture to the differentiation status of chondrocytes to achieve. These data are consistent with the findings of other authors who report an essential role of dexamethasone in the dedifferentiated chondrocytes redifferentiation and chondrogenic differentiation of stem cells (Ochi et al., 2006). 
A positive effect of TGF-ß3 on the differentiation of hMSCs into chondrocytes is already known (Lee et al, 2004b,.. Zhang et al, 2006). This role of TGF-ß3 could be confirmed by studies to this work. Thus, the presence of TGF-ß3 to a strong induction of collagen type II mRNA in addition to a weaker effect on collagen type I mRNA. In addition, a modest induction of expression of Sox9 and collagen X was observed. These effects are consistent with published data (Im et al., 2006). 
At the protein level (Chondronbildung), caused the omission of TGF-ß3 heavy losses in collagen type I synthesis, a small increase in type II collagen synthesis and no visible changes in the collagen type VI. On the GAG synthesis in the pellet culture, the omission of TGF-ß3 during the differentiation phase has a positive effect. In the absence of TGF in the alginate culture hardly more GAG is formed. This confirms the essential role of TGF-ß3 for chondrogenic differentiation. This effect was already observed by other authors (Indrawattana et al., 2004). 
The important role of IGF-I in the chondrogenesis has long been known (Blunk et al, 2002,.. Yaeger et al, 1997). This accounts for the frequent use of this factor in the differentiation phase. IGF-I is also in the alginate culture a positive effect, which manifests itself as increased GAG formation rate in the pellet culture. At the mRNA level does the presence of IGF-I during the Differenzierunsphase strong positive effect on the induction of collagen type II and to a somewhat lesser extent, on the induction of type I collagen and Sox9. The expression of type X collagen remained unchanged under these conditions. The formation of the alginate gel chondrones is promoted by IGF-I. The omission of IGF-I results in the alginate culture to a significant reduction in matrix synthesis. 
In summary we can say that TGF-ß3, IGF-1 and dexamethasone may also be classified under the terms of the alginate culture as essential factors for the chondrogenic differentiation of hMSCs. The positive effects of these factors on the differentiation of cells in the alginate culture were both at the mRNA level using RT-PCR at the protein level by immunological analysis of cytospins, as well as functional in the form of GAG production in the 
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subsequent pellet culture can be detected. Also observed the induction of collagen I synthesis, especially under the influence of TGF-ß3 and IGF-I in the alginate culture seems initially the target of chondrogenic differentiation disagree. This result should not be overstated. It has been shown that the differentiation status of the isolated cells from the alginate gel could not be reproducibly assessed by analysis of mRNA levels of collagen type I and II. This was not investigated further for experimental reasons. Contrast, has proven itself as the only reliable method to verify the putative functional chondrocytes in the subsequent pellet culture. 
4.3.4 The matrix formation in the pellet culture 
In addition to the evidence of successful differentiation of the cells in the alginate culture of the three-phase model, additional studies were undertaken with the goal of functional verification can be isolated from the alginate gel-differentiated chondrocytes. To the pellet culture was used as a model for the formation of hyaline cartilage matrix. The results of the pellet - cultures show the superiority of three-phase model, compared to the two-phase model. The GAG synthesis is significantly increased when additional differentiation stage was switched on. The result demonstrates the advantage of the quantitative differentiation of the cells used. Immuno-histological analysis confirmed the findings. 
The difference is clear on when the effect is studied of the additional differentiation in the three-phase model on the gene expression of some markers chondrogenesis. Here are two examples over the two-phase model, a 30-70-fold found elevated levels of collagen II mRNA. Of equal importance is that the mRNA levels of collagen type I and X rise here at the same time by less than a factor 2. 
To exploit the advantages offered by the three-phase model was also attempted to optimize the culture conditions for the pellet culture separate. As already known from the literature was that the formation of extracellular matrix in hyaline cartilage not only not supported by the presence of dexamethasone and TGF-ß3, but inhibited (Chadjichristos et al is 2002,. De Luca, 2006; Gerwin et al ., 2006), the effects of the omission of these factors were also examined. Such a inhibitory effect on the GAG formation by TGF-ß3 and DEX in the pellet culture of the three-phase model has been demonstrated. Here's an important contrast to the two-phase model is clear in which these two factors are considered essential (Mackay et al., 1998). 
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However, it seems the effects of dexamethasone and TGF-ß3 terms of GAG synthesis is not to be additive and should not be dispensed with IGF-I. Similar findings arise when comparing the immuno-histological data: In the paraffin sections of pellet cultures after additional differentiation can be seen a much stronger staining of collagen II antibodies when dexamethasone and / or TGF-ß3 are omitted. In the presence of IGF-I and in the absence of dexamethasone and TGF increases not only the synthesis of collagen II, but also the formation of collagen type I. This suggests a complex effect of IGF-I. On the one hand, the addition of IGF-I is required for the GAG formation, on the other hand, is thus in the absence of TGF-ß3 and dexamethasone stimulates collagen type I synthesis. 
Even the omission of all three factors is not acceptable, because in addition to a strong staining of collagen type II desired and collagen type I is favored, but not the GAG formation. Perhaps an optimization can only be more precise dosing of the concentrations of individual growth factors can be determined. Consistent with these data, the important role of IGF-I on proteoglycan synthesis shown by other authors (McQuillan et al., 1986, Neidel et al., 1994). 
The observed negative effect of TGF-ß3 and dexamethasone on the GAG production and immunologically measured collagen synthesis is completed by qPCR measurements. There is a strong induction of collagen II expression observed when either dexamethasone or TGF-ß3 was omitted. Simultaneously, the mRNA levels of collagen I and SOX9 was hardly affected. Under these conditions, but partly also a relative increase in expression of collagen type X is found, but much more at a lower level. It is possible that the increased mRNA concentration of collagen type X biologically harmless to the formation of hyaline cartilage, because it is in the order of the value found in native cartilage. In contrast to these findings will a simultaneous omission of TGF-ß3 and dexamethasone from unfavorable. Although in this case, induction of collagen II mRNA is measured, but is simultaneously also stimulates the expression of collagen type I and X. This result is not satisfactory because it is close to the case of osteoarthritis (Gebhard et al, 2003;.. Ho et al, 2006). In summary we can say that in a three-phase model can be offered an opportunity for individual stimulation of differentiation and matrix formation can be used successfully. In particular, however, seen in a more precise dosage of the individual growth factors used in yet another way to target the synthesis of matrix components in the context of the formation of hyaline cartilage continues to improve. 
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Compared the findings with the three-phase model samples with native cartilage, human cartilage from the articular surface of the knee 
Since the present work should help clarify the question, how are far from the bone marrow isolable stem cells for tissue engineering of hyaline cartilage implants, is a comparison of the producible with the three-phase model of cartilage samples with the original of great interest. These two methods were used to analyze the gene expression of important gene markers using the qPCR and immuno-histological staining of paraffin sections. A direct comparison of gene expression of the gene markers used in this work shows that in the pellet culture after the three-phase model of the currently optimal conditions, ie in the absence of TGF-ß3 or dexamethasone, a strong induction of mRNA of Type II collagen was detected. What is also relevant with regard to the desired goal, remained the same levels for the mRNAs of collagen type I and type X in the range of values ​​found in native cartilage. Sox9 also no visible change was observed. The graph in Figure 45 also demonstrates the sensitivity of the system. If both factors - TGF-ß3 and dexamethasone - omitted the same time, this has bad consequences. Now, the genes of collagen type I and X is activated more strongly than that of type II collagen 
The result of the immuno-histological comparison shows that among the previously determined best conditions as in the native sample a strong staining with antibodies directed against collagen type II, but has not been achieved with those against type I collagen. In addition to preferentially localized pericellular staining with collagen type VI antibodies is evident. Overall, the intercellular gaps appear in the native sample still larger than the product produced in vitro. But experience shows this is not a disability for use in tissue engineering. 
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Summary 
The aim of this study was to establish a procedure for chondrogenic differentiation of human mesenchymal stem cells from bone marrow. 
