Using E. Coli to Regulate Th17 Cell and Treg Cell Levels
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Overview

This project intends to develop a device that targets immune system diseases through regulating Th17 and Treg cell concentrations. This project was designed and will be executed by the Stanford 2009 iGEM team. At the end of the 10-week research and bioengineering process, the completed device will be submitted to the iGEM (International Genetically Engineered Machines) competition, held annually at MIT. 

Background

This project looks to regulate Th17 and Treg cell concentrations in vitro with the hope of later devising a method, which could be used to regulate Th17 and Treg cell levels inside humans. Th17 and Treg cells are subgroups of T cells that play important roles in the immune system. T cells are divided into helper, cytotoxic and regulatory cell types. Treg cells, short for regulatory T cells, are the key regulators of immune responses to self-tissues and infectious agents. Th17 cells are a subset of the helper T cells, recognized as the master mediator of tissue damage in a variety of pathological conditions (Steinman). Both Th17 and Treg cells differentiate from naive CD4+ cells. This process is controlled primarily by the presence of TGF-(, IL-6, and possibly a few others interleukin signals. When IL-6 is absent, TGF-( regulated Foxp3 is expressed. This in turn blocks production of RORα and RORγ, and allows the CD4 cell to become a Treg cell. When IL-6 is present, it initiates signals that overcome Foxp3-mediated repression, allowing RORα and RORγ to be expressed (with TGF-( present), thus initiating Th17 differentiation (M. de la Rose et al.). Besides IL-6, another mechanism by which the body regulates the concentration of Treg and Th17 cell levels is through aryl hydrocarbon receptor (AHR). AHR, activated by its ligand 2,3,7,8-tetrachlorodibenzo-p-dioxin, induces functional Treg cells that suppress experimental autoimmune encephalomyelitis. On the other hand, AHR activation by 6-formylindolo[3,2-b]carbazole interferes with Treg cell development, boosting Th17 cell differentiation and increases the severity of experimental autoimmune encephalomyelitis in mice. Thus, AHR regulates both Treg and Th17 cell differentiation in a ligand-specific fashion (Quintana et al).
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Fig 1. Diversification of CD4 T cell lineages This figure demonstrates the cell fates of naive CD4 cells upon receiving different signals. 

Though T cells are the body’s main line of defense against foreign pathogens, T cells can be potentially harmful to its host. Despite the body’s ability to restrict production of T cells with specificity towards self-antigens, a process known as central tolerance, the complexity of the T cell production process nonetheless leads to the creation of harmful self-recognizing T cells. While it has long been known that these harmful T cells were the main causes of autoimmune diseases, the details regarding how the T cells caused these diseases had remained a mystery. Originally, Th1 cells were implicated in autoimmune diseases. However, Th1 cells produce the cytokine, IFN-γ, which, paradoxically, when blocked, seems to worsen autoimmune diseases (Matthys). This paradox was eventually reconciled with the novel hypothesis that autoimmune responses were a result of a shift away from the production of Treg cells and towards Th17 cell production. 

There are a number of ways through which Th17 can cause an inflammatory response. IL-17 leads to the production of IL-6, nitric oxide and prostaglandin E2 (Afzali), which, when combined with other inflammatory cytokines like IL-1β, tumor necrosis factor, IFN-γ, and CD40 ligand leads to an increase in local inflammation. IL-17 also regulates the presence of neutrophils and monocytes at sites of inflammation through the cehmoattractant mediators IL-8, monocyte chemoattractant protein, and growth-related protein, which promotes production of granulocyte-colony stimulating factor and granulocyte-macrophate. IL-17 also activates other T cells through the induction of co-stimulatory molecules by other cytokines (Afzali).

Th17 cells have been associated with a number of diseases and complications, such as rheumatoid arthritis, respiratory diseases, allograft rejection, systemic lupus erythematoisis, and multiple sclerosis. In rheumatoid arthritis, for instance, IL-17 up-regulates IL-6, IL-1β and TNF-α, which are inflammatory mediators, while stimulating production of matrix metaloproteinases and inhibiting matrix repair components such as proteoglycans and collagens (Afzali). A combination of these components ultimately has pathological effects on bone resorption, extracellular matrix degeneration, synovium proliferation and inflammation, blood vessel angiogenesis, and immune cell recruitment in the rheumatoid joint. The effects of IL-17 have been confirmed by injecting mice joints with excess amounts of IL-17, which has been shown to exacerbate the symptoms of arthritis (Lubberts).

