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Introduction

In 20.109, we were given the task of conducting an experiment to evaluate the effect of an environmental condition on the chondrogenesis of mesenchymal stem cells. The chondrogenesis of mesenchymal stem cells is a very important parameter when using novel cartilage replacement therapy which utilizes autologous mesenchymal stem cells (Centeno et al). We decided to look at one potential use of cartilage replacement therapy – treating Rheumatoid Arthritis. Recent studies have shown that Rheumatoid Arthritis disease activity has been associated with hyperinsulinemia (http://clinicaltrials.gov/ct2/show/NCT00763139). However, Hadhazy et. al has also shown that while low levels of insulin (.25-10 µg/mL) promote chondrogenesis, high levels of insulin (40 µg/mL and over) inhibit chondrogenesis which would null the therapeutic potential of the above mentioned cartilage replacement therapy for RA (http://www.springerlink.com/content/xk325n4227723154/). Looking for a compound to counteract this effect, we were interested in exploring the potential of Collagen II as Bosnakovski et al. found that Collagen II promotes chondrogenesis (http://www3.interscience.wiley.com/journal/112405687/abstract?
CRETRY=1&SRETRY=0 ). Our experiment looked to see if the inhibitory effect of high levels of insulin on chondrogenesis could be counterbalanced by collagen II. We had 4 samples of 1.5% alginate beads in which we grew our cells. The first sample (cntl) was a control which contained 10 µg/mL of insulin, the same amount of insulin which was in the stock medium used for our class. The second sample (low_i) tested the effect that low insulin levels (but higher than the control) had on chondrogenesis with 15 µg/mL of insulin. The third sample (high_i) tested the condition of high levels of insulin, 50 µg/mL. The fourth sample (high_i_colII) containing 2.8 µg/mL collagen II along with 50 µg/mL of insulin, tested the counter-effect of collagen II on high levels of insulin.

Results

After culturing our mesenchymal stem cells in the 4 different types of medium for one week, we performed a Live/Dead® fluorescence assay to test for the viability of our cells. In this assay, both live and dead cells were marked by the dye SYTO 10 which emits fluorescence in the green channel. However, only the dead cells were marked by the ethidium homodimer-2 variant which emits red fluorescence. We imaged the alginate beads which contained cells from our four different samples to gather the results from our assay. Once we gathered these images, we then used Image J analysis software to explore a method to gather automated results for the number of live and dead cells that we had. However, the resolution of our images was not high enough to allow us to effectively use the automated analysis method, and thus, after using Image J to improve the contrast in our images, we manually gathered the number of live and dead cells. We found that we had 58 cells overall in the representative image that we gathered of the surface of our cntl bead. 56 of these cells were living, whereas 2 of these cells were dead.  We also found 28 cells in the representative image that we gathered from the core of the cntl bead, and only 1 of these cells were dead.  For our bead from the high_i_colII sample, we were only able to gather images of the surface of our bead, due to experimental error. We found 81 cells in our representative image of the sample and 53 of these cells were dead. Thus, we found 28 living cells. In our low_i sample, we found 44 living cells and 0 dead cells and in our high_i sample, we found 35 living cells and 1 dead cell. Overall, the data shows a relatively equal number of living cells throughout our 4 samples. However, our high_i_colII sample had a much higher number of dead cells than any of our other samples(pictured in Figure 1). This could be attributed to the highly increased fragility that our collagen 2-alginate beads exhibited. We handled these beads very carefully as they broke very easily upon touch. Consequently, the easily degradable beads could have offered much less structure for the cells and could have been a key reason for the high number of dead cells in our sample. However, apart from this difference between our other samples and collagen 2 samples, the viability of our cells was uniform and high throughout our other samples.