These so-called three-phase model has been designed that the temporal separation and separate stimulation of the three main processes - enables proliferation, differentiation and matrix synthesis. To obtain a suitable cell population for this project from the bone marrow was a process for enriching and developing so rapidly proliferating only slightly differentiated progenitor cells. To monitor the quality of different methods of cell flow cytometry were used. The differentiation of the cells was reversible after embedding in a gel to prevent avoidance of cell-cell contacts early initiation of matrix formation. Supporting the process of differentiation by growth factors like IGF-I, TGF-ß3 and dexamethasone was verified by measurement of matrix formation and gene expression of collagen type I, II and X. The proof of the success of quantitative differentiation was achieved by immunohistochemical staining of collagen type VI, a highly specific marker for chondrones. For the functional verification of the differentiation of hMSCs into mature chondrocytes was analyzed by the cells in a three-week pellet-formed culture with regard to the matrix formed glycosaminoglycans and the expression of some genes characteristic of hyaline cartilage. It was found that after optimization of conditions, including the omission of TGF-ß3 or dexamethasone from the culture medium, could be achieved for the hyaline cartilage typical expression pattern. While the formation of strong mRNA of collagen type II could be stimulated, remained low on collagen type I and X level. The results were confirmed by immunohistochemical analysis of paraffin sections. Here, too, conditions are determined under which collagen type II and VI were increasingly formed, whereas collagen type I remained below the detection limit. Based on these parameters, the quality of the manufactured with the three-phase model of cartilage is far superior to that which could be achieved previously by other authors with which differentiation model of pellet culture. The comparative analysis of gene expression of important gene markers of cartilage and immuno-histological comparisons manufactured in vitro cartilage sample with native cartilage lead to the conclusion that the developed three-phase model is a very good opportunity for the use of hMSCs from bone marrow to produce cartilage implants for the treatment of articular surface damage is. 
104 
List of Figures 
List of Figures 
Figure No. 
Title 
Page 
Fig 1 
A schematic representation of the vertical longitudinal section of the articular cartilage 
5 
Figure 2 
The structure of chondrones. The schematic representation 
6 
Fig 3 
Molecular structure of the cartilage 
7 
Figure 4 
Simplified representation of individual steps of chondrogenesis with the most important marker proteins 
8 
Figure 5 
A model of the development of adult MSC 
12 
Fig 6 
Two-phase and three phase model for chondrogenic differentiation of hMSC 
17 
Fig 7 
Schematic representation of the Ficoll gradient separation 
22 
Fig 8 
Schematic representation of the cell culture of hMSC. 
24 
Fig 9 
Schematic representation of the alginate culture of hMSC. 
27 
Fig 10 
DNA calibration curve - comparison of the expected regression to the values ​​measured 
47 
Figure 11 
Schematic representation of the sequence of trials 
48 
Fig 12 
The separation of the cell suspension in Ficoll gradient 
49 
Fig 13 
Successful removal of CD45-positive cells after separation on Ficoll - gradient and adhesion 
50 
Fig 14 
Different morphology of the cells directly after Ficoll gradient separation as compared to the cells that adhered to the surface of culture flasks. 
51 
Figure 15 
Several surface antigens to characterize the heterogeneity of MNC directly after separation in Ficoll gradient. 
52 
Fig 16 
PCR analysis of some differentiation markers directly after isolation 
53 
Figure 17 
Tripotenz the cells after one passage 
54 
Figure 18 
Effects of sowing density on the proliferation rate of cells 
56 
Figure 19 
Dependence of the morphology of the cells of their seeding density 
57 
Figure 20 
Seeding density and passage number affect the morphology of the cells 
57 
Figure 21 
Influence of mitogenic growth factors on proliferation of cells 
59 
Figure 22 
Influence of the addition of FGF to the presence of differentiation markers CD 90 and CD 105 during the proliferation of cells 
60 
Figure 23 
Effect of various growth factors on GAG synthesis in pellet cultures after stimulation of proliferation 
61 
Figure 24 
Comparison of the GAG / DNA ratio for direct pellet culture and pellet culture after differentiation of alginate as a function of passage number and proliferation rate. 
63 
Figure 25 
The effect of duration of culture on alginate matrix formation in the pellet culture after differentiation in alginate 
64 
Figure 26 
Dependence of the efficiency of differentiation in alginate gel used by the initial cell density 
65 
Figure 27 
Influence of oxygen partial pressure in the alginate culture on GAG synthesis in the subsequent pellet culture 
66 
105 
List of Figures 
Figure 28 
Direct detection of GAG formation in the alginate culture 
67 
Figure 29 
Direct detection of collagen formation in the alginate culture 
68 
Figure 30 
The comparison of the structure of native and pseudo-chondrones chondrones from the alginate gel. 
69 
Figure 31 
Quantitative analysis of the alginate gel formed Pseudochondrone 
70 
Figure 32 
Effect of the addition of dexamethasone on the differentiation of cells in alginate culture 
71 
Figure 33 
Effect of the addition of TGF-ß3 on the differentiation of cells in alginate culture 
72 
Figure 34 
Effect of IGF-I on the differentiation of cells in alginate culture 
73 
Figure 35 
GAG / DNA analysis of matrix formation in pellet culture with and without alginate phase 
75 
Figure 36 
Collagen formation in pellet culture with and without alginate phase 
75 
Figure 37 
Immunohistology of the pellet formed in cultures of cartilage tissue with and without additional differentiation in alginate-pellet culture 
76 
Figure 38 
Target gene expression of some genes in pellet culture with and without additional differentiation in alginate culture. 
77 
Figure 39 
Effect of omission of dexamethasone, TGF-ß3 and IGF-I from the culture medium of the pellet culture on the formation of GAG 
79 
Figure 40 
The effects of DEX, TGF-ß3 and IGF-I on the biosynthesis of collagen type I and II in the pellet culture after differentiation in alginate culture 
80 
Figure 41 
Effect of omission of various growth factors on gene expression of important markers during cartilage matrix formation in the pellet culture 
81 
Figure 42 
Effect of TGF-ß3, dexamethasone and IGF-I on cartilage marker gene expression important 
82 
Figure 43 
The relationship between cell morphology on the one hand and Adhärenzzeit and proliferation rate of cells on the other hand, 
84 
Figure 44 
The relationship of GAG formation in the pellet and the culture reached in the proliferative phase of multiplication factors 
85 
Figure 45 
Comparison of the more important in pellet cultures after three-phase model obtained with the marker gene expression in native cartilage, human cartilage 
86 
Figure 46 
Compared immunologically stained histological sections of pellet cultures after three-phase model with the sections of native human cartilage 
87 
Table 1 
Primers for PCR 
33 
Table 2 
Primers for qPCR 
34 
Table 3 
Antibody 
36-37 
Table 4 
The cell number and number of samples taken for DNA calibration curve 
46 
106 
Bibliography 
Bibliography 
• HD Adkisson, MP Gillis, EC Davis, W Maloney and Hruska KA (2001) In vitro generation of scaffold independent neocartilage Clin Orthop Relat Res. S280-94. 
• Angele P, Kujat R, Nerlich M, Yoo J, Goldberg V and Johnstone B (1999) Engineering of osteochondral tissue with bone marrow mesenchymal progenitor cells in a derivatized hyaluronan-gelatin composite sponge. Tissue Eng 5 :545-54. 
• Ashton BA, Allen TD, Howlett CR, Eaglesom CC, Hattori A and M Owen (1980) Formation of bone and cartilage by marrow stromal cells in diffusion chambers in vivo. Clin Orthop Relat Res :294-307. 
• Baksh D, Song L and Tuan RS (2004) Adult mesenchymal stem cells: characterization, differentiation, and application in cell and gene therapy J Cell Mol Med 8 :301-16.. 
• Barber RD, Harmer DW, Coleman RA and Clark BJ (2005) as a housekeeping gene GAPDH. Analysis of GAPDH mRNA expression in a panel of 72 human tissues Physiol Genomics 21 :389-95. 
• Barry F, Boynton R, Murphy M, Haynesworth S Zaia and J (2001a) The SH-3 and SH-4 antibodies recognize distinct epitopes on CD73 from human mesenchymal stem cells. Biochem Biophys Res Commun 289 :519-24. 
• Barry F, Boynton RE, Liu B and Murphy JM (2001b) Chondrogenic differentiation of mesenchymal stem cells from bone marrow. Differentiation-dependent gene expression of matrix components Exp Cell Res 268 :189-200. 
• Barry FP, Boynton RE, Haynesworth S, Murphy JM and Zaia J (1999) The monoclonal antibody SH-2, raised against human mesenchymal stem cells, recognizes an epitope on endoglin (CD105). Biochem Biophys Res Commun 265 :134-9 . 
• Behrens F, Shepard N, Mitchell N. Alterations of rabbit articular cartilage by intra-articular injections of glucocorticoids. J Bone Joint Surg (Am) 1975, 57 (1): 70-6. 
• Bennett VD and Adams SL (1987) Characterization of the translational control mechanism preventing synthesis of alpha 2 (I) collagen in chicken vertebral chondroblasts. J Biol Chem 262 :14806-14. 
