MODULE 10- HEMATOLOGY							C- Harper’s Biochem


Rohit Uppal								 		J-  Junqueira’s Histology





I. Acellular Components of Blood





     1. edema: fluid accumulation in extravascular tissue.  


If the concentration of plasma protein is markedly diminished(ie. Protein malnutrition), fluid is not attracted back


to the intravascular compartment.    (C-709)





     2. ascites: effusion (edema) of the abdominal cavity.





     3.effusion: collection of edema fluid in a potential space.





     4 . Albumin: the major plasma protein		(C- 710-711)


a) plays a key role in maintenance of colloid osmotic pressure (75-80%).


b) binds many ligands (acts as a binding protein): free fatty acids, calcium, certain steroid hormones, some of the


plasma Trp (tryptophan).


c) a variety of drugs bind albumin (sulfonamides, penicillin G, dicumarol, aspirin). this has important


pharmacological implications.


d) preparations of human albumin are of use in the treatment of hemorrhagic shock and burns.





     5. The source of free Hb in blood is from the degradation of Hb and its subsequent release into circulation.





     6. haptoglobin (Hp): a plasma glycoprotein  that binds extracorpuscular Hb in a tight complex..


a) Free Hb passes through the glomerulus of the kidney and is excreted.


b) The Hb-Hp complex is to large to pass through the glomerulus.


c) The function of Hp is to prevent loss of free Hb into the kidney, thus conserving the valuable iron present in Hb.


Fig. 59-3, C- 711





     7.hemopexin: a binding protein that binds heme.  





  A. Iron										(module- 4-5)





     8. Iron is very important in the body due to its presence in a number of hemoproteins such as Hb, myoglobin, and


cytochromes.   Free iron is relatively toxic while iron complexed w/ Fe-binding proteins is non-toxic.





     9.Iron Binding Proteins: Diminish the toxicity of iron in the body





a) transferrin: a (-1 globulin, a glycoprotein; 					(C- 711)


1) Plays a central role in the body’s metabolism of iron because it transports iron (2 mol Fe3+/ mol of


transferrin) in the circulation to sites where iron is required.


		2) Free iron is toxic, association with transferrin diminishes it’s toxicity.


b) Ferritin: a protein important in the metabolism of iron.  	(C- 712)


1) normally, it stores iron that can be called upon for use as conditions require. 


2) Normally, there is little ferritin in the body. 


3) in patients with excess iron, the amount of ferritin in plasma is markedly elevated.





     10. In Iron-deficiency anemia: iron binding proteins are less saturated with iron than they normally would be.





  B. Copper:   Copper is a metal cofactor for a number of key enzymes.			(module- 5)





     11. ceruloplasmin: blue colored because of high copper content, (2 globulin.  (C-713)


a) carries 90% of copper present in plasma. (albumin carries the other 10%)


b) each molecule binds six atoms of copper very tightly.


c) albumin is more important in copper transport because it donates its copper more readily.





     12. Menke’s disease: disorder of Cu2+ metabolism


a) mutation in the gene for copper-binding P type ATPase.  This ATPase is responsible for Cu2+ efflux from


cells.


b) copper accumulates in many tissues and cells


c) activities of many copper-dependent enzymes are decreased.


d) abnormal hair is found in these patients.





Cellular Components of Blood						SEE Fig. 12-7, J- 246-247





Erythrocytes


Morphology of erythrocytes- simple structure 	(J- 220, module 6-7)





No nuclei and no membrane bound organelles


all proteins present in erythrocytes were synthesized earlier in the development of these cells since mature erythrocytes lack organelles associated with protein synthesis.


Although the erythrocyte lacks cytoplasmic organelles, it is metabolically active. 


Glycolysis is important for the generation of ATP.





Biconcave shape: increases the surface-to-volume ratio, thus facilitating gas exchange.   (module- 7)


ATP is crucial for maintenance of the characteristic biconcave cell shape and for ion transport.


erythrocyte is highly dependent upon glucose for energy.





the cell requires more glucose than can be delivered by simple diffusion.


Facilitated diffusion: required for adequate glucose.


Glucose transporter: insulin independent, transmembrane protein.


Functions by undergoing conformational changes in response to glucose.  This has the effect of


creating a pore for the entry of glucose.


other transporter systems are also present.  


Pentose phosphate pathway is operative in erythrocytes: 5-10% of glucose is metabolized by this pathway.





Erythrocyte: is reversibly deformable and resilient in order to pass through the tight spaces of the microcirculation.


The unique cytoskeleton of the erythrocyes is important in this regard.  It interacts directly with specific proteins in the plasma membrane.





macrocytes: erythrocytes with diameters greater than 9(m.	(J-220)


microcytes: erythrocytes with diameters less than 6(m.


anisocytosis: the presence of a high percentage of erythrocytes with greatly varying sizes.





anemia: blood concentrations of Hb below normal.





Hemoglobin (Hb): it is synthesized during erythrocyte differentiation:	(module- 6)





it is a globular protein that consists of four polypeptide chains.


F hemoglobin: fetus and newborn, composed of 2 alpha and 2 gamma chains.


A hemoglobin: mature form of hemoglobin, composed of 2 alpha and 2 beta chains.





Hemoglobin F is replaced by hemoglobin A by about 4 years of age.





Heme: covalently attached prosthetic group on each globin subunit.


Each heme contains an iron atom.


the heme unit can bind oxygen in a reversible manner.


Normally, the iron atom does not undergo a change in valence as O2 is bound and lost, it remains in the Fe(II) state.


Oxyhemoglobin: hemoglobin combined with oxygen.	(J- 221)





carbaminohemoglobin: hemoglobin combined with carbon dioxide.





Carbon monoxide reduces the capacity of erythrocytes to transport oxygen.





Carboxyhemoglobin: combination of hemoglobin and carbon monoxide.  This binding is irreversible, decreasing the oxygen binding capacity.





