A Study of the Effect of Different Growth Medium Concentrations on Chondrocyte Phenotype and Viability
Introduction
Cartilagic tissue is composed primarily of one cell type, chondrocytes.  These cells, when grown without proper signals, tend to de-differentiate to a fibroblastic state.  Our goal in this experiment was to test the effect of the growth environment on the chondrocyte cell phenotype.  After investigating the current literature on the subject, we were particularly intrigued by Heywood et al.’s research in which it was determined that “homogeneity [of chondrocyte viability] could be attained with increasing medium volume” (2004).  We decided to study the effect of the volume of growth medium on chondrocyte cell differentiation and viability, hypothesizing that the cells grown in 9mL of growth medium would show less de-differentiation than those grown in 6mL of medium. The phenotypic aspects were assayed by examining the transcription and protein levels of collagen types I and II, and we examined the cells for viability via fluorescent microscopy.  We tested two samples, one grown in 6mL of medium, and the other grown in 9mL of medium, and both samples were plated at a density of 6 million cells/mL on 2% FMC bipolymer (70/30) alginate.  

Results
Both chondrocyte (CDR) cell cultures were photographed under fluorescent microscopy 7 days after seeding.  Cell viability was tested using a LIVE/DEAD Kit where, under fluorescence, live cells appear green and dead cells appear red. As seen in Figure 1, the cell viability for samples grown in both 6mL and 9mL of growth medium was the same, with very few red cells appearing in either culture.  The cells in the 6mL medium sample were more rounded and the cells in the 9mL medium sample were more clustered.  This implies that the CDR cells in the 6mL sample were less differentiated than the CDR cells in the 9mL sample.  An ImageJ analysis resulted in a CDR live cell count of 147 cells in the culture grown in 6mL of medium, and 103 cells in the 9mL culture.

Before running an RT-PCR analysis, RNA was isolated and the concentration was found by spectrometry.  The 6mL sample had a 260 nm absorbance of 0.008, and a 280nm absorbance of 0.005. The 9mL sample had a 260nm absorbance of 0.007, and a 280 nm absorbance of 0.005.  A purity ratio (A260/A280) was taken to determine the purity of the samples. The 6mL purity ratio was 1.6, and the 9mL purity ratio was 1.4.  Both ratios were relatively close to one indicating relatively pure RNA samples.  From the A260 values, the RNA concentration to be used for RT-PCR was calculated.  The concentrations used in RT-PCR were 10 ng for both the 6mL and 9mL sample (see Table 1).

From the mRNA isolated from each CDR culture, RT-PCR was used to create and amplify the corresponding cDNA.  The cDNA for Collagen I and Collagen II was run on an agarose gel (see Figure 2).  Both the 6mL and 9mL samples contained bright bands corresponding to Collagen I and Collagen II, with the 6mL Collagen II sample band being slightly brighter.  ImageJ was used to analyze the band intensities of the samples.  A Collagen II/Collagen I ratio was found for a control sample and our experimental samples (see Table 2).  We found that he CDR cells grown in 9mL growth medium had a ratio closer to the control ratio than did those grown in 6mL medium.  This suggests that the cells in the 9mL sample were more differentiated than those in the 6mL sample.

Finally, an Indirect ELISA protein analysis was run to determine the Collagen I and II concentrations for each experimental sample.  We plotted known concentrations of Collagen I and II versus their standard 420nm absorbances and fit them to a standard curve (see Figures 3,4).  Using the standard curve, Collagen I and II concentrations were calculated for the 6mL growth medium and 9mL growth medium samples (See Table 3).  All Collagen concentrations were found to be below the detection limit with the 6mL Collagen I value at -0.56 (g/(l, the 6mL Collagen II value at -0.38 (g/(l, and 9mL Collagen I value at -0.73 (g/(l, and the 9mL Collagen II value at -0.55 (g/(l.

