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Introduction
	Hemophilia B (HB), also called Christmas disease, is an X-linked recessive genetic disorder that causes mutated or reduction of factor IX (FIX), which is a coagulation protein. This life-long condition affects approximately one in 30,000 males (Franchini et al., 2013). Depending on the severity, the condition can be treated transiently or could require a more aggressive prophylactic type treatment. HB can be divided into three types: Severe, less than one percent of FIX production and is about 60% of cases, moderate, in which about one to five percent FIX levels in about 15% of cases, and mild is when about six to 30 percent of FIX is produced in about 25% of cases (Hemophilia B., 2015). Often patients have bleed longer than normal for minor trauma and in severe cases can have frequent spontaneous internal bleeding. The frequency and severity are based on FIX levels and can be prevented through hematology treatments of FIX.	
FIX is a clotting factor that is converted from a zymogen to a serine protease (Liu et al.). Mature FIX is known to have five distinct domains: N-terminal, Gla-domain, EGF-like domain, AP domain, and C terminal serine protease domain(citation). FIX requires various posttranslational modifications particularly the challenge is in the Gla domain to convert the zymogen to a fully functional FIX protein. One of them is gamma-carboxylation of glutamic acid residues, which is required for phospholipid and calcium bonding (Wasley et al., 1993). 
Current treatments for HB have been found to be short term with recombinant FIX while long-term treatments have been found to require extensive monitoring, have adverse side effects, or have not been developed. Prophylactic treatments have to be administered every few days with a recombinant or plasma-derived FIX gene product (Franchini et al., 2013). These have been found to be transient and have reduced efficacy as well. Viral approaches have been used in gene therapy methods that avoid contamination by HIV, Hepatitis B, and even Hepatitis C. However, contamination by West Nile Virus/SARS or even prion diseases has not been investigated. In preclinical trials, using an adenoviral approach is the most promising but is limited by immune response by T-cells (CITATION).  
	Furin is a serine protease that processes FIX (Siner et al.). This processes converts the profactor (inactive) to mature FIX (active). Furin is a type of paired basic amino acid cleaving enzyme (PACE), a family of proteases, that is ubiquitously expressed primarily in hepatocytes (liver cells). Coexpression of FIX and furin gene has shown improved processes efficiency of profactor IX in chinese hamster ovary cells. Furin recognizes the P1 and P4 arginine residues on the peptide for efficient processing (Wasley et al., 1993). 
	Clinical trials of FIX expression using adeno-associated virus (AAV) vectors injected into patients has been shown to increase FIX expression with few side effects (Nathwani et al. 2011). They had infused three different doses of the AAV vectors and found FIX levels were found to be 2 to 11% of normal values in all of the six participants. Four of the six patients were able to stop their prophylactic treatments while avoiding any spontaneous hemorrhaging (Nathwani et al., 2011). Nathwani et al. (2014) continued analysis of these patient as well as added patients for assessing the safety and efficacy of that gene therapy method. The patients had dose-dependent increase of FIX of 1% to 6% of normal values over about three years. The high dosage group had an increase of about 5.1% which showed a reduction of spontaneous bleeding by 90%. A case study of a patient with an AAV gene therapy infection was found to have active FIX production after ten years (Buchlis et al., 2012). They transferred human FIX encoding AAV into skeletal muscle of a male with hemophilia B. After this patient died 10 years later, FIX production was still persistently expressed in the muscle tissue where the AAV was injected. (Buchlis et al., 2012). Wasley et al. (1993) looked at PACE processing of FIX in Chinese hamster ovary cells and found FIX was completely processed when both were co-transfected into the cells. PACE recognized both P1 and P4 arginine after they found s point mutation at P1 of arginine to threonine eliminated PACE’s ability to process FIX. There pathway analysis implicates the possibility of exploring the enzymes processing ability in vivo (Wasley et al., 1993).
This research proposal aims to explore the possibility of furin co-expresion with FIX through AAV recombinant vector infusion in Hemophilia B mice to improve the processing efficiency of FIX. This method could improve the hemophilic phenotype more than previously and increase the conversion of profactor FIX to mature FIX. 