• Benya PD Shaffer and JD (1982) Dedifferentiated chondrocytes reexpress the differentiated collagen phenotype when cultured in agarose gels. Cell 30 :215-24. Bianchi G, Banfi A, Mastrogiacomo M, Notaro R, Luzzatto L, Cancedda R to 
• d Quarto R (2003) Ex vivo enrichment of mesenchymal cell progenitors by fibroblast growth factor Exp Cell Res 287 second :98-105. Bianco P and Gehron Robey P (2000) M 
• arrow stromal stem cells. J Clin Invest 105 :1663-8. Binette F, Mc Quaid • DP, Haudenschild DR, Yaeger PC, McPherson JM and Tubo 
• Venture J, Kadhom N, Cohen-Solal L, Ng KH, Bourguignon J, C and Lasselin 
• Water LC, Lefebvre V and de Crombrugghe B (1998) Chondrocyte-specific 
R (1998) Expression of a stable adult articular cartilage phenotype without evidence of hypertrophy by human articular chondrocytes in vitro. J Orthop Res 16 :207-16. Bona 
Freisinger P (1994) re-expression of cartilage-specific genes by dedifferentiated human articular chondrocytes cultured in alginate beads. Exp Cell Res 212 :97-104. Bridge 
enhancer elements in the Col11a2 gene resemble the COL2A1 tissue-specific enhancer. J Biol Chem 273 :14998-5006th 
107 
Bibliography 
• Brittberg M, Nilsson A, Lindahl A, Ohlsson C, Peterson L (1996) Rabbit articular cartilage defects treated with autologous cultured chondrocytes. Clin Orthop 326:270-283 
• Brittberg M, Peterson L, Sjogren-Jansson E, Lindahl Tallheden T and A (2003) Articular cartilage engineering with autologous chondrocyte transplantation. A review of recent developments. J Bone Joint Surg Am 85-A Suppl 3 :109-15. 
• Buckwalter JA and Mankin HJ (1998) Articular cartilage:. Tissue design and chondrocyte-matrix interactions Instr Course Lect 47 :477-86. 
• Cancedda R, Castagnola P, Cancedda FD, B and Dozin Quarto R (2000) Developmental control of chondrogenesis and osteogenesis. Int J Dev Biol 44 :707-14. 
• Caplan AI (1991) Mesenchymal stem cells. J Orthop Res 9 :641-50. 
• Caplan AI (1994) The mesengenic process. Clin Plast Surg 21 :429-35. 
• Carney SL and Muir H (1988) The structure and function of cartilage proteoglycans. Physiol Rev 68 :858-910th 
• Chacko S, Abbott J, Holtzer S and Holtzer H (1969) The loss of phenotypic traits by differentiated cells. VI. Behavior of the progeny of a single chondrocyte. J Exp Med 130 :417-42. 
• Chubinskaya S, Huch K, Schulze M, L Otten, MB Aydelotte and AA Cole (2001) Gene expression by human articular chondrocytes cultured in alginate beads. J Histochem Cytochem 49 :1211-20. 
• Clark JM (1991) Variation of collagen fiber alignment in a joint surface. A scanning electron microscope study of the tibial plateau in dog, rabbit and man J Orthop Res 9 :246-57. Colter DC, sec 
• iya I and Prockop DJ (2001) Identification of a subpopulation of rapidly self-renewing and multi-potential adult stem cells in colonies of human marrow stromal cells. Proc Natl Acad Sci USA 98 :7841-5. Conget PA and Minguell JJ (1999) Phenotypical and functional pr 
• Operti of human bone marrow mesenchymal progenitor cells. J Cell Physiol 181 :67-73. Czyz J, Wiese C, Rolletschek A Blyszczuk P, Cross M and Wobus AM (20 • 
• 004) 
• wth plate chondrogenesis in children with chronic 
• 996) Collagen type IX from human cartilage: a 
• olamo CM, Stokes D, Colter D, Phinney DG, Class R and Prockop DJ (1999) 
• z R (2001) In vivo morphometry and 
• JJ and Apone S (1987) A growing family of collagens in articular 
cartilage: identification of 5 genetically distinct types J Rheumatol 14 Spec No: 25 -. 
7th 
03) Potential of embryonic and adult stem cells in vitro. Biol Chem 384 :1391-409. De Ceuninck F, Caliez A, The Court L, P and Anract Renard P (2 
Pharmacological disruption of insulin-like growth factor 1 binding to IGF-binding proteins restores anabolic responses in human osteoarthritic chondrocytes Arthritis Res There 6. R393-403. De Luca F (2006) Impaired great 
illnesses. Pediatr Res 59 :625-9. Diab M, Wu JJ and Eyre DR (1 
structural profile of intermolecular cross-linking sites. Biochem J 314 (Pt 1) :327-32. Digir 
Propagation and senescence of human marrow stromal cells in culture: a simple colony forming assay Identifies differentiate samples with the greatest potential to propagate and Br J Haematol 107 :275-81.. Eckstein F, Reiser M, Meier KH Engl and Put 
Functional analysis of human articular cartilage with quantitative magnetic resonance imaging -. from image to data, from data to theory Anat Embryol (Berl) 203 :147-73. Eyre DR, Wu 
108 
Bibliography 
• Ferrari G, De Angelis Cusella-G, Coletta M, Paolucci E, Stornaiuolo A, Cossu G and Mavilio F (1998) Muscle regeneration by bone marrow-derived myogenic progenitors. Science 279 :1528-30. 
• olesova AI and GP Frolova (1968) Straight Topic 
• 
• 
ment of full-thickness defects of weight-bearing joints: ten years of 
• gi Z and Z Kendik (2001) 
• Friedenstein, AJ, Gorskaya, JFKulagina, NN (1976). Fibroblast precursors in normal and irradiated mouse hematopoietic organs. Exp Hematol 4, 267-274. Friedenstein AJ, K. Petrakova, cure 
of precursor cells of bone marrow.Analysis for osteogenic and hematopoietic tissues. Transplantation 6 :230-47. 
• Frosch KH, Barvencik F, Lohmann CH, Viereck V, Siggelkow H, Breme J, K and Dresing Sturmer KM (2002) Migration, matrix production and lamellar bone formation of osteoblast-like human cells in porous titanium implants. Cells Tissues 
. :214-170 organ 27 • Fujita T, Fukuyama R, Enomoto H and Komori T (2004) Dexamethasone inhibits insulin-induced chondrogenesis of ATDC5 cells by preventing PI3K-Akt signaling and DNA binding of RUNX2 J Cell Biochem 93:. 374 - 83rd 
• Fukuda K and Fujita J (2005) Mesenchymal, but not hematopoietic, stem cells can be mobilized and differentiate into cardiomyocytes after myocardial infarction in mice. Kidney Int 68 :1940-3. 
• Goessler UR Bieback K, Bugert P, Naim R, Schafer C, Sadick H, Hormann K Riedel and F (2005) Human chondrocytes differentially express matrix modulators during in vitro expansion for tissue engineering. Int J Mol Med 16 :509-15 . 
• Goessler UR, Bugert P, Bieback K, Sadick H, Baisch A, Hormann K Riedel and F (2006) In vitro analysis of differential expression of collagens, integrins, and growth factors in cultured human chondrocytes Otolaryngol Head Neck Surg 134:. 510 -5. 
• Gojo S and Umezawa A (2003) Plasticity of mesenchymal stem cells -. Regenerative medicine for diseased hearts Hum Cell 16 :23-30. Goldring MB, and Tsuchimochi K Ijiri K (2006) The control of chondrogenesis. J 
Cell Biochem 97 :33-44. • Grande DA, Breitbart AS, Mason J, Paulino C, Laser J Schwartz and RE (1999) 
Cartilage tissue engineering: current limitations and solutions Clin Orthop Relat Res. S176-85. Gronthos S, Zannettino AC, Hay SJ, 
• Shi S, Graves SE, Simmons PJ and Kortesidis A (2003) Molecular and cellular characterization of highly purified stromal stem cells derived from human bone marrow. J Cell Sci 116 :1827-35. Gruber R, Kar 
. Reth • F, Kandler B, Fuerst G, Rot A, Fischer MB Watzek and G (2004) Platelet-released supernatants increase migration and proliferation, and decrease osteogenic differentiation of bone marrow-derived mesenchymal progenitor cells under in vitro conditions Platelets 15: 29-35. 
• Grundmann K, Zimmermann B, Merker HJ and Barrach HJ (1980) Behaviour of epiphyseal mouse chondrocyte populations in monolayer culture. Morphological and immunohistochemical studies. Virchows Arch A Pathol Anat Histol 389 :167-87. 
• Hall BK and Miyake T (2000) All for one and one for all. Condensations and the initiation of skeletal development Bioessays 22 :138-47. Hangody L and Fules P (2003) Autologous osteochondral mosaicplasty for the treat 
experimental and clinical experience. J Bone Joint Surg Am 85-A Suppl 2 :25-32. Hangody L, Kish G, Modis L, Szerb I, Gaspar L, Diosze 
Mosaicplasty for treatment of osteochondritis dissecans of the talus. Patients two to seven year results in 36 Foot Ankle Int 22 :552-8. 
109 
Bibliography 
• Hangody L, Kish G, Karpati Z, et al. Mosaicplasty for treatment of articular cartilage defects: application in clinical practice. Orthopedics 1998; 21: 751-756 Hardingham TE, Bayliss MT, V Rayan and DP Noble (1 • 992) Effects of growth 
ultured in alginate beads. Matrix 12 :116-29. 