Peripheral proteins are the major proteins of the erythrocyte cytoskeleton:


 


the cytoskeleton determines the shape of the RBC


 


it also permits flexibility of the RBC membrane.





Erythrocyte plasma membrane:     (module- 8)





it consists of 50% lipid:  phospholipids, cholesterol, and glycosphingolipids.





it consists of 50% protein: there are ten major proteins in the membrane and the associated skeleton.


Anion exchange protein: one of the major proteins in the plasma membrane.


Transmembrane protein that exchanges chloride for bicarbonate: CO2 formed during metabolism enters the erythrocytes as bicarbonate; in the lung, HCO3- is exchanged for chloride via the anion exchange protein.





A number or the other plasma membrane proteins are glycoproteins.  Glycophorins are a prominent example of erythrocyte glycoproteins.


Glycophorin A : certain influenza viruses & the malarial organism, plamodium falciparum, bind to this protein.





hereditary spherocytosis: deficiency or abnormality in the structure of spectrin.	(C- 741)


Characterized by spherocytes: spherical red blood cells (not biconcave) with a low surface-to-volume ratio.





Spherocytes are not as deformable as are normal RBC’s.





Pentose Phosphate Cycle: important for generation of NADPH and ribose residues for subsequent biochemical reactions.								(module  7-8)


glucose-6-phosphate dehydrogenase is the key enzyme in generating NADPH.





NADPH is used for the reduction of oxidized glutathione to reduced glutathione by glutathione reductase.





In a subsequent reaction, reduced glutathione removes H2O2 from the erythrocyte by the action of glutathione peroxidase.





removal of H2O2 is important since it can increase the rate of oxidation of Hemoglobin to methemoglobin, which does not transport oxygen.





Defects in the pentose pathway can lead to lysis of erythrocytes.


genetic deficiency in the activity of glucose-6-phosphate dehydrogenase can lead to hemolytic anemia (the lysis of erythrocytes).





Without NADPH,   H2O2 and other oxidants cannot be detoxified, so oxidative damage to the cells occurs.





ABO system for classifying erythrocyte membranes: Type A, B, AB, or O.	            (module- 9)


Type A blood: have antibodies to type B which will agglutinate type B or AB blood.





Type B blood: have antibodies to type A, which will agglutinate type A or AB blood.





Type AB blood (universal recipient) lack antibodies to either type A or type B.





Type O blood (universal donor) have antibodies to type A and B, which will agglutinate with type A, B and AB blood.





Blood transfusion: requires that recipient lack antibodies against the infused cells.





The ABO system is determined by complex oligosaccharides present in glycosphingolipids of the plasma membrane.





Rh factor (D antigen): it is also important in blood transfusions.





it is an integral membrane protein of erythrocytes.





the antigen is absent in some people (15% of all Caucasians), they are Rh negative.





If Rh negative individuals receive Rh positive blood they will develop antibodies to the antigen. Agglutination will occur in subsequent exposures to the Rh antigen.





Hemolytic disease of the newborn		(C- 743)


an Rh negative mother who is exposed to Rh positive blood will produce antibodies to the Rh antigen.





Possible routes of exposure:


past transfusions with Rh positive blood


giving birth to an Rh positive baby, some blood can be transferred during the birthing process.





if a future infant is Rh positive, the mothers antibodies can cause lysis of the infants red blood cells, resulting in this hemolytic disease.





Sickle Cell anemia: caused by a mutation of one nucleotide (point mutation) in the DNA of the gene for the ( chain of Hb.   								(J- 221)


When the altered Hb is deoxygenated, it polymerizes and forms rigid aggregates that give the erythrocyte a characteristic sickle shape.





the sickled erythrocyte is inflexible and fragile, it has a shortened life span that leads to anemia.





these cells increase the blood viscosity, which retards or even stops the flow through capillaries, leading to severe oxygen shortage (anoxia) in tissues.





Megaloblastic anemia and pernicious anemia	(module- 8, C- 609)


caused by deficiencies in vitamin B12 or folic acid.





Vitamin B12 and folate are liked by their common participation in the methionine synthase reaction and the formation of THF, which is important in nucleic acid synthesis.





this deficiency results in the impairment of DNA synthesis, resulting in anemia (pernicious anemia).





impairment of DNA synthesis prevents cell division with consequent accumulation of megaloblasts in the bone marrow (megaloblastic anemia).





Hematocrit: an estimate of the volume of packed erythrocytes per unit volume of blood.       (J- 218)





The erythrocyte has an average life span of 120 days in the circulation.      (module 10)





Senescent erythrocytes are phagocytized by macrophages in the liver and spleen.





Hydrolytic enzymes in the phagolysosome of the  macrophage break down the erythrocytes into constituent compounds (ie. amino acids). 


The heme tetrapyrrole is split enzymatically into an iron atom and a linear tetrapyrrole (biliverdin). 


The Fe atom is usually salvaged for reutilization.  Biliverdin is reduced to bilirubin.





Fate of bilirubin:	(J- 316)


Bilirubin is transported to the hepatocytes  


in the sER of the hepatocyte, bilirubin is conjugated to glucuronic acid, forming bilirubin glucuronide.


Bilirubin-glucuronide is secreted into bile canaliculi.  


As the conjugated bilirubin reaches the ileum, intestinal bacteria remove the glucuronide (unconjugate) and reduce the bilirubin to the colorless compound, urobilinogen.


Urobilinogen is oxidized to urobilins and are excreted in the feces.  This is responsible for the darkening of feces.


A small fraction of the urobilinogen is reabsorbed by the intestines and re-excreted through the liver.


under abnormal conditions, urobilinogen may be excreted in the urine.   





