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Introduction:


Growing cells in 3D culture for tissue engineering requires a variety of factors.  The types of cells used, scaffold grown on, and chemical factors grown with are important in influencing the success and viability of a culture.  The environment of the culture can also play a role in the viability of cells grown in 3D.   Haywood et al. studied the effects of changing the medium volume of chondracytes grown in high-density alginate, and found that there was a greater population of viable cells in high-volume cultures (Haywood, 2004). Based on their study, we believe that the chondracytes grown in a larger volume of medium will remain not only more viable, but more differentiated than chondracytes grown in a smaller volume.  One problem with using chondracytes for tissue engineering has been their dedifferentiation to fibroblasts in culture(Domm, 2004). We believe that a greater amount of medium will allow for better nutrient diffusion throughout the scaffold, especially to the center, which will promote healthy chondracyte growth and differentiation.  To test this hypothesis, we grew chondracytes plated at a density of  in 2% FMC bipolymer (70/30) alginate, in both 6mL and 9mL of standard growth medium.  In order to measure the effects the volume of medium had on differentiation, we performed assays to measure collagen I and collagen II concentration in our cells.  Differentiated chondrocytes produce mainly collagen II, while stem cells produce only collagen I.  Therefore, measuring the ratio of expression in experimental cells provides a way of gauging the state of the cells. We used RT-PCR to semi-quantitatively analyze the amount of collagen present in our cells, as well as an indirect ELISA assay to quantitatively measure the concentration of collagen in both samples.

Results:


Chondracytes were plated at a density of 6 million/mL and grown on a 2% FMC bipolymer (70/30) scaffold in either 6mL or 9mL medium to test the effect of medium volume on cell differentiation.  After 7 days in culture, representative alginate beads from each sample were photographed using LIVE/DEAD staining and analyzed for cell viability using ImageJ analysis. As seen in Figure 1, both samples contain many viable cells, with only a few dead cells.  The cells in the 6mL sample contained more rounded cells than the 9mL sample, which contained both rounded and elongated cells.  ImageJ, 147 cells were counted in the 6mL sample, and 103 in the 9mL sample.  These numbers indicate comparable levels of viable cells in both cultures. 


The aliginate scaffold was then dissolved and each culture lysated.  Half of each cell lysate was reserved for protein analysis and half was further purified to obtain mRNA.  Purified mRNA from both the 6mL and 9mL samples was analyzed for purity and concentration using the spectrophotometer.  A260 and A280 readings were obtained and used to calculate the concentration and purity.  As seen in Table 1, the A260/280 ratio for the 6mL sample was 1.6, and the ratio for the 9mL sample was 1.4.  The A260 reading was used to calculate RNA concentration, from which 10ng of each sample’s RNA was used in RT-PCR to obtain and amplify collagen I and collagen II cDNA. The PCR products were run on a gel and then ImageJ analysis was performed to semi-quantitatively analyze collagen I and II expression.  


Figure 2 shows the result of the RT-PCR performed on the purified mRNA. The first lane is a 100bp ladder.  The next two lanes contain cDNA for collagen I and the housekeeping gene, GAPDH from the 6mL and 9mL samples, respectively.  Both lanes show bright bands for collagen I.  The last two lanes contain cDNA for collagen II as well as GAPDH.  Both lanes again show bright bands for collagen II.  ImageJ analysis on the RT-PCR photograph of our experimental samples, as well as a control gel containing freshly isolated chondracytes was performed to measure the ratio of collagen I and collagen II in each sample.  Measuring over an equal area, each band was measured for intensity.  Values were normalized against the housekeeping gene and the intensity ratio of collagen II/collagen I was calculated.  The control sample was found to have a collagen II/I ratio of 1.23. The 6mL sample had a ratio of .95, while the 9mL ratio was closer to the control value, at 1.13.


Cell lysates isolated from 3D culture were also used in an indirect ELISA assay to measure collagen I and II concentration.  A standard curve was created by measuring the absorbance at 420nm of a set of known-concentration collagen solutions, then our experimental absorbances were plotted using this curve to determine concentration. (see Figures 3 and 4). In both the collagen I and collagen II assay, both the 6mL and 9mL samples were calculated to have negative values, indicating concentrations below the detection limit.  (see Table 3).

Discussion:


The goal of our experiment was to measure the effects of volume of cell medium on chondracyte growth and differentiation in 3D culture. To that end, we performed a variety of assays to measure cell viability and differentiation of CDRs grown in either 6mL or 9mL growth medium.


The results of the Live/Dead staining suggest no qualitative difference in cell viability.  Because we only looked at a sample of cells, the difference in cell count due to ImageJ does not suggest any meaningful viability differences.  As Figure 1 shows, both samples have a similar number of viable cells, and only 1 or 2 dead cells (stained red) in the image.  This suggests that overall viability was not affected by the change in medium.


To assess the differentiation of the cells in both samples, we performed RT-PCR on mRNA extracted from the cell lysates.  The mRNA had A260/A280 ratios of 1.6 for the 6mL sample, and 1.4 for the 9mL sample.  A desired ratio is around 2; our samples’ divergence from this number indicates our mRNA was not completely pure.  ImageJ analysis of the 6mL, 9mL and control sample found a ratio of .95, 1.13, and 1.23, respectively.  The control sample contained mRNA from freshly isolated chondracytes, providing a baseline for the ratio in differentiated cells.  Because stem cells do not produce collagen II, a lower ratio of collagen II/I would suggest that more cells in that culture were de-differentiated, because there would be less collagen II expression in that sample.  Both the 9mL and 6mL samples had reduced ratios, consistent with the observation that some CDRs de-differentiate in 3D culture. The 9mL sample, however, had a ratio more consistent with the control, while the 6mL sample was reduced by more.  Because these variations were small, however, and because the A260/280 ratio indicated the samples might not have been pure, it is hard to draw a conclusion off of this analysis.  


The ELISA assay is a way to more quantitatively assess the differentiation of the cells, because it can quantitatively measure the concentration of both collagen I and collagen II in our cells.  Unfortunately, the collagen I and II concentrations in both the 6mL and 9mL sample were calculated to be negative, which suggests they were below the detection limit.  Both had an absorbance value above the blank values, however, which suggests that there was collagen present in both cultures.  Further study with this assay could use more cell lysate initially in an attempt to have enough protein present to obtain better results.  


Without meaningful ELISA results, it is difficult to draw any conclusions about the effects of medium volume on CDR differentiation in 3D culture.  Because results from the RT-PCR suggests there may have been more differentiation in the 9mL sample over the 6mL sample, it would be worthwhile to redo this study, this time using more cell extract in the ELISA assay, to try to confirm that using more medium did, in fact, promote the maintenance of the CDR state.  If this was confirmed, these findings have potential use for further research in tissue engineering.  Overcoming the dedifferentiation of CDRs in 3D culture would be beneficial to researchers utilizing CDRs for tissue engineering projects like cartilage engineering.
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