Experiment
	To explore the activity of furin hemophilia B deficient mice will be transfected with AAV vector that is designed to coexpress both FIX and the furin genes. RT-PCR analysis will be used to observe the proper function of the vector incorporated into the liver cells. FIX will be separated as propeptide and mature FIX then analyzed through western blot gel. To quantify the amount produced, staining density will be quantified from the gel. 
	Mice will be developed as FIX deficient to mimic Hemophilia B conditions as previously described by Wang et al. (1997). They will be made by using a FIX targeting vector that will generate FIX-deficient mice through disruption of the gene. The AAV vector will be developed as previously described by Wang et al. (1999) with human FIX (hFIX), furin, and a strong liver-specific enhancer/promoter (LSP). This will be derived from the vector plasmid pAAV-LSP-hFIX that will be constructed in the lab. This developed vector will be injected into hepatocytes of the HB mice wThis will be injected in hepatocytes in the HB mice and analyzed through PCR initially. Reverse transcriptase Polymerase Chain Reaction (RT-PCR) and Sanger sequencing will be used to determine if the vector was transcribed properly. RT-PCR will give information about proper transfection of the vector and will be done as described by Liu et al (2014). Human FIX antigen will be detected through ELISA analysis as previously described (Wang et al., 1999) to determine presence of FIX and in what quantity. 
Once it has been shown to be present in those cells a western blot analysis will be done using mouse or human plasmas as the sample. The primary antibody will be determined as an anti-hFIX antibody. Through the western blot antibodies there will be two of them, one that targets mature FIX and another that targets propeptide FIX. The western blot will react with the specified antibodies and show whether the FIX protein is there (Wang et al. 1999). The blot gel could be stained and analyzed using a densitometer to approximately quantify the amount of FIX produced. The mice liver tissue will be analyzed as well through immunofluorescence stainig to detect hFIX as well and will be done as described by Wang et al (2014). The hFIX could also be isolated and purified and then subjected to affinity chromatography to separate the propeptide from the mature as described by Liu et al. (2014). The mice will also be subject to a tail clip test similar to Wang et al. (1997) to analyze the phenotypic effect of the FIX and furin co-expression. These methods will allow hFIX and furin to be analyzed for efficacy as an in vivo approach.

Discussion
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Figure 1. The western blot from Wang et al. (1999). 
	We expect the RT-PCR experiment to product results that the transcribed mRNA is the hFIX DNA. The ELISA should show that there is sufficient hFIX being transcribed and produced compared to previously described amounts. After performing all of the methods, the western blot analysis should show similar values as Figure 1. This shows the presence of FIX in the tissue analysis and would show the overall FIX production similar to the results above.  We would like to find the gel to be stained and have similar amounts quantified as the previous ELISA done to see similar quantities being synthesized. Once the hFIX is determined and quantified then the immunofluorescence staining should show staining in the linings and veins rather than the actual cells as previously described by Wang et al. (1999). 
	There is a possibility to have incorrect or outlier values during the quantification of hFIX or during RT-PCR when converting into cDNA. If there is irregular amounts of FIX in the controls could indicate inconsistent or incomplete vector transfer into the mouse liver. With regards to the vector, it could have incomplete genes and or incorrect combination of the genes in the derived vector. The tail clipping method could be too broad of a measurement as well and not give bleeding times that are consistent with hemophilia B. 
	During experimentation there could be an immune response to the antibodies that are developed causing interference. There is possible interference by other processing events from outside or earlier in the secretory pathway. The biggest pitfall with gene therapy experiments is the possibility of uncontrolled mutations during the gene transfers and transcriptions since mRNA does not have a proofreading ability. Gene therapy transfection of the vectors are not always incorporated into the genome and therefore requires isolation of the transfected cells to determine incorporation. 
	Furthermore this experiment poses some limitations as it only represents a minor amount of how much can be implicated with hFIX processing. There are possible complications in health for the animals or in humans when put in clinical trials because they are voluntary. This could be ameliorated by following certain guidelines of animal experiments. The antibodies developed are uncertain and the extent of their effect is hard to determine. With regards to the mice, each mouse could react differently depending on their breeding and epigenetic relationships or interactions with inherent mouse proteins such as during the knockdown of furin as well as factor IX. 
	The multiple complications could possibly be controlled however some of them are unpredictable. Through this experiment we hope to see implications for improving current gene therapy methods for better processed hFIX and for better development of recombinant hFIX production for long term treatment options.
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