Leukocytes: White Blood Cells							(J- 222)


Morphology: they contain nuclei and cytoplasmic organelles


they are classified into two groups based on cytoplasmic granules.





granulocytes: contain prominent cytoplasmic granules: (neutrophils, eosinophils, basophils);  Neutrophils are often referred to as the polymorphonuclear leukocytes (PMN).





Two types of granules:							(J- 222, module- 10)


specific granules: bind either neutral or acidic components of the dye.  Found in all granulocytes.


azurophilic granules: stain purple, considered to be lysozymes.  They are only present in neutrophils.


the nuclei of granulocytes contain more than two lobes.





Agranulocytes: do not have specific granules, but have varying numbers of azurophilic granules. (Lymphocytes and Monocytes).





Lymphocytes have roundish nuclei.


Monocytes have an indented or bean-shaped nuclei.





Be able to recognize the different types of leukocytes, pay special attention to the nuclear morphology. (See Fig. 12-7, J-.224)





Leukocytes are not permanent components of the blood; they migrate to the tissues where they perform multiple functions.





Diapedesis: the process by which leukocytes leave the capillaries by passing between endothelial cells and penetrating the connective tissue.





Neutrophils:		(module- 11)


Neutrophils are the predominant leukocyte in terms of percent of the total.


 


they represent the first line of defense against invading microorganisms.





Neutrophils are produced in the bone marrow and released into the circulation.  





The mature neutrophil is a non-replicating terminal cell.  





Neutrophils are short-lived with a life span of only several hours in the circulation and up to a few days in extravascular sites.  


  The neutrophils are programmed for cell death (apoptosis).





The mature neutrophil is (12-15(m in diameter and is characterized by a lobed nucleus  (2-5 lobes).





Chromatin pattern: dense masses of hetero-chromatin are distributed on the inner surface of the nuclear envelope.  Zones of loosely arranged euchromatin are located mainly in the center of the nucleus.


  All granulocytes have a similar chromatin pattern.	(J- 223)





Neutrophils with more than 5 lobes are called hyper-segmented and typically represent old cells. 





In females, the inactive X chromosome appears as a drumstick like appendage on one of the lobes of the nucleus.  This can sometimes allow the determination of gender of an individual by examining the morphology of the neutrophil nucleus.


SEE fig.12-7, J- 224 (arrow).





2/3 of the granules in neutrophils are specific and 1/3 are azurophilic.		(module- 11)





specific granules: small granules that show multiple forms (rounded to elongated)  (J- 223-224)


SEE fig. 12-6, J- 223


composition: alkaline phophatases, collagenase, lactoferrin, lysozyme, etc.	(Table 12-2, J- 222)





Azurophilic granules: 0.5(m in diameter


composition: acid phophatases, (-mannosidase, (-galactosidase, 5’-nucleotidase, elastase, collagenase, lysozyme, etc.


These granules are primary lysozymes.





Be able to identify a mature neutrophil in electron micrographs and Romanowsky type stains of blood smears.


(J-223)


Phagocytosis: neutrophils are highly developed for killing microorganisms     (module- 12)


first step: the binding of the the bacterium to the neutrophil cell surface, this requires opsonization


opsonization: immunoglobins or complement polypeptides coat the bacterium





specific receptors on the phagocyte cell surface can now bind to the bacterium.


Fc receptor recognizes Fc domain of Immunoglubulin.


Complement receptor: recognizes complement polypeptide.





These binding events promote the transduction of signaling events from the cell surface to the cytoplasm of phagocytes, inducing a multitude of biochemical reactions and physiologic responses.


Activation of the cytoskeleton leads to engulfment of the particle(bacterium).


Followed by fusion of the plasma membrane around the particle, forming the phagosome.


Incomplete phagocytosis can occur: this results in the release of material into the extracellular space.





Cytoplasmic granules then fuse with the phagosome, thereby delivering their contents into the phagosome.





There are two basic killing mechanisms used by neutrophils:	(module- 12-13)





O2 dependent pathway: dependent on the toxic effect of superoxide anion (O2-) and H2O2.





Respiratory burst: the large increase in O2 consumption during phagocytosis.


Phagocyte NADPH oxidase complex: a membrane bound NADPH-oxidase is responsible for production of O2-� EMBED Equation.2  ���





� EMBED Equation.2  ���� EMBED Equation.2  ���Rxn: � EMBED Equation.2  ���





H2O2  is formed by the dismutation of O2-:


Rxn: � EMBED Equation.2  ���





The toxic effects of H2O2 and O2- are in part due to their ability to form more reactive species (reactive oxygen species).





H2O2 and O2- can interact by a metal-catalyzed Haber-Weiss type reaction to form a hydroxyl radical (OH() and singlet oxygen ( 1O2).





Rxn: � EMBED Equation.2  ���





The hydroxyl radical may also be formed by the interaction of O2- with either hypochlorous acid (HOCl) or nitric oxide (NO):


Rxn:� EMBED Equation.2  ���





Rxn:� EMBED Equation.2  ���





hypochlorous acid is produced in phagocytic cells by the action of myeloperoxidase, a component


 of the azurophilic granule)


Myeloperoxidase utilizes the H2O2 formed during the respiratory burst to produce large quantities


of hypochlorous acid:


Rxn:� EMBED Equation.2  ���





nitric oxide is produced by the action of nitric oxide synthase.





Singlet oxygen can also be formed by the reaction bewteen hypochlorous acid and peroxide:


Rxn:  � EMBED Equation.2  ���





In addition to these products of oxygen reduction (O2-, H2O2, etc.) and excitation (1O2), phagocytic cells can also use hypochlorous acid to form a number of highly reactive chloramines.





Chronic granulomatous disease: inability of all types of phagocytic cells to generate significant amounts of O2-/H2O2 upon stimulation (defect in the NADPH oxidase complex).


These patients lack the ability to kill invading microbes via the oxygen dependent pathway and are


subject to chronic infection and often early death.