• He and U 
• 
• RE Boynton, JM Murphy and Barry F (2002) Chondrogenic 
• ton J and Vacanti JP (1994) Bone defect repair with 
• 
Lumes). 
e into astrocytes after 
• r AR (2005) High-potential 
• 
ceptor and Enhances 
factors and cytokines on proteoglycan turnover in articular cartilage. Br J Rheumatol 31 Suppl 1 :1-6. 
• Hauselmann HJ, Aydelotte MB, Schumacher BL, Kuettner KE, Thonar EJ and Gitelis SH (1992) Synthesis and turnover of proteoglycans by human and bovine adult articular chondrocytes c 
• Healy C, D and Uwanogho Sharpe PT (1999) Regulation and role of Sox9 in cartilage formation. Dev Dyn 215 :69-78. Heyland J, Wiegandt K, Goepfert C, Nagel-Heyer S, E Ilinich, Schumach 
Portner R (2006) Redifferentiation of chondrocytes and cartilage formation under intermittent hydrostatic pressure. Biotechnol Lett. 
• Huang CY, Reuben PM, D'Ippolito G, Schiller PC and Cheung HS (2004) Chondrogenesis of human bone marrow-derived mesenchymal stem cells in agarose culture. Anat Rec A Discov Mol Cell Evol Biol 278 :428-36. 
• Hung SC, Chen NJ, Hsieh SL, Li H, Ma HL Lo and WH (2002) Isolation and characterization of size-sieved stem cells from human bone marrow. Stem Cells 20 :249-58. 
• EB Hunziker, TM Quinn and HJ Hauselmann (2002) Quantitative structural organization of normal adult human articular cartilage. Osteoarthritis Cartilage 10 :564-72. 
• Jaiswal N, Haynesworth SE, Caplan AI and brother SP (1997) Osteogenic differentiation of purified, culture-expanded human mesenchymal stem cells in vitro. J Cell Biochem 64 :295-312. 
• Johnson LL (2001) Arthroscopic abrasion arthroplasty: a review Clin Orthop Relat Res. S306-17. Johnstone B, Hering TM, Caplan AI, Goldberg VM Yoo JU and (1998) In vitro 
chondrogenesis of bone marrow-derived mesenchymal progenitor cells. Exp Cell Res 238 :265-72. Katz EP, Wa 
• chtel EJ and Maroudas A (1986) Extrafibrillar proteoglycans osmotically regulate the molecular packing of collagen in cartilage. Biochim Biophys Acta 882 :136-9. Kavalkovich KW 
differentiation of human mesenchymal stem cells within alginate layer culture system in In Vitro Cell Dev Biol Anim 38 :457-66. Kim WAS, Vacanti CA, Up 
tissue-engineered cartilage. Plast Reconstr Surg 94 :580-4. Koopman, WJ, 13th ed Baltimore: Williams & Wilkins, 1997 Arthritis and Allied Conditions: A Textbook of Rheumatology. (2 vo 
• Kopen GC, Prockop DJ and Phinney DG (1999) Marrow stromal cells migrate throughout forebrain and cerebellum, and they differentiat 
injection into neonatal mouse brains. Proc Natl Acad Sci USA 96 :10711-6. Lange C, Schroeder J, Stute N, Lioznov MV and Zande 
human mesenchymal stem cells. Stem Cells Dev 14 :70-80. V Lefebvre and Smits P (2005) Transcriptional control of chondrocyte fate and differentiation. Birth Defects Res C Embryo Today 75 :200-12. 
• Li Z, Chen Y, Cao D, Wang Y, Chen G, Lu S and Zhang J (2006) Glucocorticoid upregulate Transforming Growth Factor-{beta} Type II Re 
TGF-{beta} Signaling in Human Prostate Cancer PC-3 cells. Endocrinology. 
110 
Bibliography 
Collagen • Liu Y, Li H, Tanaka K, Yamada Y and N Tsumaki (2000) Identification of an enhancer sequence within the first intron required for cartilage-specific transcription of the alpha2 (XI) gene. J Biol Chem 275 :12712-8 . 
• Lorenz H, Wenz W, Ivancic M, Plug E and Richter W (2005) Early and stable upregulation of collagen type II collagen, type I and YKL40 expression levels in cartilage during early experimental osteoarthritis occurs independent of joint 
• 
• ormal and 
• MF (1980) Further studies on the composition 
• G, Stark GB and 
• 
• 
• 
• Malemud CJ and Sokoloff L (1977) Differences in the collagen types 
• K, Tanimoto K, Yoneno K, Ohno-Nakahara M, 
34th 
• 
• 
activity during expansion and differentiation of 
Otten L, Pietryla D, Hartmann DJ, Morris NP, 
Uebelhart D, Schmid TM and Thonar EJ (1996) Characterization of crosslinked 
location and histological grading Arthritis Res There 7:. R156-65. Mackay AM, Beck SC, Murphy JM, Barry FP, Chichester CO and Pittenger MF (1998) Chondrogenic differentiation of cultured human mesenchymal stem cells from marrow. Tissue Eng 4 :415-28. 
• Mankin HJ (1982) The response of articular cartilage to mechanical injury. J Bone Joint Surg Am 64 :460-6. HJ Mankin and AZ Thrasher (1975) Water content and binding in n 
human osteoarthritic cartilage. J Bone Joint Surg Am 57 :76-80. Maroudas A, Bayliss MT and Fens 
cartilage of human femoral head. Ann Rheum Dis 39 :514-23. Mehlhorn AT, narrow H, Kaiser S, G Lepski, Finkenzeller 
Sudkamp NP (2006) Mesenchymal stem cells maintain TGF-beta-mediated chondrogenic phenotype in alginate bead culture. Tissue Eng 12 :1393-403. 
• Mendler M, Eich-Bender SG, Vaughan L, Winterhalter KH and Bruckner P (1989) Cartilage contains mixed fibrils of collagen types II, IX, and XI. J Cell Biol 108 :191-7. 
• Messner, K. (1996). "The long term prognosis for severe damage to weight-bearing cartilage in the knee. A 14 year clinical and radiographic follow-up in 28 young atheletes." Acta Orthop Scand (67): 165-68. 
• Mok SS, Masuda K, Hauselmann HJ, Aydelotte MB and Thonar EJ (1994) Aggrecan synthesized by mature bovine chondrocytes suspended in alginate. J Biol Chem 269 :33021-7. 
Identification of two distinct metabolic matrix pools. Moskalewski S, I and Adamiec Golasze 
• WSKA A (1979) Maturation of rabbit auricular chondrocytes grown in vitro in monolayer culture. Am J Anat 155 :339-48. Mountford P, Nichols J, Zevnik B, O'Brien C and Smith A (1998) Maintenance of pluripotential embryonic stem cells by stem cell selection. Reprod Fertil 
Dev 10 :527-33. Nagel-Heyer S, Goepfert C, P Adamietz, Meenen NM and Portner R (2006) 
Cultivation of three-dimensional cartilage-carrier-constructs under reduced oxygen tension. J Biotechnol 121 :486-97. Norby DP, 
lapine articular chondrocytes synthesized by in spinner and monolayer culture. Arthritis Rheum 20 :709-16. Ohno S, Tanaka N, Ueki M, Honda 
Fujimoto K, Kato Y and fir K (2005) Mechanical regulation of terminal chondrocyte differentiation via RGD-CAP/beta ig-h3 induced by TGF-beta Connect Tissue Res 46:. 227 - 
• Otte P (2001) The OA process. Part 1: Osteochondral structures. Novartis Pharmaceuticals Publishing, Nuremberg, 13-66 Parsch D, Fellenberg J, TH village hum, Eschlbeck AM and Richter W (2004) Telomere length and telomerase 
human mesenchymal stem cells and chondrocytes. J Mol Med 82 :49-55. 
• Petit B, Masuda K, D'Souza AL, 
111 
Bibliography 
collagens synthesized by mature articular chondrocytes cultured in alginate beads. comparison of two distinct matrix compartments Exp Cell Res 225 :151-61. Phinney DG, Kopen G, Righter W, Webster S, Tremain N and Prockop D • J (1999) 
• 
adult f 
• 
rthop Res 14 :681-9. 
cultures of human marrow stromal cells. 
• 
6th J Biol Chem 
• 
from bone marrow stroma defines the sequence of 
• 
ing chondrogenesis in vitro: study of immunomorphological J. 
