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Research Proposal: Citrulline coupled with Arsenic Trioxide as a potential inducer of the PERK/eIF2-alpha apoptotic pathway in GBM cells

Introduction:	
	Cancer research grants are the fifth highest category of grants that are funded by the NIH annually. In addition, cancer is the second leading cause of death in the United States (Carter et al. 2012). The evolution of scientists understanding of cancer has been a long and arduous process, but has borne much fruit. A strong focus on cell death pathways, such as apoptosis, autophagy, and necrosis, has been pursued by many in the scientific community. Understanding the regulation of these pathways provides a deeper understanding of cellular life, with an emphasis on how to induce cell death. If applied properly, many of these pathways can lead to a deeper understanding of how to specifically target cancer and systematically induce the death of cancer cells in a human host.
	One of the primary difficulties in treating cancer today, has been the off-target effects of cancer therapies like radiation and chemotherapy. Both treatments are often nondiscriminatory in their effects on cellular survival. By working to eradicate cancer, these cancer therapies are also causing damage to healthy cells and tissues in the host’s body. Targeted drug delivery systems (TDD) have been studied at length in recent decades in order to combat this issue. In addition to studying TDD systems, much research has been devoted to understanding how biomolecules can also be used in a “targeted” fashion. (Utreja et al. 2010)
[image: ../../../../../Desktop/Screen%20Shot%202017-04-30%20at%2012.00]	Cellular stress can arise from various events such as; damage to protein, damage to cellular organelles, and interference with other components of the cell that carry out the cells regular tasks (Kourtis et al. 2011). The accumulation of these cellular stressors can surpass a threshold, which differs from cell to cell, and could result in the cell entering into three potential systematic events; autophagy, necroptosis, and apoptosis. Cellular autophagy is the process of degradation of various cellular components such as proteins, nucleic acids, damaged proteins, and various pathogens (Glick et al. 2010). This process is carefully regulated through pathways, many of which have yet to be studied. These pathways are regulated through the expression or repression of genes that code for instrumental proteins in the cell.  
	L-citrulline is an amino acid naturally generated by the human body. Both arginine and citrulline are a part of the urea cycle, which takes place in the kidneys. In addition to breaking arginine down into citrulline, citrulline is then converted back into arginine through a series of biochemical reactions. The conversion of arginine into citrulline results in the production of NO through an inducible nitric oxide synthase pathway (iNOS). This reaction occurs separate of the urea cycle. Due to the feedback pathway in which L-arginine and L-citrulline are a part of, the addition of L-citrulline will result in an increase in NO synthesis more so than adding arginine directly. This phenomenon has been supported by the data produced through experiments, such as the one conducted by Schwedhelm et al in 2007, where patients receiving oral supplements of L-citrulline increased NO synthesis more so than those receiving oral supplements of L-arginine.Figure 1 – Depicts the urea cycle and the relationship between arginine, citrulline and NO synthesis (Kuo et al. 2010)

