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Dense cultures of chondrocytes in 3% alginate beads dedifferentiate in comparison to sparse cultures
Emmanuel Quiroz and Emily Suter
Introduction

In tissue engineering, the viability of chondrocytes in 3D culture is dependent on alginate scaffold concentration (Heywood et al. 2004).  Heywood et al’s research also concluded that the rate of viability loss in concentrated, 3% alginate beads was directly related to the initial cell-seeding concetration. This study expands upon this idea of cell density by asking the question, how does the rate of dedifferentiation of chondrocytes to fibroblasts in 3% alginate relate to the initial cell-seeding concentration? This question was assessed by comparing expression of collagen type II and collagen type I in chondrocytes initially seeded at 1.5x106 cells/mL (1.5 M/mL) and 6.5 x106 cells/mL (6.5 M/mL). Expression levels were measured both at the transcript level using reverse transcription-PCR (RT-PCR), and at the protein level with an ELISA assay. Maintaining chondrocyte phenotype in alginate cultures is a very important in articular cartilage engineering.
Results
Unsuccessful viability test due to dense alginate

Chondrocytes were seeded in 3% alginate with their respective cell-seeding densities and were incubated in standard chondrocyte medium. After a week of incubation, alginate beads were then tested for cell viability using a LIVE/DEAD kit. Under fluorescent microscopy, the beads exhibited a large amount of green fluorescent background signal that made it difficult to analyze cell viability. This is most likely due to the poor permeability of dense 3% alginate, which inhibited the wash step to remove any extra phlorophores from the alginate bead.
RT-PCR show greater dedifferentiation in less dense cultures
Twelve days after cultures were initiated, cell lysates were extracted from alginate beads and measured for collagen types I and II transcript expression using RT-PCR. Collagen primers were obtained from NCBI. Under 10x magnification, 3D cultures seeded with 1.5 M/mL contained less cells than those seeded with 6.5 M/mL showing that the cultures were seeded correctly. Also, cell counts of each culture showed a 5.4 fold difference in cell density. Both cultures contained fibroblast adhered to the bottom of the well. 
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Figure 1.  RT-PCR gel analysis of Collagen I and II DNA expression.  After isolating RNA and performing RT-PCR, 1.5 M/mL and 6.5 M/mL cell samples were run on a 1.2% agarose gel for 45 minutes at 125V.  Across all four samples, GAPDH expression was fairly consistent, indicating a consistent amount of initial DNA.  For Collagen I, bands were light and both samples had expression similar to that of GAPDH.  For Collagen II, the less concentrated sample had a much brighter band than our more concentrated (6.5 M/mL) sample, though both were brighter than Collagen I samples.  This indicates overall greater expression of Collagen II, especially in the 1.5 M/mL sample.
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Table 1. RT-PCR Collagen I and II expression ratios as compared to housekeeping gene GAPDH.  Band images from RT-PCR gel were analyzed for size and pixel brightness to determine relative Collagen I and II expression levels in our two samples.  Background was removed and sample values were normalized.  As seen above, the Collagen I to GAPDH ratios were much lower (1.1 and 1.3 for the 1.5 M/mL and 6.5 M/mL samples, respectively) than those of Collagen II to GAPDH (3.1 and 2.7 for 1.5 M/mL and 6.5 M/mL samples, respectively).  Overall, the ratio of Collagen II to Collagen I was 1.4 times higher in our less concentrated sample at a value of 2.8 as compared to the higher concentrated sample, which had a value of 1.9. "


