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Controlling the differentiation of stem cells and the dedifferentiation of differentiated cells is

a precursor to the most exciting prospect in the field of tissue engineering: creating organs in vitro from a small culture of stem cells (LeBaron and Athanasiou 2000). Although this goal may seem lofty, understanding the mechanics of stem cell differentiation would bring tissue engineers significantly closer to making it a reality. While there has been a great deal of research on the differentiation and control of a wide variety of stem cells, one kind that has merited particular attention has been mesencyhmal stem cells (MSC) (Bosnakovski et al. 1999). MSCs are multipotent and can therefore differentiate into a wide variety of cell types including osteoblasts, myocytes, adipocytes, and chondrocytes (Pittenger et al. 1999). Differentiation into chondrocytes, known as chondrogenesis, is of particular interest to tissue engineers as it is a prerequisite for cartilage regeneration. The viscoelastic properties of cartilage are very hard to replicate in synthetic materials, making cartilage an ideal candidate for tissue engineering (Swieszkowski 2005). Chondrogenesis can be monitored by examining the ratio of collagen I to collagen II produced in a differentiating MSC because chondrocytes primarily express collagen II whereas MSCs express collagen I (Bosnakovski et al. 1999). In this experiment we used this differentiating characteristic to study the influence of olomoucine, a small organic cell cycle inhibitor, on chondrogenesis in MSCs (Abraham et al. 1995). 


Introducing a cell cycle inhibitor, such as olomoucine, should prevent proliferation in MSCs and thus present them with an ultimatum: differentiate or die. Specifically, we hypothesized that MSC cultures exposed to olomoucine would be more likely to undergo chondrogenesis because they would be unable to proliferate. To test this hypothesis, we cultured MSC cells in alginate beads for one week and exposed half of the cells to olomoucine. After the week was over, we performed RT-PCR and an ELISA on cell extracts from the cultures to determine the relative transcript and protein expression levels of collagen I to collagen II and in turn the level of differentiation between the two samples. Unfortunately, we were only able to obtain usable data for the transcript and protein expression of collagen I in MSCs exposed to olomoucine. Although this prevented us from making any quantitative conclusions about the effect of olomoucine on chondrogenesis in MSCs, our hypothesis about the effect of cell cycle inhibitors on stem cell differentiation merits further exploration.
Results
Cell Seeding and Viability. We seeded two cultures mesenchymal stem cells (MSC), one with 10 μM olomoucine and one without, and assayed the viability of these cultures after a week of growth. We first seeded two cultures of 2.7 million bovine MSCs at 1.35 million cell/mL in low viscosity alginate beads (250 cps at 2%) produced by Sigma Aldrich. Both cultures were grown for seven days in Dulbecco’s Modified Eagle Medium (DMEM) with one culture containing 10 μM olomoucine. We then stained both cultures with fluorescent dyes (SYTO 10 and ethidium homodimer-2) and performed a LIVE/DEAD® cell viability assay by Invitrogen on sample beads using fluorescence microscopy. We viewed both cultures at 10x magnification under conditions permitting both green and red, as well as exclusively red, fluorescence (Fig. 1). We analyzed the resulting images using ImageJ, provided by the National Institute of Health, and found that 40% of cells in the olomoucine culture were dead, whereas no dead cells were found in the culture without olomoucine. This is logical as olomoucine is a cell cycle inhibitor and therefore can cause cells to undergo apoptosis (Schulze-Gahmen 1995). Once the viability of our cultures were established, we were able to extract RNA and perform RT-PCR.
RNA Isolation and RT-PCR. We extracted RNA from both cultures, performed RT-PCR, and ran the resulting DNA on an agarose gel to measure the relative production of collagen I to collagen II in the two cultures. We first isolated RNA from the olomoucine exposed and unexposed bead cultures, which yielded 1.8 x 105 and 8.0 x 104 cells respectively, using standard technique and measured the absorbance of the resulting RNA at 260 nm and 280 nm. The A260/A280 ratio was 2 for the RNA isolated from cells exposed to olomoucine and 1.5 for the RNA from cells not exposed to olomoucine. The first ratio indicated pure RNA whereas the second indicated a significantly less pure sample, however, it was still within acceptable parameters. We were able to isolate enough RNA from both cultures to use 5 ng/μL of RNA in each of our RT-PCR reactions. This was unusual given our low cell yields, but a boon nonetheless. We ran two reactions for each sample: one with collagen I and GAPDH primers (120 nM and 40 nM respectively) and one with collagen II and GAPDH primers (40 nM and 240 nM respectively). After recovering the PCR products, we were ready to analyze the ratio of collagen I to collagen II at the transcript level. 

