How does the membrane environment of Neurofascin 155 impact the inflammatory response of Microglial Cells?
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I. Introduction
[image: ]Multiple sclerosis (MS) is an inflammatory, neurodegenerative disease characterized by the loss of myelin on the axons of neurons in the central nervous system (CNS). Myelin is an insulating ensheathment of the axon which allows for rapid propagation of action potentials, a process called salutatory conduction (Maier et al, 2005). In the CNS, myelin is produced by oligodendrocyte cells and consists of segmental units called internodes, separated by exposed regions of the axon, called nodes of Ranvier. (Shafer et al, 2004). Collectively, the internodes are referred to as the myelin sheath. 
Action potentials are propagated along axons in order to signal to other neurons. The action potential is caused by the rapid depolarization of the axonal membrane, resulting from the influx of sodium ions through voltage-gated channels (Squire et al, 2012). These sodium channels are clustered at the nodes of Ranvier. 
At the end of each internode is the paranode (fig. 1), where the internode contacts the axon membrane. The paranodes are incredibly important for the adhesion of myelin to the axons, as well as the clustering of ion channels at the nodes of Ranvier; both of which are important for efficient action potential propagation (Schafer et al, 2005). These paranodes are preferential sites of initial myelin breakdown (Thummala, 2015). Figure 1 graphical representation of the Paranodal junction of the axon and the proteins and ion channels associated with it. Cadherin’s and catenin’s are used to hold the layers of the myelin membrane together (adapted from Trapp B, Kidd G, 2000)

The main cell type involved with the myelin attack is microglial cells, which are the resident inflammatory cells in the CNS. Microglial cells exist in resting and active states (Lull, Block, 2010). When microglia cells are resting, or ramified, they exhibit a star-shaped morphology and extend numerous processes to surveil the CNS environment. When in the ramified state, microglia have minimal levels of inflammatory cytokine expression. If these cells are activated, they change their morphology into an amoeboid shape, proliferate, and release pro- or anti-inflammatory cytokines at much higher levels (Lull, Block, 2010). These cytokines recruit more microglial cells to the site (Lull, Block, 2010). The activation of the microglial cells and the release of pro-inflammatory cytokines produce the hallmark demyelination and inflammation seen in MS. What remains unclear, is initiating the signal for activation.  
One hypothesis for the activation signal is changes in the membrane organization of the paranode; as mentioned, the paranode is the attachment site for the internode. One of the key proteins for this adhesion is Neurofascin 155 (NF155), which binds to Caspr, a contactin associated protein that binds with NF155, on the axonal membrane (Shafer et al, 2005). NF155 normally localized in the membrane to the sites of lipid rafts (fig. 2), which are unique domains that are rich in cholesterol and sphingolipids used for lateral membrane organization and partitioning of proteins (Pomicter et al, 2013; Dupree et al, 2010). The additional cholesterol in rafts stiffens the membrane, which decreases the ability of proteins to laterally diffuse in and out of the raft. This raft composition produces a more ordered and rigid environment, which affects the configuration and proper functioning of the proteins in the raft. In this case, NF155 helps to anchor the myelin to the axonal membrane by associating with Caspr at the paranode, which anchors the protein and thusly the raft to the cytoskeleton of the axon.Figure 2  a graphical representation of a membrane raft (adapted from: Dupree et al, 2010)

Interestingly, in myelin isolated from MS patients, the association of NF155 with lipid rafts is has been shown to be dramatically reduced (Maier et al, 2007). This mis-localization, causes NF155 to no longer cluster at the paranodal junction, which decreases the ability of the myelin to adhere to the axon (Dupree et al, 2010, Pomicter et al, 2013). An additional consequence of the displacement of NF155, could be an altered exposure of the protein to the local microglia surveilling the environment. Detection of this exposure by the microglial cells could lead to their activation, and produce a neuro-inflammatory response leading to demyelination. 
[image: ]The focus of this proposal, is to investigate how the membrane environment of NF155 (i.e. its raft association) impacts the inflammatory response of the microglial cells.
II. Experiment
The purpose of this experiment is to investigate whether raft association of NF155 effects the inflammatory response of microglial cells.  If the loss of raft association increases the inflammatory response of microglial cells then there will be an increase in pro-inflammatory cytokine release, cell proliferation, and morphological change to the ameboid shape. The three aforementioned responses will be quantified using: an ELISA kit, a cell proliferation assay, and immunocytochemistry respectively. This will be accomplished with an in vitro model system using cultured microglial cells and synthetic liposomes to simulate the membrane envornment of NF155.Figure 3  Basic methodology for the synthesis of multilamellar vesicles, lipids to compose the liposome are stacked in a dry environment, then hydrated with water to spontaneously form into vesicles due to their amphipathic nature. To synthesize unilamellar vesicles the hydration is done quickly forming a single membrane layer (Patil & Jadhav, 2013) 