• 
Donor variation in the growth properties and osteogenic potential of human marrow stromal cells. J Cell Biochem 75 :424-36. Pittenger MF, Mackay AM, Beck SC, Jaiswal RK, Douglas R, Mosca JD, Moorman MA, Simonetti DW, Craig S and Marshak DR (1999) multilineage potential o 
human mesenchymal stem cells. Science 284 :143-7. Poole AR 1991st In Cartilage: Molecular Aspects (Eds.: BKHall, SA Newman), CRC Press, Bova Raton, pp. 179-211 
• Poole AR, Rosenberg LC, Reiner A, Ionescu M, Bogoch E and Roughley PJ (1996) Contents and distributions of the proteoglycans decorin and biglycan in normal and osteoarthritic human articular cartilage. JO 
• Prockop DJ, Sekiya I, Colter and DC (2001) Isolation and characterization of rapidly self-renewing stem cells from 
Cytotherapy 3 :393-6. Pullig O, and Pfander D Swoboda B (2001) [Molecular principles of induction and progression of arthrosis]. Orthopedist-30 :825-33. 
• Ramakers C, Ruijter JM, Deprez RH and Moorman AF (2003) Assumption-free analysis of quantitative real-time polymerase chain reaction (PCR) data. Neurosci Lett 339 :62-6. 
• EF Roark and K. Greer (1994) Transforming growth factor-beta and bone morphogenetic protein-2 act by distinct mechanisms limb to promote chick 
cartilage differentiation in vitro. Dev Dyn 200 :103-16. • Schmal H, Mehlhorn AT, Fehrenbach M, Muller CA, Finkenzeller G and Sudkamp NP (2006) Regulative mechanisms of chondrocyte adhesion. Tissue Eng 12 :741- 
50. • Schmidt MB, Chen EH and Lynch SE (2006) A review of the effects of insulin-like growth factor and platelet derived growth factor on in vivo cartilage healing and 
repair. Osteoarthritis Cartilage 14 :403-12. • Schmid A, Schmid F: Results after cartilage shaving studied by electron microscopy. Am J Sports Med 15 (1987) 386-387 
• Schneiderman R, Keret D and Maroudas A (1986) Effects of mechanical and osmotic pressure on the rate of glycosaminoglycan synthesis in the human adult femoral head cartilage: an in vitro study. J Orthop Res 4 :393-408. 
• Sekiya I, Larson BL, Vuoristo JT, Cui JG and Prockop DJ (2004) Adipogenic differentiation of human adult stem cells from bone marrow stroma (MSCs). J Bone Miner Res 19 :256-64. 
• Sekiya I, Tsuji K, Koopman P, Watanabe H, Yamada Y, Shinomiya K, Nifuji A and Noda M (2000) SOX9 enhances aggrecan gene promoter/enhancer activity and is up-regulated by retinoic acid in a cartilage-derived cell line, TC 
275 :10738-44. Sekiya I, Vuoristo JT, Larson BL and Prockop DJ (2002) In vitro cartilage formation by human adult stem cells 
cellular and molecular events during chondrogenesis. Proc Natl Acad Sci USA 99 :4397-402. Shakibaei M, Zimmermann B and Merker HJ (1995) Changes in integrin expression dur 
Histochem Cytochem 43 :1061-9. Shyy JY and Chien S (1997) Role of integrins in cellular responses to mechanical stress and adhesion. Curr Opin Cell Biol 9 :707-13. 
112 
Bibliography 
• Simmons PJ and Torok-Storb B (1991) Identification of stromal cell precursors in human bone marrow by a novel monoclonal antibody, STRO-1. Blood 78 :55-62. Singh S, Lee CC and Tay BK (199 • 1) Results of arthroscopic abrasion arthroplasty 
• an AI (1999) Hyaluronic acid- 
. 
• 
• 978) Variation of chemical composition with age in human femoral 
• non J, Thompson RC, Jr. and Oegema TR, Jr. (1995) 
• 
urine chondrogenesis and 
• F, Tubo R and McPherson JM (1997) 
dult human 
• 
liver stem cell WB-F344 in vitro]. 
• 
(Larchmt) 24 :92-7. 
in osteoarthritis of the knee joint. Singapore Med J 32 :34-7. Solchaga LA, Dennis JE, Goldberg VM and Capl 
based polymers as cell carriers for tissue-engineered repair of bone and cartilage. J Orthop Res 17 :205-13. 
• Solursh M (1988) Chondrogenesis: in vitro approaches. Pathol Immunopathol Res 7 :48-50. 
• Stephens M, Kwan AP, Bayliss MT and Archer CW (1992) Human articular surface chondrocytes initiate alkaline phosphatase and type X collagen synthesis in suspension culture. J Cell Sci 103 ( Pt 4) :1111-6. 
• Storch A, Paul G, Csete M, Boehm BO, Carvey PM, Kupsch A and Schwarz J (2001) Long-term proliferation and dopaminergic differentiation of human m 
esencephalic neural precursor cells. Exp Neurol 170 :317-25. • Strehl R, Schumacher K, de Vries U and Minuth WW (2002) Proliferating cells versus differentiated cells in tissue engineering. Tissue Eng 8 :37-42. 
• Szafranski JD, Grodzinsky AJ, Burger E, Gaschen V, Hung HH and Hunziker EB (2004) Chondrocyte mechanotransduction: effects of compression on deformation of intracellular organelles and relevance to cellular biosynthesis. Osteoarthritis Cartilage 12 :937-46. 
• Tacchetti C, Tavella S, Dozin B, Quarto R, Robino G and Cancedda R (1992) Cell condensation in chondrogenic differentiation. Exp Cell Res 200 :26-33 
• Tepliashin AS, Korzhikova SV, Sharifullina SZ, Chupikova NI, Rostovskaia MS and Savchenkova IP (2005) [Characteristics of human mesenchymal stem cells isolated from bone marrow and adipose tissue]. Tsitologiia 47 :130-5. 
• Trippel SB (1995) Growth factor actions on articular cartilage. J Rheumatol Suppl 43 :129-32. Tuan RS (2004) Biology of developmental and regenerative skeletog 
• enesis. Clin Orthop Relat Res :S105-17. van Susante JL, Buma P, van Beuningen HM, van den Berg WB and Veth RP (2000) Responsiveness of bovine chondrocytes to growth factors in 
medium with different serum concentrations. J Orthop Res 18 :68-77. Venn MF (1 
head cartilage. Ann Rheum Dis 37 :168-74. Walker GD, Fischer M, Gan 
Expression of type-X collagen in osteoarthritis. J Orthop Res 13 :4-12. Wang E, Wang J, Chin E, Zhou J and Bondy CA (1995) Cellular patterns of insulin-like growth factor system gene expression in m 
osteogenesis. Endocrinology 136 :2741-51. Yaeger PC, Masi TL, de Ortiz JL, Binette 
Synergistic action of transforming growth factor-beta and insulin-like growth factor-I induces expression of type II collagen and aggrecan genes in a 
articular chondrocytes. Exp Cell Res 237 :318-25. Yao P, Zhan YQ, Xu WX, Li CY, Yang XM and Hu DR (2003) [Mitogenic effects of growth and differentiation factors on rat 
Zhonghua Gan Zang Bing Za Zhi 11 :33-6. Yoo HJ, Yoon SS, Park S, Park WS, Kim DJ, Lee EB and Song YW (2005) Production and characterization of monoclonal antibodies to mesenchymal stem cells derived from human bone marrow. Hybridoma 
113 
Bibliography 
• Yoo JU, Barthel TS, Nishimura K, Solchaga L, Caplan AI, Goldberg VM and Johnstone B (1998) The chondrogenic potential of human bone-marrow-derived mesenchymal progenitor cells. J Bone Joint Surg Am 80 :1745-57. 
ts. Exp Neurol 
• 
espir Cell Mol Biol 34 :746-53. 
• Billington C, Cleaver C, Elliott S, Hui W, Koshy P, Shingleton B and 
• d 
4-52. 
Proc Natl Acad Sci USA 97 :3213-8. 
• Yu FY, Lu SB, Cui XM, Zhao B, Xu WJ, Yuan M, Sun MX, Zhang WT and Huang JX (2006) [Biological characterization of rabbit's articular chondrocytes by confluent culture in vitro.]. Zhonghua Wai Ke Za Zhi 44 :848-51. 
• Zhao LR, Duan WM, Reyes M, Keene CD, Verfaillie CM and Low WC (2002) Human bone marrow stem cells exhibit neural phenotypes and ameliorate neurological deficits after grafting into the ischemic brain of ra 
174 :11-20. Zhao Q, Eberspaecher H, Lefebvre V and De Crombrugghe B (1997) Parallel expression of Sox9 and Col2a1 in cells undergoing chondrogenesis. Dev Dyn 
209 :377-86. • Zuk PA, Zhu M, Ashjian P, De Ugarte DA, Huang JI, Mizuno H, Alfonso ZC, Fraser JK, Benhaim P and Hedrick MH (2002) Human adipose tissue is a source of multipotent stem cells. Mol Biol Cell 13 :4279-95. 
• Baksh D, Davies JE and Zandstra PW (2003) Adult human bone marrow-derived mesenchymal progenitor cells are capable of adhesion-independent survival and expansion. Exp Hematol 31 :723-32. 
