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Furin deletion in B cells alters ADAM10 prodomain processing and the downstream effects on allergic asthma.
INTRODUCTION:
	Asthma is a major economic issue in the United States. Asthma costs in the US are over 56 billion dollars annually. Approximately 1 in 12 adults has asthma and 1 in 10 children (AAAAI, 2017). These rates are only continuing to grow. There is no cure for asthma, only treatments. The most common treatment for severe asthma, steroids, has severe side effects (NHLBI, NIH, 2014). With prolonged use these side effects can include: thrush (fungal infection in the mouth), high blood pressure in the eye or glaucoma (fluid build up in the eye), osteoporosis (decreased bone thickness), and cataracts (cloudy eye lens) (Zhang, Prietsch, & Ducharme, 2014). The search for better treatments and even cures for asthma are essential. A Disintegrin and Proteinase (ADAM) 10 has been recently shown to be important in the immune system in regulating allergic disease. ADAM 10 is a key director of cellular processes by cleaving and shedding extracellular domain of a multitude of transmembrane receptors and ligands (Chaimowitz et al., 2011).  ADAM10 is a member of a family of metalloproteinases that are responsible for the proteolytic processing of transmembrane receptors and ligands (David, Gibbs (2010)). ADAM10 was originally discovered for its role in onset of Alzheimer’s disease and only recently has been implicated in asthma and allergy(Kim et al., 2009). ADAM10 is most famous for cleavage of the substrate Notch. Notch is important in development and because of this, deleting ADAM10 in a mouse, completely, is lethal in the embryonic stage. Cell specific deletion of ADAM10 has been developed to study its function in various systems. In the immune system, macrophages, dendritic cells, and B cells have all shown distinct phenotypes when it comes to ADAM10 deletion. Most importantly, ADAM10’s deletion from the B cell has shown reduced airway symptoms when these mice are subjected to the model of mouse asthma. This phenotype has been shown to be mediated through a multitude of substrates of ADAM10, but most importantly the Inducible Costimulator (ICOS) ligand (ICOSL). This ligand regulates T cell responses and antibody production that is essential for the devastating symptoms that result in asthmatic exacerbation. Sheddase’s essentially cleave/shed extracellular portions of transmembrane proteins to either up regulate or down regulate the activity of the substrate it is cleaving(“Need help at the cell surface?" ). In the case of ADAM10, ADAM10 is the primary sheddase of ICOSL and when inhibited, has been associated with high levels of ICOSL which leads to the downregulation of surface T cell ICOS expression through internalization of ICOS (Joseph Cornelius Lownik, Luker, Martin, Damle, & Conrad, 2017).  Down regulation of T cell ICOS is key to the reduction/severity of an allergic response (Woodfolk, 2007). Yet, since ADAM10 deletion is embryonic lethal, a drug to inhibit it completely is a risky prospect.
When proteins are first synthesized, many tend to be inactive due to chains of amino acids blocking their activity. Proprotein convertases remove those amino acid chains and activate the proteins (Turpeinen, Ortutay, & Pesu, 2013).  Furin (also known as PACE “Paired basic Amino acid cleaving”) is a proprotein convertase protein coding gene, which encodes for a type 1 membrane bound protease that is found in multiple forms of tissue, including the liver, gut and the brain (Seidah, 2011). Furin is one of the convertases that activates ADAM10 through cleavage of the prodomain. The prodomain of ADAM10 keeps the metalloprotease(part that cleaves proteins) site of ADAM10 inactive through a cystine switch which acts as an activation mechanism (Van Wart & Birkedal-Hansen, 1990). Proprotein convertases cleave the prodomain from the rest of the ADAM10 protein making it available for catalytic activity (Seals & Courtneidge, 2003). Without cleavage of the prodomain, ADAM10 is inactivated and cannot function (David, Gibbs (2010)). PC-7 (proprotein convertase) is also able to cleave the prodomain of ADAM10(Anders, Gilbert, Garten, Postina, & Fahrenholz, 2001). Since a deletion of Furin will result in a possible partial loss of ADAM10, it may possibly be a more beneficial drug target for asthma therapy. I propose that Furin deletion from B cells will result in the abrogation of airway hyperresponsiveness (AHR) in a mouse model of asthma through ADAM10 and ICOSL.