II A – Myelin Isolation and Fractioning 
Myelin will be isolated from the white matter of mice by published methods. White matter of the brain is homegenized in a sucrose EGTA solution. The sucrose causes the myelin to peel off the axons and form into vesicles, and the EGTA is used to bind to the calcium present in the axons (Kim et al, 1995, Norton, W. 1974). Following this treatment, the homogenates undergo density gradient ultracentifgation with sucrose, the pellet from this is then re-homogenized with sucrose and EGTA.  Thie homogenate is then density gradient centriguged a second time, the pellet is then composed only of myelin and sucrose, the sucrose is washed out, and myelin is isolated (Kim et al, 1995). To isolate the raft fractions of the myelin, pure myelin is homogenized in a non-ionic detergent, since lipid rafts are not soluble in these. The lysate then undergoes lysate flotation using a sucrose density gradient, since the raft and non-raft fractions vary in density (Kim et al, 1995, Dupree et al, 2010). Lipid composition is analyzed using thin layer chromatography, which uses silica gel on glass to separate lipids by polarity (Fuchs et al, 2011). Rafts can be disrupted by solublization in an ionic detergent (Dupree et al 2010). Liposome Treatment
Control protein, non-raft liposomes
NF155, non-raft liposomes
Control protein, raft liposomes
NF155, raft liposomes 
Table 1 Liposome treatments for the experiment

II B – Liposome Synthesis
The amount of myelin present at the paranode is far too small for collection of human samples from deceased patients, for this reason, unilamellar liposomes (also called unilamellar vesicles) will be synthesized in lab to simulate the membrane environment (fig 3). The composition of these liposomes will be simulating either the normal membrane composition of myelin, or the composition of the lipid rafts that contain NF155. Due to the lack of lab protocol for synthesis of lipid rafts, the raft environment will be simulated by composing liposomes that mimic the raft environment. Lipid rafts contain much higher quantities of sphingolipids and cholesterol; therefore, the raft liposomes will have the same components as the non-raft liposomes but with altered quantities of the lipids (Dupree et al, 2010). Lipid composition of the liposomes will be confirmed by thin-layer chromatography, which is chromatography that is conducted on glass plate with a thin layer of silica gel on it (Fuchs et al, 2011).
[image: ] II C – Microglia Cell Culturing 
 Microglial cultures from 2 day postnatal mice will be prepared according to published methods (Deierborg, T. 2013). Briefly, the cortex will be isolated from the brains of 3 mice, which will then be chopped and incubated with trypsin and DNase for 15-20 min. The trypsin functions to prevent cells sticking to the sides of the culture dish, the DNase prevents the cells from clumping. Tissue is then aspirated until a cell suspension is obtained, the suspension is then centrifuged at 400 xg to obtain a pellet of cells. Cells are cultured for an additional 2-3 weeks, after which they will be used in these studies (Deierborg, T. 2013).
 II D – Liposome Treatments 
To compare and contrast the inflammatory response of the microglial cells, I will be using 4 different liposome treatments (table 1): (1) control protein in non-raft liposome; (2) NF155 in non-raft liposomes; (3) control protein in raft liposomes; and (4) NF155 in raft liposomes. The control protein used will be Amyloid Precursor Protein (APP), which is a ubiquitously expressed, cell-surface, transmembrane protein (O’brien Wong, 2011).  Figure 4 Standard curve for the ELISA human inflammatory cytokines kit, cytokines are shown in the key (QIAGEN)

Figure 4 standard curve for the ELISA human inflammatory cytokines (QIAGEN)