Non-Oxidative Mechanisms for Killing Microbes					(module- 14)


Neutrophils contain many hydrolytic enzymes and antimicrobial polypeptides in their cytoplasmic granules.


Azurophilic granule


defensins: constitute about 30-50% of the azurophilic granule. 


They are small peptides with cytotoxic activites against bacteria, fungi, and certain viruses.


Their cytotoxic activity is probably due to their ability to permeabilize membranes of target


microbes.





azurophilic granules contain a number of proteolytic and saccharlytic enzymes that can digest microbial proteins and mucopolysaccharides.		(module- 14)


Serine proteases: (elastase and cathepsin G ):hydrolyze proteins in bacterial cell envelopes.


Lysozyme: degrades polysaccharide components.





Specific granules: also contain antimicrobial proteins including collagenase, lysozyme and lactoferrin.


Lactoferrin: Fe binding protein that can sequester free-iron and thereby deprive microbes, that may


 have evaded the killing process, of this essential nutrient.


Thus, neutrophils have microbiostatic as well as microbiocidal mechanisms.





Cellular compartmentalization is important in maintaining a high concentration of antimicrobial agents in the vicinity of the microbe. 





redundancy of killing mechanisms: interactions between oxygen-independent and oxygen-dependent pathways are known to occur.  These interactions serve to increase the potency of neutrophils.  Cooperative interaction  of these pathways may be essential.  For example,





certain gram negative bacteria are resistant to lysozyme unless they are also subjected to oxidant damage.


defensins and oxidants may interact for lysis of target cells


activity of certain proteases can be prolonged by chlorinated oxidants.


a low percentage of the population lacks the enzyme myeloperoxidase.  Thus, key aspects of the oxygen-dependent killing pathway are not operative.  However, these individuals are not particularly susceptible to infections.


The combination of other branches of the oxygen dependent pathways and the oxygen independent 


pathways are sufficient to provide protection.				(module- 15)





Chemotactic factors: released during the inflammatory response.


released from the microbes themselves or from cells of the immune system.


these factors serve as signals for recruitment of neutrophils from the blood to sites of inflammation (diapedisis).





Recruitment of leukocytes to sites of infection:


mediated by adhesion molecules that  are required for the attachment of these cells to the endothelial lining of the blood vessels and their extravasation into surrounding tissues.





Leukocyte adhesion molecules are grouped into 3 major families:


selectin family: [lectin-epidermal growth factor-complement related cell adhesion molecule (LECCAM)]


the integrin family


super-immunoglobulin family





Three general mechanisms of leukocyte adhesion:


rapid upregulation of leukocyte adhesion molecules (integrin CD116/CD18)


rapid upregulation of endothelial adhesion molecules (granule membrane protein-140)


cytokine activation of endothelial cells: more persistent, leads to the biosynthesis of new adhesion molecules (endothelial leukocyte adhesion molecule-1)





The adhesion of leukocytes to endothelium requires complementary ligand/receptor pairs on the 2 cell types.  Examples:





Cell Type		Adhesion molecules


Leukocytes		(2 integrins, (1 integrins, L-selectin





Endothelium		ICAM-1 (intracellular adhesion molecule), ICAM2


        VCAM-1 (vascular adhesion molecule), E-selectin,


        P-selectin





Leukocyte adhesion deficiency (LAD) syndrome: these patients have a defect in the synthesis of one of the molecules involved in the adhesive interaction between leukocyte and endothelium, namely the (2 integrin chain.									(module- 17)


-These neutrophils do not adhere to endothelium nor do they migrate to sites of bacterial injection.


-This leads to severe infections and early death.





leukocyte-endothelial adhesion is an important process in other leukocytes, not just neutrophils.





Movement of B and T lymphocytes from the bloodstream to the peripheral lymphoid tissue: one of the most important trafficking pathways in the immune system.				(module- 18)


High level of specificity: lymphocytes isolated from peripheral lymphoid tissue migrate back to the same type of lymphoid organ.  This indicates a “homing capacity” of these cells.


This migration is associated with a special type of endothelium, the post-capillary high endothelial venule.


The “homing receptor” is a member of a family of adhesion molecules that utilize protein, carbohydrate interactions, (the selectin family).





neutrophils are subject to complex regulatory events (Fig2. Module 19).	(module- 20)





neutrophils act as a double-edged sword, they are crucial in host defense but these very same mechanisms have negative effects on host tissues.


Neutrophils have been implicated in the pathology of many chromic inflammatory conditions and ischemia


reperfusion injury.





Neutrophil induced damage: several different pathways


Hydrolytic enzymes: released during premature activation or from incompletely sealed phagosomes or from dying neutrophils can damage tissues directly.


Release of active oxygen species can also lead to tissue damage.  This can be a direct or indirect effect.  Example of an indirect effect is the oxidative inactivation of endogenous protease inhibitors.  This may be a particular problem in conditions such as anemia.





Monocytes: largest of the leukocytes found in blood smears. 	(module- 21)


They are cells in transition: monocytes present in the blood are in transit from the bone marrow to the various body tissues where they will complete their differentiation.





Monocytes will differentiate into phagocytes of the mononuclear phagocytic system.





Macrophages play many important roles





Important in inflammation: where they participate in the phagocytosis of microorganisms, cell debris, or other cells.





Important in wound repair: they clear the area and release a number of potent bioactive molecules, including growth factors.





Important in the immune response: they can bind immune complexes and present antigens to lymphocytes.





Ultrastructural appearance of Monocytes						(J- 230-231)





nucleus is oval, horseshoe, or kidney shaped and is generally eccentrically placed.





the chromatin is less dense and has a more fibrillar arrangement than in the lymphocytes, so the nucleus stains lighter.





Granules are distributed throughout the cytoplasm giving it a bluish gray color.





Be able to recognize monocytes in blood smears prepared with Romanowski-type staining.





