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The Effect of Static Electromagnetic Field Exposure on Alginate-encapsulated Chondrocyte Morphology

Background, Experimental Question, and Design
The quickly emerging field of cartilage tissue engineering holds great promise for the generation of functional cartilage tissue substitutes. The general approach involves a biocompatible, structurally and mechanically sound scaffold, with an appropriate cell source, which is loaded with bioactive molecules that promote cellular differentiation and/or maturation (Tuli 2003). Because cellular differentiation and phenotype maintenance stimulated by tissue regeneration processes is similar to the body’s natural development of tissue, we decided to investigate the effects of other environmental manipulations on cells in 3D alginate bead culture. We assessed viability, genotype, and protein production of primary chondrocytes after rigorous application of static magnetic fields generated by a Helmholtz-like apparatus. Electrically induced magnetic fields were chosen as the primary source of cell trauma because studies suggest that, contrary to the spindle or stellate morphology exhibited by unperturbed chondrocytes, exposure to EMFs causes a regression to spherical morphology and possibly cessation of differentiation into the fibroblast phenotype. (Jahns 2007). Understanding the mechanisms behind how EMFs affect chondrocyte morphology could lead to new treatments for joint diseases such as osteoarthritis and pave the way for future experiments in the field of cartilage tissue engineering. 
Our design involved constructing two 12-turn coils, each 100mm in diameter, and attaching the coils to a common power source containing two electrical generators in parallel. Our apparatus was arranged in a fashion similar to a Helmholtz coil, with our experimental bead culture dish (60mm in diameter) centered directly between the coils in order to maximize EMF exposure (Figure 1). All cells were encapsulated in Sigma-Aldrich “low viscosity” alginate beads before continuous exposure of our experimental sample to EMFs generated by 6-7amps of electricity (corresponding to .013 Tesla) for one week. 
Results/Methods and Interpretation of Data
Microscopy
Prior to experimentation cells were counted for estimation of 250,000 cells. After the experimental time period, beads were first assessed for cell morphology and density.  These initial findings were inspirational, and correlated with our hypothesis: control cells were dense and evenly distributed, and were forming clusters; experimental cells were not forming very many clusters and observed spherical morphology more often than control. Select beads were then stained with Live/Dead assay from Invitrogen and cells from the center and surface of the bead were assessed for vitality. Viability data retrieval was marred by inadequate light and difficulties with machinery. Satisfactory images displayed mostly live cells, although cells in the center were dead more often.  
RT-PCR and Transcript Analysis
Beads were depolymerized with EDTA, a calcium chelating agent, and cell samples were lysed and preserved for RNA and protein isolation. Sample RNA concentrations were diluted 1:100 and assessed by evaluating optical density values. Values for A260 /A280 ratios (.5 for both control and experimental) indicated relatively impure RNA samples. RNA was prepared for RT-PCR in concentrations of 4ng/uL control and 12ng/uL experimental. Post-RT-PCR cDNA products were run on 1.2% agarose gel at 125V for 45 minutes (Figure 2). To determine relative amounts of collagen I and II, we used ImageJ software for image analysis of our gel printout. Collagen concentrations were evaluated based on intensity of respective bands normalized by co-amplified GAPDH, a gene that should have been negligibly affected by cell genotype. Although most lanes were inconclusive, a collagen II band was faintly visible for our experimental sample, indicating that at the very least our experimental cells had not entirely differentiated, and that they probably maintained chondrocyte morphology better than control cells. 
ELISA and Protein Analysis
Indirect ELISA assay was used to identify presence and concentration of collagen I and II protein. Experimental and control samples were prepared for ELISA on a 96-well plate and subsequent absorbance reading were evaluated based on a standard absorbance curve for each collagen I and collagen II (Figure 3). Data was modified to avoid minor discrepancies in standard replicate agreements, and as such should be interpreted with caution. Our results were as expected, with experimental samples displaying high collagen II concentrations (50ng/mL) relative to collagen I (CNII/CNI ~4.2). Control samples absorbed for collagen II so weakly as to output a negative concentration value, and appeared to have more collagen I production than experimental (65ng/mL and  12ng/mL CNI for control and experimental, respectively.) These data were in agreement with our transcript analysis, verifying that exposure to EMFs supported maintenance of chondrocyte phenotype as opposed to differentiation to fibroblast phenotype.
Contextualizing Results and Suggestions for Future Work
Our results indicate that EMFs alter chondrocyte morphology, which also would affect adhesion characteristics (Chang 2003). This is an intriguing finding for the field of cartilage tissue engineering because intense EMF exposure could be utilized to detach chondrocytes, and if electric charges were attached to the cells then a minimal electric gradient could direct cell migration (Finkelstein 2003). Also, this procedure would be adequately modeled by as a charged particle in an electromagnetic field, which could then be used to run simulations and evaluate properties such as ideal magnetic field strength or migration velocity. These findings also suggest an even broader application to tissue repair. Since cartilage repair can be facilitated by directing chondrocyte migration to localized sites of damage, an EMF therapy could stimulate chondrocyte proliferation and phenotype maintenance, and production of a cartilage matrix in attempts to repair tissue, for example, in patients with osteoarthritis.
However, our results suggest modifications to this experimental protocol in the future. Our transcript analysis was not very explicit in showing cDNA product bands, so to rectify this we could use a more sensitive method for quantification, such as real-time-PCR (qPCR), which measures DNA amount after each cycle of PCR through use of dye (or a primer) that fluoresces upon contact with DNA. Also, we used indirect ELISA for assaying protein concentration, but perhaps sandwich ELISA might be the superior assay. Binding a protein of interest between two different antibodies would likely increase sensitivity and selectivity. On a broader level, our future experiments could also encompass the use of PEMFs (pulsed electromagnetic fields; in this experiment we only used SEMFs, static electromagnetic fields), for example, to assess if cells can recover from the alterations brought on by magnetic fields. We are also interested in evaluating the effects of magnetic fields on unique attributes of other cell types, such as the ability of cardiomyocites to beat, or the endothelialization process in HUVECs. Finally, to better study the effects of EMFs on cell adhesion and detachment, we would like to run the experiment again without encapsulating chondrocytes in gel beads. (One last note for Agi: Studies suggest that cellular response to EMF exposure could involve the calcium/calmodulin pathway (Aaron 2004). Discussion about this doesn’t encompass the scope of this report but I thought this was pretty cool, because of Module 1  and Calcium/calmodulin pathway and all.)
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