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Immunology 102- The adaptive immune response -
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Overview
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What are the two main phases of an immune response to a pathogen?
 • Innate
 • Adaptive
 immune responses
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What are the differences?
 rapidslowerPAMPSSp. Agslimitedvery largenoneyes
 • Time course
 • Specificity
 • Diversity
 • Memory
 Innate Adaptive
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Cells of the adaptive immune response
 • Lymphocytes– B lymphocytes (B cells)– T lymphocytes (T cells)
 • Antigen presenting cells (APCs)
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B lymphocytes
 • Main function is antibody production
 – Humoral immune response
 • Main target:
 – Extracellular pathogens
 – Predominantly bacteria
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B lymphocytes make antibody
 • Naïve B cells initially express membrane-bound antibody (the B cell receptor)
 • Antigen activated B cells secrete antibodies
 – Circulate in biologic fluids, or
 – Bind to the surface of immune effector cells via Fc receptors
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Immunoglobulins
 • Diverse specificities for all types of molecules
 • Can bind virtually any antigen (anything)– Macromolecules
 • Proteins
 • Lipids
 • Polysaccharides
 – Small molecules
 • Both linear and conformational determinants recognized
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Immunoglobulins cont.
 • Surface bound antibodies may exist on:– Macrophages
 – NK cells
 – Neutrophils
 – Mast cells etc.
 • Ag + antibody + Fc receptor binding leads to internalization and degradation of the entire molecule
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Phases of the humoral immune response
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Adaptive immune response to extracellular pathogens
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Immunologic memory
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T lymphocytes
 • Classification:
 – Mature in thymus
 – Surface TCR
 – Recognize antigen (peptide) in the context of MHC (need APCs) (except NKT cells)
 • Most function in adaptive immunity
 – Exception gamma-delta T cells
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Antigen presenting cells
 • Recognize antigen
 • Present it to T cells in the context of MHC
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Antigen presenting cells
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T cells are fussy!!!
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APCs are clever!!!
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T lymphocytes
 • Smorgasbord of subsets– T helper (Th) cells
 • About 50% of total circulating lymphocytes• Th1, Th2, Th3 and more• Memory T cells
 – Cytotoxic T cells (Tc)– Regulatory T cells (Tregs)– NKT cells

Page 20
                        

NK T lymphocytes
 • Suppress or activate innate and adaptive immune responses
 • Differentiate from NK cells
 • Limited specificity for glycolipid-CD1 complexes
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Memory T lymphocytes
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Regulatory T lymphocytes
 • Suppress the function of other T cells
 – Regulate immune responses
 – Maintain self-tolerance
 • Very few in circulation, ~10% of the lymphocyte population in LN and spleen
 • Markers:
 – CD4+, CD25+, FoxP3+, CD3+
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Cytotoxic T lymphocytes
 • 2 main functions:
 – Kill cells infected with microbes
 • ie. IC pathogens, viruses
 – Kill tumor cells
 • Recognize antigen in the context of MHC type I
 • Markers:
 – CD8+, CD4-, CD3+
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Tc cell activation

Page 25
                        

T helper lymphocytes
 • 2 main functions:
 – B cell differentiation (humoral)
 – Macrophage and Tc activation (cell-mediated)
 • Recognize antigen in the context of MHC type II
 • Markers:
 – CD4+, CD8-, CD3+
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Downloaded from: StudentConsult (on 31 January 2010 09:58 PM)© 2005 Elsevier
 Th cells see EC pathogens with MHCII
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Th cell activation