Eosinophils									(J- 226, module- 21)





Ultrastructure


Contain a characteristic bilobed nucleus.





Contain many large and elongated refractile cytoplasmic granules: the main identifying characeristic of these cells.  They are stained by eosin.





Large refractile cytoplasmic granules


Central portion of these granules contain a crystalloid body, which lies parallel to the long axis of the granule (Fig 12-9, J-227).





Contains the major basic protein with a large number of arginine residues, which constitutes 50% of the granule proteins.





the granules also contain a variety of hydrolytic enzymes: peroxidase, arylsulfatase, histaminase.





Function


Eosinophils modulate inflammation: arylsulfate inactivates leukotrienes, histaminase neutralizes histamine.





Eosinophils can phagocytose antigen-antibody complexes.  The number of eosinophils in the blood is elevated in individuals with certain allergies and parasitic infections.





Eosinophils are present in large numbers in the lamina propria of the intestinal tract and at other sites of potential chronic inflammation.





Eosinophils can modulate the effects of mast cells.					(J- 106-107)


mast cells: store chemical mediators involved in the inflammatory response (histamine, luekotrienes).


eosinophilic chemotactic factor of anaphylaxis (ECF-A) is stored and released with these chemical


mediators.





release of the chemical mediators promotes the allergic reactions known as immediate hypersensitivity reactions.  ECF-A attracts eosinophils to the area.





eosinophils produce substances that modulate inflammation by inactivating the leukotrienes and histamines produced by mast cells.





Be able to recognize eosinophils in blood smears prepared with Romanowski type staining.





Basophils: the least numerous of the leukocytes					(J- 228, module-22)





Ultrastructure


contains a less heterochromatic nucleus than do other granulocytes.





specific granules stain metachromatically with the basic dye of usual blood stains.  This staining is due to the presence of heparin.





they are characterized by large cytoplasmic granules: containing hydrolytic enzymes, heparin sulfate, histamine. 


Basophils also produce leukotrienes.





Basophils have properties very similar to mast cells, however they are not identical cells.


both basophils and mast cells are important in the allergic response.





both cells bind IgE, which in turn can bind an allergen.





The binding of the allergen leads to the release of granule contents which can affect the vasculature and are associated with hypersensitivity and anaphylaxis





Be able to recognize basophils in blood smears prepared with Romanowski type staining.





Platelets (thrombocytes): are anucleate(no nucleus) cell fragments derived from megakaryocytes.





Ultrastructure									(J 232-233, module- 22)


In the resting state, the platelet has a disk-like shape.





In stained blood smears, platelets often appear as clumps and contain:


hyalomere: a peripheral light blue stained transport zone.


granulomere: central zone containing purple granules.





Constituents of platelet granules, Two types of granules:


dense bodies: contain Ca2+ ions, pyrophosphate, ADP and ATP.





alpha granules: (bigger) they contain fibrinogen, platelet derived growth factor, and other platelet specific proteins.





release of the contents of these granules is involved in the formation of a clot.





Platelets are rich in cytoskeletal elements: containing actin and a circumferential band of microtubules.  


These cytoskeletal elements are important  for platelet movement during clot formation and clot retraction.





Platelet function:								(J- 233)


primary aggregation : formation of a platelet plug


discontinuities in the endothelium, produced by blood vessel lesions, lead to exposed collagen


platelets immediately adhere to and aggregate on this damaged tissue, forming a platelet plug.





Secondary aggregation: release of the contents in  platelet granules


platelets in the plug release the content of their alpha granules and dense bodies (delta granules)


ADP is a potent inducer of platelet aggregation.





Blood Coagulation: formation of a blood clot.


Factors from blood plasma, damaged blood vessels, and platelets promote the sequential interaction (cascade) of 13 plasma proteins, giving rise to a polymer, fibrin.


Fibrin forms a 3-dimensional network of fibers trapping red cells, leukocytes, and platelets to form a blood clot (thrombus).





Clot retraction: the clot that initially bulges into the lumen contracts because of the interaction of platelet actin, myosin, and ATP.





Clot Removal: protected by the clot, the vesicle wall is restored by new tissue formation.  


The clot is then removed.


endothelium produces plasminogen activators


plasminogen activators convert plasminogen to plasmin


plasmin is a proteolytic enzyme that removes the clot.     





Three types of thrombi: all three contain fibrin in variable proportions.		(C- 721-722)


White thrombus: it is composed of platelets and fibrin and is relatively poor in erythrocytes


it forms at the site of an injury or abnormal vessel wall, particularly in areas where blood flow is rapid (arteries).





Red thrombus: consists primarily of red cells and fibrin.


resembles the clot formed in a test tube


may form in vivo in areas of retarded blood flow or stasis (veins) with or without vascular injury


may also form at a site of injury or an abnormal vessel in conjunction with an initiating platelet plug.





Disseminated fibrin deposit: forms in very small blood vessels or capillaries.





Endothelial cells make an important contribution to the overall regulation of clotting and thrombosis.	(C- 730)


These cells synthesize prostacyclin (PGI2)    which is a potent inhibitor of platelet aggregation, opposing the action of thromboxane A2.


prostacyclin stimulates adenylyl cyclase in the surface membranes of platelets.


The resulting increases of intraplatelet cAMP opposes the increase in Ca2+ produced by IP3 and thus


inhibits platelet activation.





These cells contain ADPase, which hydrolyzes ADP thus opposing its aggregating effects on platelets.





Endothelial cells synthesize heparan sulfate- an anticoagulant.





These cells also synthesize plasminogen activators, which help dissolve thrombi.





Aspirin is an effective antiplatelet drug						(C- 730)





it irreversibly acylates and thus inhibits the platelet cyclooxygenase system involved in formation of thromboxane A2.





it also inhibits prostacyclin production but not to the same extent as thromboxane A2.





