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Introduction

Hemophilia B
Hemophilia B (HB), also called Christmas disease, is an X-linked recessive genetic disorder that causes a 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 is present 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 bleed longer than normal even with 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 by intravenous injections of FIX. 

FIX and Furin/PACE
Factor IX (FIX) is a clotting factor and a serine protease zymogen, which when activated is converted to the active serine protease (Liu et al., 2014). Mature FIX is known to have four distinct domains: N-terminal Gla-domain which is a region of glutamic acid residues, EGF-like domain that contains an epidermal growth factor like that is conserved, AP domain which is the activating protein, and the C terminal serine protease domain that is the FIX catalytic domain (Liu et al., 2014).  As like many other proteins, FIX requires various posttranslational modifications to become fully functional. This includes cleavage, addition of sulfates, hydroxylation, glycosylation, phosphorylation, etc. as shown in Figure 1B. One of the posttranslational modifications is -carboxylation of glutamic acid residues, which is required for phospholipid and calcium bonding (Wasley et al., 1993). Similarly Furin/PACE cleavage within FIX is important for converting the profactor (inactive) to mature FIX (active). Figure 1A shows a schematic representation of FIX with the domains and figure 1B shows the amino acid sequence of the protein.
Furin is a serine endoprotease that belongs to the substilin-like proprotein convertase family, which are enzymes that convert zymogens into their biologically active forms (Wasley et al., 1993). It is also called a Paired Amino Acid Cleaving Enzyme (PACE) because it cleaves proteins at their PACE cleavage sites ( and is ubiquitously expressed in hepatocytes (liver cells). This enzyme has been shown to be active in HIV mechanisms and the gene is believed to play a role in tumor progression as well (Denault & Leduc, 1995). 

[image: Untitled:private:var:folders:v5:cj3v3h0j19z_z7y1kf86d9k80000gn:T:com.apple.iChat:Messages:Transfers:FullSizeRender.jpg]
Figure 1. (A) Schematic drawing of FIX. S is the signal peptide, P is the propeptide, Gla is the domain with the glutamic acid residues, EGF is the epidermal growth factor like domains, AP is the activating protein domain, and there is the Serine Protease Domain. (B) This is the amino acid sequence of FIX and shows where Furin cleaves the protein. The shapes above the amino acids represent the posttranslational modifications the protein undergoes. 

Current Treatments
Current treatments for HB have been found to be short term with recombinant FIX while long-term treatments require extensive monitoring, have adverse side effects, or have not been developed. Prophylactic treatments are thhe most common and are administered every few days using 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, which are beneficial to the replacement of the defective FIX gene, have been used in gene therapy methods that avoid contamination by West Nile Virus/SARS or even prion diseases has not been investigated. Preclinical trials using an adenoviral approach is the most promising, however, adverse effects resulting in an increase in the immune response as shown by T-cells activation, limits the prospect of the replacement therapy (Dietrich et al., 2013).

Previous Research
	Previously the co-expression of Furin and FIX has been shown to be effective in converting profactor FIX to mature FIX in Chinese Hamster Ovary Cells (CHO). Liu et al. (2014) looked at the co-expression of FIX with enzymes known to have posttranslational effects on the profactor and the amount of recombinant FIX (rhFIX) produced. Liu et al. (2014) found that the co-expression of Furin and FIX produced an active rhFIX with a completely and precisely excised propeptide of rhFIX. Previous co-expression experiments have been shown to produce variable results however Liu and colleagues determined that optimal conditions must be carefully curated for co-expression methods. In vivo studies in Hemophilia B mice and dog models done by Harding et al. (2004) found that AAV vectors administering optimized recombinant plasmids containing human FIX (hFIX) intravenously produced higher amounts of FIX. This presented that AAV vectors are a plausible method of gene therapy to have stable FIX production in vivo compared to prophylactic treatments in specific situations. The developed vector with an added -globin intron was found to increase FIX production and decrease the possibility of spontaneous bleeding in the HB models. 

Purpose
This research proposal aims to explore the possibility of Furin co-expression with FIX through AAV recombinant vector infusion in Hemophilia B mice to improve the processing efficiency of FIX. This method could improve the bleeding phenotype and increase the conversion of profactor FIX to mature FIX. 


Experiment

Hemophilia B (HB) Mice
Mice will be developed as FIX deficient to mimic Hemophilia B conditions as previously described by Wang et al. (1997). They will be developed using a FIX targeting vector that will generate FIX-deficient mice through disruption of the gene. 

Vector Development
The AAV vector will be derived as described by Harding et al. (2004) with human FIX (hFIX), Furin, and a strong liver-specific enhancer/promoter (LSP). The derivative will be constructed from an adeno-associated virus, the pAAV-LSP-hFIX vector parent vector as described with the addition of Furin cut from a human Furin AAV such as one from Vector Biolabs. Once digested and ligated into the appropriate identical sites on the pAAV-LSP-hFIX vector.  This could be done by the restriction enzymes AflII and EcoRV for example as described by Liu et al. (2014). Figure 2 shows the potential pAAV-LSP-hFIX-Furin vector. The sequence will be verified using DNA sequencing to verify the plasmid. This developed vector will be injected intravenously into the HB mice.

