14.1 Lymphatic System

lymphatic system
- one-way system of lymphatic vessels connect with the cardiovascular system
-lymphatic vessels and lymphoid organs have 3 main functions
-collect and return excess tissue fluid to the blood stream
- transport fat molecules absorbed at the lacteals to the blood stream

- the help defend body against disease

lymphatic
- most regions of the body are richly supplied vessels with lymphatic capillaries 
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-the construction of the larger lymphatic vessels is similar to cardiovascular veins, including the presence of valves

- the movement of lymph within these vessels is dependent upon skeletal muscle contraction

-is a one-way system that begins with lymphatic capillaries

Edema
- local swelling caused by too much tissue fluid begging produced or not drained away


- pulmonary edema: blood backed up in the lungs (due to a weak heart), fluid collects in lung air sacs which rapture and cause suffocation

lymph
-tissue fluid that is not reabsorbed by blood capillaries and enters lymphatic capillaries


- plasma minus protein and formed elements (lymph: “clear water”)

lymphatic vessels
-lymphatic capillaries collect lymph and join to form lymphatic vessels
- similar to veins, flabby with valves and pumping by skeletal muscle pressure


- merge in the thoracic cavity

- large thoracic duct drains lower body, left arm, neck, head into the left subclavian vein

lymphoid organs
- contain lymphocytes: lymph nodes, spleen, thymus, red bone marrow

Lymph nodes
- small swellings of lymphatic vessels that cleans lymph of (nodules) 
microbes and debris




- 600-800 fibrous connective tissue capsules located 



throughout the body


- nodes divided internally into nodules

- contain sinuses (spaces) lined with lymphocytes and macrophage

- partly encapsulated nodules are found in the oral cavity and intestine


- tonsils either side of the tongue


- adenoids above the soft palate


- peyer’s patches wall of small intestine

- tend to concentrate in groups guarding entrances to the body core


- tonsils and adenoids in oral cavity 


- inguinal node is at the groin


- auxiliary nodes at the armpits
Spleen
- left abdominal cavity just beneath the diaphragm 




- similar construction to lymph nodes

- internally divided into nodules called lobules with sinouses of blood of lymph

- rod pulp contains macrophages (monocyte) that remove bacteria and worn out RBC (“RBC graveyard”)


- white lymphocytes fight infection

- expandable blood vessels are reservoirs in times of low blood pressure or high oxygen need

thymus gland
- along the trachea behind the sternum in the upper thoracic cavity



-is divided into lobules by connective tissue



-the T lymphocytes mature in the cortex of these lobules

-medulla, consists mainly of epithelial cells, stains lighter than the cortex

-contains stem cells that are ever capable of dividing and producing cells that go on to differentiate into the various types of blood cells

-in a child, most bones have red bone marrow
-in an adult, it is present chiefly in the spongy bone of the skull, the sternum (breastbone), the ribs, the clavicle (collarbone), the pelvic bones, and the vertebral column

-consists of a network of connective tissue fibers called reticular fibers

14.2 Nonspecific Defenses

immunity
- ability of body to defend against infectious agents, microbes, foreign or cancer cells

- 2 forms of immunity

- non specific defenses against general infection and injured vessels
- specific defenses target particular foreign cells and invaders

nonspecific
- 1st line of defense (physical &microbial)

defense

- barriers to entry: skin and linings


-2nd line of defense (cellular & chemical)




- phagocytes




- inflammatory reaction: vessel injury




- protective proteins: fight microbes




- natural killer (NK) cells

barring entry
- skin and membranous linings of digestive and respiratory tracts (mechanical)


- oil gland secretions fight bacteria
- cilia of respiratory tract cells sweep mucus and particles into the throat 


- stomach acid inhibits many bacteria

- resident bacteria (intestine, vagina) block invading microbes

phagocytes
- macrophages wonder all body tissue in search of cellular debris or “invaders”



- monocytes in tissues differentiate into large macrophages




- secrete chemical, that stimulate increase WBC production


- neutrophils phagocytized bacteria into endocytic vesicles

- fuses with enzyme filled lysosome that digests the bacterium




- neutrophils die after killing bacteria

- dead neutrophils, cells and tissue, living WBCs and bacteria form yellow pus
inflammatory 
- injured blood vessel or capillary
reaction
- mast cells (basophil WBCs that reside in tissue) release 2 substance


- histamine dilates capillaries (redness), increase permeability or leakage of capillaries (swelling) 



- brandykinin initiates pain impulse at nerve endings

- phagocytes (neutrophils and monocyte WBC) enter tissure fluids



- amoeboid, change shape and squeeze through capillaries walls
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protective proteins
- complement system chain reaction of 20 kinds of plasma proteins
- causes pores to form in bacterial cell wall’s and membrane