5 days after we conducted the Live-Dead fluorescence assay, we once again analyzed the viability of our cells by using Trypan-Blue and counting our living and our dead cells. In our cntl sample, we found 117,000 living cells and 0 dead cells. In our low_i sample, we found 141,600 living cells and 337, 500 dead cells. In our high_i sample, we found 70,800 living cells and 350,000 dead cells, and in our high_i_colII, we found 0 living cells and 33,400 dead cells. This data suggests that both the additional concentrations of insulin along with the collagen II had effects which increased the inviability of the cells. However, since our low_i and high_i samples were tested by our colleagues, the differences in data could be due to experimental error as it seems highly unexpected that an increase in 5 micrograms of insulin from our cntl sample to our low_i sample would result in twice the number of dead cells as living cells. Furthermore, the data suggests that there was some experimental error. In our high_i_colII sample, we see no living cells. However, when we proceeded through the experiment with the contents of our high_i_colII sample, we were able to gather RNA. This suggests that there was either experimental error when measuring the living cells in our high_i_colII sample or that our cells in our high_i_colII sample had just recently died allowing for us to access their RNA.

We then performed Reverse Transcription PCR after isolating the RNA from our cells using an RNeasy kit from Qiagen to amplify the genes for collagen I and collagen II. We used 288 ng of RNA from each of our samples for RT-PCR. We used this much RNA because our A260/A280 ratios for our collagen II sample was 1.5 which indicated significant protein contamination. We ran the resulting cDNA products on a 1.2% agarose gel and used the results to analyze the chondrogenesis of both of our samples. We gathered the image of the gel with an exposure time of .72 seconds and used ImageJ software to analyze the total intensity of the various bands in our gel (figure 1). We made sure to take into account for any differences resulting from the loading of the sample by normalizing our data to the total intensity of our GAPDH band. We then found the ratio of the intensities of our collagen II to collagen I bands. A low ratio hints to less chondrogenesis, because collagen II is produced by chondrocytes whereas collagen I is produced in higher concentrations by mesenchymal stem cells. 

After analyzing the image using Image J software, we created three bar graphs showing normalized collagen 1 expression, normalized collagen II expression, and the ratio of collagen II to collagen I expression for all 4 samples (Figure 3). We normalized our collagen I and collagen II expressions by taking the ratio of each to the GAPDH expression to ensure that we had accounted for the loading of different cDNA concentrations and accounted for the different amounts of RNA used. 

As collagen I was indicative of mesenchymal stem cells, we expected to see less collagen I in the samples that we expected to have more chondrogenesis. However, the colagen I data would only be able to provide us with evidence that the MSCs had begun differentiation; it would not be able to tell us if the MSCs had become chondrocytes yet. Our low_i sample was expected to have less MSCs than our cntl sample as low levels of insulin promote chondrogenesis and our high_i_colII sample was expected to have less MSCs than our high_i sample as collagen 2 should promote chondrogenesis as well. For our low_i sample, our results followed the expected trend. The data showed that low levels of insulin promoted differentiation of the MSCs. However, our result for our high_i_colII sample showed that our high_i_colII sample had higher collagen I levels than our high_i sample suggesting that collagen II had an inhibitory effect on MSC differentiation.

Collagen II was indicative of chondrocytes, and higher normalized levels of Collagen II indicated more chondrogenesis. However, when we analyzed our RT-PCR image (figure 2), it was clear that there was minimal to zero collagen II expression. The values that are graphed in Figure 3B are all less than .16 showing how minimal the collagen II band intensity was. The lack of collagen II in our samples suggest that our mesenchymal stem cells had begun differentiating but had not reached the chondrocyte stage yet. To truly understand the chondrogenisis in our 4 samples, we would have plotted the ratio of collagen II to collagen I; however, the lack of collagen II in our samples made this ratio null.

We finally used an ELIZA assay to provide us with another method for gathering data. For our ELIZA assay, we measured the protein concentrations of collagen I and collagen II in our samples. Since, we had originally injected collagen II into the medium of our high_i_colII sample, we ran a control to provide us with the protein values of collagen II that would be due to the injection of collagen II into the medium. We found the concentration of collagen II in our control to be 427.9 ng/mL. Our data showed that the amount of collagen II protein in our low and high insulin samples was drastically less than the amount of collagen II protein in our control sample. This data would suggest that both low and high concentrations of insulin decreased chondrogenesis. However, it is important to note that both of the low and high insulin samples were conducted by a different group whereas the high insulin with collagen 2 and control samples were conducted by our group. For our measurements of collagen I and collagen II, the data from the samples our group tested were above 750 ng/mL, wherease the data from the other group’s samples were below 500 ng/mL. To account for this difference between both groups, we looked at the ratios of collagen I and collagen II concentration in both samples. High ratios indicated increased chondrogenesis, as they would be the result of more collagen II expression and less collagen I expression. We did gather values for collagen II protein in our 4 samples and these values were over 100ng/mL in our low_i and high_i samples. This suggests that our MSCs differentiated into chondrocytes in the days between our RT-PCR and our ELISA assay. 

