SPECIFIC RESISTANCE (SPECIFIC IMMUNITY)





Specific Resistance (Immunity)


A.	Effective against only ONE organism


B.	Acquired following exposure


C.	Two types:


1.	Humoral immunity - antibody mediated


a.	Due to production soluble proteins - antibodies 


b.	Occur in body fluids, primarily plasma


2.	Cellular immunity - cell-mediated


a.	Due to production T-lymphocytes


b.	Occur primarily in tissues


D.	Often develop simultaneously





Antigens


A.	Definition:  


1.	Foreign material which when introduced in body 


2.	Stimulates an immune response (cellular, humoral, or both).


B.	Characteristics of antigens


1.	Foreign to host - chemical groupings (markers) must be different from those on host     cells (receptors) - called antigenic determinants  


2.	Possess 2 or more antigenic determinants (2 - bivalent, many - multivalent)


3.	Molecular weight - 10T or more


4.	May be soluble, particulate, cellular


5.	Examples:


a.	Soluble - toxins, enzymes, venom, plant extracts, medications, foods, foreign                                                            serums (proteins),


b.	Particulate - cell structures (cell walls, flagella, capsules, pili), viruses,


mold spores, pollen, house dust


c.	Cellular - microorganisms, viral infected host cells, foreign tissue cells, 				neoplastic cells, altered host cells


�
C.	Haptens


1.	Foreign chemicals that cannot initiate immune response (incomplete Ag.)


2.	If hapten combines with carrier protein ( complete Ag. ( initiates 


immune response


3.	Once immunity develops, will react with hapten alone (without carrier protein)





Cells of Immune system


A.	Macrophage - tissue phagocyte


1.	Antigen processing cell


a.	“Processes” the Ag. – engulfs and digests antigen


b.	“Presents” Ag. deter. on surface of cell membrane - Ag. deter. attach to sites on cell membrane    


2.	Secretes Interleukin I  - attract additional macrophages and lymphocytes


B.	Lymphocytes - two types B-lymph. and T-lymph.  


1.	B-type lymphocyte - mature in bone marrow, GALT (gut associated lymphoid tissues)


a.	Possess surface receptors (immune receptors - IgD) - react with about 100T different Ag.  


b.	Function - development humoral immunity 


c.	20 - 25% total lymphocytes in blood, tissue


2.	T-type lymphocytes - mature in thymus


a.	Secrete soluble proteins - lymphokines


b.	75 - 80% total lymphocytes


c.	Four subgroups:


1)	TH lymph. (CD4, T4) - helper - initiates immune responses 


2)	TS lymph. - suppressor - downgrades immune response; # TH(TS


3)	TC lymph. (CD8, T8) - cytotoxic - responsible for cellular immunity


4)	TDH lymph. - delayed hypersensitivity


3.	Plasma cells 


		a.	Arise from B lymph. following antigenic stimulation (clonal selection theory)  


		b.	Produce soluble proteins - antibodies (humoral immunity).





�
Humoral Immunity


A.	Due to production of soluble proteins - antibodies occurring in body fluids (primarily plasma)


B.	Develops in response to bacterial cell components, toxins, enzymes, viruses


C.	Antibodies


1.	Definition 


a.	Soluble proteins occurring in plasma, body fluids 


b.	Formed in response to presence of Ag. 


c.	Have the ability to react specifically with that Ag. to destroy, inhibit, or neutralize that Ag.


2.	Characteristics of Ab.


a.	Soluble proteins - gamma globulins (immunoglobulins)


b.	Possess 2 or more binding sites (for Ag.)


c.	Binding sites are COMPLEMENTARY in structure to Ag. deter. on Ag.


d.	Ab. binding sites react SPECIFICALLY with Ag. deter. on Ag.


3.	Antibody structure   


a.	Consists of:


1)	Heavy chains - 2 chains - 400 amino acids  


2)	Light chains - 2 chains - 200 amino acids  


3)	A.A. chains held together by disulfide bonds


4).	Flat model: ����	
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b.	Ab. molecule may occur in T-shape or Y-shape (significance to be discussed)


		c.	SEE HANDOUT to identify all parts of Ab. molecule


d.	Five classes Ab. molecules  


	1).	Based on differences in structure of constant regions on heavy chains


2).	IgG 


a).	Most abundant (80% - 85%) - largely responsible for immunity 


b).	Occurs primarily in 	plasma


c).	Smallest - crosses placenta ( temporary protection to newborn 	d).	Longest lasting