Hemostasis: cessation of bleeding from cut or severed vessels.			(C- 728)


platelets function in 3 ways during hemostasis


adhesion: to exposed collagen in blood vessels.


secretion: of the contents of their granules .


aggregation.





Platelet adhesion is promoted by Factor VIII (von Willebrand’s factor)


Factor VIII serves to bridge the platelet surface to collagen.





Activation of platelets: Platelets normally circulate in an unstimulated state.		(C- 729)


thrombin: the most potent activator of platelets.





it is formed from the coagulation cascade.


it initiates platelet activation by binding to its receptor on the plasma membrane.


the binding of thrombin stimulates the activity of a phopholipase C in the plasma membrane.





Phopholipase C hydrolyzes phosphatidylinositol 4,5 biphosphate (PIP2) to form the internal effector molecules, 1,2 diacylglycerol and 1,4,5-inositol triphosphate (IP3).


diacyl glycerol stimulates protein kinase C, which phosphorylates pleckstrin, a platelet protein.


Phosphorylation of pleckstrin results in aggregation and release of contents of platelet granules.


ADP released from these granules can activate additional platelets





IP3 causes release of Ca2+, leading to the phosphorylation of light chains of myosin, causing changes of platelet shape.





collagen-induced activation of platelet phospholipase A2 by increased levels of cytosolic Ca2+.   (C- 730)


results in the liberation of arachidonic acid from platelet phospholipids, leading to the formation of  thromboxane A2.


Thromboxane A2 can further activate phospholipase C, promoting platelet aggregation.





Fibrin clot formation: dependent on several plasma proteins and requires a complex cascade of reactions.    


(C- 722)


2 pathways: extrinsic and intrinsic, involving many different proteins





These proteins can be classified into 5 types:


zymogens of serine dependent proteases: become activated during the process of 			coagulation (Factors XII, XI, IX, VII, X, II)


cofactors- (factor VIII, V, III)


fibrinogen





a transglutimase: stabilizes the fibrin clot (Factor XIII)


regulatory and other proteins (Protein C, Protein S, thrombomodulin)





Intrinsic Pathway: leads to activation of factor X to factor Xa


contact phase: commences the intrinsic pathway


prekalikrein, HMW kinnogen, factor XII, and factor XI are exposed to a negatively charged activating surface (collagen)        (HMW=high molecular weight)





Factor XII is activated to factor XIIa upon proteolysis by kallikrein.


This factor XIIa, generated by kallikrein, attacks prekallikrein to generate more kallikrein (reciprocal activation).


Factor XIIa activates factor XI to XIa and also releases bradykinin from HMW kininogen.





Factor XIa in the presence of Ca2+, it activates factor IX (zymogen) to factor IXa (serine protease)


Factor IXa cleaves factor X to produce factor Xa (serine protease). 


This requires assembly of the tenase complex on the surface of activated platelets.


For this assembly platelets must be activated.


tenase complex: Ca2+, factor VIII, as well as factors IXa and X.





Factor VIII: a glycoprotein


it is a cofactor that serves as a receptor for factors IXa and X on the platelet surface.





Factor VIII is activated by minute quantities of thrombin to form factor VIIIa, which is in turn inactivated upon further cleavage by thrombin.


(Fig. 12.6, SC-.132; Fig. 59-10, C- 723)





Extrinsic pathway: also leads to activation of factor X to factor Xa.


it is initiated at the site of tissue injury with the expression of tissue factor


tissue factor is a cofactor in the activation of factor X, catalyzed by factor VIIa.





Factor VII: a zymogen, but it has rather high endogenous activity.


this activity is increased by conversion to factor VIIa (serine protease) by thrombin or factor Xa.


Fig. 12-7, SC- 132 


Activation of factor Xa is an important link between the intrinsic and extrinsic pathways.





An important interaction between the  extrinsic and intrinsic pathways is that complexes of tissue factor and factor VIIa also activate factor IX in the intrinsic pathway.


SEE Fig 59.10 C-723





Initiation of the thrombus in an area of restricted blood flow or in response to an abnormal vessel wall without tissue injury is carried out by the intrinsic pathway.					(C- 722)


Initiation of the fibrin clot in response to tissue injury is carried out by the extrinsic pathway.





These two pathways are not independent.





Both pathways converge on a final common pathway.


Final common pathway


prothrombin is activated to thrombin by factor Xa


Thrombin catalyzes the cleavage of fibrinogen to form the fibrin clot.


Fig. 12-8, SC-133;  Fig. 59-10, C-723





Agents /conditions that inhibit clotting:						(C- 725-727)


decreased activation of thrombin.


antithrombin III: a circulating inhibitor of thrombin.


heparin: adrug that potentiates the activity of antithrombin III


coumarin drugs (warforin): used as anticoagulants.





Hemophelia A: due to a genetically determined deficiency of Factor VIII.		(C- 727)


Treatment consists of administration of cryoprecipitates (enriched in Factor VIII) prepared from donors.





Dissolution of blood clots:  accomplished by plasmin				(C- 727)


Plasmin : the serine protease mainly responsible for degrading fibrin and fibrinogen.


It circulates in the form of its inactive zymogen, plasminogen.





(2- antiplasmin: fast acting plasmin inhibitor, rapidly inactivates any small amounts of plasmin formed under physiologic conditions.





Plasmin that is formed when bound to fibrin is protected from (2-antiplasmin, so the plasmin remains active.





many activators of plasminogen are found in body tissues; all cleave the same (Arg-Val) bond.





Be able to recognize platelets in blood smears prepared with Romanowsky type staining.





Lymphocytes:  a family of spherical cells, they can be identified by size (small, medium, large)


The major functional cells of the immune system.





small lymphocytes: predominant lymphocyte in blood (>90%)


it has an acentric, spherical nucleus, sometimes with an indentation.		(J- 229)


its chromatin is condensed and appears as coarse clumps.





its cytoplasm is slightly basophilic, assuming a light blue color in stained smears.  The cytoplasm forms a narrow rim around the nucleus.





