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Immunology Road Map		Dr. J.M. Taylor (tayl3736@msu.edu)
MSU-COM Road Map: Immunology

· John M. Taylor, Ph.D., Immunology Thread Director
· Please email your questions to tayl3736@msu.edu 
Overview
The foundational basic concepts in immunology will be discussed predominantly in OST 520 within semester 2.  Advanced concepts will be introduced in further systems courses, while revisiting and adding to core concepts.  In OST 520, students will learn the basics of the immune response, such as innate immune mechanisms, adaptive lymphocyte responses, functions of T and B lymphocytes, how antibodies are produced, concepts in hypersensitivity and principles of vaccines.  
In subsequent courses, more specific applications of immunology will be discussed, such as autoimmunity in the context of rheumatoid arthritis and diabetes, the immunology of blood typing, transplant and cancer immunology, and the immune responses of the skin and respiratory tract.

Associated Resources in Immunology
· Basic Immunology 7th Ed.
· Harrison’s Principles of Internal Medicine
· Pathologic Basis of Disease, Ch. 6, Diseases of the Immune System (The Normal Immune Response, and Cytokines)


Semester 2:  OST 520 
(Foundations of Biomedical Science)

Introduction to Immunology 
· What is the immune system?
· Self vs. non-self molecules
· Primary vs. Secondary Immunodeficiencies, autoimmunity
· Cellular communication 
· Types of cytokines (Interleukins, interferons, colony stimulating factors, chemokines)
· CD markers and cell-surface proteins
· Innate immune system vs. adaptive immune system
· Advantages, limitations of each, and basic components
· Cells of the immune system (leukocytes, lymphocytes)
Innate Defenses I and II
· Basic features of the innate system 
· Physical barriers: skin, mucus membranes, ciliated surfaces
· Chemical barriers: pH, lysozyme, surfactants, antimicrobial peptides
· Detection of pathogens: TLRs/PRRs and PAMPs
· Inflammation (TLR signaling, IL-1, 6, 8, TNF-alpha)
· Acute phase proteins: C-reactive protein; erythrocyte sedimentation rate
· Opsonins and opsonization
· Severe systemic inflammation: SIRS and sepsis
· Phagocytes: neutrophils (polymorphonuclear cells), macrophages, dendritic cells
· Phagocyte (NADPH) oxidase: ROS and the respiratory burst 
·  Neutropenia; G-CSF
· Functions of macrophages: phagocytosis or wound healing
· Killing of microbes via ROS, role of IFN-γ
· Granulocytes (eosinophils, mast cells, basophils)
· Anti-parasitic role, allergies; IL-4, IL-5, IL-13
· Complement: C3, C5, and the membrane attack complex
· Complement activation, membrane attack complex
· Innate immune deficiencies
· Sporadic congenital neutropenia (SCN)
· Leukocyte adhesion deficiency (LAD)
· Chronic granulomatous disease (CGD)
· Complement defects
Adaptive Immunity
· What is an antigen?  Lymphocytes and antigen receptors
· T lymphocytes (CD3, CD4, CD8), helper T cells, cytotoxic T cells
· Primary and secondary T cell responses
· The T cell receptor (TCR)
· The T cell receptor, T cell activation, antigen presentation (MHC I and II)
· Dendritic cells: immature vs. mature
Antigen Presentation
· Intracellular antigens, peptide processing, and MHC I
· Activation of CD8+ T cells
· Extracellular antigens, peptide processing, and MHC II
· Activation of CD4+ T cells
· Cross-presentation of antigens by dendritic cells

