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Cell Biomaterials Engineering

Increased Cell Seeding Density of Chondrocytes in Alginate Bead 3D Cell Culture reveals Extended Maintenance of Chondrocyte Morphology
Introduction

 
Cartilage degeneration caused by diseases such as osteoarthritis and trauma is of great clinical consequence, given the limited intrinsic healing potential of the tissue (Tuli 2003).  The rapidly emerging field of tissue engineering holds great promise for the generation of functional tissue substitutes, including cartilage, by engineering tissue constructs in vitro for subsequent implantation in vivo (Tuli 2003). To promote cartilage development, utilization of a biocompatible, mechanically sound scaffold seeded with an appropriate cell type such as chondrocytes, that is loaded with bioactive molecules may eventually be the solution. However, to ensure long-term success of a cellular construct used in cartilage tissue engineering, we must first address the maintenance of chondrocyte morphology, cell viability throughout this construct, as well as the cells’ continued ability to synthesize a mechanically functional ECM (Heywood 2004).
It is known that environmental cell culture conditions affect chondrocyte phenotype in that chondrocytes have a tendency to de-differentiate from their round phenotype to fibroblast morphology over time (Brodkin 2004). De-differentiated chondrocytes exhibit increased production of collagen I, while the specialized chondrocytes exhibit greater levels of collagen II. This study focused on assessing optimal cell seeding density to maintain chondrocyte morphology throughout an alginate construct while noting cell viability effects. The design of this experiment included seeding chondrocyte cells in 2% Sigma Aldrich low viscosity Alginate (250 cps at 2%) at two different densities. The 1x sample consisted of approximately 1.85 million cells seeded across 25 alginate beads. The 5x sample consisted of approximately 9.3 million cells seeded across 25 alginate beads. It was hypothesized that cells seeded at the higher density would more effectively maintain a chondrocyte phenotype due to increased cell-cell interactions along with autocrine signaling. Chondrocyte morphology maintenance was assessed by levels of Collagen I and II both at the transcript level as well as the protein level.
Results

Live/Dead Assay: cell viability
Alginate beads containing chondrocytes grown in 3D culture were collected, dyed with ethidium homodimer-2 derivative +SYTO, and viewed under a fluorescent confocal microscope (Figure 2).  All cells were visualized under FITC excitation, while EthD  excitation was reserved to view dead cells only. After 1 week of culture, we found high viability levels of approximately greater than 95%. This visualization indicated round cell morphology was round, which is characteristic of chondrocytes, as well as even dispersion of cells throughout alginate bead. The 5x samples was clearly more dense, and appeared brighter under excitation than the 1x. Additional analysis done with ImageJ revealed that manual cell counting is more accurate; ImageJ software was unable to distinguish a majority of the cells, particularly those in different planes, even after threshold alteration.
Agarose Gel RT-PCR: Analysis of transcript levels of Collagen I and II
Alginate beads were dissolved in EDTA to collect chondrocytes that had been grown in 3D culture for 11 days. Cell viability assessed at this point was significantly lower than previous viability percentages seen in the Live/Dead® Assay. For the 1x sample, the cell count yielded approximately 58% viability. In the 5x sample, the cell count indicated a significantly lower viability of 20.5%. A possible explanation for this decreased cell viability in the more densely seeded cultures is nutrient competition. 

Absorbance of RNA samples at 280nm and 260nm were measured to calculate concentration as well as purity. For the 1x sample, the 260/280 ratio was 1.42. For the 5x sample the ratio was 1.625. This suggests that both samples were relatively pure with some contamination; the RNA sample collected for 1x sample were less pure than the RNA of the 5x sample. 
From these chondrocytes, 100ng of RNA, isolated from total cell lysate, underwent RT-PCR with primers specific to Collagen I, II, and housekeeping gene control GAPDH to yield amplified levels of cDNA. This cDNA was run on a 1.2% agarose gel (Figure 2). ImageJ analysis of band intensity normalized to internal GAPDH controls indicated that the 1x sample had a CN II/CN I ratio of .747, while the 5x sample had a CN II/CN I ratio of 1.45. This data indicated that the 5x sample more efficiently maintained the chondrocyte phenotype as hypothesized. The higher ratio of Collagen II/I revealed that the 5x had a greater chondrocyte-like phenotype than the 1x sample. Meanwhile, the low CNII/CNI ratio of the 1x suggests that a significant percentage of cells had dedifferentiated to a fibroblast phenotype. However, additional experimentation would be needed to confirm these results.
ELISA: Collagen I and II Protein Level Analysis