The majority of lymphocytes found in blood or lymph are recirculating immunocompetent cells.	    (module- 24)


These are cells that have developed the capacity to recognize and respond to foreign antigens.





They are in transit from one lymphatic tissue to another.





Two functionally distinct types of lymphocytes are present in the body: T and B lymphocytes.


They are morphologically indistinguishable in blood smears





They can be distinguished immunologically based on distinctive plasma membrane proteins.





Upon encountering a specific antigen that they recognize, lymphocytes are stimulated to undergo mitotic cell division; some of the lymphocytes differentiate into effector cells.





Memory cells: B and T lymphocytes that do not undergo differentiation into effector cells, 	become these long-lived cells.


circulating memory cells are primed to respond more rapidly and to a greater extent upon subsequent exposure to their specific antigen.





In blood, 


most of the lymphocytes are T-cells (60-80%)


B cells make up 10-20% of the population


null lymphocytes do not express B cell or T cell specific cell surface proteins.





B-lymphocyte


named after the bursa of Fabricius: the location of B cell differentiation in birds.  (They are believed to differentiate in the bone marrow in humans).





After encountering an antigen, B-cells produce clones of cells that differentiate into plasma 	cells.


it is the plasma cell that produces antibody (immunoglobulin)


B cells are responsible for humoral immunity: which requires the presence of antibodies in the blood.





Plasma cells: small round cells with  round, acentric nuclei whose chromatin network presents a  clockface appearance. 





T-cells								(module- 24-25)


named after the thymus gland: the location of T cell differentiation in  humans.





after encountering an antigen, T cells can undergo several rounds of cell divisions and produce cells that differentiate into cytotoxic T lymphocytes and helper T lymphocytes.





T cells are responsible for the cellular immune response: which requires the presence of living cells.





T cells are also mediate suppression of immune responses.





Primary (central) lymphoid organs: the thymus and Bursa equivalent (bone marrow). These are the organs where lymphocytes differentiate.





Secondary (peripheral) lymphoid tissues: area colonized by differentiated lymphocytes.





Be able to recognize lymphocytes in blood smears prepared with Romanowski type staining.





Hematopoiesis:





Hemopoietic loci: the location where leukocytes and erythrocytes are formed.		(module- 26)





During fetal development


initially hematopoiesis occurs in blood islands in the wall of the yolk sac


sometime later, the liver and spleen and lymphatic tissue serve as temporary hemopoietic loci.


eventually, the bone marrow becomes the primary site of hematopoeisis.





Hematopoiesis continues in bone marrow and lymphatic tissue after birth and throughout life.





Pluripotential (totipotential ) cell: all blood cells are derived from this same stem cell.





they have a high mitotic index and are self-replicating.





the pluripotential cell gives rise to 2 separate multipotential hematopoietic stem cells


lymphoid multipotential cells gives rise to lymphocytes


cells of the lymphoid line move to lymphoid organs for maturation


myeloid multipotential cells: gives rise to the remainder of the blood cells.


These cells mature in the bone marrow.





Hematopoiesis: it is dependent on the proper microenvironment and specific growth factors (colony stimulating factors - CSF)





stages of development:  (listed in order )						(module- 29)


stem cells


colony-forming units CFU (multipotential stem cell)


colony-forming cells CFC


committed cells


maturing cells


mature cells 


(See Fig 3. Module- 27)





Bone Marrow: Two types, red and yellow.  Provides the proper microenvironment for hematopoiesis.


In the newborn all marrow is red; In adult most marrow is yellow.			(module- 29)





Yellow marrow: mostly adipose cells, it can convert back to red marrow under certain conditions.


Red marrow: composed of a large number of blood cells and blood-forming cells.





Active (red) marrow: comprised of blood vessels, specialized units of blood vessels called sinuses, and a network of hemopoietic cells.





Vascular component: the sinus of bone marrow is a unique vascular structure and occupies a position normally occupied by a capillary.


the sinus wall is composed of luminal endothelial cells, a basal lamina, and the adventitial cell layer (reticular cell)





The sinusoidal system of the marrow is part of a closed circulation pattern: newly formed blood cells must penetrate the endothelial layer to enter the sinus circulation.


The passage of blood cells from marrow into circulation is controlled by releasing factors (complement C3, hormones, bacterial toxins, etc)


After the action of releasing factors, a pressure gradient allows cells to cross the wall of, and enter the sinusoid.





Megakaryocytes: form thin processes that cross the wall of the sinusoid and fragment at their tips, liberating platelets into the sinusoid.


See fig. 13-4, J-238





Hemopoietic component: hemopoietic cells have the appearance of being in rows or cords (hemopoietic cords) between the sinuses.





Hematopoiesis requires specific growth factors (colony stimulating factors CSF)





hemopoietic growth factors include: CSF, interleukins, and inhibitory factors.





certain drugs are quite toxic and affect rapidly dividing cells such as those found in the bone marrow.


ie. Neutrophils are particularly sensitive to being depleted due to their short life span.


Granulocyte stimulating growth factor (G-CSF) can be administered to promote the development of these cells


during or following the use of cytotoxic drugs.





Table 8 Module p.30; Match the various factors that promote blood cell development with their target cells.





Differentiation of Erythrocytes:


As erythrocytes differentiate their hemoglobin content increases while their nuclear volume decreases.





Monocytes: derived from monoblasts.


mature monocytes enter the bloodstream, circulate for about 8 hours, and then enter the connective tissues, where they mature into macrophages and function for several months.





List the life-span of various mature blood cells (Table 7, Module p.26)





See Figures 3,4 Module- 27-28 for understanding.





Be able to identify the different developmental stages in erythrocyte and granulocyte development in Romanowsky type preparations.





