BASIC FIBROBLAST GROWTH FACTOR MAY INDUCE DE-DIFFERENTIATION OF CHONDROCYTES IN 3D CULTURE
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INTRODUCTION


Cartilage tissue engineering has potential to provide solutions for cartilage degeneration diseases, such as osteoarthritis, which affect a large portion of the elderly population (Risbud and Sittinger 2002). In general, cartilage tissue engineering aims to create cartilage that can replace degenerated tissue (Nesic et al. 2006). Cartilage consists of three main components: chondrocytes (differentiated mesenchymal stem cells), collagen, and proteoglycans. Since chondrocytes can produce collagen and proteoglycans, current engineering strategies focus on growing chondrocytes on scaffolds to create cartilage tissue. 


However, the environment and culture conditions can influence chondrocyte phenotype. For instance, chondrocytes cultured in 2D monolayer tend to de-differentiate to fibroblasts (Brodkin et al. 2004). Therefore, we explored the maintenance of the chondrocyte phenotype in 3D, by altering a component of the surrounding environment. Specifically, we tested the effect of basic fibroblast growth factor (bFGF) on chondrocytes cultured in 3D alginate beads. In 2D monolayer culture, bFGF has been shown to increase cell proliferation, which also induced the de-differentiation of chondrocytes to fibroblasts (Haart et al. 1999). Therefore, we hypothesized that in 3D culture, bFGF would also increase cell proliferation and lead to loss of chondrocyte-like phenotype. In this event, bFGF would not be an ideal growth factor in cartilage tissue engineering. 

We cultured chondrocytes under two different conditions. The first sample (control) consisted of chondrocytes cultured in standard chondrocyte media, without bFGF. The second sample (experimental) consisted of chondrocytes cultured in standard chondrocyte media supplemented with 5 ng/mL bFGF. Both samples were cultured in low viscosity (250 cps at 2%) alginate (Sigma Aldrich) at 5 million cells/mL. Since chondrocytes produce collagen type II and de-differentiated chondrocytes produce collagen type I, we assessed chondrocyte-like phenotype by examining collagen type II:I gene transcript levels using RT-PCR, and protein levels using ELISA. 

RESULTS

RT-PCR to compare collagen type I and II gene transcript levels
Cells were seeded in alginate beads, and cell viability analysis indicated that all cells were alive and had the normal chondrocyte morphology. However, the cell density appeared to be quite low. We recovered roughly 50,000 cells/mL in both samples, and isolated the RNA from cell lysates. The absorbance readings at 260 nm and 280 nm were both .001. Thus our ratio of A260/A280 was 1, indicating impure RNA with possible protein contamination. However, it is important to note that these absorbance readings were very low, and may be imprecise. We performed RT-PCR with 80 ng of RNA to generate cDNA corresponding to either collagen type I or II. We ran the samples on an agarose gel, and normalized the fluorescence of collagen to GAPDH (Fig. 1). For both samples, gel analysis indicated that normalized collagen type II:I ratios were low, suggesting that more collagen type I was produced than type II. Specifically, the control had a II:I ratio of 0.17, and the experimental sample had a ratio of 0.014.

Since both samples had higher relative collagen type I levels, it is possible that the chondrocytes de-differentiated in both cases. For the control sample, this result was unexpected, since the cells were maintained in normal chondrocyte media, and appeared to have the normal round morphology. However, the cell density inside the beads was low, at 50,000 cells/mL. Since cells are known to behave differently at low densities, it is possible that this factor played a role in the de-differentiation. For the experimental sample, bFGF was expected to induce de-differentiation, which may have contributed to the higher level of collagen type I. However, the low cell density was unexpected, since bFGF was expected to increase cell proliferation. The low cell densities in both samples may have been due to inefficient cell seeding or harvesting.  

It is interesting to note that the experimental sample had a lower ratio of collagen type II:I than the control sample. This result suggests that there was a relative decrease in collagen type II formation in the experimental sample, which was expected. However, since our control sample did not give the expected results, more trials are necessary to confirm these results. 

ELISA assay to compare collagen type I and II protein levels


We extracted protein from the cells, and performed an indirect ELISA assay to measure the ratios of collagen types II:I. Using the calibration curve from the standards, we determined that for the control sample, the ratio was .07. For the experimental sample, the ratio was 0, since there was no measurable collagen type II. The collagen type II in the experimental sample had an absorbance slightly greater than background. These results suggest that the experimental sample had a decreased amount of collagen type II, when compared to the control sample. 

However, this data may not be accurate. Both samples had collagen type II concentrations below the lowest standard concentration. Therefore, we had to extrapolate the concentrations using the calibration curve, which may have resulted in inaccurate calculations. Moreover, the control sample had an unexpectedly high concentration of collagen type I, which suggests that more trials are necessary. 

DISCUSSION


Our preliminary results from the RT-PCR gel analysis and ELISA assay suggest that bFGF induces de-differentiation of chondrocytes. However, there are several issues that need to be addressed. Since the chondrocytes in the control sample unexpectedly appeared to de-differentiate, as seen from the elevated type I collagen levels, we will need to repeat these experiments before making conclusions. The control must have the expected phenotype so that we can accurately examine differences in the experimental sample. Future experiments should include using a higher cell density. The cell density in this experiment was very low, which may have led to de-differentiation. Using more cells will also enable the researchers to have a larger sample size that can be used to establish a definite trend. Moreover, the low cell count led to low protein concentrations for the ELISA assay. In future ELISA assays, we should use either more protein or even lower standard concentrations, in order to calculate an accurate protein concentration. Furthermore, researchers can consider examining levels of aggrecan, a proteoglycan, as another marker of chondrocyte-like phenotype. With these results, researchers will understand the role of bFGF in chondrocyte phenotype. If bFGF has a de-differentiating effect in 3D chondrocyte culture, engineers may want to reconsider using bFGF in chondrocyte proliferation, and explore the use of other growth factors in their cartilage scaffolds. In addition, it would be interesting to examine the effect of bFGF on chondrocytes in different biomaterials and scaffolds. Overall, studying the effect of environment and culture conditions on cells can lead to the development of more effective tissue engineering constructs. 
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Figure 1 RT-PCR and gel analysis indicates lower collagen type II:I ratio in cells treated with bFGF. RNA was isolated from cells treated with or without bFGF, and cDNA from RT-PCR was run on a 1.2% agarose gel. Bands at 400 bp indicate collagen type II transcripts, 200 bp indicate collagen type I, and 100 bp indicate GAPDH. Left to right Lane 1, 100 bp ladder. Lane 2, collagen I cDNA from cells treated without bFGF. Lane 3, collagen I cDNA from cells treated with bFGF. Lane 4, collagen II cDNA from cells treated without bFGF. Lane 5, collagen II cDNA from cells treated with bFGF. Observed bands at 200 and 100 bp in lanes 2 and 3, bands at 400 and 100 bp in lane 4, and band at 100 bp in lane 5. 

