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Introduction
Chondrogenesis is the change of a pluripotent stem cell into a chondrocyte, the only cell that makes up cartilage.  The chondrogenesis of mesenchymal stem cells (MS cells) can be induced or inhibited by varying the environment in which the stem cells grow.  For example, growing bone marrow MS cells on a type II collagen hydrogel was proven to induce and maintain chondrogenesis.  The addition of TGF-β growth factor optimized this induced chondrogenesis (Bosnakovski et al, 2006).  Insulin has been shown to have a range of effects on chondrogenesis.  One experiment done on chick embryo MS cells examined the effects of varying concentrations of insulin, and they found that concentration between 0.25-10 µg/ml stimulated chondrogenesis, while concentrations equal to or higher than 40µg/ml actually delayed chondrogenesis (Hadhazy 1988).  High insulin resistance, which results in hyperinsulinemia, is associated with rheumatoid arthritis (Rosenvinge 2007).  Though many think the inflammation is the cause of the insulin resistance, it is possible that the high insulin concentrations further the arthritis by preventing the production of new cartilage.  Therefore, it might behoove us to determine a way to counteract the high insulin chondrogenesis delay.  Knowing that the combination of type II collagen and TGF-β had such optimal chondrogenesis effects, we wanted to see if combining high insulin with type II collagen would counteract the inhibitory effects.

To test this hypothesis, we cultured bovine MS cells in four different bead/medium combinations.  For all the control samples we used alginate beads made from 1.5% alginate solutions.  The control group (Alg) was grown in standard stem cell medium, which contains insulin at a concentration of about 10µg/ml.  To simulate the low insulin concentration (LoI), we added extra insulin to the medium for a concentration of 15µg/ml.  The high insulin concentration (HiI) was created by adding extra insulin to create a total concentration of 50µg/ml.  For our high insulin+col II sample (HiI-Col), the bead was made from a solution of 1.3ml of 1.5% alginate, .5ml of collagen II at a concentration of 2.8µg/ml, and 200µg of HEPES Buffer.  The medium again was made to contain an insulin concentration of 50µg/ml.  After days of culture, we used RT-PCR and ELISA to check our samples for collagen II production, which is an indicator of the presence of chondrocytes, as well as decreased collagen I production, which indicates the presence of MS cells.

Results

Beads show high cell mortality, especially in alginate-collagen II bead.
One week after suspending our stem cells in the alginate beads, we examined the viability of our cells.  A quick, initial examination of the beads themselves indicated that our collagen-doped beads were very weak, with many indications of breaches in viability such as floating pieces and what appeared to be broken beads.  However, we were still able to retrieve about the same number of beads as the other 3 bead types (20-25 each).  Our collagen-doped beads were somewhat smaller though, and much more easily broken.  Taking two beads of each type, we examined the cells within the bead using the Live/Dead® fluorescence assay.  The cells in our control alginate beads were almost all living, with a fairly even distribution throughout the bead and a pretty consistent size.  The other three sample types all showed the same even density and cell type, but the ethidium homodimer-2 fluorescence filter showed that most cells were dead rather than alive.  We attempted to use the ImageJ analysis software in order to get an automated count of our cells, but could not get a valid count due the resolution of our photos.  However, we were able to use the software to intensify the contrast, enabling us to better manually count our cells.  For sample Alg, we counted 27 live cells and 1 dead in the snapshot of the bead core, and 56 live and 2 dead cells in the surface snapshot.  We counted 24 live and 0 dead cells in the LoI sample, 35 live and 1 dead in the HiI sample.  The HiI-C sample had 28 live cells, but had 53 dead cells.  So although there was a higher density of cells in the HiI-Col sample, their viability was greatly less than those in alginate-only beads.  Figure 3 shows the ImageJ snapshots of the HiI-Col sample, one showing both live and dead cells, the other showing only the dead cells.  Simply looking at these photos gives a qualitative view of the high cell mortality we had in this sample. 

Five days later, we again checked our cell viability, using Trypan-Blue to dye the dead cells and counting then under a microscope.  In the Alg group sample, we found 117,000 living cells and 0 dead cells. For the LoI sample, we found 141,600 living cells and 337, 500 dead cells. In the HiI sample, we found 70,800 living cells and 350,000 dead cells, and in the HiI-Colsample, we found 0 living cells and 33,400 dead cells.  This data would imply that both the addition of insulin and collagen II breached cell viability, with the ratio of live:dead cells getting increasingly smaller, and there being no live cells in the HiI-Col sample.   However, we were later able to extract mRNA from all the samples.  The two possible explanations for this are: 1. the cells died recently enough that we could extract the mRNA they’d already produced, or 2. this data is not completely accurate.  Since the 5µg/ml increase in a growth factor-like substance seems unlikely to cause high cell death, we believe these results may be more due to experimental error.  