Lymphatic Tissue





Be able to identify the following on photomicrographs:





Unencapsulated lymphoid tissue (Peyer’s Patches) 						(J- 266)


they have the same microscopic structure as do nodules in the cortex of a lymph node.


they are composed of densely packed lymphocytes (mostly B-lymphocytes).





lymphoid nodules:							


they can be found loose or aggregated in the loose connective tissue of several organs; mainly in the lamina propria of the digestive tract, upper respiratory tract, and urinary passages.





germinal centers:  a collection of activated cytoplasm-rich lymphoblasts that appear only after birth in response to antigen exposure. They are the site of B cell proliferation and differentiation into plasma cells.





lymph node: encapsulated spherical or kidney shaped organs composed of lymphoid tissue.  The outer cortex contains B cells, the inner cortex contains T cells.				(J- 255-257)





cortex: formed by lymphoid tissue consisting of a network of fibers whose meshwork is populated by B cells (in lymphatic nodules)


subcapsular sinus: runs between the outer cortex and capsule


trabecular (intermediate) sinus: run parallel to the trabeculae, allows the subcapsular sinus to communicate with the medullary sinuses.





capsule: conective tissue that surrounds each lymph node and sends trabeculae into its interior.





paracortex: located between cortex and medulla, it is populated by T cells





primary lymph nodules: spherical or ovoid in shape, with no clear central region.


secondary lymph nodules: presents a clear zone, the germinal center, in their interiors.





medulla: composed of medullary cords


medullary cords: branched extensions of the inner cortex that contain B lymphocytes and some plasma cells.





medullary lymphoid sinuses: dilated, capillary like structures


they separate the medullary cords.





afferent lymphatic vessels: they cross the capsule of each node.


they pour lymph into the subcapsular sinus.  From there,  the lymph passes through the trabecular sinuses into the medullary sinuses.	


efferent lymphatic vessels: lymph flows slowly from cortex to medulla and then enters these vessels at the


hilum of each node.





Postcapillary (high endothelial) venules: lymphocytes return to the lymph nodes, by leaving the blood stream, through these vessels.





Thymus: it contains no B cells.								(J- 251)





Cortex: peripheral dark zone.


it is composed of an extensive population of T cells, dispersed epithelial reticular cells, and few macrophages.


because of the proliferation of T lymphocytes in the cortex, immature T lymphocytes accumulate in this region.





medulla: central light zone								(J- 253)


it contains a large number of epithelial reticular cells and large and medium-sized lymphocytes.


Hassal’s corpuscles: characteristic of this region


They are flattened epithelial reticular cells that degenerate and become filled with keratohyalin granules


and cytokeratin filaments.


Fig. 14-7, J- 254





endothelial-reticular-cells:


thymic capillaries have a non-fenestrated endothelium that has thin processes that may come in contact with epithelial reticular cells.


it forms a blood-thymus barrier that prevents circulating antigens from reaching the thymic cortex where T lymphocytes are being formed.


Fig. 14-8, J- 254





Spleen: the largest accumulation of lymphoid tissue.			(J- 260)


capsule: made of dense connective tissue that sends out trabeculae that divide the parenchyma (splenic pulp) into incomplete compartments.





white pulp: lymphoid nodules that appear within the red pulp.





red pulp: a dark red tissue that is rich in blood.


it is composed of elongated structures, the splenic cords, that lie between the sinusoids.





circulation: the splenic artery penetrates the hilum, dividing into trabecular arteries.


trabecular arteries: follow the trabeculae.


central artery: after leaving the trabeculae, these vessels are formed.


they enter the parenchyma to be surrounded by periarterial lymphatic sheaths and occasional lymphatic


nodules (peripheral white pulp).





penicillar (straight)arteries: central arteries enter the red pulp by losing their lymphatic sheath and subdivide into these straight  arteries, which eventually drain into sinusoids (closed circulation) or terminate as open ended vessels in the pulp cords (open circulation)


red pulp veins: drain blood from the sinusoids


trabecular veins: red pulp veins join together and enter the trabeculae, forming these veins.


Fig. 14.20, J- 264





periarterial lymphatic sheaths: contain T cells


lymphatic nodules consist of B cells.





The Spleen is responsible for the destruction of erythrocytes.


Macrophages in the splenic cords engulf and digest the erythrocytes that frequently fragment in extracellular spaces.





Lymphocytes





Lymphocyte


small cells that possess a single large, acentrically located nucleus and a narrow rim of light blue cytoplasm


they originate mainly in the thymus and the peripheral lymphoid organs


they are usually located in peripheral lymphoid organs and have immunologic function.





Lymphoblast:


large cells, their chromatin is not condensed.


these cells originate in the bone marrow.


they function as lymphocyte progenitor cells.





dendritic cells: found in the lymph nodes and spleen


they are antigen presenting cells, they trap and present antigens to lymphocytes.





recirculation of lymphocytes: allows peripheral lymph nodes to inform other lymphoid organs and prepare the organism for a generalized immune response.  It results in constant monitoring of the entire body.    (J- 257, 260)





Structure and lymphatic Function


lymphoid tissue


is organized as scattered clusters of lymphoid cells or as lymphoid nodules.





lymph node


small, encapsulated, ovoid to kidney-shaped organs.  They are surrounded by a capsule and contain trabeculae.





spleen


differs from the thymus and lymph nodes in that it lacks a cortex, medulla, and afferent lymphatics.  It contains lymph nodules.


functions: filtration of blood, storage of erythrocytes, phagocytosis of aged and damaged erythrocytes, proliferation of B and T lymphocytes, and production of antibodies by plasma cells.





thymus


surrounded by a connective tissue capsule that sends septa into the parenchyma, dividing it into incomplete lobules, each of which contains a cortical and medullary region.


does not contain lymph nodules


T-cell maturation takes place here.





Gut associated lymphoid tissue (GALT) includes Peyer’s patches
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