Relatively equal mRNA concentration of collagen type I and II cDNA from our two cultures were compared on an agarose gel (Figure 1A). mRNA concentrations were found by measuring absorbance values at A260. Absorbance ratio of mRNA at A260/A280 was 2 for sample 1.5 M/mL and 1.6 for sample 6.5 M/mL, which shows no contamination in our samples. Using ImageJ analysis, the relative amounts of collagen type I and II in each density of cells were determined by measuring the total pixel intensity of each band normalized by co-amplified GADPH (Table1). After comparing the ratio of collagen type II to collagen type I, cultures seeded with 1.5 M/mL expressed ~1.5 fold more collagen type II mRNA transcript than the dense cultures seeded with 6.5 M/mL. 
Therefore, this suggests that cells in dense culture, 6.5 M/mL, did not maintain chondrocyte phenotype as well as those in sparse culture, 1.5 M/mL. The measurements from the RT-PCR suggest that the sparse cultures of chondrocytes maintained their phenotype as seen by the relatively greater expression of collagen type II in comparison to the dense cultures. Less expression of collagen type II in the dense cultures is most likely due to dedifferentiation of chondrocytes to fibroblast. This may have been due to cell to cell interaction that caused dedifferentiation when cells are stressed in dense cultures.
ELISA assay analysis inconclusive results 

From the ELIS analysis it was seen that there wasn’t any protein in the ELISA wells to start off with or that there was little to no protein. Proteins of cell lysates were extracted and measured on an ELISA assay. Two sample sizes were measured to provide different amounts of cell protein extract to analyze. Approximately 5 beads were in the less sample size and ~ 12 beads in the more sample size. 
	
	
	Less sample
	More Sample

	
	Cell-seeding density
	Avg-bkgd
	Calc conc.
	Avg-bkgd
	Calc. conc

	CN I
	1.5 M/mL
	0.0113
	-247
	0.0074
	-250

	CN II
	1.5 M/mL
	0.0264
	-233
	0.0314
	-228

	CN I
	6.5 M/mL
	0.0143
	-244
	0.0190
	-240

	CN II
	6.5 M/mL
	0.0630
	-199
	0.0514
	-210


Table 2: ELISA assay gives inconclusive, negative concentrations of Collagen types I & II. 
After isolating and plating Collagen I and II, antibodies were applied and an ELISA assay was prepared.  Fluorescnece levels were measured and background was subtracted.  Two different samples were measured, a “less” and “more” sample referring to the amount of beads originally contributing to the collagen level in that sample.  After background subtraction, calculations placed concentrations below zero, indicating little to no collagen present or experimental error.  
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Figure 2: Plot and linear fit to standards and plot of calculated protein concentrations of collagen type I & II.  After background removal, standard values of Collagen I and II were calibrated to best fit and the linear values were isolated to an equation of y=922x-257.  Two different samples, a “less” and “more” sample referring to the amount of beads originally contributing to the collagen level in that sample, for each concentration was fit along the calibration.  However, after background subtraction and normalization calculation, all collagen levels lay below zero, rendering our results inconclusive.  

Absorbance values at known standard concentrations greater than 626 ng/mL were not included in the linear fit. Sample concentrations were calculated from this standard linear fit (Figure 2). Calculations gave a negative concentration of both collagen type I and II, which is not feasible (Table 2). Therefore, ELISA data is inconclusive in measuring dedifferentiation in sparse and dense cultures. It was expected to see higher concentrations of collagen type II than collagen type I to go along with our RT-PCR results.

These negative concentrations flashes a large ‘error sign’ that implies an error in the protocol. This could be due to little to no concentration of collagen proteins in the ELISA assay for the primary antibody to bind to. An upstream effect may be due to low levels of collagen transcription since the RT-PCR results show presence of mRNA in both cultures. It was expected to see greater concentration in the larger amount of protein extract but the results show an insignificant difference in calculated concentrations between less and more sample. 
Discusion

From the results it can be hypothesized that in dense cultures dedifferentiation may be due to cell to cell interactions. No papers were found to provide an explanation to this hypothesis so the cause of dedifferentiation in dense cultures should be studied in the future. Future experiments could possibly study dense chondrocytes and cell morphology by visual analysis using a microscope. Also, one could run an experiment that looks for a chemical signal from densely populated chondrocytes that may be causing dedifferentiation. The ELISA assay could be improved by increasing collagen expression with medium that promotes protein expression in chondrocytes. This experiment should be repeated with cell viability tests done by Heywood et al where they were working with 3% alginate as well. This experiment has contributed conclusive RT-PCR analysis that can be used in tissue engineering. The affect of cell seeding density on chondrocyte phenotype is an important consideration in experimental procedures in articular cartilage engineering. 
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