[image: Untitled:private:var:folders:v5:cj3v3h0j19z_z7y1kf86d9k80000gn:T:com.apple.iChat:Messages:Transfers:FullSizeRender-1.jpg]Figure 2. Schematic drawing of the pAAV-LSP-hFIX-Furin vector. ITR is the inverted translated region, LSP is the liver-specific enhancer/promoter, IVS is an inverted sequence that is part of the original vector, hFIX is human FIX, Furin is the serine protease, bGH pA is the boving growth hormone polyadenylation, which is the terminal sequence for the expression vector. 


Western Blot
A Western Blot analysis will be used to detect the profactor FIX and mature FIX as they both differ in size. This technique is more specific than an ELISA and can separate the proteins by size, however it is not as effective in quantifying the protein as an ELISA. This will be done using mouse or human plasmas as the sample. The primary antibody will be determined as an anti-hFIX antibody similar to the ELISA below. The western blot will use two antibodies, one that detects mature FIX and another that can detect the pro-factor FIX as previously described by Bristol et al. (1993) work on FIX antibodies. This procedure will determine specifically if the profactor and the mature FIX are in the plasma sample from co-expression. The visual density of the bands will indicate approximately if both the profactor and mature FIX are present as well as how much approximately is in the given sample. 

ELISA
An enzyme linked immunosorbent assay (ELISA) will be used to quantify profactor FIX and mature FIX using monoclonal anti-human FIX antibodies for example rabbit instead of mouse because the mouse antibodies could have interference from the mouse itself. In this procedure, an antibody coating captures the specific protein (FIX), coated with a detection antibody that attaches to the protein, reacted with a Streptavidin-enzyme conjugate that reacts with a substrate to produce a color. This colorimetric reaction is analyzed through absorbance in an ELISA reader machine. This method is less specific than the Western Blot, however it is more efficient in the quantification of the two proteins. This will be done as referenced by Harding et al. (2004). Previously Wang et al. (1999) has used this method to quantify FIX however this proposal will use an antibody that is anti-hFIX specific to the mature FIX protein and another one specific to the profactor FIX. 

Chromogenic FIX activity assay
A chromogenic activity assay will be used specifically to detect active FIX (mature) in the sample. This procedure will use the plasma sample to have the functional FIX to react with a reaction mixture that produces a derivative of FIX to activate another factor, such as factor X (FX) derivative.  Once the reaction is done, the amount of FX derivative produced is reacted with a nitroanilide substrate that is then photometrically measured by absorbance. This absorbance is directly proportional to the amount of functional FIX in the sample (Moser & Funk, 2014). This procedure will be done using a premade assay kit such as one form BIOPHEN as described by Liu et al. (2014). 

Tail Clip Test 
To analyze the phenotypic effect of FIX and Furin co-expression, the mice will be subject to a Tail Clip test similar to Wang et al. (1997). A tail clip test will be done by putting a small cut on the mouse-tail and measuring the bleeding time. The bleeding times will be characteristic in analyzing the ability of the co-expression to alleviate HB. 


Discussion

[image: Untitled:Users:AarthiP:Desktop:Screen Shot 2017-04-29 at 6.36.12 PM.png]Figure 3. The western blot from Wang et al. (1999). H is the human plasma that was used as a control. This homozygous FIX expressing mice are in lane 2, heterozygous mice in lane 3, and the factor IX deficient mice are in lane 4. The star is the protein in mouse plasma that cross reacted with rabbit anti-hFIX antibody. This figure shows the Factor IX band in each of the mice models.



We expect the vector plasmid to be developed properly but could have some complications with the ligation of the cut segments. The Western Blot analysis should show similar results as Figure 3 above with relation to the mice developed. The lanes should have somewhat strong bands for FIX and could have varying density with regards to the amount of FIX produced. We would like to find the gel to be stained and have similar estimated amounts to the ELISA. We expect the ELISA to show that there is sufficient hFIX being produced similar to previously described amounts. We hope to see consistent mature hFIX being produced and reduced but consistent amounts of profactor FIX produced. The chromogenic activity assay for FIX should show increased quantities of active hFIX with the Furin processing which would confirm that Furin does produce increased quantities of active FIX in vivo. 
There is a possibility to have incorrect or outlier bands in the Western Blot indicating incorrect binding to the antibody or another mechanism interference. If there is inconsistent amounts of FIX in the controls that could indicate incomplete vector transfer into the liver cells or there could be a contamination in the controls. With regards to the vector, the development could have improperly cut genes or incorrectly placed genes in the derived vector. The ELISA could also have contamination causing discrepancies in the procedure. During the chromogenic activity assay method there could be a reaction with inhibitors or repressors that can decrease the FIX activity process. The tail clipping method could be too broad of a measure as well because it focuses on the phenotypic expression and possible not give bleeding types that are consistent with hemophilia B characteristics. 
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 transfections of the vectors are not always incorporated into the genomes and therefore require 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. Following certain guidelines of animal experiments could ameliorate this complication. 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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