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Influence of TGF β1concentration on chondrogenesis in mesenchymal stem cells
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	Regenerative medicine is an emerging field that enables the development of novel and more effective therapeutics for a variety of ailments. The synthetic creation of tissues that can mimic natural properties decreases the risk of immune rejection and ensures that introduced tissues are able to function naturally alongside their non-engineered counterparts. While the medical field has already seen great success with the use of tissue engineering in the development of skin grafts, additional areas exist where tissue engineering would greatly enhance therapeutics, (BE 20.109). In order for engineered tissues to gain greater prevalence as treatment options, more understanding needs to be gained concerning the factors influencing engineered tissues.
	 Engineering of cartilage tissue could provide a means of better dealing with joint and skeletal injuries or disease. Current limitations for cartilage therapy include limitations on harvesting enough viable chondrocytes for treatment (Tsuchiya et al, 338). In order for cartilage engineering to manifest itself as a suitable course of treatment, more information needs to be gained concerning the properties that govern the development of cartilage.  Of particular interest is the use of stem cells in the engineering of cartilage. Since stem cells are undifferentiated, multiple factors are required for chondrogenesis to occur. In particular, this study focuses on how varying concentrations of transforming growth factor (TGF β1) influence chondrocyte development in bovine derived mesenchymal stem cells (MSC). Previous research has suggested that TGF β1 enhances stem cell ability to undergo chondrogenesis (Bosnakovski et al.).  Functioning as a cytokine, TGF β1 has been found to influence stem cell differentiation into chondrocytes. In addition, dexamethasone is a glucocorticoid that has been found to co-influence MSC differentiation in conjunction with TGF β1. Standard chondrogenic medium for MSC includes TGF β1 at a concentration of 10 ng/mL and 100 nM of dexamethasone.  For this study, two MSC samples were created with one sample receiving a fivefold reduction in concentration of TGF β1 and dexamethasone.  Subsequent RT-PCR and ELISA analysis was used to gauge the extent that TGF β1 concentration has on chondrogenesis occurring in MSCs.

Experimental Design:

	To conduct this study, mesenchymal stem cells (MCS) were harvested from bovine serum and grown in 3D culture using a 2% Sigma Aldrich alginate (low viscosity, 250 cps). Two samples were created using approximately 2.7 million cells per sample. While both cells received standard cell medium including DMEM medium, basic fibroblast growth factor, and Penicillin/Streptomycin, the TGF β1 and dexamethasone levels between samples were changed. One sample received the standard 10 ng/mL TGF β1 and 100 nM dexamethasone while the other received a fivefold reduction of these substances with only 2 ng/mL of TGF β1 and 20 nM dexamethasone.  Both samples were subjected to the same culturing protocols and after a few days of growth, a live/dead fluorescence assay was conducted to ensure that the cells were still viable for further testing. In order to gauge TGF β1 influence on chondrogenesis, levels of collagen I and collagen II production were examined for each sample. Samples that had undergone a greater extent of chondrogenesis were expected to return higher levels of collagen II, a marker of cartilage formation. After cells for each sample were harvested from the alginate beads, half of the cells for were analyzed using RT-PCR to examine collagen I and collagen II transcript. The remaining half of the cells were subjected to an ELISA assay to observe the actual concentrations of collagen I and collagen II in each sample. 

Results:

Cell viability analysis through live/dead fluorescence assay
	Before analysis was performed to determine the extent of chondrogenesis achieved, an aliquot of cells for each sample were harvested and observed using a fluorescence live/dead assay. Results obtained after viewing cells through a FITC filter suggests that both samples were comprised primarily of viable cells (Figure 1). Both the standard (Figure 1A) and the fivefold reduction (Figure 1B) TGF β1 samples returned green fluorescence during the assay. Multiple fields of view were consulted and all returned results indicating that both samples contained predominantly viable cells. Cell counts indicated that ~500,000 cells were present in the standard sample while ~300,000 cells were present in the fivefold reduction sample. These findings support conclusions that each sample had a significant amount of living cells that could go on to be tested for collagen production in both the RT-PCR and ELISA assays.

RT-PCR analysis of collagen transcript levels
	In order to gauge the relationship between TGF β1 concentration and collagen production, samples were first analyzed at the gene transcript level.  For each sample, the 10ng/mL TGF β1 concentration and the fivefold reduction, two RT-PCR tests were conducted; each sample was assayed for both collagen I and collagen II transcript production. For each sample, 120 ng RNA was used and subsequent cDNA was loaded into a 2% agarose gel and run for 45 minutes at 125 V (Figure 2). Results for each sample suggest that the stem cells produced more collagen I than collagen II.  For the standard sample, an intense band can be seen for collagen I (lane 2) while a much fainter band is present for collagen II (lane 3). Results for the fivefold reduction returned a very faint band for collagen I (lane 3) and an almost non-existent band for collagen II (lane 4). It was expected that the standard sample would produce more collagen II than the fivefold reduction. While the presence of the bands supports this conclusion, the greater intensity in the collagen I bands suggests that significant chondrogenesis did not occur to and was not induced by TGF β1 concentration. 