Discussion

Quantitatively, because the Collagen I and II concentrations from the ELISA analysis were below detection levels, we cannot comment on the CDR phenotype of the cells in neither the 6mL growth medium sample nor the 9mL growth medium sample.  Qualitatively, however, the fluorescent microscopy and RT-PCR analyses would imply that the cells grown in 9mL of growth medium showed less de-differentiation than the CDR cells grown in 6mL of medium, supporting our hypothesis.  It is possible the cell lysate concentrations used in the ELISA analysis were not enough and that could explain why the Collagen concentrations for both samples were below detection levels.  Ultimately, qualitative analyses of chondrocyte cells cultured in 6mL of medium and 9mL of medium suggested that the cells grown in more growth medium kept the CDR phenotype and did not de-differentiate better than the cells grown in less medium.  This is consistent with our hypothesis.  Because, however, we were unable to support our hypothesis quantitatively, further experimentation is needed, specifically, we recommend repeated the ELISA assay with a higher concentration of cell lysate.
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Figure 1 Qualitative Analysis of Cultured Chondrocyte Viability.  Chondrocytes cultured on 2% FMC bipolymer (70/30) alginate scaffolds were grown in either 6mL of or 9mL of growth medium.  After 7 days, cell viability was tested using a LIVE/DEAD kit.  Live cells appear green and dead cells appear red.  The cells in both samples were mainly viable, with a few dead cells found in each. An ImageJ analysis of these images counted 147 cells in the 6mL sample and 103 cells in the 9mL sample.

	Sample
	A260/A280
	RNA Used in RT-PCR (ng in 20 (L)

	6 mL
	1.6
	10

	9 mL
	1.4
	10


Table 1 RNA Spectrometry Analysis.  RNA isolated from both 6 mL and 9 mL samples was scanned at A260 and A280, and a purity ratio was calculated.  From the absorbance values, RNA concentrations were calculated, and used to determine the amount of RNA run in RT-PCR.
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Figure 2 Qualitative Analysis of Collagen I and Collagen II in Experimental Chondrocyte Cultures.  Using RT-PCR, cDNA was created from mRNA purified from chondrocyte cultures, amplified, and run on an agarose gel.  The first lane indicates a DNA ladder, the next two lanes contains Collagen I cDNA from the 6 mL and 9mL samples, respectively.  Both samples contain bright bands corresponding to Collagen I.  The final two lanes contain Collagen II cDNA from the 6mL and 9mL samples, respectively.   Both samples contain bright bands corresponding to Collagen II, with the 6mL sample band being slightly brighter.  In all lanes, the bottom band represents a GAPDH loading control.    

	control CDR CNII/CNI Ratio:
	1.23

	experimental 6ml CDR CNII/CNI:
	0.95

	experimental 9ml CDR CNII/CNI:
	1.13


Table 2 Semi-Qualitative RT-PCR Analysis of Collagen I and Collagen II Content in Experimental Samples.  ImageJ analysis of RT-PCR gel seen in Figure 2 was preformed to analyze the amount of Collagen I and Collagen II cDNA in both the 6mL and 9mL samples.  Control analysis of freshly isolated chondrocyte cells was also performed to provide a baseline for analysis.   The chondrocytes grown in 9mL growth medium had a ratio closer to the control ratio than did those grown in 6mL medium.


Figure 3. Results of ELISA Analysis to meaure Collagen I concentration in Experimental Samples.  Collagen I samples of known concentration were plotted against respective 420 nm absorbance values to create a standard curve.  Experimental concentrations were calculated using the standard.  In both the 6mL and 9mL samples, protein concentrations were below the detection limit.


Figure 4. Results of ELISA Analysis to meaure Collagen II concentration in Experimental Samples. An indirect ELISA analysis was performed on cell lysates from both the 9mL and 6mL experimental samples.  Collagen II samples of known concentration were plotted against respective 420 nm absorbance values to create a standard curve.  Experimental concentrations were calculated using the standard.  In both the 6mL and 9mL samples, protein concentrations were below the detection limit.

	Sample
	Collagen I concentration ((g/(l)
	Collagen II concentration

((g/(l)

	6mL CDR cell lysates
	-0.56
	-0.38

	9mL CDR cell lysates
	-0.73
	-0.55


Table 3. Collagen I and II concentrations from ELISA analysis.  An indirect ELISA analysis was performed on lysates from both the 9mL and 6mL experimental samples.  Collagen I and II conenctration was calculated from standard curves plotted from known solutions.  (Figure 3+4).

         9mL





         6mL





Collagen II:�         6mL         9mL





Collagen I:�         6mL         9mL





100 Kb Ladder