Total protein extracted from both the 1x and 5x samples were measured through an indirect enzyme-linked immunosorbent assay (ELISA) to isolate and determine the levels of Collagen I and II present. This ELISA used alkaline phosphatase-labeled secondary antibodies, which were reacted with the substrate PPNP. Protein levels of Collagen I and II were measured against a calibration curve determined from standard absorbance readings collected at 420 nm.  The 1x cell density sample contained 160 ng/ml of Collagen I and 130 ng/ml of Collagen II, yielding the Collagen II/I ratio of 0.81.  The 5x cell density sample contained 180 ng/ml of Collagen I and 140ng of Collagen II, resulting in a Collagen II/I ratio of 0.77. The protein levels measured here suggest a source of error in that they differ from the results seen in from the transcript-level data.
Analysis of the absorbance signals seen from ELISA to yield these absolute concentrations of Collagen I and II as well as the ratios was plotted against a standard curve. The replicates of the standards used in deriving this curve were comparable, indicated that there were not major technical errors between the wells of the same plate. Furthermore, the experimental data yielded high enough concentrations of proteins to fall within the range of standards when plotted and did not require inaccurate extrapolation to yield measurable results. Hence, this mode of analysis seemed reliable, and we looked to other sources to explain the error seen in these results. 

This error may be explained in two contexts: biological and technical. As a technical error, there are several possible explanations. On explanation is that the collagen II protein bound less efficiently to the 96 well- plate than the collagen I. It is also possible that the secondary antibody bound more non-specifically in the collagen I plate than the collagen II plate. Discrepancies between the Collagen I plate and the Collagen II plate in terms of binding would need to be resolved with additional experimentation. If this error is the result of biological consequence, this indicates that Collagen protein levels have been reduced sometime after transcription. This may be explained by increased levels of collagenase or other enzyme that resulted in the breakdown of Collagen II protein. Hence, the protein levels collected differ from the transcript levels seen from RT-PCR analysis.
Discussion

In comparing cell seeding densities of 1x to 5x, this study yielded contradictory results. In the transcript level analysis, we found greater levels of collagen II in the 5x sample and greater Collagen I in the 1x sample. However, in the protein level analysis, both samples yielded similar amounts of protein, with slightly more collagen I present. The results of the transcript level analysis hold greater credibility as similar results were produce in a previous study (Heywood 2004). Hence we conclude from this study that the higher cell seeding density was able to more effectively maintain chondrocyte morphology and the lower cell seeding density exhibited greater dedifferentiation of chondrocytes over the period of 11 days.

While explanations for the error seen in the protein level analysis have been proposed, further experimentation would be required to test these. In particular, future tests could explore biological explanation of Collagen protein breakdown. Alginate systems could be tested to see if there are increased levels of collagenase and other secreted enzymes that may affect ECM functionality. Such experiments could also be applied back to the questions addressed here—understanding the mechanisms of ECM proteins and signaling would allow us to identify optimal cell seeding density to maintain chondrocyte morphology. In addition, further experimentation could consist of optimizing cell viability levels. Chondrocyte culture lasted only 11 days, and cell viability of the 5x samples was already reduced to 20%. Before cartilage tissue engineering can be successfully applied medically, the issue of cell viability both in vitro  and in vivo will need to be resolved.
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Figure 1 Live/Dead® Fluorescence Assay of 3D Chondrocyte Culture in Alginate Beads Cells from alginate beads were dyed with ethidium homodimer-2 variant and SYTO 10, and viewed under FITC excitation. (a) The 1x cells show high viability, single-cell suspension, and are indicative of a lower density than 5x.(b) the 5x cells appear evenly distributed throughout the bead. These cells show round morphology, characteristic of chondrocytes.
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Figure 2 RT-PCR and Agarose Gel Analysis yields Greater Collagen II levels in 5x Seeded Cells compared to 1X RNA, isolated from the chondrocyte 3D cultures in alginate beads, underwent RT-PCR and the resulting cDNA was run on a 1.2% agarose gel. The GAPDH transcripts are represented by the bands at 100bp in lanes 2-5. In Lanes 2 and 3, the collagen I transcripts of the 1x and 5x samples are present around the 200bp marker. In Lanes 4 and 5, the collagen II transcripts of the 1x and 5x samples can be found around the 500 bp marker.
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