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Introduction
The process of transplantation in the human body has become a proficient process over the last couple of decades. An issue that still remains in transplant patients is the reoccurrence of infections and possible tumor growth (Stefanski et al 2018). There are many type of infections that can be caused after receiving a transplant. Bacterial infections are the leading type of infection post transplantation, followed by viral and fungal infections (Barker et al 2005). Treating post-transplant infection is a difficult process (Barker et al 2005). Patients are typically immunocompromised after transplant procedures, due to the immune system recognizing the new organ as foreign and dangerous (Stefanski et al 2018). Thus, the aftermath of organ transplant is more dangerous and can lead to higher death rates (Stefanski et al 2018).
Chemokines are a part of the innate and adaptive immune system and are a portion of cytokines, which can help fight or induce inflammation in the body (Turner et al 2014). Dendritic cells communicate with regulator chemokines in order to decide which immune system needs to respond to the infection (Luster 2002). Chemokines are proteins that have been used to better understand how the immune system responds post-transplant and are highly expressed in T-cell regions (Turner et al 2014) (Willimann et al 1998). It is believed that targeting chemokines can be beneficial when treating patients with transplant rejection, as well as help with immunologic tolerance (Chen et al 2003). Interestingly, chemokines can change function, which can be determined by their concentration status. For example, researchers found that the chemokines CXCL1 and CXCL5 improve the immune function post-transplant right after the transplantation process has occurred, while other chemokines are beneficial in later stages of post-transplant surgery (Chen et al 2003). In another study, it was found that chemokines were able to improve membrane vesicle trafficking to secondary lymphoid organs after a bone marrow (BM) transplant (Stefanski et al 2018). These results suggested that the chemokines were able to improve immune function in the body after transplantation (Stefanski et al 2018).
Another example of an experiment showing progress in improving immune functions, was demonstrated in a study about how Umbilical Cord Blood Transplants (UCBT) led to severe infections if the transplant was from an unrelated donor (URD) (Barker et al 2005). Results showed that infections were not dependent on a particular type of haematopoetic stem cell (HSC) when observing a URD transplantation (Barker et al 2005). This study provides questions on how to manipulate different HSC in order to trick the body into believing that this new organ is beneficial instead of harmful to the body. These experiments have demonstrated how researchers have similar interests concerning the ability to manipulate different cells and proteins throughout the body in hopes to improve immunity post-transplantation. 
	Most experiments try to observe innate and adaptive immunity as a whole when trying to discover how the body responds to infection post-transplant. One experiment in particular conducted a long-term immunity experiment on 105 patients who have had HSC transplants (Maury et al 2001). After examining all patients over different time spans, they found that B-cell and T-cell disruptions occur continuously over time (Maury et al 2001). These disruptions in the immune response allows patients to have chronic rejection after transplantation (Maury et al 2001). It is critical for these patients to have a quick T-cell recovery, but often times this is impossible post-transplant due to the lack of knowledge and administrable cures (Goldberg et al 2017).
As the conversation continues to grow on the different aspects of the immune system, the topic can be shifted to more specific areas, such as, chemokine function in the immune process. CCL21 is a chemokine expressed mainly in the lymph nodes, that has been used in many studies when trying to understand how the immune system is compromised and responds to particular stimuli (Koizumi et al 2007). CCL21 has been found to increase integrin-mediation adhesion of lymphocytes and can guide cancer related cell lines to the lungs for metastasizing tumors (Koizumi et al 2007).  Lung transplant recipients typically experience chronic rejection after transplantation and have shorter life expectancies thereafter, but this process is still fairly understudied (Keenan et al 1997). 
Since there is an increase in the need for understanding how to decrease rejection in post-transplant patients, many techniques have been established in order to help reduce the amount of rejection post-transplant. In one study, aerosolized cyclosporine was the type of therapy used to treat lung transplant recipients for acute rejection (Keenan et al 1997). Aerosolized cyclosporine therapy was found to be more effective at controlling the immune response to infection over other types of therapies previously performed (Keenan et al 1997). Another type of technique that has been used to treat patients with transplantation rejection, is vaccines. One research team created a vaccine known as DC/CCL21 that was used for BM transplants in mice, then this vaccine was trialed in humans (Stefanski et al 2018). This vaccine was able to rebuild CCL21 and recruit other adaptive immunity cells to help fight infection in lymph node regions (Stefanski et al 2018). They concluded that CCL21 is a critical protein to observe when trying to create a post-transplant therapy (Stefanski et al 2018). Another vaccine was created and used to see how the immune system adapts after transplantation (Burkhardt et al 2013). The main focus of this study was to concentrate on how T-cell activity changes during an immune shock (Burkhardt et al 2013). Their strategy was to inject patients with progressive Chronic Lymphocytic Leukemia (CLL) after transplantation with autologous tumor cells that were mixed with GM-CSF and review how well the donor T-cells could stop malignant tumors from growing (Burkhardt et al 2013). Both techniques are beneficial to creating a more efficient vaccine.
Many of the vaccines that have been trialed to date, are specific to certain types of transplant organs. A particular vaccine was used to determine the effects it would have on tumor growth after BM transplants (Moyer et al 2006). Vaccine treatments were given to BM transplant recipients and there was a noticeable difference in the growth of the tumors (Moyer et al 2006). The downfall of this vaccine, along with many others created thus far, is that the vaccine is tumor specific, even though the same type of cells were being targeted (DC) (Moyer et al 2006). Alterations to this vaccine would need to occur in order to decrease lung transplant rejection in patients and other transplant rejections. 
Since the ultimate goal of my study would be to focus on lung immunocompromised transplant recipients, the TNF-alpha receptor must be considered. The TNF-alpha receptor is part of the signaling pathway to bring in other proteins to fight infections/inflammation (Minter et al 200). Another important thing that will have to be monitored in this study, is the type of infection the patients have after post-transplant. One study specifically observed mice with the cytomegalovirus infection that triggered chronic rejection, which is quite different than the typical human post-lung transplant rejection of bacterial pneumonia (Streblow et al 2005). This will be beneficial background to this study because mice will be used as the modeled organism and there must be awareness on the rejection type to have accurate results. 
After the reviewing of literature, I have discovered that rejection in lung transplant patients is fairly understudied, meaning that there are no techniques focusing on preventing rejection after transplantation. I believe that by manipulating CCL21, there could be a reduction in the amount of rejection present in post-lung transplant recipients.
Specific Aim
The hypothesis of this experiment is that with an increase of the chemokine CCL21, those who have had a lung transplant will have an increase in the overall survival rate. This process would occur by increasing the immune response to recognize a new organ as “normal” instead of foreign and dangerous. The specific aim of this study targets to reduce the rejection in post lung transplant subjects by increasing the amount of CCL21 by injecting the DC/CCL21 vaccination to express T and B cells more efficiently. Mice would be injected with an IPF (Idiopathic Pulmonary Fibrosis) cell line to have degenerative lungs, which will be removed and replaced with healthy lungs via a matching donor thus then the vaccine, DC/CCL21, will be injected to suppress the rejection rate. This new therapeutic approach would be implicated on the modeled organism mice to see the effects on the immune response, and hopefully be administered to humans in the near future if results are acceptable (Melero et al 2014).