�
3).	IgM 


a).	Largest Ab. - consists of 5 basic Y molecules,


b).	10 combining sites - most reactive 


c).	First to be produced


d).	5 - 10%


4).	IgA 


a).	Secretory Ab. - primarily occurs in secretions: 	(mucus, saliva, GI tract secretions, human milk)


b).	Protects mucus membranes; protects newborns 


c).	Consists of 2 basic Y molecules with 4 combining sites


d).	10%


5)	IgE 


a).	Y molecule with 2 sites 


b).	Allergic Ab. - binds to surface of mast cells 


c).	Normally occurs in minute 	concentrations but some individuals produce abnormal ( levels


6)	IgD 


a).	Single Y molecule – less than 1%  


b).	Binds to surface B lymphs


c).	Believed to function as immune receptors - react with Ag. deter. which then initiates development humoral immunity 





D.	Development of Humoral Immunity    (Production of Antibodies)


	1.	Macrophage – antigen processing cells


		a.	Phagocytosis – engulfs and digests Ag.


		b.	Antigenic determinants presented on cell membrane


		c.	Secrets Interleukin I – attracts additional macrophages and lymphocytes


	2.	TH Lymphocytes 


		a.	Secrete Interleukin II


		b.	Stimulates proliferation and differentiation B lymphocytes


	3.	B Lymphocytes


		a.	React with antigenic determinants


		b.	Proliferate forming clone identical immature B lymphocytes


		c.	Differentiate into plasma cells and memory cells


	4.	Plasma Cells


		a.	Secrete antibodies


		b.	Antibodies react specifically with antigen


	5.	Memory Cells


		a.	Some of immature B lymphs. develop into memory cells


		b.	React specifically with same antigen upon subsequent exposure


		c.	Proliferate rapidly forming plasma cells and memory cells


		d.	Plasma cells produce same antibodies ( react specifically with antigen	





E.	Antibody Levels - produced in response to antigen  


1.	Following primary exposure - no Ab. produced for approximately 1 week


2.	Gradual increase in Ab. level, in 2nd wk. peaks and levels off


3.	Eventually Ab. level decreases


4.	Ab. level remains low till next exposure to same Ag.


5.	Anamnestic response - following subsequent exposure (  immediate increase in Ab. to even higher level; 1 to 3 days 


			 


F.	Types Antigens


	1.	T-dependent antigens – require TH lymphs.


	2.	T-independent antigens – do not require TH lymphs.; react directly with B lymphs.





G. 	Ag-Ab Reactions in VIVO


1.	Ag-Ab reactions specific


2.	Due to COMPLIMENTARY structure Ab. binding site and Ag. deter.


3.	Types of Ab. (based on reaction with Ag.)


a.	Agglutinins:        (agglutination)


Ab. + particulate Ag. ( clumping ( phagocytes


b.	Precipitins:        (precipitation)


Ab. + soluble Ag. ( insoluble ppt. ( phagocytes


c.	Opsonins:           (opsonization)


Ab. + surface Ag. (capsule)  ( surface “sticky” ( phagocytes


d.	Antitoxins:


Ab. + exotoxins ( neutralized ( ppt. formed ( phagocytes


�
e.	Neutralizing Ab:


Ab. + viruses ( inhibits attachment to host cell receptor sites


f.	Lysins (complement fixing Ab):


1).	Ab. + cellular ag. ( Ab-Ag complex


2).	Ag-Ab complex + complement ( complement cascade ( lysis of Ag. cell membrane, phagocytosis, inflammation


3)	Ab. change from T shape to Y shape


	a).	Occurs in Ab. with complement binding site


	b).	T shape


		(1).	Occurs before Ab. reacts with Ag.


		(2).	Light chains cover complement binding sites


	(3).	Prevents activation complement cascade 


(4).	Prevents lysis host cells


				c).	Y shape


					(1).	Occurs after Ab. reacts with Ag.


