The Effects of Insulin and Collagen II Levels on Mesenchymal Stem Cell Chondrogenesis
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The overall goal of tissue engineering, also known as regenerative medicine, is to use a combination of cells, engineering, and materials methods to repair tissues damaged in trauma or disease (Stachowiak et al). Within tissue engineering, cartilage tissue engineering is widely studied because of its therapeutic potential in degenerative cartilage diseases, such as osteoarthiritis, which effects a substantial portion of the elderly population (Risbud et al). Through cartilage tissue engineering, we can develop biocompatible cartilage constructs that can replace lost or damaged bone tissue. Chondrocytes are cells found in cartilage that produce and maintain the cartilaginous matrix consisting of primarily collagen and proteoglycans. Because chondrocytes are limited in their ability to regenerate, much emphasis has been placed on their progenitors, mesenchymal stem cells (MSCs) as candidate cells for cartilage tissue engineering because of their ability to undergo chondrogenesis after being stimulated by a variety of biomaterials (Bosnakovski et al). Prior research on MSCs has focused on the factors and conditions that promote condrogenesis in these cells. One study revealed that supplementing growth medium with different amounts of insulin greatly affected the differentiation of MSCs when grown in monolayer. Small quantities of insulin (eg. 0.25 µg/mL to 10 µg/mL) promoted chondrogenesis, while larger quantities (eg. 50 µg/mL) inhibited this process (Hadhazy et al). In our present study, we wished to determine whether varying the concentration of insulin in medium would have a similar effect on MSC chondrogenesis in a 3D alginate scaffold. Furthermore, it was found that when MSCs were cultured in scaffolds containing alginate and collagen II, chondrogenesis was promoted to a significant extent (Bosnakovski et al). In this project, we also aimed to determine whether using a collagen scaffold would offset or negate the effects of supplementing the growth medium with a high concentration of insulin. Thus, our experimental design included four samples: 1) a control sample grown in standard growth medium, cultured within a 1.5% alginate scaffold, 2) an experimental sample grown in standard growth medium supplemented with 15 µg/mL of insulin, cultured within a 1.5% alginate scaffold, 3) a similar experimental sample, except with 50 µg/mL of insulin, and 4) an experimental sample grown in standard growth medium supplemented with 50 µg/mL of insulin, cultured within a scaffold containing 14% collagen II and 1.5% alginate.  Medical research has also shown that high levels of insulin in blood are associated with rheumatoid arthritis, which is a degenerative disease of cartilage tissue in joints (Rosenvinge et al). One hypothesis for this observation is that these high levels of insulin prevent stem cells from forming additional chondrocytes. Our study holds great medical significance as we can possibly use cartilage tissue engineering to develop therapeutics for rheumatoid arthritis by using collagen II to counteract the negative effects of insulin on chondrogenesis.

Results

Seeding Mesenchymal Stem Cells into 3D scaffold. In order to initiate our cell cultures of interest, we seeded mesenchymal stem cells (1 million cells/mL) into 3D scaffolds containing 1.5% alginate or 1.5% alginate + 14% collagen II. The beads containing alginate were incubated with 1) standard growth medium, 2) standard growth medium + 15 µg/mL insulin, and 3) standard growth medium + 50 µg/mL insulin. The beads containing alginate and collagen II were incubated with standard growth medium + 50 µg/mL insulin. After one week, we retrieved our beads and noted that they were all of similar size, although the beads containing collagen appeared fragile. Subsequently, we performed a Live/Dead® fluorescence assay on the cells inside of the beads, taking several representative images for analysis using the fluorescence microscope. The analysis that we conducted by hand revealed the following live/dead cell counts: Normal alginate bead – 56 live, 2 dead; 15 µg/mL insulin bead – 44 live, 0 dead; 50 µg/mL insulin bead – 35 live, 1 dead; Collagen bead – 28 live, 53 dead. We also attempted a semi-automated approach by using ImageJ analysis to obtain cell counts, but our endeavors proved unsuccessful as our pictures contained poor resolution and a low threshold, leading to too much background signal. On the whole, the cells were evenly distributed and the cell concentrations relatively high. The results we obtained in our assay were mostly consistent with our expectation that we would see many live cells and few dead cells, since the gels should have allowed the cells to access sufficient amounts of nutrients. The one exception that we noted was in the collagen beads, where there were a greater number of dead cells than live ones. This suggested that our collagen scaffold might have had a component that was cytotoxic to our mesenchymal stem cells. 