T Cell Development
· Basic T cell receptor structure: variable regions, conserved regions
· Maturation of T cells (Positive and negative selection)
· T cell receptor DNA recombination/mutation: RAG, TdT, VDJ rearrangement, TCR diversity
· T cell immunodeficiencies: SCID 
Cell-mediated Immunity I and II
· T cell activation: TCR, MHC, CD3, CD28 and CD80/86 (B7.1/.2)
· T cell proliferation and differentiation: IL-2, IL-2R, CD25
· CD4+ Helper T cells: types (Th1, Th2, etc.), functions, activation by MHC II
· Th1 cells: IL-12, IFN-γ, M1 macrophages
· Th2 cells: IL-4, IL-5, IL-13; allergies; M2 macrophages and wound healing
· Th17 cells: IL-17, epithelial protection
· Regulatory T cells (Tregs): IL-10, TGF-β, CTLA-4
· CD8+ Cytotoxic T cells: activation, differentiation, activation by MHC I
· Killing of target cells: FasL, granzymes, perforin
· Regulation of T cells: homeostasis, inhibitory receptors (CTLA-4, PD-1/PD-L1, Fas/FasL)
· NK cells: detection of MHC I and virus-infected cells
· Primary T cell deficiencies
· Severe combined immunodeficiency (SCID); x-linked, ADA, RAG
· Screening newborn infants: T cell receptor excision circles (TRECs)
· DiGeorge syndrome
· Secondary acquired immunodeficiencies: overview 
Introduction to Humoral Immunity
· Antibody basics: soluble antigen-binding protein, and the B cell receptor
· Antibody structure: Fab and Fc regions
· Comparison of antibody isotypes (IgA, IgD, IgE, IgG, IgM)
· Comparison of antibodies and T cell receptors
· Types of B cells: naïve, follicular, plasma and memory B cells 
· Basic functions of antibodies
· Neutralizing antibodies, opsonization, complement activation, mucosal immunity 
· Fc receptors: antibody-dependent cellular phagocytosis or cytotoxicity (ADCP/ADCC)
B Cell Development
· Structural regions of antibodies (variable, constant; Fab vs. Fc); isotypes
· Generation of DNA diversity: RAG, Tdt, Artemis, other repair enzymes: VDJ recombination
· Heavy and light chain DNA Ig locus rearrangements
· B cell maturation, T cell-independent vs. T cell-dependent responses
· Humoral immunodeficiencies: CVID, XLA
B Cells and Antibodies I and II
· B cell activation, the B cell receptor; BCR cross-linking, clonal expansion, differentiation
· Isotype switching and affinity maturation
· Role of CD4+ helper T cells, CD40L/CD40
· Activation-induced deaminase (AID)
· Primary vs. secondary antibody responses
· Antibodies and passive immunity
· Neonatal immunity (antibody transfer to newborn infants)
· Convalescent serum (e.g. IVIg); monoclonal antibodies
· Antibodies and Diagnostics
· Antibody titers (serum dilutions, acute/convalescent titers, etc.)
· ELISA/EIA (indirect, sandwich); lateral flow assays; agglutination assays
· Flow cytometry; western blotting
· Immunofluorescence/immunohistochemistry (IFA/IHC)
· Pathogen evasion of antibodies
· Genome mutation, antibody-binding proteins, capsules, etc.
· Humoral Immunodeficiencies
· XLA (x-linked agammaglobulinemia; Bruton’s agammaglobulinemia BTK)
· Hyper IgM syndromes (HIGM): x-linked, autosomal recessive (CD40, CD40L, AID)
· Selective IgA deficiency
· Common variable immune deficiency (CVID)
· Asplenia/splenectomy
Hypersensitivities
· Type I: Immediate allergic (IgE) hypersensitivities
· Mast cells, haptens; anaphylaxis
· Type II: Antibody-mediated direct tissue/cell damage
· Autoimmune hemolytic anemia; Graves’ disease; myasthenia gravis
· Foreign tissue transplant rejection
· Type III: Soluble antibody-antigen complexes
· Systemic lupus erythematosus (SLE); post-Streptococcal glomerulonephritis
· Type IV: Delayed-type hypersensitivity (DTH); T cell-mediated 
· Allergic contact dermatitis; Stevens-Johnson syndrome (SJS); Tuberculosis testing
Immunology of Vaccines
· History and principles of vaccination