RT-PCR shows evidence of cell differentiation
Though cell viability is important, the main focus of the experiment was to check for chondrogenesis.  As stated before, we perform two different assays to check for chondrogenesis, both relying on the fact that chondrocytes produce type II collagen.  The first assay, performed after 11 days of culture, was the Reverse Transcription PCR, testing for both collagen I and collagen II.  According to a quick spectroscopy test, we calculated that we were able to extract a concentration of 36µg/ml of mRNA from the control sample, 72µg/ml from the LoI sample, 64µg/ml from the HiI sample, and 8µg/ml from the HiI-Col sample.  However, our A260:A280 ratios were 1.5, 1.6, 1.8, and Ø respectively (the HiI-Col sample had no A280 absorbance.).  These ratios indicate protein contamination, a high percentage being in the control sample.  Therefore, while we only took 100ng of mRNA for the two insulin samples, we ended up taking ~1/3 extra volume of mRNA from the control and HiI-Col samples to ensure we actually had around 100ng of RNA.  Splitting all the samples in half, we ran RT-PCR on all of them, amplifying collagen I cDNA for one half, and collagen II cDNA for the other.  We then ran the samples on a 1.2& agarose gel.  A .72s snapshot of our gel (Figure 2.) showed a significant decrease in collagen I production in all samples when compared to the control, indicating stem cell differentiations.  In all the collagen II amplified samples, we found no visible collagen II cDNA.  We instead found an unknown band of cDNA, which could be due to off-target binding of our primer.  Using ImageJ software however, we were able to calculate the actual intensity of our bands, and found the largest change in collagen I:GAPDH ratio in the high insulin sample, implying the most cell differentiation (see Figure 3.).  Although we were able to calculate intensities for collagen II, they were based on estimating the band length, and the values are so small that we cannot count them as credible data.  Therefore, we concluded that none of cells had reached chondrogenesis.

ELISA shows evidence of chondrogenesis.
The ELISA assay that we performed two days later, however, showed new evidence of chondrogenesis.  After making standard curves for absorbance vs. collagen concentration for all the samples (Figure 4.), we calculated the concentration of collagen I and collagen II in all four of our samples.  In order to account for the collagen II added to our fourth sample, we subtracted the amount of collagen II found in Red group’s collagen II only sample.  In order to compare the collagen II concentration in our four samples, we first normalized the data by taking the ratio of collagen II concentration:collagen I concentration in order to account for any experimental error that would affect the fluorescence intensity.  These ratios for our samples were as follows: control: 0.15259, LoI: 0.857656, HiI: 1.835549, and HiI-Col: 0.436174.  Unlike the data from the RT-PCR, we now see the presence of collagen II, indicating the presence of chondrocytes, though small.  The HiI sample had the highest ratio, again indicating the most cell differentiation.  All of our samples showed at least two-fold higher production of collagen II than the control sample.  However, our HiI-Col sample showed the least increase, implying an inhibition of chondrogenesis rather than induction.

Discusssion


Insulin resistance is a common trait associated with people diagnosed with rheumatoid arthritis.  This resistance causes large amounts of insulin to be blood, which leads to hyperinsulinemia.  According to Hadhazy et al, while low insulin concentrations increased MS cell chondrogenesis, high concentrations actually delay the process.  Therefore, a condition such as hyperinsulinemia could in fact help further arthritis by preventing the production of cartilage.  Therefore, it would be potentially useful to find ways to counteract this inhibitory effect.  Knowing collagen II helps induce chondrogenesis, we decided to test if the addition of collagen II to a high insulin environment would indeed prevent the inhibition of chondrogenesis.  We performed both and RT-PCR and an ELISA assay, testing for collagen I and II, to test our hypothesis.  However, our data revealed highest chondrogenesis in the high insulin environment and a significantly lower level of chondrogenesis in the sample with collagen II added.  The fact that our data is completely opposite from the expected results based on literature implies we need to take a backwards step in our research. 


The first experiment that would need to be done would be to determine the insulin concentration threshold for chondrogenesis of MS cells in an alginate scaffold.  The insulin limitations that we’d researched applied to cells in high density culture, and it is very possible that these thresholds are different for cells in a scaffold.  Maybe the “too high” insulin concentration is much higher since the cells are able to occupy their own space rather than sitting on top of each other.  That would explain why the sample we expected to have lower chondrogenesis actually ended up having the highest.  We could utilize the same methods as described in the Hadhazy et al paper, only using alginate gels to culture the cells in.


Once this is done, we should perform this same experiment, only with the corrected insulin concentrations.  We also suggest changing the alginate-collagen II solution used to make the beads for the fourth sample.  Our beads were extremely fragile, and so our cell viability in these beads was severely breached.  Therefore, our data is most likely invalid: the surface cells, which would have benefited the most from the collagen II in the bead, were also the most exposed to harm because the bead was so weak.  Therefore, we probably saw less cell differentiation because the cells that would have differentiated all died. We believe we misread the paper that suggested the use of collagen II.  We initially wanted to use the same solution that they used, but then changed it slightly in order to make sure the solution became a gel.  However, we remember a very confusing comment in the paper being that, to make a gel, “the alginate concentration has to be at least 30%”.  Since this was not the concentration they had used, this statement didn’t make sense initially.  However, now we believe it was actually the guideline that we should have followed, not the solution they’d used.  Therefore, in the retry of this experiment, we suggest making a alginate-collagen II solution that is at least 30% alginate to ensure the durability of the beads.

One final change to this experiment would be to culture the cells for a longer period time, to see if we continue seeing an increase in collagen II production, indicating an increase in the presence of chondrocytes.  Because the RT-PCR showed cell differentiation, and the following ELISA showed collagen II production, we have reason to believe our cells didn’t have enough time to reach chondrogenesis before the experiment ended.
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