Methodology
This study aims to reduce the rejection in post lung transplant subjects by increasing the amount of CCL21 by injecting the DC/CCL21 vaccination to activate T and B cells more efficiently during the adaptive immune response specifically observing TNF-  and IL-4. C57BL/6 mice from The Jackson Laboratory would be injected with an Idiopathic Pulmonary Fibrosis (IPF) cell line to have degenerative lungs, which will be removed and replaced with healthy lungs via a matching donor, then the vaccine will be injected to suppress the rejection rate. Analysis will be measured to determine the rate at which chemokine production increased during the immune response to inflammation in post-lung transplant subjects. 


Treatment
45 mice at 8 weeks of age will be used as either lung transplant recipients or control animals (Stefanski et al 2018). Primary cell cultures of alveolar epithelial cells (AEC’s) and pulmonary fibroblasts would be taken from a human lung tissue from patients diagnosed with IPF (Lin et al 1998). These cells will be administered to all of the mice and after 25 days bioluminescence imaging will reveal the progress of IPF (Lynch 2018). 30 of the mice will undergo the lung transplant process (only 1 lung removed per mice) with a matched donor, and will be known as Group Xa and/or Group Xb. These mice were selected by using the lung allocation score (LAS); which mice needs the lung the most, so how progressive the disease is (Yeung JC and Keshavjee 2014). The other 15 mice will not be receiving a lung transplant and will be classified as Group Y, the control. 72 hours after lung transplant surgery, the mice were ready for the treatment to help post-partum rejection (Stefanski et al 2018). The DC/CCL21 gene modified vaccine will be recreated by purchasing either adenoviral CCL21 or a null-virus, DC/null. Group Xa will be given the DC/CCL21, while Group Xb and Group Y will be given DC/null (Stefanski et al 2018). All groups received their particular vaccine intramuscularly on day 30 of this experiment (Stefanski et al 2018). All mice will be sacrificed on day 50 of this experiment for necessary analysis (Stefanski et al 2018). 