II E – ELISA 
To measure the amount of pro-inflammatory cytokine release from the microglial cells, culture supernatants will be analyzed using an ELISArray kit, which will be purchased from QIAGEN. The ELISA kit uses cytokine-specific antibodies absorbed onto the surface of 96-well ELISA plates for antigen capture. Sample supernatants are added to the wells and cytokine binding is then detected using a panel of biotinylated detection antibodies. Wells are incubated with horseradish peroxidase (HRP)-avidin, the detection antibodies are biotinylated for use with the HRP-avidin since avidin has a strong affinity for biotin.  This is then visualized using the HRP substrate tetramethylbenzidine (TMB) and hydrogen peroxide (QIAGEN). This resultant blue color, the intensity of which is proportional to the amount of cytokine bound, is quantified at 450 nm with an optical ELISA plate reader. Individual cytokine levels are determined by comparison with standard curves (fig 4). Figure 5 Protocol for the ELISArray (QIAGEN) 

Figure 4 protocol for the ELISArray (QIAGEN) 

II F – Cell Proliferation Assay
Microglial cell proliferation will be determined by bromodeoxyuridine incorporation. Bromodeoxyuridine (BrdU) is an analog of thymidine (fig. 6), which has a bromo- group where the methyl group would be on a thymidine (Crane, Bhattacharya). The BrdU is incorporated into cellular DNA during the S phase of the cell cycle, in which DNA is replicated (Crane, Bhattacharya). In order to determine the presence of BrdU, cultures are incubated with a BrdU antibody under DNA denaturing conditions, to allow the antibody access to the DNA (Crane, Bhattacharya). Following the initial antibody association, the samples are exposed to a peroxidase-labeled secondary antibodies using diaminobenzidene as the chromogen. A chromogen is a molecule that can readily change color, in this case the molecule changes color when it acts as a substrate for the peroxidase enzyme producing a colored product.  The percentage of labeled cells under each condition will be counted by bright field microscopy (Crane, & Bhattacharya, 2013). 
II G – Immunocytochemistry with IBA1 antibody
To assess the morphological changes in microglia in response to liposome treatment, cells will be immunostained with and IBA1 antibody. IBA1 is a surface protein in microglial cells that increases in expression when the microglial cells are activated (Biocare Medical). The percentage of cells in the ramified aster morphology will be compared to the percentage in the activated state, or amoeboid morphology. Thymidine                 Bromodeoxyuridine
Br

Br
Figure 6 Side by side comparison of thymidine, a deoxynucleoside, and Bromodeoxyuridine with the bromo- group in blue (adapted from atdbio) 

Figure 6  side by side comparison of thymidine, a deoxynucleoside, and uridine with the bromo- group added in blue (adapted from atdbio) 

III. Discussion 
[bookmark: _GoBack]The hypothesis being tested in these experiments is: does the raft environment of NF155 impact its neuroinflammatory potential.  Using a microglial cell culture model and liposome delivery system for NF155, inflammation will be assessed by (1) cytokine production; (2) proliferation; and (3) morphological changes.  The most relevant control condition in these experiments is APP in raft liposomes.  Therefore, all values for NF155 raft liposomes will be compared with this control. A positive correlation between the raft-lipid environment and inflammation will be indicated by: (1) an increase in pro-inflammatory cytokines; (2) increased cell proliferation; and (3) a greater percentage of microglia with amoeboid morphologies.  

While this experiment could provide very informative observations that would clarify the direction of further study, there are many potential issues. First, the liposome synthesis could fail due to limitations of associating the proteins with the lipids, or alternatively the synthesis not going as planned and proteins becoming enclosed by the liposome as opposed to integrated in the membrane. Additionally, the control protein could cause an innate inflammatory response that would provide results that would be inconclusive due to inability to clearly observe NF155 as an impetus for neuroinflammation. Moreover, the experiment is limited by the cost of purchasing numerous proteins and lipids, as well as the materials and mice needed. The experiment is also limited in its results by the fact that this would be a fully in vitro environment, which would in no way be able to encompass the vast and intricate myelin membrane, or the other factors that could be influencing this inflammatory response. 
Despite the potential limitations and pitfalls, the results of this experiment would provide direction for further work into investigating the paranodal environment and how it influences the inflammatory response of microglial cells. This research could provide answers into the cause of a convoluted disease, and further research could lead to an eventual cure or treatment for MS. 
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