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Measurement of the expression of the ALOX15 gene
in wounds undergoing negative pressure wound therapy
I. Introduction
[image: https://i.gyazo.com/b85524c407a021de78e01c09969c55c0.png]Chronic non-healing wounds effect 6 million people in the United States. [1] The normal stages of wound healing are hemostasis, inflammation, proliferation, and remodeling (Table 1).[2] The transition to each stage of wound healing is directed by molecular signaling molecules and biosynthesis of certain signals. A chronic wound is characterized as being stuck in the inflammation phase of wound healing. [3] When the inflammatory phase continues without resolution, neutrophils build up at the site and cause cellular damage via release of toxic chemicals and inflammatory cytokines. [3] This results in prolonged inflammation which can cause chronic non-healing wounds.
[image: https://i.gyazo.com/55370c5f874c1d6a834ddef70d2d3ec8.png]Lipoxins, derived from arachidonic acid, aid in ending the inflammatory phase of wound healing. [4] Lipoxins are synthesized from the metabolite of 15-lipoxygenase (15-LO), an enzyme produced by macrophages and dendritic cells. [5] They inhibit neutrophil infiltration into the wound site by reducing vascular permeability. [4][6] Lipoxins also stimulate the non-inflammatory recruitment of macrophages to phagocytose the apoptotic neutrophils built up at the site of the wound (Figure 1). [7][8] This aids in returning the wound site to homeostasis and stimulating the end of the inflammatory phase of wound healing. It has been demonstrated that lipoxin biosynthesis is concurrent with wound resolution. [9] Since 15-lipoxygenase is crucial to the biosynthesis of lipoxins, its expression plays a key role in the resolution process.Figure 1: PMNs at the site of the wound switch to lipoxin production instead of leukotrienes.  This is due to an upregulation of 15-lipoxygenase. The lipoxins stimulate macrophages to migrate to the wound site and phagocytose the apoptotic PMNs at the site. Lipoxins also suppress PMN infiltration from the blood vessels by modifying the permeability of the vessel walls. This aids in wound resolution and a return to homeostasis at the site of the wound. [10]
Table 1: The stages of wound healing and the cellular events associated with each stage. [2]

Negative pressure wound therapy (NPWT), also known as vacuum assisted closure, reduces ambient pressure at the site of the wound. NPWT increases the incidence and rate of wound closure in patients with problematic wounds. [10] Previously it was thought that NPWT accomplished this simply by reducing the bacterial load at the wound site and sucking away excess wound exudate, which can cause issues with proper wound healing due to its matrix metalloprotease rich environment degrading the collagen of the extracellular matrix (ECM). [10] Recently, the molecular mechanism of NPWT has been investigated and it has been discovered that it affects the expression levels of a variety of genes involved in wound healing. NPWT causes an upregulation of a variety of genes including Cdc42 and VEGF, proteins that are key to cellular migration and angiogenesis. [10][11] NPWT also downregulates the expression of matrix metalloprotease genes, ensuring that the ECM is not degraded as it forms. [10] 
Given the knowledge that NPWT affects gene expression at the site of the wound, further investigation is needed in regards to expression of the enzymes involved in the biosynthesis of the mediators that control the resolution of the inflammatory phase of wound healing. The purpose of this experiment is to discover whether NPWT effects the gene expression of ALOX15, whose protein product controls biosynthesis of the lipoxins directly involved in wound resolution. 
II. Experiment
The aim of this experiment is to find out if negative pressure therapy effects the expression of the ALOX15 gene, which codes for the 15-lipoxygenase protein needed to create lipoxins. To quantify gene expression, it is necessary to isolate the cellular RNA as a measure of the expression level. In addition to RNA quantification, it is helpful to identify target protein levels as they are the end result of the increased gene expression. The RNA transcript and protein amounts under NPWT will be compared to the amounts under ambient pressure. 
IIA. Sampling
[image: RNeasy Mini procedure.]Acute compartment syndrome is a buildup of pressure in one of the nerve and muscle containing compartments in the body. It most commonly occurs in legs after a tibia fracture, which causes bleeding into the adjacent muscles resulting in pressure buildup. [12] The only treatment is to cut open the muscular compartment to relieve the pressure. [13] After the wound is cut open, negative pressure can be applied to the wound in order to aid healing and protect from infection. [13] Tissue biopsies will be taken every day for 30 days from post-operative patients being treated for lower-leg compartment syndrome with NPWT at a constant pressure of 125 mmHg. If the patient is older than 50 years old, has diabetes, or is prescribed anti-inflammatory drugs, they will be excluded from the study to reduce comorbidity and disruption of the natural inflammatory process. Samples intended for qPCR analysis will be stabilized using the RNAlater solution made by Qiagen, which will stop RNase activity and preserve the RNA for later testing so that it can be completed at one time. [14] Samples intended for ELISA analyzation will be suspended in saline solution containing a non-ionic detergent to solubilize membrane proteins and homogenized with a Polytron. 
IIB. RNA Extraction and Quantification
Tissue samples will be immersed in guanadinium thiocyanate, which will lyse the cells and denature RNase as well as DNase. It accomplishes this by disrupting the hydration shells of the nonpolar amino acids, which weakens the effect of the hydrophobic forces that contribute to the tertiary structure of enzymes.[15] This will preserve the RNA for analysis when it would otherwise be hydrolyzed by the RNase. The sample will then be centrifuged in a RNeasy tube produced by the company Qiagen. The RNeasy silica filter lets everything except the RNA pass through, while the RNA adheres to the filter (Figure 2).[16] 
[bookmark: _GoBack]Once the cellular RNA has been isolated, relative RNA levels will be measured using quantitative real-time PCR (qPCR). qPCR begins by a reverse transcriptase using the mRNA transcripts as templates for complimentary DNA (cDNA) synthesis. DNA primers specific for 15-LO and Cyclophilin E are then added to their respective tubes and the polymerase chain reaction is used to amplify the resulting cDNA exponentially. SYBR Green is present in the assay and fluoresces when bound to DNA.[17] The more DNA is generated by the PCR reaction, based on the amount of starting mRNA, the more fluorescence will occur. Gene expression levels are then determined by the fluorescence of target ALOX15 cDNA relative to the Cyclophilin E, which will serve as a stable expression reference in the assay.[18] In addition to the reference gene, two wells for each sample will have negative controls to control for contamination. The first negative control will contain the sample but will not undergo reverse transcription prior to PCR amplification and the second control will contain water rather than RNA. The two positive controls will be known DNA and RNA samples.Figure 2: The RNeasy kit allows for simple isolation of the cellular RNA via silica filter. [16]