We ran the 10 μL of each PCR product with10 μL of diluted loading solution and a 100bp ladder on a 1.2% agarose gel for 45 minutes at 125 V to examine the ratio of collagen I to collagen II expression in our cultures (Fig. 2). We analyzed the resulting band intensities against background image intensity and analogous band intensities of known chondrocytes and MSCs provided by or colleagues using ImageJ. Unfortunately our bands were very faint and the only bands above background intensity corresponded to collagen I and GAPDH expression from the culture that did not contain olomoucine. In addition, the ratio of collagen I intensity to GAPDH intensity was found to be 17.79, which was uninformative because it was not in the range between the known chondrocyte ratio (6.59) and the known MSC ratio (8.22). However, the fact that a measurable level of collagen I, but not collagen II, was observed above the GAPDH expression level in the olomoucine sample indicated that the MSCs were mostly undifferentiated. Several factors could have contributed to such low band intensity even though we extracted significantly more RNA than was necessary to run the RT-PCR reactions. The most likely explanation for the lack of DNA in our gel was that the RT-PCR reactions failed to produce the expected quantity of DNA. Having examined the transcript level data, we then performed an ELISA to examine the relative protein expression of collagen I and collagen II in our samples.
Protein Level Analysis Using an ELISA. We performed an indirect ELISA with primary antibodies targeted against collagen I and collagen II and a secondary antibody labeled with alkaline phosphatase (targeted against the primary antibodies) to determine the relative protein expression of collagen I and collagen II in our samples. Each assay included serial dilution standards from 10 μg/mL to 78 ng/mL of each collagen type, blank wells, and two replicates of each sample. The plates were read by an absorbance plate reader in the MIT BioMicro Center at 420 nm. We then created absorbance curves from the background subtracted standards data in the collagen I and collagen II assays to determine the relationship between absorbance and collagen concentration (Fig. 3). Our standards data was moderately noisy, making the coefficient of determination for the collagen I assay 0.8781 and 0.8924 for the collagen II assay. As in the transcript level analysis, the only experimental absorbance reading above the background level was the collagen I assay corresponding to the culture exposed to olomoucine. In addition, the two absorbance values differed by 20% and the mean concentration was determined to be 24.5 ng/mL. Since none of the other values were above the background level, we were unable to draw any quantitative conclusions about the level of collagen I to collagen II expression in MSCs exposed to olomoucine. However, the increased levels of collagen I over collagen II did indicate that the cells exposed to olomoucine primarily exhibited the MSC phenotype (as opposed to that of a chondrocyte). 
Discussion 

In this experiment we tested the chondrogenic effects of adding olomoucine to mesenchymal stem cells (MSC) by measuring the relative transcription and production of collagen I and collagen II after a week’s growth. We were only able to obtain usable data on the transcript level and protein expression of collagen I in cells exposed to olomoucine. This precluded us from making any quantitative judgments about the effect of olomoucine on chondrogenesis, but does indicate that olomoucine does not promote immediate chondrogenesis in MSCs. Since we only cultured the cells for a week under the two conditions, it is unclear whether chondrogenesis could be promoted in the long term by the addition of olomoucine or other similar cell cycle inhibitors. Therefore one obvious follow up experiment would be redo this experiment, but let the cells culture for significantly longer (on the order of a month). In addition, future experiments should seed more MSCs because our extremely low cell yield (5%) was the most likely reason our ELISA results were almost uniformly at background intensity. This is especially important for experiments using cell cycle inhibitors as they often induce apoptosis (Schulze-Gahmen 1995). Beyond this, there are several small organic cell cycle inhibitors similar to olomoucine, such as roscovitine and flavopiridol, that should be examined for their chondrogenic effects (Crews 2000). Although the results of this experiment were inconclusive, the theory behind the experiment is worth future exploration.

The idea that cell cycle inhibitors could be used as an ultimatum to induce stem cell differentiation is a new and currently unsupported hypothesis. However, it could have a significant impact on the field of tissue engineering if shown to be true. The reason for this is that one the great challenges in the field, and the impetus for this project as well as our colleague’s research efforts, is to be able to control the differentiation of stem cells and the dedifferentiation of differentiated cells. If this could be accomplished, researchers would be significantly closer to the holy grail of tissue engineering: being able to grow organs in vitro from a relatively small sample of stem cells.
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