Page 28
                        

T helper lymphocytes
 • 2 main functions:
 – B cell differentiation (humoral)
 – Macrophage and Tc activation (cell-mediated)
 • So who helps who?
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Th1 – Th2 hypothesis
 CD4+ Th cells were originally differentiated into 2 groups (functional classification):
 • Th1:– Develop from naïve T cells under IL-12 influence
 from APCs– Produce IFN-γ– Involved in CMI (help Tc cells)– Immunity to intracellular pathogens
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Th1 – Th2 hypothesis
 CD4+ Th cells were originally differentiated into 2 groups (functional classification):
 • Th2:– Develop from naïve T cells under IL-4 influence– Produce IL-4, IL-5, IL-13– Involved in humoral immune response (help B cells)– Immunity to EC pathogens, helminths
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Th1 – Th2 hypothesis
 • Also explained some immune mediated and allergic diseases:– Th1 --> organ specific auto-immunity– Th2 --> allergy, atopy
 • But, did not fit all diseases
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A changing paradigm
 • Th17 cells newest subset of T helper cells• Originally thought to be Th1 cells• IL-17 can’t be classified as typical Th1 or Th2
 cytokine (Infante-Duarte, et al. 2000)
 • IL-23 promotes: • Production of IL-17 from activated T-cells• Expansion of IL-17 producing CD4+ cells
 (Aggarwal et al 2003)
 • Lots of hypotheses, but not much known about function
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Differentiation of CD4+ T helper cells
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Th17 cells
 • Characterized by their ability to make IL-17• IL-17 functions:
 – Pro-inflammatory cytokine– Mediates multiple chronic inflammatory
 responses• Angiogenisis • Leukocyte recruitment and chemotaxis• Proinflammatory activation of endothelial
 and epithelial tissues
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Th17 cells
 • Involved in clearance of organisms that Th1 and Th2 can’t handle?
 • Immunopathology:– IBD– MS– Psoriasis– Psoriatic arthritis– Ankylosing spondylitis
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Inflammatory Bowel Disease
 • Secondary inflammation from an aberrant immune response to GI microflora, food etc.– Ulcerative colitis-only colon
 mucosal layer affected– Crohn’s disease-all layers &
 segments of GI tract can be affected
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Th17 cells in IBD
 • Increased numbers of Th17 cells are found in the bowel wall of human IBD patients
 • Th17 driven inflammation produces more severe colitis then Th1 inflammation (mice)
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IL-23 in IBD
 • IL-23 – Maintains Th17 activation – Anti-IL-23 antibodies decreased colitis (mice)
 • Genetic predisposition???– Certain IL-23R (polymorphic gene) on Th17 cells
 may predispose a patient or worsen the clinical signs of IBD
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Anti-inflammatory effects in GI disease
 • Th17 cells may have some protective mechanisms– IL-17A fortifies tight junctions between epithelial
 cells in vitro– Anti-IL-17 antibodies increases severity of colitis in
 mice
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Pro-inflammatory effects in GI disease
 • Th17 also secrete other pro-inflammatory cytokines– IL-21 and IL-22 (significantly increased in IBD) – Exposure to high levels of IL-23 (or
 hyperresponsive to IL-23) likely activates full pathogenic/anti-bacterial functions
 http://rds.yahoo.com/_ylt=A0WTb_7LYlBI5ScBhIyJzbkF;_ylu=X3oDMTBpZTByOGFiBHBvcwMyBHNlYwNzcgR2dGlkAw--/SIG=1gc7sj5j5/EXP=1213314123/**http://images.search.yahoo.com/images/view?back=http%253A%252F%252Fimages.search.yahoo.com%252Fsearch%252Fimages%253Fp%253Dcrohns%252Bdisease%2526fr%253Dyfp-t-313-s%2526ei%253Dutf-8%2526js%253D1%2526x%253Dwrt&w=130&h=128&imgurl=www.bodyofwealth.com%252Fimages%252Fcrohns-disease_3203.jpg&rurl=http%253A%252F%252Fwww.bodyofwealth.com%252F&size=4.5kB&name=crohns-disease_3203.jpg&p=crohns+disease&type=JPG&oid=006682d356063d0e&no=2&sigr=10s7r8bq5&sigi=11jcn2umq&sigb=130na0648&tt=914
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The role of Th17 in Multiple Sclerosis (MS) and Experimental Autoimmune
 Encephalomyelitis (EAE)
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MS Epidemiology• Chronic, progressive, debilitating, neurologic Dz
 • ~ 1 million people worldwide
 • Heterogenous clinical presentation
 85% of people
 15% of people

Page 43
                        

MS Pathophysiology
 • Autoreactive T cells attack the CNS white matter multiple demyelinating lesions
 • Myelin basic protein (MBP) is an important self Ag
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Waves of proinflammatory Th cells infiltrate the CNS during acute attacks
 Dz can be visualized on MRI as gadolinium enhancing lesions
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MS Etiology and Treatment• Etiology:
 – Unknown; Genetic and environmental risk factors– Underlying viral infection (eg. EBV)
 • Treatment:– Anti-inflammatories (High dose Csts - acute attacks)– Immunosuppressives (mitoxantrone)– Immune modulators (IFNs)
 • Prognosis:– Poor long term Px; 50% at least dependent on a
 walking aid after 15 years of disease
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The Role of Th17 in EAE
 EAE is a rodent model of MS
 • Originally though to be Th1 mediated, but ……….– Th1/IL-12 knockout mice still develop EAE, while– IL-23 knockout mice are not susceptible to EAE (Cua et al., 03)
 • Helped elucidate the role of Th17 cells in MS:
 – Neutralization of IL-17 the severity of EAE (Cua et al., 2003)
 – IL-17A deficient mice show delayed onset and reduced maximum severity scores in EAE (Komiyama et al., 2006)
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The Role of Th17 in MSWhat we know from PBMNC cultures:• patients w/ active MS display MBP-induced
 Th17 proliferation• IL-17 production correlates with the presence
 of active MS plaques on MRI (Hedegaard et al., 2008)
 What we know from CSF:• Th17 cells migrate preferentially across the BBB• Higher expression of IL-17 mRNA and
 [IL-17] in patients with active MS
 What we know from brain tissue:• IL-17 +ve perivascular lymphocytes present in active
 MS lesions vs quiescent lesions (Tzartos et al., 2007)
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Rheumatoid arthritis
 • 1-2% of the population worldwide
 • Cost $2 billion/year• Chronic systemic
 disease• Aetiology unknown• Treat the cause….
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Th17 cells – Summary -
 • Newly discovered subset of CD4+ T helper cells
 • Involved in the pathogenesis of many chronic inflammatory diseases
 • Exciting implications for disease treatment
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