	Arsenic Trioxide (ATO) was re-discovered as a cancer therapy in 1999 as a novel treatment for Acute Promyelocytic Leukemia (APL) (Conrad et al). Since then, several studies have shown the efficacy of using ATO as a viable cancer therapeutic (Akao et al. 1999), in addition to exploring the other properties of ATO that make it unique. Of these properties, ATO in relation to NO has been studied at length. Kang et al. (2003) performed experiments to measure whether stress-responsive signaling pathways or NO had a greater effect on the ability of ATO to induce apoptosis in HepG2 cells. Kang and their colleagues observed that the down regulation of these stress-responsive signaling pathways did not change the amount of apoptosis observed among HepG2 cells treated with ATO. When iNOS was inhibited, they observed a significant decrease in apoptosis of HepG2 cells treated with ATO. In addition, ATO, when coupled with Metformin (a Type-II Diabetes medication), has been shown to specifically target glioblastoma cells in the brain. ATO/Metformin combo were observed to have low to no effect on normal human glia cells (Carmignani et al. 2014). Further, evidence generated from Kulshrestha and their colleagues’ study of arsenic compounds suggested that the presence of arsenic compounds increases the generation of superoxides and reactive oxygen species in general (2014).
	Reactive oxygen species (ROS) are known for their detrimental effects on cellular DNA (Lee et al. 2015). This DNA damage can lead to the production of damaged proteins, organelles, and other biomolecules. According to the data collected during a study performed by Breher et al. (1996), damage caused by the formation of ROS is actually what often induces cells to become cancerous. Similarly, as ROS increase in a cell, they may also induce cellular apoptosis through excessive damage to lipids, proteins, and DNA. (Lee et al. 2015) Nitric Oxide (NO) coupled with superoxide molecules has been shown to produce ROS (Hickok et al. 2010). ROS have been the focus of much study due to their destructive properties when generated in large amounts in a cell.
[image: ../../../../../Desktop/Screen%20Shot%202017-04-30%20at%2012.08]	eIF2 is a eukaryotic translation initiation factor, a heterotrimer, that is required for proper translation of proteins throughout eukaryotic cells. The alpha subunit of eIF2, eIF2-alpha, is the sub-unit that is phosphorylated at serine 51 in response to various cellular stress signals. These stress signals include; ER stress, diminished presence of amino acids, dsRNA, and heavy metals. The phosphorylation of serine 51 inhibits the eIF2-alpha sub-unit from binding with eIF2-beta sub-unit. Without the two sub-units bound together, eIF2 initiation factor is unable to stimulate the production of proteins in the host cell (Kimball, 1999). Of particular interest is the evidence from a study conducted by Verfaillie and colleagues (2012) that describes the necessity of PERK, a kinase found in the endoplasmic reticulum, in phosphorylating the eIF2-alpha sub unit. PERK is naturally bound up by the ER chaperone GRP78. When stress is introduced in the ER, GRP78 releases PERK as a response to the introduced stress. PERK was observed to be generated when oxidative stress was introduced in the ER, specifically through ROS. This pathway has been referred to as the PERK/eIF2-alpha apoptotic pathway.Figure 2 – Role of PERK/eIF2-alpha in causing cell damage and apoptosis (Szegezdi et al. 2006). 

	The purpose of this study is to see if citrulline coupled with ATO will induce apoptosis mediated through PERK. The methods used to study this potential phenomenon are described below.

The Experiment:
Overview
	GBM cells will be treated in two groups; one group will be treated as the negative control (siRNA knocking down the gene responsible for generating PERK), the other group will be the treatment group (no alteration of natural PERK generation). Within each of these two groups, there will be sub treatments using saline (control), citrulline, ATO, and an ATO/citrulline combo. Several analyses will be run in order to ensure the efficacy of treatment using citrulline/ATO as a direct inducer of the PERK/eIF2-alpha apoptotic pathway. These analyses include western blots looking for expression of PERK protein, eIF2-alpha phosphorylated protein, and eIF2-alpha unphosphorylated protein expressions. In addition, cell death assays will be run in order to quantify the efficacy of this treatment.
	
Growth and Treatment
	In order to measure the PERK/eIF2-alpha apoptotic pathway in GBM cells, GBM cells must be grown and proliferated in three groups, each group will be treated as a control, positive control, or negative control. Three large flasks containing GBM cells will be grown in appropriate medium and at appropriate incubation temperatures until they contain 2-3 million cells per flask. They will then be plated in 96 well plates at 20,000 cells per well, along with growth medium. They will be allowed to continue proliferating for another 24-hour period. Once the plated GBM cells are given time to proliferate, the negative control group will be exposed to their appropriate siRNA using procedures outlined by Zhang et al. (2016). The use of siRNA to knock down protein production has been well studied. siRNA is a double stranded RNA molecule that binds to a RNA-induced silencing complex (RISC). siRNA is delivered to the cell through a liposome, and this technique is most common using Lipofectamine. (Zhang et al. 2016) The RISC identifies a double stranded RNA molecule as siRNA through the two 3’ thymine overhangs that siRNA is designed with. Once the siRNA binds to RISC, the (+) sense [image: ]siRNA strand is cleaved, leaving the antisense siRNA strand. RISC then finds the mRNA that would translate for the protein PERK, and bind the siRNA antisense strand to it. Then, RISC would release cleaving inducing signals that would result in the degradation of mRNA bound to it. (Hammond et al. 2013) Specific PERK siRNA have been designed by a previously conducted study. (Lü et al. 2014) The reason that a negative control group will be employed is because inhibiting the development of PERK should render the citrulline/ATO combo treatment useless, since the PERK/eIF2-alpha pathway not be able to proceed without the presence of PERK. The normal control group that will not be treated with any siRNA will be used to see if this drug therapy produces results different from that the negative control group produces.Figure 3 – siRNA Mechanism (http://vignette1.wikia.nocookie.net/mmg-233-2013-genetics-genomics/images/4/42/SiRNA.jpgwill)