• Ballock RT, Heydemann A, Wakefield LM, Flanders KC, Roberts AB and Sporn MB (1993) TGF-beta 1 prevents hypertrophy of epiphyseal chondrocytes: regulation of gene expression for cartilage matrix proteins and metalloproteases. Dev Biol 158 :414-29. 
• Bianchi G, Banfi A, Mastrogiacomo M, Notaro R, Luzzatto L, Cancedda R and Quarto R (2003) Ex vivo enrichment of mesenchymal cell progenitors by fibroblast growth factor 2. Exp Cell Res 287 :98- 
105. • Blunk T, Sieminski AL, Gooch KJ, Courter DL, Hollander AP, Nahir AM, Langer R, Vunjak-Novakovic G and Freed LE (2002) Differential effects of growth factors on tissue-engineered cartilage. Tissue Eng 8 :73-84. 
• Bohme K, Winterhalter KH and Bruckner P (1995) Terminal differentiation of chondrocytes in culture is a spontaneous process and is arrested by transforming growth factor-beta 2 and basic fibroblast growth factor in synergy. Exp Cell Res 216 :191-8. 
• Bosse Y, Thompson C, Stankova J and Rola-Pleszczynski M (2006) Fibroblast growth factor 2 and transforming growth factor beta1 synergism in human bronchial smooth muscle cell proliferation. Am JR 
• Brighton CT and Heppenstall RB (1971) Oxygen tension in zones of the epiphyseal plate, the metaphysis and diaphysis. An in vitro and in vivo study in rats and rabbits. J Bone Joint Surg Am 53 :719-28. Cawston T, 
Rowan A (1999) The regulation of MMPs and TIMPs in cartilage turnover. Ann NY Acad Sci 878 :120-9. Chadjichristos C, Ghayor C, Herrouin JF, Ala-Kokko L, Suske G, Pujol JP an 
Galera P (2002) Down-regulation of human type II collagen gene expression by transforming growth factor-beta 1 (TGF-beta 1) in articular chondrocytes involves SP3/SP1 ratio. J Biol Chem 277 :43903-17. 
• Chiou M, Xu Y and Longaker MT (2006) Mitogenic and chondrogenic effects of fibroblast growth factor-2 in adipose-derived mesenchymal cells. Biochem Biophys Res Commun 343 :64 
• Colter DC, Class R, DiGirolamo CM and Prockop DJ (2000) Rapid expansion of recycling stem cells in cultures of plastic-adherent cells from human bone marrow. 
114 
Bibliography 
• 
ult stem cells in colonies of human 
• 
in vitro by adhesion to silane-modified clean glass 
• 
sue and bone marrow. 
• 
170 
• 
• 
:226-42. 
:1417-29. 
• 
• 
• 
effects of dexamethasone 
• rswijk CA (2006) Effect of Stratified Culture 
• hung YH, Chen CH, Hung SH and Wang GJ (2006) A 
30 :288-94. 
Colter DC, Sekiya I and Prockop DJ (2001) Identification of a subpopulation of rapidly self-renewing and multipotential ad 
marrow stromal cells. Proc Natl Acad Sci USA 98 :7841-5. Curran JM, Chen R and Hunt JA (2005) Controlling the phenotype and function of mesenchymal stem cells 
surfaces. Biomaterials 26 :7057-67. De Luca F (2006) Impaired growth plate chondrogenesis in children with chronic illnesses. Pediatr Res 59 :625-9. 
• De Ugarte DA, Alfonso Z, Zuk PA, Elbarbary A, Zhu M, Ashjian P, Benhaim P, Hedrick MH and Fraser JK (2003) Differential expression of stem cell mobilization-associated molecules on multi-lineage cells from adipose tis 
Immunol Lett 89 :267-70. Dennis JE, Carbillet JP, Caplan AI and Charbord P (2002) The STRO-1+ marrow cell population is multipotential. Cells Tissues Organs :73-82. 
• Derfoul A, Perkins GL, Hall DJ and Tuan RS (2006) Glucocorticoids promote chondrogenic differentiation of adult human mesenchymal stem cells by enhancing 
expression of cartilage extracellular matrix genes. Stem Cells 24 :1487-95. • Diaz-Romero J, Gaillard JP, Grogan SP, Nesic D, Trub T and Mainil-Varlet P (2005) Immunophenotypic analysis of human articular chondrocytes: changes in surface markers associated with cell expansion in monolayer culture. J Cell 
Physiol 202 :731-42. • Domm C, Schunke M, Christesen K and Kurz B (2002) Redifferentiation of dedifferentiated bovine articular chondrocytes in alginate culture u 
nder low oxygen tension. Osteoarthritis Cartilage 10 :13-22. Gebhard PM, Gehrsitz A, Bau B, Soder S, Eger W and Aigner T (2003) Quantification of expression levels of cellular differentiation markers d 
oes not support a general shift in the cellular phenotype of osteoarthritic chondrocytes. J Orthop Res 21 :96-101. Gerwin N, Hops C and Lucke A (2006) Intraarticular drug delivery in osteoarthritis. Adv Drug Deliv Rev 58 
• Giannouli CC and Kletsas D (2006) TGF-beta regulates differentially the proliferation of fetal and adult human skin fibroblasts via the activation of PKA and the autocrine action of FGF-2. Cell Signal 18 
• Goldring MB, Tsuchimochi K and Ijiri K (2006) The control of chondrogenesis. J Cell Biochem 97 :33-44. Grigoriadis AE, Aubin JE and Heersche JN (1989) Effects of dexamethasone and vitamin D3 on cartilage 
differentiation in a clonal chondrogenic cell population. Endocrinology 125 :2103-10. Gronthos S, Graves SE, Ohta S 
and Simmons PJ (1994) The STRO-1+ fraction of adult human bone marrow contains the osteogenic precursors. Blood 84 :4164-73. Haynesworth SE, Baber MA and Caplan AI (1996) Cytokine expression by human marrow-derived mesenchymal progenitor cells in vitro: 
and IL-1 alpha. J Cell Physiol 166 :585-92. Hendriks J, Riesle J and Vanblitte 
Compared to Confluent Culture in Monolayer on Proliferation and Differentiation of Human Articular Chondrocytes. Tissue Eng . Ho ML, Chang JK, Wu SC, C 
novel terminal differentiation model of human articular chondrocytes in three-dimensional cultures mimicking chondrocytic changes in osteoarthritis. Cell Biol Int 
115 
Bibliography 
• Hung SC, Chen NJ, Hsieh SL, Li H, Ma HL and Lo WH (2002) Isolation and characterization of size-sieved stem cells from human bone marrow. Stem Cells 20 :249-58. 
• Ichinose S, Yamagata K, Sekiya I, Muneta T and Tagami M (2005) Detailed examination of cartilage formation and endochondral ossification using human mesenchymal stem cells. Clin Exp Pharmacol Physiol 32 :561-70. 
• a N, Chen G, Tadokoro M, Shann LH, Ohgushi H, Tateishi T, Tanaka J 
• rth SE, Caplan AI and Bruder SP (1997) Osteogenic 
• ors on DNA and 
• an AI, Goldberg VM and Yoo JU (1998) In vitro 
• 
• 
• 
dexamethasone and ascorbate-2-phosphate. 
• 
rves for cytokine gene expression 
• 
ny derived strains of human marrow stromal 
• Im GI, Jung NH and Tae SK (2006) Chondrogenic differentiation of mesenchymal stem cells isolated from patients in late adulthood: the optimal conditions of growth factors. Tissue Eng 12 :527-36. Indrawattan 
and Bunyaratvej A (2004) Growth factor combination for chondrogenic induction from human mesenchymal stem cell. Biochem Biophys Res Commun 320 :914-9. Jaiswal N, Hayneswo 
differentiation of purified, culture-expanded human mesenchymal stem cells in vitro. J Cell Biochem 64 :295-312. Jiao Y, Wang D, Han W and Li T (1999) [Effects of growth fact 
collagen synthesis of human mandibular condylar cartilage cells]. Hua Xi Kou Qiang Yi Xue Za Zhi 17 :358-60. Johnstone B, Hering TM, Capl 
chondrogenesis of bone marrow-derived mesenchymal progenitor cells. Exp Cell Res 238 :265-72. Johnstone B and Yoo JU (1999) Autologous mesenchymal progenitor cells in 
articular cartilage repair. Clin Orthop Relat Res :S156-62. Jones EA, Kinsey SE, English A, Jones RA, Straszynski L, Meredith DM, Markham AF, Jack A, Emery P and McGonagle D (2002) Isolation and characterization of 
bone marrow multipotential mesenchymal progenitor cells. Arthritis Rheum 46 :3349-60. Jones KL and Addison J (1975) Pituitary fibroblast growth factor as a stimulator of 
growth in cultured rabbit articular chondrocytes. Endocrinology 97 :359-65. • A. Jubel J. Andermahr J. Koebke H.-J. Häuselmann KE Rehm1 Die Therapie von Gelenkknorpeldefekten Dtsch Med Wochenschr 2002; 127: 1904–1908 
• Kato Y and Gospodarowicz D (1985) Stimulation by glucocorticoid of the synthesis of cartilage-matrix proteoglycans produced by rabbit costal chondrocytes in vitro. J Biol Chem :2364-73. 