					(2).	After reaction with Ag., arms pivot upward ( Y


					(3).	Complement binding sites exposed


					(4).	Activate complement cascade


					(5).	Lysis Ag. membrane, ( phagocytosis, inflammation	





H.	Ag-Ab Reactions in VITRO


1.	Serology - study of Ag- Ab reactions


a.	Reactions are specific


b.	Results generally very accurate


2.	Monoclonal antibodies


a.	Specific for one particular Ag. deter.


b.	Produced by tissue culture cells


c.	Myeloma (neoplastic) cell + sensitized lymph forming hybridoma cells ( 				secrete monoclonal antibodies


�
3.	Types of serology tests (immunologic tests)


a.	Agglutination:  particulate Ag. + Ab. ( visible clumping (agglutination)


b.	Precipitation: soluble Ag. + Ab. ( visible ppt. (precipitation)


c.	ELISA - Enzyme Linked Immunoabsorbent Assay  �
1).	Antibodies tagged with Ez that reacts with substrate that changes colors when Ez-substrate complex formed


2).	Ag. + Ab. ( Ag-Ab complex


3).	Ag-Ab complex + Ez ( Ag-Ab-Ez


4).	Ag-Ab-Ez + substrate ( visible color change


d.	READ:  Descriptions of additional tests in text


�



I.	Types of Immunity  


1.	Active immunity 


a.	Immunity produced by host’s Ab producing cell following exposure to Ag.  


b.	Usually long lasting


1).	Naturally acquired 


a).	Experience with Ag. - illness or inapparent (subclinical) illness


b).	Long lasting; may produce life-long immunity


2).	Artificially acquired - immunization with vaccine (antigen)


2.	Passive immunity 


a.	Host receives preformed Ab.


b.	Immunity of short duration


c.	Immediately effective


1).	Naturally acquired - mother to fetus (IgG)


2).	Artificially acquired - injection of preformed Ab. (antiserum) provides immediate protection, but of short duration





J.	Vaccines - antigenic preparations


1.	Inactivated (killed) organisms


Ex:  Bacterial - pertussis, typhoid


       Viral - influenza, rabies


2.	Viable attenuated organisms


Ex:  Bacterial - TB, tularemia


       Viral - MMR, polio (Sabin), smallpox 


3.	Toxoids - inactivated, exotoxins


Ex:  tetanus, diphtheria


4.	Antigenic fractions - extracted from organism, genetically engineered


Ex:  capsular Ag. of Strep. pneumoniae, Hib (Haemophilus influenzae,B) 


       genetically engineered protein - Hepatitis B





K.	Antiserums - antibody preparations


1.	Prepared in lab animals, or tissue cultures


2.	Typing antisera - serology lab tests


3.	Therapeutic antisera - provides artificially acquired passive immunity





Cellular Immunity


A.	Due to development TC (CD8, T8) lymphocytes 


1.	TC lymphs. become sensitized to specific Ag. 


2.	Associated with tissues


B.	Develops in response to: 


1.	Ag. on whole (intact) cells.  


2.	Ag. usually introduced directly into tissues.  


3.	Ex:  intracellular bacteria, systemic fungi, protozoans, helminths, viral infected host cells, neoplastic cells, foreign (transplanted) tissue cells, altered host tissue cells





C.	Development of Cellular Immunity 


	1.	Macrophage – antigen processing cell


		a.	Phagocytosis – cell engulfs and digests antigen


		b.	Antigenic determinants presented on cell membrane


		c.	Secrets Interleukin I – attracts macrophages and lymphocytes


	2.	TH Lymphocytes


		a.	React with antigenic determinants on cell membrane


		b.	Secrete Interleukin II – stimulates proliferation and differentiation TC lymphs.


	3.	TC Lymphocytes


		a.	React with antigenic determinants 


		b.	Proliferate forming clone identical immature TC lymphocytes


		c.	Differentiate into “activated” TC lymphs. and memory cells


		d.	“Activated” TC lymphs. react specifically with antigen


		e.	Secrete perforin –causes lysis Ag. cell membrane


4.	Memory Cells 


		a.	Some of immature TC lymphs. develop into memory cells


		b.	React specifically with same antigen upon subsequent exposure


		c.	Proliferate rapidly forming “activated” TC lymphs. and memory cells


	d.	“Activated” TC lymphs. react specifically with antigen ( perforin ( lysis Ag.


5.	Time


	a.	Following primary exposure – 2 to 3 weeks


	b.	Following subsequent exposure – 3 to 5 days





Simultaneous Development of Humoral and Cellular Immunity  -  SEE HANDOUT





Downgrade Immune Response


A.	Due to TS lymph    


B.	#TH > TS  


C.	TS react with Ag. deter. on macrophage


D.	Interleuken II stimulates multiplication of TS lymph


E.	TS lymph multiply till they equal or outnumber TH lymphs


F.	Secrete suppressor factor which inactivates production Interleuken II by TH lymph


G.	B lymph, TC lymphs no longer proliferate ( immune responses decrease
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