To date, there have been no clinical trials that have tested the efficacy of anti-IL 17 treatments directly, nonetheless, there are a number of promising methods for regulating diseases and complications caused by Th17 cells. TNF blockers, for instance, have been shown to lower serum levels of IL-6 and IL-15, two cytokines which contribute to the production of IL-17. Another novel treatment involves the use of retinoic acid, a metabolite found in vitamin A. Early experiments performed on mice have demonstrated that retinoic acid has ameliorated the effects of rheumatoid arthritis by lowering the ratio of Th17 cells to Treg cells (Peck). Statins have also been hypothesized to down-regulate levels of Th17 cells, though the exact mechanism through which this process occurs is unknown. There is evidence suggesting, however, that statins interfere with Th17 cell production by down-regulating IL-6 and IL-23 (Zhang). 

The Project

This project looks to regulate Th17 and Treg cell concentrations in vitro. The aim for the summer is to create biological device that could be used to maintain the equilibrium of Th17 and Treg cell levels inside humans. The device consists of two components: one component responsible for regulating levels of Th17 cells and another responsible for regulating levels of Treg cells. As illustrated in the background, an imbalanced Th17 cell to Treg cell ratio can have dramatic consequences. In order to tackle the large task of creating a device which can down regulate levels of abnormally high Th17 and Treg cells in the body, the iGEM team was divided into five teams each with their own individual tasks. The five teams are as follows:

1. Inflammation Team

2. Immunosuppression Team

3. Pathogenicity Team

4. Modeling Team

5. Experimental Protocol Team
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Fig 2. Sketch of Device One
The first team will be responsible for creating a device, which can respond to high levels of Th17 cells. The device will detect harmfully high levels of Th17 cells by responding to high concentrations of nitric oxide, a chemical given off by Th17 cells. The nitric oxide then activates SoxR which leads to activation of the SoxS gene, and subsequent up-regulation of BLH through activation of a BLH producing gene. The BLH enzyme then cleaves the excess β-carotine in the system to form retinoic acid, which as mentioned in the background, increases levels of Treg cells while decreasing levels of Th17 cells. Retinoic acid increases levels of Treg cells by increasing the expression and phosphorylation of Smad3 which results in increased Foxp3, thus enhancing TGF-( levels, one of the necessary components to Treg production. Retinoic acid also inhibits the expression of IL-6α, IRF-4, and IL23R, all cytokines, which tend to increase levels of Th17 production (Xiao).
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Fig 3. Sketch of Device Two
The second team will be responsible for creating a device which regulates levels of Treg cells to insure that the immune system still is able to mount a response. Treg cells are able to down-regulate effector T cells through the use of indoleamine 2,3-dioxygenase, or IDO, which halts the growth of T cells by limiting tryptophan catabolism through the Kynurenine pathway. The decreased levels of tryptophan thus activates the tryptophan operon, which then activates a gene that upregulates levels of IL-6. IL-6 is one of the main components of Th17 production and when combined with TGF-( shifts the maturation of naïve CD4+ cells away from Treg cells and towards Th17 cells. 

The third team is responsible for optimizing the devices and developing mathematical models to fit the data observed. We believe that while gaining a qualitative understanding of how our system works will be important, true understanding of a system can only be gained once we can describe our system in a quantitative fashion. The modeling and optimizing team will primarily be using MATLAB and its various extensions to conduct their work. 

The fourth team will be responsible for identifying the factors that cause E. coli to provoke an immune response from Th17 cells, and design methods to get around such pathogenic responses. A variety of modifications would be made to the E. coli so that the E. coli containing the engineered device would not trigger an innate immune response when placed inside a human body. Some modifications include removal of pili (used for anchoring to surface of mammalian cells) and flagella (used to swim during chemotaxis), and modification of polysaccharides embedded in the outer membrane of the E. coli cells. 

Lastly, the Experimental Protocol group would be responsible for designing specific and detailed protocols that each device team will follow over the summer in order to build the machine and design assays to test the function of each device. 
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