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Testing for modulators of IL7Ra expression using the Broad kinase/phosphatase shRNA library.
Background:  
The interleukin 7 receptor (IL7R) is a heterodimeric cytokine receptor composed of the common gamma chain and IL7Ra chain.  The IL7R is expressed in a cell type and stage specific manner on T and B cells in mice, and correctly regulated expression is necessary for proper development of mature B and T cells.  Overexpression of the receptor causes defects which vary with the level of expression: slight levels of overexpression actually allow normal development of at least T cells, with slightly elevated levels of mature T cells.  High levels of overexpression, however, lead to a block in T cell development at the double negative (DN2-DN3) and result in a greatly reduced number of SP T cells in the periphery.   The AKR/J mouse line overexpresses IL7R on both T and B cells due to an uncharacterized mutation and shows a shift toward CD4+ T cells as well as enhanced survival of thymocytes.  
IL7R was first recognized as an important receptor for lymphopoiesis due to the lymphopenia that results from deletion of either IL7 or its receptor.  Indeed, cases of human T-B+ SCID have been linked to deletion of IL7 or IL7Ra.  However, the functions of IL7R are not limited to its role in B and T cell development.  It has also recently been shown that IL7R signaling is important for the survival of naïve and memory T cells, and that IL7R expression is one of the first markers for precursor memory T cells.  
Memory T cells are an integral part of the adaptive immune response; they allow an organism to mount a faster and larger response after re-infection with a previously encountered pathogen.  Memory T cell populations are long lived, and are maintained by undergoing homeostatic turnover.  Despite the importance of this subset of T cells, little is known about how activated T cells transition to memory cells.  Once activated, naïve T cells begin a program of transcription and clonal proliferation that results in their becoming effector T cells.  In the case of CD8+ T cells, effector cells are capable of lysing virus infected cells via granzymes, perforins, and the engagement of the Fas receptor.  Over the course of the immune response the effector T cell population undergoes rapid expansion; however, as the pathogen is cleared the effector T cell population enters a contraction phase, during which 90-95% of all effector T cells undergo apoptosis.  The 5-10% of effector T cells that survive then form the memory T cell pool.  
It has recently been shown that as early as D7 after the initial exposure to pathogen, 5-10% of effector T cells re-express IL7R.  These IL7R+ cells, when sorted into a pure population, demonstrate memory-like phenotypes and functions, and are capable of directing a secondary response when transferred into naïve mice which are then challenged with antigen.  In contrast, IL7R- cells sorted from the same mouse fail to generate a secondary response after transfer into a naïve recipient.   It remains unclear what modulates the levels of IL7R during the effector to memory T cell transition; none of the known regulators of IL7R in T and B cells have been implicated in the regulation of IL7R during this transition.   

The importance of understanding how the effector to memory T cell transition is controlled lies in our ability to engineer effective vaccines that promote formation of a robust memory T cell pool.  Once the factors responsible for the upregulation of IL7R are identified it may be possible to isolate a molecular switch that designates certain effector cells as precursor memory T cells.  Manipulation of such a switch might allow researchers to generate memory T cell pools of a specific size in order to assay the impact of the size of the memory T cell compartment on secondary response.  In addition, vaccines, which currently struggle to generate an adequate memory T cell response, could be engineered to predispose toward a better memory T cell response.  


My initial analysis of the IL7R promoter using luciferase reporter constructs was unsuccessful in isolating promoter regions necessary for the transition from effector to memory T cells.  Luciferase reporter assays failed to generate high level expression in a variety of cell types, likely due to low levels of promoter activity in all cell types (while all cell types expressed IL7R, it was never expressed more than 10x above the isotype control).  Since this method has failed to produce any relevant data on the transcription factors controlling the effector to memory T cell transition the project will now shift to focus on analyzing an shRNA library to test for proteins whose knockdown results in altered levels of IL7R expression.  

To this end, we will obtain the Broad murine shRNA library, which contains shRNA against murine kinases and phosphatases, infect a murine T cell line with the shRNA constructs, and assay these cells for changes in IL7R expression.  Ideally, this primary screen will identify a number of genes that can then be validated in other T cell lines or in vitro generated memory T cells.  The protocol requires substantial optimization, as detailed below, with the goal of acquiring and testing the Broad shRNA library in January.
Experimental goals:
To make use of the Broad murine shRNA library to identify novel regulators of IL7R expression in T cells.  

Initial experiments:

1. Selection of an appropriate cell line:
a. Identify a cell line with at least one log difference between isotype control and CD127-stained samples.  
i. Transformed cell lines:

1. TK-1: CD8+ T cell line

2. R1.1: T cell line

3. S49.1: T lymphoma – still diploid

4. 300.19: pre-B cell line that expresses IL7R.

ii. Untransformed cell lines: generally these are a worse choice than the transformed cell lines because their growth is density-dependent.  If puro selection kills too many cells than the remaining cells might die as well.  
1. AE7: CD4+ Th1 cell line expressing IL7R
2. D10: CD4+ Th2 cell line expressing IL7R – derived from AKR/J mice, so IL7R expression is high and dysregulated.

3. L3.100: CD8+ cell line restimulated weekly – would have to time experiments to catch the same day post restimulation for each infection.  

2. Optimization of lentiviral infection of cell lines:
a. Cell seeding conditions in a 96 well plate:

i. Range of cells in 100uL
1. Range of LV is expected to be in the wells; want to optimize protocol so that there is good infection over a wide range of LV concentrations.

2. Optimal range will depend on cell type chosen; will be greater for non-transformed cell lines as maximal survival is desirable.  

3. Test density dependence of all cell lines.  Want a cell line that is not density dependent.

b. Optimize concentration of Polybrene to use for infection.   In the case of cells in suspension, TRC protocol suggests adding polybrene to the cells’ media, and then adding LV.  
i. Typical range of polybrene: 1-8ug/mL
c. Number of cells to use for infection in order to obtain maximum % infected – assay with GFP in 96 well plate format.  

i. Range of cells:  

ii. Range of LV is expected to be in the wells; want to optimize protocol so that there is good infection over a wide range of LV concentrations.

d. Concentration of antibiotic for selection.
i. 1-50ug/mL puro – depends on cell line.
e. Number of days until addition of selective agent

i. Addition early after infection may amplify density dependent effects of selection.  

f. Number of days for effective selection.

i. Cells not expressing pac should be dead 24-48h after addition of puro.
1. Primary Screen:  
a. Infect cells in 96 well plate format – add polybrene and cells to wells containing LV 
b. Wait for the amount of time determined above prior to adding puro.

c. Puro select 24-48h.

d. Assay level of IL7Ra surface expression.    
e. Select for further analysis any genes where at least 2/5 shRNAs cause consistent change in IL7R expression.

2. Secondary Screen:
a. Use either AE7s set to become MTCs or in vitro (peptide) stimulated primary T cells to assay functionality of any of the genes selected in the primary screen.  
b. Attempt to place candidate genes in known regulatory pathways involving IL7R expression.  

3. Tertiary Screen:

a. Transfect cDNA of regulators into activated T cells, check IL7R expression as cells become memory T cells. 
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