260 • Kavalkovich KW, Boynton RE, Murphy JM and Barry F (2002) Chondrogenic differentiation of human mesenchymal stem cells within an alginate layer culture system. In Vitro Cell Dev Biol Anim 38 :457-66. 
• Kawaguchi J, Mee PJ and Smith AG (2005) Osteogenic and chondrogenic differentiation of embryonic stem cells in response to specific growth factors. Bone 36 :758-69. 
• Kowalewski S. Deutschkand Radio Berlin. 2005 http://dradio.de/dlr/sendungen/patentes/341283/ 
• Kim H, Suh H, Jo SA, Kim HW, Lee JM, Kim EH, Reinwald Y, Park SH, Min BH and Jo I (2005) In vivo bone formation by human marrow stromal cells in biodegradable scaffolds that release 
Biochem Biophys Res Commun 332 :1053-60. Kuhne BS and Oschmann P (2002) Quantitative real-time RT-PCR using hybridization probes and imported standard cu 
analysis. Biotechniques 33 :1078, 1080-2, 1084 passim. Kuznetsov SA, Krebsbach PH, Satomura K., Kerr J., Riminucci M., Benayahu D., Robey PG (1997) Single-colo 
116 
Bibliography 
fibroblasts form bone after transplantation in vivo, J. Bone Miner. Res., 12: 1335-1347. 
• Ramakers C, Ruijter JM, Deprez RH and Moorman AF (2003) Assumption-free analysis of quantitative real-time polymerase chain reaction (PCR) data. Neurosci Lett 339 :62-6. Bassett and Herrmann 1961; Pawelek 1969. • 
• k Beiera,b, MAP kinases 
• 
004a) Effects of the controlled-released TGF-beta 1 from chitosan 
• YH, Kim SH, Han SH and Hahn SB (2004b) Chondrogenic 
its clinical applications. Yonsei Med 
• and Poliard A (2004) 
• L, O'Rear L, Aakula S, Johnstone B, Shimer K, Chytil A, Horton WA, 
• 
• 
• 
ue Eng 12 :1393-403. 
• Lange C, Schroeder J, Stute N, Lioznov MV and Zander AR (2005) High-potential human mesenchymal stem cells. Stem Cells Dev 14 :70-80. Lee-Anne Stanton,a,b T. Michael Underhill,a,b and Fran 
in chondrocyte differentiation Review Developmental Biology 263 (2003) 165–175 Synergistic Lee JE, Kim KE, Kwon IC, Ahn HJ, Lee SH, Cho H, Kim HJ, Seong SC and Lee MC (2 
microspheres on chondrocytes cultured in a collagen/chitosan/glycosaminoglycan scaffold. Biomaterials 25 :4163-73. Lee JW, Kim 
differentiation of mesenchymal stem cells and 
J 45 Suppl :41-7. Locker M, Kellermann O, Boucquey M, Khun H, Huerre M 
Paracrine and autocrine signals promoting full chondrogenic differentiation of a mesoblastic cell line. J Bone Miner Res 19 :100-10. Longobardi 
Moses HL and Spagnoli A (2006) Effect of IGF-I in the chondrogenesis of bone marrow mesenchymal stem cells in the presence or absence of TGF-beta signaling. J Bone Miner Res 21 :626-36. Ma HL, Hung SC, Lin SY, Chen YL and Lo WH (2003) Chondrogenesis of human 
mesenchymal stem cells encapsulated in alginate beads. J Biomed Mater Res A 64 :273-81. Mackay AM, Beck SC, Murphy JM, Barry FP, Chichester CO and Pittenger MF 
(1998) Chondrogenic differentiation of cultured human mesenchymal stem cells from marrow. Tissue Eng 4 :415-28. Maetzel A The economic burdet associated with osteoarthritis, rheumatoid arthritis, 
and hypertension: a comparative study. Ann Rheum Dis. 2004 63:395-401. • Majumdar MK, Banks V, Peluso DP and Morris EA (2000) Isolation, characterization, and chondrogenic potential of human bone marrow-derived multipotential stromal cells. J Cell Physiol 185 :98-106. 
• Marcopoulou CE, Vavouraki HN, Dereka XE and Vrotsos IA (2003) Proliferative effect of growth factors TGF-beta1, PDGF-BB and rhBMP-2 on human gingival fibroblasts and periodontal ligament cells. J Int Acad Periodontol 5 :63-70. 
• Mareschi K, Biasin E, Piacibello W, Aglietta M, Madon E and Fagioli F (2001) Isolation of human mesenchymal stem cells: bone marrow versus umbilical cord blood. Haematologica 86 :1099-100. 
• McQuillan DJ, Handley CJ, Campbell MA, Bolis S, Milway VE and Herington AC (1986) Stimulation of proteoglycan biosynthesis by serum and insulin-like growth factor-I in cultured bovine articular cartilage. Biochem J 240 :423-30. 
• Mehlhorn AT, Schmal H, Kaiser S, Lepski G, Finkenzeller G, Stark GB and Sudkamp NP (2006) Mesenchymal Stem Cells Maintain TGF-beta-Mediated Chondrogenic Phenotype in Alginate Bead Culture. Tiss 
• Muraglia A, Cancedda R and Quarto R (2000) Clonal mesenchymal progenitors from human bone marrow differentiate in vitro according to a hierarchical model. J Cell Sci 113 ( Pt 7) :1161-6. 
117 
Bibliography 
• Neidel J, Schulze M and Sova L (1994) Insulin-like growth factor I accelerates recovery of articular cartilage proteoglycan synthesis in culture after inhibition by interleukin 1. Arch Orthop Trauma Surg 114 :43-8. 
ic acid in a cartilage-derived cell line, TC6. J Biol Chem 
• 
an adult stem cells from bone marrow stroma defines the 
• , T. (1995). Influence of bFGF as a potent growth 
• 
o. Histol Histopathol 8 :715-23. 
• 
ic and multipotential subfraction of adult stem cells from bone 
• 
ration of embryonic neural stem cells 
through ubiquitin-mediated degradation of cyclin D1. J Neurosci 26 :5402-10. 
• Ochi K, Derfoul A and Tuan RS (2006) A predominantly articular cartilage-associated gene, SCRG1, is induced by glucocorticoid and stimulates chondrogenesis in vitro. Osteoarthritis Cartilage 14 :30-8. 
• Oyajobi BO, Lomri A, Hott M and Marie PJ (1999) Isolation and characterization of human clonogenic osteoblast progenitors immunoselected from fetal bone marrow stroma using STRO-1 monoclonal antibody. J Bone Miner Res 14 :351-61. 
• Pittenger MF, Mackay AM, Beck SC, Jaiswal RK, Douglas R, Mosca JD, Moorman MA, Simonetti DW, Craig S and Marshak DR (1999) Multilineage potential of adult human mesenchymal stem cells. Science 284 :143-7. 
• Prockop DJ, Sekiya I and Colter DC (2001) Isolation and characterization of rapidly self-renewing stem cells from cultures of human marrow stromal cells. Cytotherapy 3 :393-6. 
• Reyes M and Verfaillie CM (2001) Characterization of multipotent adult progenitor cells, a subpopulation of mesenchymal stem cells. Ann NY Acad Sci 938 :231-3; discussion 233-5. 
• Ruscetti FW, Akel S and Bartelmez SH (2005) Autocrine transforming growth factor-beta regulation of hematopoiesis: many outcomes that depend on the context. Oncogene 24 :5751-63. 
• Sekiya I, Larson BL, Smith JR, Pochampally R, Cui JG and Prockop DJ (2002a) Expansion of human adult stem cells from bone marrow stroma: conditions that maximize the yields of early progenitors and evaluate their quality. Stem Cells 20 :530-41. 