IIC. Protein Quantification
[image: https://i.gyazo.com/c92a1848d9dcd46f3c86ecd32e81f642.png][image: https://www.activemotif.com/images/products/nr_sandwich.jpg]An ELISA assay will be used for cellular LO-15 protein measurement using the ALOX15 kit produced by Wuhan USCN Business Co. [19] Confirmation that the target protein is present happens when the assay changes color due to the secondary antibody associated enzyme catalyzing conversion of the substrate into a colored product (Figure 3). [20] The ELISA assay is very specific to the target protein, so it is unlikely for a non-target protein to bind. This is because the non-target protein would have to have the epitope for both the capture and detection antibodies (Figure 3). Optical density, which is a logarithmic measure of the amount of light lost due to absorption when light passes through a medium, will then be quantified for the sample. The results will be compared against the standard optical density curve provided by the kit manufacturer to determine the concentration of the protein (Figure 4). Concentration (ng/mL)

 Figure 4: The standard curve provided by the manufacturer is used to determine protein concentration based on optical density. Optical density is a logarithmic measure, so an OD of 3 means that the light was attenuated by a factor of 103. [19]
Figure 3: The ELISA assay uses an immobilized capture antibody to initially bind the target protein. A detection antibody then binds to the protein, effectively “sandwiching” it between the first two antibodies. A secondary antibody with an enzyme bound to it then binds to the detection antibody. Upon addition of the substrate that the secondary antibody’s enzyme acts upon, the enzyme catalyzes conversion of the substrate into a colored product and produces a distinct color. [20][21]


III. Discussion
Ideally, there will be a significant increase in ALOX15 fluorescence in the qPCR for wounds undergoing negative pressure therapy when compared with wounds at ambient pressure. The Cyclophilin E expression should remain stable and the ALOX15 expression should increase under NPWT if the negative pressure has an effect on the ALOX15 gene expression. The two negative controls for the qPCR assay should result in no fluorescence and the two positive controls should result in measureable fluorescence. Furthermore, the ELISA assay should show a color change for the ALOX15 and the concentration of 15-lipoxygenase as determined by optical density should increase under NPWT when compared with the concentration at ambient pressure.
If any of the experimental controls prove to be unreliable, it will be very hard to interpret the results. If the negative controls in the qPCR show increases in fluorescence, it is likely that there is DNA contamination in the sample or reagents. If the positive control containing known RNA does not fluoresce, the reverse transcription step of the qPCR could not be working. If the known DNA positive control is negative, there is likely an issue with the polymerase chain reaction step. As the reference gene, the Cyclophilin E must remain relatively constant or the results cannot be interpreted accurately. Moreover, wound environments vary widely from patient to patient and the results can be hard to compare directly. [22] 
Despite these difficulties, it is important to understand the effect of negative pressure therapy on 15-lipoxygenase expression so that the molecular mechanism of NPWT can be further elucidated. The more we understand about the treatment, the more useful and refined its applications become. This research stands to benefit our understanding of the treatment of chronic wounds, which continue to be a common malady burdening our healthcare system. If NPWT does indeed effect the expression of 15-lipoxygenase, further research can be conducted to investigate the mechanism by which it accomplishes the shift. 
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