· Passive vs. active immunity; natural vs. artificial immunity; herd immunity
· Types of vaccines
· Subunit (purified protein, toxoid, polysaccharides)
· Live-attenuated; killed (inactivated); recombinant viral vectors, mRNA vaccines
· Components of vaccines to enhance efficacy: Adjuvants; protein carriers and haptens
Semester 2: OST 521 
(Musculoskeletal)
Introduction to Autoimmunity
· Tolerance: Negative selection of T cells
· Central tolerance in the thymus (AIRE)
· Peripheral tolerance, regulatory T cells (Tregs), FOXP3
· CTLA-4, PD-1/PD-L1
· Autoimmune disease
· Genetic and environmental risks, role of infection
· Single-gene defects leading to autoimmune disease (IPEX, APS-1)
· HLA allele polymorphisms and MHC proteins
· HLA alleles and autoimmunity susceptibility
· Autoimmune mechanisms of rheumatoid arthritis
· Autoantibodies (anti-citrullinated protein antibodies; rheumatoid factor)
Semester 2: OST 522 
(Hematology, Oncology, and Infectious Diseases)
Immunology of Blood Typing
· Blood group antigens (ABO, Rh) and antibodies
· Blood type incompatibilities: hemolytic transfusion reactions
· Blood antigen/antibody testing: hemagglutination, Coombs reactions
· Forward and reverse typing; direct and indirect Coombs
Transplant Immunology
· Types of transplants (autologous, syngeneic, allogeneic, xenogeneic)
· MHC alleles and HLA polymorphisms
· Host vs. Graft transplant rejection: direct and indirect allorecognition
· Hyperacute, acute, chronic
· Graft vs. host disease (GVHD)
· Prevention of transplant rejection: matching tissue/blood types; immunosuppression
Cancer Immunology
· Role of the immune response in detecting and eliminating cancer
· Tumor antigens; anti-tumor T cells and antibodies
· Tumor antigens, and tumor immune evasion strategies
· Mechanisms of tumor immunotherapy: 
· Monoclonal antibodies
· T cell checkpoint inhibition (PD-1/PD-L1; CTLA-4)
· CAR-T cells (chimeric antigen receptor T cells)
HIV/AIDS
· Retroviruses: HIV structure and genome
· HIV replication (gp120/41, reverse transcriptase, integrase, protease)
· Transmission and cell targets of HIV:
· CD4+ T cells, macrophages
· Phases of HIV infection (Acute, asymptomatic/latent, AIDS)
Semester 3b: OST 526 
(Endocrine)
Immunology of Diabetes
· General immune mechanism of T1DM
· CD8+ T cells, pancreatic β cells
· Autoantibodies in T1DM
· Genetic heritability for T1DM: HLA alleles and the role of MHC
· Other autoimmune diseases with T1DM-related effects
· IPEX (x-linked polyendocrinopathy and enteropathy)
· APS-1 (autoimmune polyendocrine syndrome)
Semester 4: OST 531 
(Reproduction, Development and Sexuality)
Immunology of Blood Types in Pregnancy
· ABO and Rh antigens and antibodies revisited; hemolytic transfusion reactions
· Hemolytic disease in the fetus and newborn (HDFN)
· Sensitization/elicitation phases
· Testing for incompatibility: hemagglutination and Coombs reactions
· Preventing HDFN in the fetus: anti-D (anti-Rh) 
Semester 4: OST 532 
(Integumentary)
Immunology in Dermatology
· The skin as a barrier
· TLR receptors and Th17 cells (IL-17, IL-23); inflammation (IL-1, IL-6, TNF-α); Tregs
· Foreign antigen responses in skin: 
· Direct infection; allergies; atopic dermatitis; allergic contact dermatitis; SJS-TEN
· Autoimmune diseases
· Pemphigus; SLE; vitiligo
· Autoinflammatory conditions: pyoderma gangrenosum
· Complex inflammatory diseases: psoriasis
Semester 5b: OST 535 
(Respiratory)
Immunology Principles
· Basic pulmonary defenses
· Cellular defenses: phagocytes (macrophages, neutrophils); CGD
· Tuberculosis and granulomas
· Cell-mediated and humoral immune responses
· T cell activation, MHC, the TCR, and T cell deficiencies
· Antibody isotypes and function (neutralization, opsonization, XLA, HIGM)
· Hypersensitivities and vaccines
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