1) Immune Regulation:
a) In which organ(s) does central tolerance control mechanisms take place? (please note as many as is relevant) Also, what type of selection occurs during this process of central tolerance, positive or negative? (2points) Central tolerance control mechanisms mainly take place in the primary lymphoid organs like the thymus and bone marrow. Central tolerance is the mechanism by which newly developing T cells and B cells are rendered non-reactive to self- therefore this process utilizes negative selection (deletion of self-reactive cells)
b) What is the difference between central tolerance and peripheral tolerance? (2points)
Central tolerance is distinct from periphery tolerance in that it occurs while cells are still
present in the primary lymphoid organs (thymus and bone-marrow), prior to export into 
the periphery, while peripheral tolerance is generated after the cells reach the periphery. In central tolerance the main control mechanism is clonal deletion in which self-reactive cells are removed while in peripheral tolerance the main control mechanism is clonal anergy and suppression by T regulatory cells.
c) During central tolerance, some autoreactive T cells die, but some turn into a
specialized type of T cell in the thymus. What are these T cells called? (1point)
These T cells are called Regulatory T cells. They can be considered both central tolerance 
and peripheral tolerance mechanisms, as they can be generated from self(or foreign)-
reactive T cells in the thymus during T cell differentiation, but they exert their immune suppression in the periphery on other self(or foreign)-reactive T cells.
d) What is the consequence for when central tolerance and peripheral tolerance fails? (1point) Defects in central and peripheral tolerance can lead to autoimmunity.
e) During Activation Induced Cell Death, which cellular receptor and receptor ligand are responsible for initiating Apoptosis? (2points) The receptor is Fas receptor (CD95) and FasL ligand.
f) Cells can die by neglect because when they don’t receive a co-stimulatory signal- what is the biological process we call this “death by neglect”?  (2points) Failure of Positive selection (weak binding to self antigens)


2) Cytokines and Chemokines:
a) A patient presents in the clinic with pulmonary tuberculosis. To effectively clear the Mycobacterium Tuberculosis pathogen: (2points)
i) Which type of immune response (Type 1 or 2) is needed? Type I
ii) Which cytokine is the most effective at clearing the Mtb pathogen? IFNg
b) A patient presents in the clinic with a severe inflammatory reaction against Mealie Meal that they ingested. As the clinical laboratory technician, you run an allergy immune panel to detect reactivity against Maize antigens. The test results come back positive. (2points)
i) Which type of immune response (Type 1 or 2) is causing this inflammatory response? Type 2
ii) Which of the Immunoglobulin isotypes was elevated in your diagnostic for you to come to the conclusion that the test was positive for allergy against Mealie Meal?  IgE
c) Please list some differences between Chemokines and Cytokines in reference to the following points:
i) Size of protein (you don’t have to be specific, relative differences are fine to mention) (0.5points) Chemokines (around 8-10 kilodaltons) are smaller whereas cytokines are around 20 kilodaltons
ii) Role in Immune function (1.5points) Cytokines are responsible for Cell-cell communication, response amplification, and Response regulation. Many cytokines have redundancy with other cytokines and can also behave pleitropically. Chemokines are chemotactic cytokines, their name is derived from their ability to induce directed chemotaxis in nearby responsive cells. They have the presence of four cysteine residues in conserved locations that are key to forming their 3-dimensional shape



d) Describe the steps involved in getting a leukocyte from a blood vessel into an inflamed tissue during leukocyte extravasation. (4points)
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Step 1: Tethering and rolling
In the first step, leukocytes attach loosely to the endothelium by a low-affinity selectin carbohydrate interaction. During an inflammatory response, cytokines and other mediators act upon the local endothelium, inducing expression of adhesion molecules of the selectin family. Selectin molecules are responsible for the initial stickiness of leukocytes to vascular endothelium. For example, L-selectin on leukocytes recognizes sialylated carbohydrates on two mucin-like molecules (CD34 and GlyCAM-1) expressed on certain endothelial cells of lymph nodes. 

Step 2: Triggering/activation of Integrins
Inflammatory chemokines activate integrins are heterodimeric proteins (consisting of an  and a chain) that are expressed by leukocytes and facilitate both adherence to the vascular endothelium and other cell-to-cell interactions. 

Step 3: Firm Adhesion
Firm adhesion is accomplished after the activation of integrins on the endothelial cells. The leukocytes is able to bind tightly (tighter binding than selectins)
 
Step 4:
[bookmark: _GoBack]Diapedesis: In order for circulating leukocytes to enter inflamed tissue or peripheral lymphoid organs, the cells must adhere to and pass between the tight junctions of the endothelial cells lining the walls of blood vessels, a process called diapedesis or extravasation.
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