Immunofluorescence staining
	Immunofluorescence staining in the LNs and lung tissue will occur on day 50 of the experiment to observe the performance of the DC/CCL21 vaccine in the mice (Stefanski et al 2018). CCL21, T cells (CD8a), and B cells (B220) were tested for in this imaging (Stefanski et al 2018). 

Data Analysis
	Chemokine production (CCL21) will be compared between Group Xa and Xb and also between all three groups (Group Xa, Xb, and Y). This data will be compared with the immunofluorescence staining results in the LN and lung tissue. The administered vaccine, DC/CCL21 should show an increase in chemokine production, therefore resulting in lower levels of rejection during the inflammation response post-lung transplant. Group Xb is expected to have lower levels of chemokine production leading to a difficult recovery of infection. The control group, Group Y, should also have decreased levels of chemokine production relating to the symptoms of IPF. 

Statistical Analysis
A Kaplan-Meier survival analysis will be used to demonstrate overall survival of the mice and the difference in survival as comparison across all groups (Stefanski et al 2018). A One-way ANOVA including a post-hoc Turkey test and Student’s t test unpaired comparison will be used to determine if there was a significant difference between each group, represented by bar graphs (Stefanski et al 2018). Standard error will be given along with P values (P values < .05 are significant) (Stefanski et al 2018). 

Potential Pitfalls
	There are several obstacles within this experiment proposal that could happen and lead to setbacks. For example, if a portion of mice died from the progressive IPF before the allotted collection date then the sample size will be significantly too small. If this situation were to occur, there would be back-up mice readily available and extra DC/CCL21 to administer to the mice. Also, if the IPF progression is not substantially present by the 25-day mark there would have to be a change in the date of collection, which would push back the experiment or allow changes to be made in the amount of AEC’s taken from patients with IPF. Another major concern of mice survival, is if the mice die during the lung transplant process. If this seems to be a reoccurring obstacle, then mice will need to be more clearly evaluated prior to transplantation to make sure the immune systems are not immunocompromised before surgery. 
	The biggest pitfall that could potentially happen within this experiment is the vaccine not working the way it is expected. The vaccine could not provide necessary support to keep the mice alive before the set execution date or it could not show the ability to reduce rejection in the mice. Another possibility is the mice getting viral or fungal infections, in which the vaccine is targeting mainly bacterial infections. If these cases were to happen, the vaccine would need to be reevaluated and altered. Instead of taking AEC’s from lung tissue in IPF patients, other immune cells, like macrophages, could be used in the cell line. The time span of the vaccination could also be changed and either administered sooner or later to see if the results are improved. 
Potential Conclusions
This study would be critical for those suffering from ongoing rejection post-transplantation. These techniques can be the leeway to bettering the understanding of how proteins, such as CCL21, are motivated and function in the immune response to rejection. A main conclusion of this study would be administration of this vaccine, DC/CCL21, that inhibits CCL21 to decrease the number of deaths world-wide concerning post-transplant patients. Overtime, it would be expected that the mice used in this experiment would have higher survival rates as well as reduced rejection. 
Many studies in regards to this topic, have not been focused on since the late 1900’s into the early 2000’s. Since this topic is understudied, the results from this experiment would be beneficial at providing more data to conclude some unknown topic regarding post-transplant rejection. If the hypothesis of this study is supported, then the mice would have decreased levels of rejection due to the increase of the CCL21 chemokine and overall have higher survival rates. In 1998, the survival rate of individuals who received a lung transplant was around 40%. The knowledge and techniques of organ transplantation has increased, but there is still a lack in the prevention of chronic rejection in lung transplant patients (Wilhelm et al 1998). The survival rate post-lung transplant world-wide still has room for improvements (Thabut 2017). 
	If expected results are found, a lot of further research can be done to fill in more gaps. For example, these results can be a part of a future clinical trial. There also can be studies discovering if these results are sex dependent or if there are other variables that can alter vaccines efficiently. Overall, this study would be a remarkable step in decreasing post-transplant deaths as well as lowering the number of patients waiting on the transplant list. 
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