The ELISA data showed that both low and high levels of insulin increased chondrogenesis of our Mesenchymal stem cells, though we had expected high levels of insulin to have an inhibitory effect on chondrogenesis. Further, the very low collagen II to collagen I ratio for our high_i_colII sample suggests that collagen II had an inhibitory effect on chondrogenesis which is in accordance with our RT-PCR results showing that collagen II inhibited differentiation of our mesenchymal stem cells.

Our replicates provided us with more confidence in our ELISA results. All of the replicates for our samples in which we were testing collagen II had a standard deviaiton of less than .07. On the other hand the standard deviation of our replicate for the collagen I protein measurement of high_i_colII was .22, which was over 25% of our average measurement itself. Thus, when looking at replicates, most of the replicates increased the confidence that we had in our ELISA except for the collagen I measurement of the high_i_collII sample.

Conclusion

Overall, our RT-PCR and our ELISA showed that both low & high levels of insulin increased MSC differentiation & chondrogenesis whereas collagen II had an inhibitory effect on chondrogenesis. This clearly contradicted our hypothesis. We had looked to verify the conclusions of the Hadhazy et al. paper and to see the countereffect of collagen II on insulin. However, there was a difference between our study and the Hadhazy study. The Hadhazy paper had tested the effects of high and low insulin values on stem cells grown ​​​​​​​in a high density culture, not in a 3d scaffold of alginate beads. Though we had expected the scaffold to improve chondrogenesis, we did not know to what extent. It is possible that the positive effects of our scaffold on chondrogenesis allowed for high levels of insulin to have positive effects. Thus, for future experiments we would suggest that only the effect of insulin on chondrogenesis in an alginate scaffold be tested. We would suggest that 4 insulin concentrations be tested [0 µg/mL, 10 µg/mL, 35 µg/mL, and 60 µg/mL]. In addition, once the data from that experiment has been harnessed, a high insulin value can be used and future experiments can test 4 samples with different collagen II concentrations to see if collagen II counteracts the effects high levels of insulin and promotes chondrogenesis.

Another crucial thing to note that we did not expect was that modifying the content of media and alginate beads affects the durability of the alginate beads. An addition of 2.8 µg/mL of collagen II along with 50 µg/mL of insulin resulted in very fragile alginate beads which would break upon the slightest touch. This clearly introduced some error into our experiment. Thus if future years would like to test the effect of both collagen II and high insulin levels, I would suggest that they use higher alginate concentrations of higher molecular weight alginate to produce sturdier beads. This is however being based off of our hypothesis that the fragility of our beads was due to the composition of the beads and not due to experimental error.

Further, there were a few small changes that we would make in our experimental protocol. A key problem with our RT-PCR was potential protein contamination. Our A260:A280 value for our cntl sample was 1.5 which hints at protein contamination. Our A260:A280 value for our high_i_colII sample was not calculatable due to an A280 value of 0 for our collagen II. Nevertheless, our RNA sample was contaminated, and thus for future years, we would suggest that the RNA purification step be modified. We would suggest that RNA could be run twice through the RNeasy column and that a larger column along with more reagants be used.

The question of the effects of high insulin and collagen II on the chondrogenesis of mesenchymal stem cells still remain very important questions to answer. Though we received preliminary results, the experiments we proposed above can provide society with a much deeper understanding of the effects of insulin and collagen II on stem cells in a 3D scaffold. Cartilage replacement therapy in patients with hyperinsulinemia, such as those patients affected by Rheumatoid arthiritis, will need to counteract for the effect of insulin on chondrogenesis. If as our research suggests alginate scaffolds decrease the inhibitory effect of high levels of insulin, then these scaffolds could potentially be utilized in the cartilage replacement therapy. If these scaffolds and collagen II are both shown to not counteract for this effect, then research will need to look into new ways of counteracting the effect of insulin on chondrogenesis.
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