• Sekiya I, Tsuji K, Koopman P, Watanabe H, Yamada Y, Shinomiya K, Nifuji A and Noda M (2000) SOX9 enhances aggrecan gene promoter/enhancer activity and is up-regulated by retino 
275 :10738-44. Sekiya I, Vuoristo JT, Larson BL and Prockop DJ (2002b) In vitro cartilage formation by hum 
sequence of cellular and molecular events during chondrogenesis. Proc Natl Acad Sci USA 99 :4397-402. Seko, Y., Tanaka, Y., und Tokoro 
stimulator and TGF-ß as a growth regulator on scleral chondrocytes and scleral fibroblasts in vitro. Ophtalmic Research 27, 144-152. Shakibaei M, Abou-Rebyeh H and Merker HJ (1993) Integrins in ageing cartilage tissue in vitr 
• Shakibaei M and De Souza P (1997) Differentiation of mesenchymal limb bud cells to chondrocytes in alginate beads. Cell Biol Int 21 :75-86. Smith JR, Pochampally R, Perry A, Hsu SC and Prockop DJ (2004) Isolation of a highly clonogen 
marrow stroma. Stem Cells 22 :823-31. Stalinska L and Ferenc T (2005) [The role of TGF-beta in cell cycle regulation]. Postepy Hig Med Dosw (Online) 59 :441-9. , W 
• Steinert Aeber M, Dimmler A, Julius C, Schutze N, Noth U, Cramer H, Eulert J, Zimmermann U and Hendrich C (2003) Chondrogenic differentiation of mesenchymal progenitor cells encapsulated in ultrahigh-viscosity alginate. J Orthop Res 21 :1090-7. 
• Sundberg M, Savola S, Hienola A, Korhonen L and Lindholm D (2006) Glucocorticoid hormones decrease prolife 
118 
Bibliography 
• Tanaka H, Murphy CL, Murphy C, Kimura M, Kawai S and Polak JM (2004) Chondrogenic differentiation of murine embryonic stem cells: effects of culture 
• 
chick hind limb. J. Embryol. Exp. Morphol. 
• articular cartilage. J Rheumatol Suppl 
• 
107 
• 
kine modulation in experimental endotoxemia: characterization of an 
• 
olds and mesenchymal 
• 
tructs. Acta Biomater 1 :625-33. 
:418-29. 
e growth factor- 
• ee JW (2004) Comparison of 
• (2006) [Chondrogenic differentiation of 
conditions and dexamethasone. J Cell Biochem 93 :454-62. Thorogood PVHinchliffe JR 1975. An analysis of the condensation process during chondrogenesis in the embryonic 
33:581-606. Trippel SB (1995) Growth factor actions on 
43 :129-32. van Osch GJ, van der Veen SW and Verwoerd-Verhoef HL (2001) In vitro redifferentiation of culture-expanded rabbit and human auricular chondrocytes for cartilage reconstruction. Plast Reconstr Surg :433-40. 
• Van Vlasselaer P, Falla N, Snoeck H and Mathieu E (1994) Characterization and purification of osteogenic cells from murine bone marrow by two-color cell sorting using anti-Sca-1 monoclonal antibody and wheat germ agglutinin. Blood 84 :753- 
63. • Waller EK, Olweus J, Lund-Johansen F, Huang S, Nguyen M, Guo GR and Terstappen L (1995) The "common stem cell" hypothesis reevaluated: human fetal o 
bone marrow contains separate populationsf hematopoietic and stromal progenitors. Blood 85 :2422-35. Wang J, Luo CJ, Guo CH and Zhang Y (2002) [Mesenchymal stem cells and related factor 
s]. Zhongguo Shi Yan Xue Ye Xue Za Zhi 10 :468-71. • Wang JE, Solberg R, Okkenhaug C, Jorgensen PF, Krohn CD and Aasen AO (2000) Cyto 
ex vivo whole blood model. Eur Surg Res 32 :65-73. Wang Y, Kim UJ, Blasioli DJ, Kim HJ and Kaplan DL (2005) In vitro cartilage tissue engineering with 3D porous aqueous-derived silk scaff 
stem cells. Biomaterials 26 :7082-94. Williams GM, Klein TJ and Sah RL (2005) Cell density alters matrix accumulation in two distinct fractions and the mechanical integrity of alginate-chondrocyte cons 
• Winter A, Breit S, Parsch D, Benz K, Steck E, Hauner H, Weber RM, Ewerbeck V and Richter W (2003) Cartilage-like gene expression in differentiated human stem cell spheroids: a comparison of bone marrow-derived and adipose tissue-derived stromal cells. Arthritis Rheum 48 
• Yaeger PC, Masi TL, de Ortiz JL, Binette F, Tubo R and McPherson JM (1997) Synergistic action of transforming growth factor-beta and insulin-lik 
I induces expression of type II collagen and aggrecan genes in adult human articular chondrocytes. Exp Cell Res 237 :318-25. Yang IH, Kim SH, Kim YH, Sun HJ, Kim SJ and L 
phenotypic characterization between "alginate bead" and "pellet" culture systems as chondrogenic differentiation models for human mesenchymal stem cells. Yonsei Med J 45 :891-900. 
• Yin M, Pacifici M (2001) Vascular regression is required for mesenchymal condensation and chrondrogenesis in the developing limb. Dev. Dyn. 222, 522–533. 
• Yoo HJ, Yoon SS, Park S, Park WS, Kim DJ, Lee EB and Song YW (2005) Production and characterization of monoclonal antibodies to mesenchymal stem cells derived from human bone marrow. Hybridoma (Larchmt) 24 :92-7. Zhang YF, Cheng XR, Shi B and Xu DX 
adult human periodontal ligament stem cells in vitro]. Zhonghua Kou Qiang Yi Xue Za Zhi 41 :216-9. 
119 
Bibliography 
• 
. 
Zohar R, Sodek J and McCulloch CA (1997) Characterization of stromal progenitor cells enriched by flow cytometry. Blood 90 :3471-81 
120 
Danksagung 
Thanksgiving 
Mein besonderer Dank gilt an meine Doktormutter Prof. Dr. U. Beisiegel für die herzliche Aufnahme in Ihre Arbeitsgruppe, für die stete und engagierte Unterstützung und Betreuung dieser Arbeit sowie für die Übernahme des Erstgutachtens. 
Bei Herrn Prof. Dr. Hanelt möchte ich mich ausdrücklich für die Übernahme des Zweitgutachtens am Fachbereich Biologie der Universität Hamburg bedanken. 
Herrn PD Dr. P. Adamietz danke ich sehr für die Heranführung an das Thema, für den vielseitigen fachlichen Rat sowie die engagierte Betreuung und für das Korrekturlesen dieser Arbeit. 
Weiteren Dank schulde ich meinen Mitdoktoranten für die großartige kollegiale Unterstützung, für die anregenden Ratschläge und für den persönlichen Umgang. 
Allen Mitarbeitern des Instituts für Molekulare Zellbiologie danke ich für die hilfsreiche Unterstützung und für die sehr nette Arbeitsatmosphäre. 
Meine Familie, die mich immer unterstützt hat. 
121 
Appendix 
Die Screenshots von der Auswertung der Cytospins A:B: 
Die Auswertung der Cytospins 
Die Bilder zeigen exemplarisch die Auswertung der Cytospins (Screenshots) 
Aufnahme der Bilder von den Cytospins mithilfe des Fluoreszenzmikroskops wurden 
mithilfe des Programms Lucia G (Nikon GmbH, Düsseldorf) ausgewertet 
A: DAPI gefärbte Zelle wurden von dem Programm gezählt. 
B: Die Kollagen II Markierung konnte mithilfe des Programms ausgewertet. 
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010203001020 LowHighFKSHSG/D 
Ratio [ 
ng/ng]G/D Verhältnis [ng/ng] 
Abbildung zeigt die Abhängigkeit der Differenzierung im Alginat von der Verwendung humanes bzw. fötales Serums (A) und der Anwendung High Glucose bzw. Low Glucose: 
Die GAG- und DNA-Analyse der Pellet-Kultur nach Alginat. Die Zellen wurde im Alginat mit High Glukose (High 4500 mg/L) Medium bzw. Low Glucose (Low 1000 mg/L) kultiviert. (A) (n=4). Die Anwendung humanes Serum (HS) statt fötales Kälberserum (FKS) hatte wieder Vorteile noch Nachteile hinsichtlich GAG-Produktion (B). (angegeben sind die Mittelwerte unter Verwendung der Standardbedingungen in Alginat- und Pellet-Kultur, (n= 3.) 
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Appendix 
Immunohistologie von Pellet-Kulturen mit bzw. ohne Alginat-Kultur 
(Maßstabbalken 100 μ m Standardbedingungen) 
Kollagen IKollagen IIdirekte Pellet-KulturPellet-Kulturnach AlginatKollagen Alginat 
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Appendix 
Immunohistologie von Pellet-Kulturen nach Alginat-Kultur 
(Maßstabbalken 100 μ m Standardbedingungen im Alginat) 
Kollagen IKollagen IIDEXTGFIGF –+++–+––+ Pellet-Kulturnach AlginatKollagen Alginat 
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Appendix 
Kolonie-Bildene Zellen 
(Maßstabbalken 100 μ m, Standardbedingungen representative Bilder) 2 Tage4 Tage6 Tagenach der Isolierung… 
Abhängigkeit der Morphologie der Zellen von der Aussaatdichte 
(Maßstabbalken 100 μ m, Standardbedingungen representative Bilder) 5001000Aussaatdichte [ Zellen/cm2 ]5000Passage 1Passage 35001000Aussaatdichte 3 
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