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Research into growth of cell cultures is important and scientists try to improve tissue engineering processes.  Tissue engineering is a critical new field as researchers try to improve treatments for many different sorts of tissue damage in humans by creating replacements for joints, bladders, or even skin.  A basic aspect of tissue engineering is that the cells must be cultured to grow in a natural way with the correct morphology and behavior.  In our study, we attempted to determine the effects of different concentrations of the transforming growth factor beta 1 (TGF-(1) on human mesenchymal stem cells (MSCs).  This protein plays a variety of roles in humans, including an important role in the immune system.  It is also present and active during development and differentiation. TGF-(1 is a cytokine that promotes chondrogenesis of MSCs (Solorio 2008).  We compared the standard concentration of 10 ng/mL of TGF-(1 and 100 nM dexamethasone with a 5-fold reduction to 2 ng/mL of TGF-(1 and 20 nM dexamethasone in the cell culture media.  We expected that when we characterized the cell culture populations several days later that more cells in the 10 ng/mL TGF-(1 culture would have undergone chondrogenesis, while in the 2 ng/mL TGF-(1 sample, there would still be more stem cells and de-differentiated fibroblast cells.  Chondrocytes produce large amounts of Type II Collagen while MSCs produce larger quantities of Type I Collagen.  By measuring the relative quantities of these proteins for each sample, we should be able to draw a conclusion about the behavior of the cells and whether they are more like chondrocytes or MSCs after culture (Bianco 2001).

Methods

As we prepared our cells for analysis in order to determine what the cell populations contained and to what degree chondrogenesis had occurred in each, we performed a cell count.  In our 10 ng/mL sample, we counted 489,000 cells and in the 2 ng/mL sample, there were 311,000 cells.

After collecting the cell, we isolated the RNA using the protocols seen in OWW for S09.  We then measured the A260 and A280 for the 10 ng/mL sample and found that they were .042 and .024, respectively.  We measure A260 and A280 for the 2 ng/mL sample and found .011 and .007, respectively.  From these values from the spectrophotometer, we calculated the concentration of RNA that we had isolated.  For the 10 ng/mL sample it was 168 ng/mL RNA and for the 2 ng/mL sample, it was 44 ng/mL RNA.  We used 120 ng of RNA in each of our RT-PCR reactions.

Results

Cell Morphology and Viability
Prior to collecting the RNA and proteins from the cell samples, we took images of a few of the alginate beads on which the cells were growing.  This enabled us to qualitatively assess the status of the cell populations.  We observed that the cells growing in the media with 10 ng/mL of TGF-(1 were denser than the cells growing the the 2 ng/mL sample.  We also observed that most cells appeared to be healthy.  We also performed a cell count at this juncture using a hemocytometer.  During the count it was observed that there were 44 live cells and 20 dead cells present in the 10 ng/mL TGF-(1 sample.  In the 2 ng/mL TGF-(1 sample, we counted 28 live cells and 13 dead cells.

Reverse Transcriptase PCR
After the RNA was isolated from each sample and the concentrations were calculated, we attempted to determine the relative quantities of Types I and II Collagen in both samples by performing RT-PCR.  (See Fig. 4)  We ran the products in a 1.2% agarose gel.  We used GAPDH as a loading control.  Almost all of the bands in the gel are of very low intensity.  While the GAPDH bands seem to be very similar in intensity, they are difficult to see and it is possible that they are not as constant as they appear.  The only bright band among the samples is the Type I Collagen band for the 10 ng/mL sample. 

ELISA Analysis

We performed an ELISA Analysis in order to try and determine whether or not there was a difference in the concentrations of both types of collagen in each cell sample after using a standard curve to calculate the concentrations of each type of Collagen (See Fig. 2).  Unsurprisingly, our samples had very low concentrations when compared to the standards.  For our 10 ng/mL TGF-(1 sample (See Fig. 3), the concentration of Type I Collagen was calculated as 33.2 ng/mL and 25.3 ng/mL for Type II Collagen.  In the 2 ng/mL TGF-(1 sample, the Type I concentration was 18.5 ng/mL and the Type II concentration was calculated as -24.8 ng/mL.  The negative concentration could indicate that there was not any Type II Collagen present in the sample, or that the quantity was too small to be detected.

Discussion

Tissue engineering is a very challenging but promising field with a wide variety of important health applications.  It is difficult because so much remains to be discovered about cell behavior in culture and in vivo and about cell development. TGF-(1 is a molecule that could play a significant role in this field because of its roles in differentiation as well as the immune system.  


In our study, we attempted to determine the effects of a 5-fold reduction in concentration of TGF-(1 and dexamethasone on the differentiation or de-differentiation of mesenchymal stem cells.  When we performed RT-PCR, we did not get good data.  The band were far too faint to observe, with the exception of the Type I Collagen band in the 10 ng/ml TGF-(1 sample.  Even the housekeeping gene GAPDH was not visible.  This indicated that the experiment may have been improved if we used a larger quantity of RNA.  It could also have indicated that our RNA was not of good quality and perhaps partially degraded.


We also performed an ELISA analysis in order to observe the relative changes in both types of collagen concentrations in each sample.  Like the RT-PCR experiment, this would have enabled us to characterize the cell population as more chondrocyte-like or more MSC-like (Bianco 2001).  Our results, however, showed that there were very low levels of both types of Collagen protein expressed in both samples.  The negative concentration of Type II Collagen in the 2 ng/mL TGF-(1 sample may have indicated that there was not any of that protein present in the same, or it may simply have been below the detectable limit.  It is not possible to draw a conclusion based on this data because of the extremely low concentrations and the lack of intensity of the bands in the RT-PCR experiment. An improved study may use larger quantities of cells or higher concentrations of protein and RNA.  It may also be interesting to perform an SDS-PAGE type of assay as well, in order to try and determine a difference in the intensity of those bands.  The question of the effects of TGF-(1 and dexamethasone is still an important and interesting one, however, especially as the national and world population ages.  Cartilage loss is a common malady, and it is difficult for that tissue to regenerate.  By improving tissue engineering methods, it will be possible to improve the health of the population as well as improving healing after trauma.  Since TGF-(1 is a molecule that is involved in a variety of aspects of cell life, it is especially important that it be well studied in order to determine all of the effects that it may have on the tissue.  
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