The Experiment
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[bookmark: _GoBack]First, I will procure mice that have exon 2 of the furin gene flanked with lox-p(locus of crossing([x-ing]-over)of bacteriophage P1) sites (furfl/fl) (Roebroek et al, 2004). These lox-p sites will facilitate a looping out and deletion of exon 2 of the DNA in cells that express the protein cre-recombinase(CD19-cre). The whole process begins with the cre gene, (cyclization recombination) which can recombine DNA when it locates specific loxP sequences. Each loxP site is 34 base pairs long and attract the cre-recombinase to recombine surrounding DNA. When cells that have loxP sites in their genome and express the cre gene, the DNA sequence between the 2 loxP sites is excised (Alfred Pechisker, 2004). The loxP sequence does not occur naturally in any known genome other than P1 phage, so the insertion of loxP sites in a DNA sequence allow for very specified manipulations (A Max Juchheim, 2015). Two loxP sites will be inserted on exon 2 of the furin gene through the CRISPR/Cas9 system utilizing sgRNAs to target exon 2 of the furin gene (Bishop et al., 2016). This will essentially delete furin from those cells(Roebroek et al., 2004). Germline deletion of furin is embryonically lethal and therefore cell-specific functionality of furin is still being examined. These mice have been bred to mice expressing T cell-expressing cre-recombinase  (Pesu et al., 2008), but never B cell cre-recombinase. Cre-recombinase is essential for the recombination of DNA between the flanked lox-p sites. I propose to breed these mice to CD19-cre mice. CD19 is a transmembrane glycoprotein which is a biomarker for B cells and is critical for B cell signaling (Wang, Wei, & Liu, 2012). CD19 is also expressed at the earliest stages and throughout B cell development and differentiation (Rickert, Roes, & Rajewsky, 1997). In order to develop CD19-cre expression mice, a cre expression cassette will be inserted into the second exon of CD19 by homologous recombination in embryonic stem cells (Rickert et al., 1997). Homozygous mice are CD19-deficient, so heterozygous mice are phenotypically normal and can be used for specific deletion of floxed genes (“004126 - C.Cg-Cd19 Igh/J,” n.d.). CD19-cre mice express cre-recombinase when the CD19 promoter is turned on (expressing CD19), which is only in B cells. Once these mice are bred to homozygousity for furfl/fl and heterozygousity for CD19-cre, they will be furBcell-/- mice. A PCR (polymerase chain reaction) will be run to verify that, the furin gene has been knocked out with primers obtained from Jackson Laboratories. The PCR will amplify any instances of the furin gene between the loxP sites to verify that mouse is homozygous for furfl/fl (“PCR Amplification,” n.d.). Lastly, a western blot will be performed on a secondary lymphoid organs to determine if the furin gene is being expressed (Mahmood & Yang, 2012).  
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Next, I propose to test these mice in a mouse model of airway hyperresponsiveness (AHR). This is a mouse asthma model. To do this, first house dust mite (HDM) extract is intranasally administered daily for ten days with two, two day breaks (fig 2.) . These mice will be our experimental mice and will be exposed to the allergen for 10 days before the experiment is over. Then, mice are subjected to a Flexivent apparatus that measures the responsiveness of the airway to methacholine(“flexiVent | SCIREQ,” n.d.). Methacholine is a drug which is used to diagnose bronchial hyperreactivity, through the bronchial challenge test. The drugs introduction results in bronchoconstriction and if the mice display a pre-existing hyperreactive airway, such as asthma, a lower dose of the methacholine is needed to stimulate a response (“Methacholine,” 2010). I propose airway resistance will be examined at increasing doses of methacholine(2.5,5,10, 12.5,25, 50, and 100 mg/mL).This procedure can tell if the mice have developed restricted airways in the model or not, as compared to control mice that have not had furin deleted from B cells, as well as to saline controls. In previous studies, ADAM10 inhibition significantly alleviated airway hyperreactivity proposing that increased ADAM10 activity may be a predisposing factor to allergic disease(Cooley et al., 2015).  
At the end of the 14-day experiment and the Flexivent procedure, lungs will be removed from the mice after euthanasia and histology will be performed to measure the cell infiltration (with hematoxylin and eosin staining) into airways and also the mucus production (with Periodic acid-Schiff) (“Why Pick PAS for Histology? - Bitesize Bio,” n.d.). Both of these are good indicators of asthma in mice and humans. In addition, spleens will be removed and ICOSL levels will be examined by flow cytometry on B cells and ICOS levels on T cells. This will support the mechanism.

Discussion
	The hypothesized result is that inhibiting furin will lead to a less severe allergic response. Compelling evidence suggests that suppressing ADAM10 will alleviate airway hyperactivity. Though the effects of ADAM10 are well known, PC7 is also a large factor that comes into play when studying allergies. PC7 has been found to cleave the prodomain of enough ADAM10 without involvement of furin (Anders et al., 2001). With this in mind, the inhibition of furin may not have a large enough impact on ADAM10 to display the effects of asthma, though the studies may prove otherwise as the effects of furin inhibition have not been tested on ICOS/ICOL. Future experimentation with the inhibition of furin and PC7 may lead to interesting results. 
The ICOS/ICOSL response will also be one of the main focuses for this experiment. Recent studies have shown that a deficiency of ICOS or ICOSL terminates T-dependent humoral immune responses. ADAM10 was found to be a relevant ICOSL sheddase and was found to increase ICOSL levels when not present in B cells. This also leads to an increase in B cell ICOSL levels which results in downregulation of T cell ICOS. Increased ICOSL leads us to enhanced TH1 and TH17 cell activation. Shedding of ICOSL is necessary for proper T cell responses (Joseph C Lownik et al., 2017). I hypothesize that the inhibition of furin will lead to a similar regulation of ICOSL if sufficient amounts of ADAM10 remain inactivated. 
Furin is responsible for the activation of the zymogen ADAM10, though not all ADAMS contain the consensus sequence for activation by furin. ADAM8 has recently been associated with allergic airway inflammation. ADAM8 contains a non-perfect consensus cleavage sequence for furin, so even in high concentrations, furin inhibitors did not inhibit processing of ADAM8. ADAM8 levels have been found to be increased in airway inflammatory cells in mice and human asthma patients (Knolle & Owen, 2009). Although furin inhibition may lead to a decrease in ADAM10, ADAM8 is still a confounding variable that may have an unforeseen effect on inflammation.
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Fig 2. Model of allergen extract-induced allergic
airway inflammation. House dust mite model. Blue
arrows, extract administration. Yellow arrows, terminal
endpoint.
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Figure 1. ADAM10 B cell-specific knockout

CD19-cre mice express cre-recombinase under the CD19
promoter. When CD19 expression is turned on in cells that
normally express CD19, such as mature B cells, cre is
expressed. Note, that this allele is kept heterozygous with
the WT CD19 allele to avoid disruptionin CD19 expression.
In our ADAM10 floxed mice, loxP sites flank the exon 2 of the
Furin gene. Upon expression of cre, recombination occurs at
loxP sites, excising the gene and knocking out Furin. (A)
Normal Furin expression occurs without cre-recombinase.
Thus, Furin is not deleted. (B) Cre-recombinase is expressed
when CD19 is turned on, Furin is knocked out.