ELISA analysis of collagen concentration
	Following analysis at the gene transcript level, an ELISA assay was performed in order to measure actual collagen I and collagen II concentrations for each sample. Cells from 10 alginate beads were harvested for each TGF β1 concentration and subjected to the ELISA protocols. In addition, a gradient of known collagen concentrations was assayed and used to calculate collagen concentration in the samples (Figure 3). Correlating with those results seen in the RT-PCR analysis, both samples showed greater production of collagen I than collagen II (Figure 4). As the first pair of columns demonstrates, the 10 ng/mL TGF β1 sample produced more collagen I than the fivefold reduction sample. This relationship is also observed between the samples for collagen II production. Results obtained for the collagen II production in the 2 ng/mL TGF β1 sample returned negligible numbers. Due to the low values obtained, it is unclear if the low collagen II production is a direct result of TGF β1 concentration or if noise for data in the assay actually interfered with readings for this sample. In addition, analysis indicates that levels of collagen I and collagen II within each sample were very similar. The ratio of collagen II to collagen I production in the 10 ng/mL TGF β1 sample was 0.76 which suggests that both samples were producing similar amounts of both proteins.  As in the RT-PCR analysis, higher collagen II levels were expected for MSCs that had undergone significant chondrogenesis.  Combined, the results in the ELISA assay suggest that chondrocyte differentiation did not occur to a significant degree in either sample. However, results do seem to indicate that TGF β1 concentration influences the overall amount of collagen produced in MSCs.     

Discussion:
	In order to gain a greater understanding of the factors influencing chondrogenesis in mesenchymal stem cells (MSCs), two cell cultures were grown in different concentrations of TGF β1. Samples for 10 ng/mL and 2 ng/mL TGF β1 were grown in 3D-culture and then subjected to RT-PCR and ELISA analysis for collagen I and collagen II production.  During the course of the study, it was expected that the cells would have undergone a degree of chondrogenesis for the standard sample since the amount of TGF β1 used is typical for chondrogenic development in MSCs. In addition, it was expected that the fivefold reduction sample would not achieve as great a degree of differentiation as the standard sample. Both the RT-PCR and ELISA assays returned data that suggested that the production of collagen I was greater than that of collagen II for both samples. Results from both assays suggest that a significant degree of chondrocyte differentiation did not occur for either sample. Conclusions concerning TGF β1 influence on collagen II production were difficult to discern from the RT-PCR data as bands were barely visible for each sample. Further, ELISA results for collagen production in the fivefold reduction were extremely small and potentially indiscernible from noise in the assay.
	The lack of substantial collagen II production in the samples may have resulted from cells not having sufficient time to differentiate prior to analysis. Cells were cultured for 4 days before being subjected to analysis. This length of time may not have been conducive to chondrogenesis and may have led to the low collagen II transcript levels observed for both samples.  In addition, the lack of intensity in the RT-PCR bands may suggest that and insufficient amount of mRNA and subsequent cDNA was recovered from the samples for meaningful analysis. This conclusion is supported by the low intensities that were also observed for all of the samples for the house gene GAPDH. As was previously mentioned, the low collagen II results obtained in the ELISA assay may actually represent the protein level; however there is potential for interference between data and assay noise. 
	Although results for the study are inconclusive as to whether varying TGF β1 concentrations impact the degree of chondrogenesis in MSCs, data does suggest that TGF β1 does have an overall impact on the amount of collagen produced within cells. Results obtain suggest that collagen I and II levels were greater in instances where a greater concentration of TGF β1 was introduced to samples. Going forward, it would be of interest to repeat this study with changes made to the amount of time that cells were cultured prior to analysis. In addition, greater concentrations of RNA and cells should be used for the RT-PCR and ELISA assay respectively. Initial findings suggest TGF β1 does alter collagen II levels and it would be of interest to see if, as MSCs differentiate, whether this translates to different degrees of chondrocyte development. Research built upon this study will help shed more light on the factors that influence chondrogenesis in MSCs. Ultimately these findings could help improve the field of tissue engineering and make synthetic cartilage a more viable therapeutic treatment. 
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