- fluids, salts enter and burst the cell 

- interferon protein secreted by already infected cells under virus attack

pus
- what neutrophils might become after infection is overcome

· whitish material that contains living and dead white blood cells, dead tissue, and bacteria

complement
- activated when microbes enter the body

· “complements” certain immune responses

 (figure 14.5)

Interferon
- protein produced by virus-infected cells




- binds to receptors of noninfected cells


-preparing them for possible viral attacks 

· specific to the species

14.3 Specific Defenses

antigen
- foreign protein or polysac choride carried on surfaces of pollen, microbes ( viruses, bacteria, fungi), alien cells, cancer cells



- immunogenic: activate the immune system (antigen: “antibody generator”)



- proteins are the strongest antigens


- allergens: non-immunogenic peptides and hormones link with immune proteins (1/gE) and cause allergies




- immune response is harmful rather than protective

immunity
- 3rd line of defense results from the actions of specific WBC made in red bone marrow




- usually long lasting


- B lymphocytes “B cells” make antibodies secreted into blood, lymphy mucus


- macrophages (monocytes)




- the 1st to encounter invaders




- stimulate immune response


- T lymphocytes, (T cells), do not produce antibodies

- certain T cells directly attack cells and bear antigens




-other T cells regulate the immune response

-lymphocytes are capable of recognizing an antigen 


-the shape of the receptors on any particular lymphocyte is complementary to a specific antigen




-receptor and antigen fit together like a lock and a key

- we encounter a million different antigens
characteristics
-each type of B cell carries its specific antibody on its surface
B-cells 
- activated to divide many times when a B cell in a lymph node or the spleen encounters an appropriate antigen 

-a B cell does not clone until its antigen is present 
- it can recognize the antigen directly without assistance from another immune cell




-B cells are stimulated to clone by helper T cell

-those members of a clone that do not participate in antibody production remain in the bloodstream as memory B cells

memory
-long-term immunity is possible 

B cells
-memory B cells quickly divide and give rise to new antibody-producing plasma cells



-defense by B cells is called antibody-mediated immunity 



-humoral immunity because these antibodies are present 


in the bloodstream




-a humor is any fluid normally occurring in the body

Characteristics of B Cells

-antibody-mediated immunity

-produced and mature in bone marrow

-undergo clonal selection in spleen and lymph nodes

-direct recognition of antigen

-clonal expansion produces antibody secreting plasma cells as well as memory B cells

antibody
- special protein produced by the body combines with a specific antigen




- renders it ineffective against cells 


- body make huge number of antibodies



-the most common type of antibody (IgG) is a Y-shaped 


protein molecule with 2 arms

-each arm has a “heavy” (long) polypeptide chain of amino acids

-sets the sequence of amino acids 

- have variable regions 
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-the constant regions are not identical among all the




antibodies

-the variable regions from an antigen-binding site with a shape that fits only a specific antigen

-the antigen combines with the antibody at the antigen-binding site in a lock-and-key manner

different antibodies
-fiver different classes of circulating antibodies 
	Class
	Presence
	Function

	IgG
	Main antibody type in circulation
	Attacks microbes* and bacterial toxins; enhances pahgocytosis

	IgM
	Antibody type found in circulation; largest antibody
	Activates complement; clump cells

	IgA
	Main antibody type in secretions such as saliva and milk
	Attacks microbes and bacterial toxins

	IgD
	Antibody type found in circulation in extremely low quantity
	Presence signifies maturity of B cell

	IgE
	Antibody type found as membrane-bounded receptor on basophils in blood and on mast cells in tissues
	Responsible for allergic reactions


-IgG antibodies are lesser amounts are also found in lymph and tissue fluid -attack microbes and their toxins

-IgM antibodies are pentamers, meaning that they contain five of the Y-shaped structures 
-these antibodies appear in blood soon after an infection
begins and disappear before it is over

-IgA antibodies are dimmers and contain 2 Y-shaped structures

-the main type of antibody found in bodily secretions

-IgD antibodies in immunity is uncertain, but a very limited no. is present in blood 

-IgE antibodies, which are responsible for allergic reactions

T cells
-cytotoxic T cells, helper T cells, memory T cells and suppressor T cells




-cytotoxic and helper T cells differentiate in the thymus

-memory T cells and suppressor T cells arise later when an activated T cell clones

-all types of T cells look alike but can be distinguished by their functions

-cytotoxic T cells attack and destroy antigen-bearing antigens

-often said that T cells are responsible for cell-mediated immunity
characterized by destruction of antigen-bearing cells

-cytotoxic T cells and memory T cells are especially associated with cell-mediated immunity

-helper T cells regulate immunity by enhancing the response of other immune cells

