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Module 3 data summary

Mesenchymal Stem Cells Undergo Chondrogenesis when Proliferation is Inhibited by Olomoucine
BACKGROUND AND EXPERIMENTAL DESIGN:

Mesenchymal stem cells (MSC) have the potential to differentiate into a variety of cells including chondrocytes (1). The differentiation of MSC into chondrocytes has been performed in vitro and in vivo successfully (3). This presents the possibility employing engineered chondrogenesis the treatment of clinical problems like asteoarthritis and articular cartilage defects in humans (4,6). In all in vitro and in vivo stimulations of MSC to differentiate into chondrocytes, growth factors, like TGF-beta3 were used (3,5).

We set out to find out how mesenchymal stem cells would respond if their cell cycle was arrested; their proliferation inhibited. Our aim was to see if differentiation still takes place in the absence of outside inducers. We thus didn’t use growth factors like TGF-beta3 that is commonly used and that promotes cell proliferation, and possibly differentiation. Instead we treated MSC’s with cyclin-dependent kinase inhibitor known as olomoucine. Olomoucine inhibits kinases like cdk2 and cdc2 eventually arresting the cell cycle and proliferation (2). A major difference between stem cells and chondrocytes is that stem cells produce collagen I, but no collagen II, while chondrocytes produce collagen I and II. Thus an estimate of collagen II to collagen I levels can be used to approximate the number of differentiated cells. To get estimates of collagen II to collagen I in the samples, we used two assays: RT-PCR to measure transcript levels and ELISA to measure protein levels. We concluded that the inhibition of proliferation increases differentiation of mesenchymal stem cells.
RESULTS:

The experimental and control samples were both mesynchimal stem cells grown in 2% sigma Aldrich alginate 3D medium. 0.1x olomoucine stock (100M olomoucine in DMSO) (7) was added to the experimental sample but not the control. All other things were kept the same. Each sample initially contained approximately 2.5exp6 cells/ml. 
RT-PCR:

Reverse transcriptase-PCR was used to measure the levels of collagen I and II transcripts in the experimental and control samples. mRNA was extracted from the cells, reversely transcribed to cDNA in the gel. The amount of mRNA used in the RT-PCR was 100ng for each sample. The gel image was analyzed with ImageJ software (figure1, figure2). 
The analysis results showed that the ratio of CNII to CNI in the experimental sample treated with olomoucine is about twice that of the control, which indicates that there were more chondrocytes in the experimental sample; more differentiation (table1). This leads us to the conclusion that blocking the proliferation of mesynchimal stem cells increases their potential to differentiate into chondrocytes.
ELISA: 
ELISA was performed to assay protein levels in the samples and compare the content of collagen II and collagen I in the experimental sample to the control sample. We used two well plates, one for each collagen type. The absorbances at 420nm of 8 different collagen concentrations were measured, and this was used as a standard. The standard data points were plotted and an equation was derived for the best fit (figure 3). This equation was then used to calculate the concentrations of proteins in our samples. All of the calculated values were negative, so we were unfortunately unable to produce any quantitative results.

DISCUSSION:

CONTROLING FOR GROWTH FACTOR:
From the RT-PCR result analysis, we found that the control we performed, which was supposed to be only stem cells, had a significantly higher ratio of CNII/CNI (0.60) than normal stem cell (0.02). One possible explanation could be that stem cells in our control differentiated due to the presence of growth factors in the medium. The gel used to perform the normal stem cell calculations was freshly prepared, with RNA extracted from freshly cultured cells that didn’t get much time to differentiate. We didn’t set a control to how much growth factor was used in each of the two gels. It is thus possible that the differentiation was due to increased content of growth factor in the control. 
IMPROVED ELISA:

Owr final ELISA results were negative concentrations of proteins, which is obviously a sign of problems with our data. Worth noting is that the standards were noisy with some outlying points, and also not very accurate replicates. (table 2). The R square values which indicate if the trendline was a good fit for the data points were around 0.9, which also indicates the amount of error in fitting a standard curve. The equation we used to calculate the protein concentrations in the samples was derived from the standard, therefore that equation was probably inaccurate as well.

Worth noting also, is that replicating the samples lead to similar results (table2). So the problem in our data collection was that we used the wrong standards. To make up for this in the future, we can use a wider range of collagen concentrations for the standards. That would reduce the effect of one outlier on fitting a line and formulating an equation.
Anther factor to consider is the high background (0.075) that was observed. This could be due to nonspecific binding, but more probably due to inappropriate handling of the wells and insufficient washes. Also the samples were very similar to the background which indicates very low protein levels. Better results could be attained if we find ways to extract proteins more efficiently.
VALID CONCLUSION:
While the results from the ELISA protein level assay weren’t very reliable because of the problems discussed above, the RT-PCR results were reasonably reliable. For instance the purity of the extracted RNA was reasonable (table 3), however the amounts were small ad that is probably why we didn’t get clear bands on the gel. 
FUTURE CONTRIBUTION:

While our experiment didn’t yield a very accurate answer to the question of what stopping the proliferation of MSC’s would do to their differentiation potential, the conclusion we got to could have potential advantage for the field of engineered cartilage tissue. The additive we used, olomoucine has been already used as a chemical in cancer treatment, so it is clinically safe to use it. If our results were true, and olomoucine does indeed improve the differentiation potential of stem cells by stopping their proliferation then it can be used in vitro, or even in vivo, to improve chodrogenesis of damaged cartilage. Future experiments need to be performed to validate these results though. Also conducting similar experiments with other additives that are known to stop cell proliferation can be performed and can lead to the potential discovery of ways to enhance mesynchimal stem cells differentiation.
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