After further incubation of the cells in their respective media for 120 hours, we prepared half of the cells for RNA isolation (used for RT-PCR) and the other half for protein level analysis (ELISA). Before preparing cell lysates, we examined the morphology and density of the cells and found that the cells were uniformly round and small, consistent with the expected phenotype for chondrocytes when grown in 3D culture (Stachowiak et al). Subsequently, we stained the cells with Trypan blue in order to visualize approximate numbers of live and dead cells. For the cells grown in standard growth medium, we found 1.17 x 105 live cells and 0 dead cells. For the cells grown in standard growth medium supplemented with 15 µg/mL and 50 µg/mL, we found 1.42 x 105 and 7.08 x 104 live cells, respectively, compared to 3.37 x 105 and 3.50 x 105 dead cells. Finally, and most surprisingly, for the cells grown in beads containing collagen and alginate, we found 0 live cells and 3.30 x 104 dead cells (Fig. 1). Collectively, the results indicated to us that increased insulin concentration in the growth media decreased cell viability. Furthermore, consistent with our results in the Live/Dead fluorescence assay, the results were suggestive of the fact that cell growth in the collagen-containing beads was suboptimal and that the scaffold may have been cytotoxic to the growth of our mesenchymal stem cells. 

Analysis of Collagen I and II transcript levels by RT-PCR. We lysed cells from each sample and extracted the RNA from them for RT-PCR analysis. Using a UV spectrophotometer, we found the RNA concentrations for our samples: Standard growth medium – 36 µg/mL; 15 µg/mL insulin – 72 µg/mL; 50 µg/mL insulin – 64 µg/mL; Collagen bead + 50 µg/mL insulin – 8 µg/mL. The RNA concentration obtained for the collagen bead sample was surprising because we had noted 0 live cells in our previous assay. However, our A260/A280 ratio for this sample was 1.5, indicating significant protein contamination. One alternative explanation would be that we chose an unrepresentative sample of cells for our viability assay, resulting in an inaccurate cell count. Another possible explanation is that some of our cells might have died relatively recently, but still had intact collagen transcripts that could be isolated. Nontheless, we proceeded with our transcript level analysis to assess whether our mesenchymal stem cells, which primarily produce Collagen type I, had differentiated into chondrocytes, which primarily produce Collagen type II.


We performed RT-PCR with 100 ng of RNA and generated cDNA corresponding to Collagen type I or II and the housekeeping gene GAPDH. These cDNA samples were run on a 1.2% agarose gel to visualize the presence of collagen and GAPDH cDNA. Using the ImageJ program, we analyzed an image taken with an exposure time of 0.72 seconds to determine the relative brightness of the bands, corresponding to the concentration of cDNA present (Fig. 2). By inspection, the lanes for collagen II displayed extremely faint bands and the presence of contamination. We analyzed the gel by first subtracting the background signal from the data, and then calculating the collagen I/GAPDH ratio, collagen II/GAPDH ratio, and collagen II/collagen I ratio (Fig. 3). Our collagen I/GAPDH ratios were as follows: Standard growth medium – 3.02, 15 µg/mL insulin – 0.80, 50 µg/mL insulin – 0.58, Collagen bead – 1.0. For collagen II/GAPDH, our ratios were 0.01, 0.15, 0.11, and 0.11, respectively, and the collagen II/collagen I ratios were 0.003, 0.19, 0.19, and 0.11, respectively. For the samples that we expected to go through rapid chondrogenesis (15 µg/mL insulin and collagen bead sample), our expectation was to see lower collagen I/GAPDH ratios, higher collagen II/GAPDH ratios and a collagen II/collagen I ratio greater than 1. However, our results were inconsistent with our expectations, which may have been the result of experimental error, as we might not have had sufficient quantities of RNA to begin with. Alternatively, we may have predicted the effects of adding extra insulin incorrectly.