-suppressor T cells also regulate the immune response 

-helper T cells also stimulate antibody production by B cells
-the suppressor T cells help to prevent both the B and T cell immune response from getting out of hand

-all able to secrete lymphokines and to stimulate macrophages and B cells whenever the same antigen reenters the body

activating
-T cells have receptors just as B cells do 

T cells
-cytotoxic T cells and helper T cells are unable to recognize an antigen that is simply present in lymph or blood


- the antigen must be presented to them by an antigen-presenting cell (APC)


- APC usually a macrophage it is enclosed within an endocytic vesicle



- it is broken down to release peptide fragments




-these fragments are antigentic (have the properties 




of an antigen)



-these antigenic peptide fragment is linked to an MHC (major histocompatibility complex) protein


-when the donor and the recipient are histo (tissue)
compatible (the same or nearly so), a transplant is more likely to be successful
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-once a T cell recognizes an antigen, it undergoes clonal expansion




-T cells contribute to active immunity by this way

Characteristics of T cells

-cell-mediated immunity

-produced in bone marrow; cytotoxic and helper T cells mature and differentiate in thymus

-antigen must be presented, usually by macrophage

-cytotoxic T cells search and destroy virus-infected, tumor, and transplanted cells

-helper T cells secrete by lymphokines and stimulate other immune cells

14.4 Induced Immunity
Immunity
- occurs naturally through infection 


- brought about artificially by medical intervention


- 2 types

- active: produces antibodies against an antigen

- passive: is given prepared antibodies

active immunity
- develops naturally after a person is infected by a microbe


- induced when a person is well


- possible future infection will not take place

vaccines
- involves in immunization


- contain an antigen which the immune system responds

- vaccines = microbes


- no longer virulent
immunological memory
- dependent on the number of memory B and T cells capable of responding to a particular antigen


- memory B usually have higher affinity

Passive immunity
-occurs artificially when an person is given prepared antibodies to combat a disease

Cytokines
- messenger molecules produced by either lymphocytes or monocytes


- called lymphokines when produced by lymphocytes


- monokines when produced by monocytes

interferon
- a substance produced by leukocytes, fibroblasts, and most cells in response to a viral infection

monoclonal 
- produced by plasma cells
antibodies
- considered to be a biotechnology product
14.5 Immunity Side Effects
blood type
- red blood cell (RBC) membrane may carry glycoprotein identifiers of “self” that are antigens to other people


- about 30 different antigens but only two are potentially serious or fatal

ABO System: 
-2 types of antigens can occuras alone (A or B) or together (AB) or not at all (O)

- plasma carries antibodies for the antigen that is not present



- type A (antigen): anti-B antibody



- type B (antigen): anti-A antibody



- type AB (antigens): no antibodies



- Type O: anti-A and anti-B antibodies

(blood cells with antibodies and antigens)


- if antigen (agglatinogen) and antibody are present agglutination (clumping) occur



- type O is a “universal donor” because it contains neither antigen A nor B 



- type O contains both anti-A and anti-B antibodies and can only accept type O



- type AB with neither anti-A or anti-B antibodies is a “universal acceptor”
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Rh system: 
-rhesus factor (antigen) may be carried on red blood cells


- only 3 of 8 types (C,D,E) are common 

- named for rhesus monkeys where type D orgnally found



- Rh+ dominant (85%) in the population


- determined by 4 alleles for the gene (on chromosome)



- dominant R0, R1, R2, recessiver

- unlike ABO system, plasma does not form anti-Rh antibodies if Rh factor is absent 
- if Rh- person recesives Rh+ blood then anti-Rh antibodies slowly form
- reaction occurs during subsequent transfusions (less severe than ABO)


- serious pregnancy risk: Rh-mother with R+ fetus 



- fetal RH antigens cross the placenta 

- mother slowly forms anti-Rh antibodies that cross placenta of next pregnancy

- second Rh+ fetus suffers hemolytic disease of the new born (HDN) (erythroblastosis fetails)

allergies
- over active immune system forms antibodies to substances not usually recognized as foreign




- usually carry with coldlike symptoms
autoimmune diseases
- body’s own antibodies and T cells attack tissues (cause and cure unknown)




- myasthenia gravis



-neuromuscular junctions do not work properly and muscular weakness results



- MS (multiple scierosis)

-sheath of nerve fibers attacked, cause neuromuscular disorder




- SLE (systemic lupus erythemctosus)





- many symtoms





- death usually cause by damage kidneys



- rheumatoid or thritis (joint pain)

organ transplant
- occurs because of cytotoxic T cells bring disintegration of

rejection
foreign tissue in the body

- best if transplant have some type of MHC protein because cytotoxic T recognize foreign MHC protein


- drug like immunosuppressive and tacrolimus used




- but both can affect the kidney