[bookmark: _GoBack]	After siRNA treatment, a 12-hour period is given to allow the siRNA to knockdown their appropriate targets (Zhang et al. 2016). After this, the 96 well plates will be divided and treated within the 3 sub groups (saline, citrulline, ATO, and citrulline/ATO), this will result in 19 wells per sub group. The need for 5 sub group stems from similar reasoning for having the treatment group and negative control group. After the treatment of each sub group, western blot analysis will be run with antibodies for PERK, phosphorylated eIF2-alpha, unphosphorylated eIF2-alpha, as outline in the study conducted by Zhang et al. (2016). 
Western Blot
[image: ]	Western blotting is a technique that measures the presence of a certain protein. Western blotting kits, such as the one used in this experiment, contain lysing buffer. The lysing buffer is mixed in with the cells in order to break them open to examine protein presence. After the lysing buffer is added, inhibitors are added that inhibit enzymes like protease and phosphatase in order to preserve the integrity of proteins. Then, the mixture is centrifuged and the supernatant is kept, while the pellet is discarded. The supernatant contains the proteins of interest. The proteins are then placed in a buffer known as SDS. SDS binds to proteins and causes them to be negatively charged, and then the buffer (containing the proteins) is loaded into a gel. The gel, transfer membrane, blotting paper, and pads are then placed in a container with buffer that runs a current through the gel and transfers the proteins from the gel to the transfer membrane. Once complete, the transfer membrane is removed and stained using antibodies designed to identify the protein PERK. The antibodies are designed specifically for an epitope, which is unique to the sequence of the protein. After the initial antibodies stain the transfer membrane, a secondary antibody is used to stain the transfer membrane, and binds to the primary antibody. The secondary antibody contains an enzyme, such as horseradish peroxidase or alkaline phosphatase, that when exposed to a substrate will fluoresce. The final step is to observe the bands that may be present using digital imaging calibrated to observe the fluorescence. (Mahmood et al. 2012)Figure 4 - Depiction of Western Blot (https://www.emdmillipore.coERSHOP/static/WFS/Merck-Site/-/Merck/en_US/Freestyle/BI-Bioscience/Protein-Detection/western-blotting/western-blotting/8.jpg)


Discussion:
	Several results could arise from this study. The hypothesis of the proposed experiment is that in the presence of citrulline/ATO, GBM cells would undergo apoptosis at a high rate through the induction of the PERK/eIF2-alpha apoptotic pathway. This would produce western blots that can be analyzed to show high expression of PERK and phosphorylated eIF2-alpha sub-unit and low expression of unphosphorylated eIF2-alpha sub-unit. This result would support the hypothesis. In addition, cell death assays would be run and control GBM cells treated with ATO/citrulline would result in the highest level of cell death. Though ATO has been shown to be a cancer specific therapy (Akao et al. 1999), it must be tested in normal human glia cells as well. 
	Some discouraging results that may be observed include results that would suggest that the PERK/eIF2-alpha apoptotic pathway is not being induced in the GBM cells at all or even no cell death is taking place. The first possible result could be observed through analysis of the western blots that show phosphorylated eIF2-alpha and PERK to not be expressed or only expressed at low levels. Further, unphosphorylated eIF2-alpha would be shown to be strongly expressed in the GBM cells. The second possible result of having no cell death would suggest that the addition of ATO/citrulline drug combination has no effect on GBM cells. Though I am not entirely sure why this would occur, ATO/citrulline have never been combined before and may not result in the formation of ROS. This could be possible if ATO does not encounter NO in GBM cells. 
	Another possible result is that apoptosis is occurring, but not through the PERK/eIF2-alpha apoptotic pathway. The presentation of results of western blots would be the same as if this apoptotic pathway is not being induced. The cell death assays would be interpreted as showing significant cell death. This could mean that another apoptotic pathway is induced, or another pathway involving autophagy or necroptosis is being employed. In order to measure for these other apoptotic pathways, other experiments would have to be completed with the focus being on these potential apoptotic pathways. Though that would require an extensive amount of studies and research, further research might yield likely apoptotic pathways to pursue first. Other likely apoptotic pathways that have been induced in GBM cells include; caspase-3 dependent apoptosis (Lu et al. 2010), cAMP agonist mediated apoptosis (Daniel et al. 2016), and PEITC induced apoptosis (Chuo et al. 2015) are some of many.
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