Analysis of Collagen I and II protein levels by ELISA. We extracted total protein extracts from the cells and performed an indirect ELISA in order to find the protein expression levels of collagen I and II. The collagen proteins were recognized by an anti-collagen I or II primary antibody and subsequently tagged with a secondary antibody conjugated to alkaline phosphatase, which undergoes a colorimetric reaction when bound. Subsequently, we utilized absorbance spectroscopy to determine the relative quantities of the collagen I and II proteins. Based on standard curves with a correlation coefficient of 0.98, we calculated the following Collagen II/Collagen I ratios: Standard medium – 0.15, 15 µg/mL insulin – 0.86, 50 µg/mL insulin – 1.84, Collagen bead – 0.78. Again, for the 15 µg/mL insulin and collagen bead samples, we expected to see Collagen II/Collagen I ratios greater than 1 (Fig. 4 & 5). However, the results were inconsistent with these expectations, as these samples yielded ratios lower than 1 and the 50 µg/mL insulin sample, in which we didn’t expected chondrogenesis, had a Collage II/Collagen I ratio greater than 1. One possible explanation for these results is experimental error, as some of our calibration curves had negative absorbance values (after background correction) corresponding to positive amounts of protein. Clearly, absorbance values cannot be negative, so the calibration curves may have led to inaccurate calculations of protein concentration. All in all, more trials are necessary to reach a definitive conclusion regarding the effect of insulin supplements and collagen II scaffolds on chondrogenesis.

Discussion

In this present study, while our results were inconsistent with our expectations, we were able to draw some overall conclusions from our project. To begin with, the results we obtained exposed a major flaw in our experimental design – the lack of repeated experiments. In order to obtain significant results, we needed to have run multiple experiments. Therefore, in way of future experiments, the first task would be to repeat our experiments for consistency. However, we were able to note some general trends with respect to the effects of insulin supplements and collagen II scaffolds on MSC differentiation. The results from our cell viability assays suggested that increasing insulin concentration decreased cell viability, as shown by the large quantity of dead cells when compared to the live ones in the sample containing 50 µg/mL on insulin. Additionally, future experiments are needed to determine the effect of the collagen scaffold on MSC differentiation. Our cell viability assays showed that the cells grew suboptimally within the collagen scaffold, and in fact, we ended up with 0 live cells at the end of our growth phase. This result can be likely attributed to the fragility of the collagen beads, which probably lacked the necessary structure and support for the growth of MSCs. A future experiment could be to alter the concentration or quality of collagen in scaffold so that the scaffold would be suitable for MSC differentiation. 


With respect to our RT-PCR and ELISA experiments, the results were not consistent with each other. Nonetheless, it was evident that our MSCs had differentiated (albeit not into chondrocytes!) because the levels of collagen I expressed by all of our experimental samples were decreased compared to the control. However, because collagen II was very lowly expressed in our cells, we concluded that chondrogenesis had not occurred; instead our MSCs had differentiated into another cell type. Another result that we observed that was highly inconsistent with our hypothesis was that high levels of insulin (50 µg/mL) actually increased collagen II protein expression instead of decreasing it. Our RT-PCR confirmed this conclusion, as this sample had lowest collagen I/GAPDH ratio and displayed a collagen II/collagen I ratio significantly higher than that of the control. Collectively, our results were not consistent with the published literature. However, one possible explanation is that we did not use the same medium that was used in these publications that we based our project off of. Alternatively, there could have been various factors that we failed to consider when extrapolating their 1D scaffold experiments to our present study using 3D scaffolds. All in all, more experiments repeating the ones we conducted in our present study as well as others that probe the subtle differences between our experiments and those previously conducted must be performed so that we can further develop our results into a practical therapeutic for a variety of diseases.
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