MICR 423: Hematology

LEC 1

Hematology is the study of blood (an organ)

Importance:

Blood is in contact w/ almost every cell in body 

Reflects the condition of every cell in the body

It’s a valuable clinical diagnostic tool to determine what is happening in rest of body

Be able to know:
What are the normal cells of blood?  
How do you recognize the various kinds of normal cells?  
When disease occurs, various effects on blood cells (also indicative of disease)

What do blood cells look like under normal conditions?  
look at cells under mic and say this is neutrophil and that a lymphocyte, that a monocyte


how blood able to clot?

if cut yourself and doesn’t clot, got hemophilia; why?  
What do you know about blood? 
universal donor – O, no antigens on blood cells; O person can give blood to anyone else.
Origin of Life

Life began as tiny blood cell creatures just floating around in rich pea soup of nutrients; 
Start dividing, more competition, if start to band together, can form more efficient units; 
In these coop communities, some no longer have complete exposure to nutrients, 
So they form little hollow ball of cells, now have nutrients both inside and outside, 
Hollow ball of cell becomes tube, now tubes coming out of central tube; now got circ system
Any form of life more complex than a vegetative plant or any primitive animal needs circ sys.
Fxns of blood and circ system
1. O2 transport

2. nutrients/waste products

3. Defense – blood is inner defense line

4. Transport hormones – all kinds of chemical messengers
5. Temperature – maintenance of temp; how do that?

Dilation of blood vessels; as blood circ, goes through liver, liver a major metabolic organ; 
As blood goes through liver, picks up heat, transports heat around rest of body, 
If you overheat, dilation of blood vessels on (particularly) on skin; get flushed;

Transfer heat to sweat glands, sweat + water in glands evap off skin, 
Highest latent heat of vaporization (when comes off, take greatest amt of heat w it)

Water has highest ability to take heat away (perfume doesn’t take much heat off); 

Vessels can also constrict to conserve heat; 
Clothes prevent surface heat from dissipating
6. PH - pH is conc. of hydrogen ions, blood maintains acidity and alkalinity of body

Blood pH is 7.42 ( 7.45, normal pH range of body; 
0.03 difference, very small rate of change;
Out of 7.4 or less, get acid; above, become alkaline; acidotic or alkalinic, 
CO2 ( HCO3 ( NaHCO4

This equil maintains ability to sop up H ions here; maintains critical range of blood pH

Blood components

Cells
Plasma (Blood- a liquid tissue) has cells floating around in it 

Plasma is primarily water, proteins, all nutrients, all electrolytes (Na, K)); 

FIG blood enclosed in blood vessels (var kinds)

How does blood circ?  
Heart beat rate is about 70 beats per min.
From heart, blood flows to arteries 
(Aorta leads from heart is biggest blood vessel in body, it is garden hose size and thickness to maintain propelling force)

Lining cells of blood vessels called endothelial cells (not epithelial), 
Below endothelial cells are basement membranes; 
Different vessels have various layers of elastic tissue, collagen, smooth muscle cells
 (Aorta has several layers of smooth muscle in btw layers of elastic tissue and collagen)

Need thickness to ensure containment and expansion; 
From arteries blood flows to arterioles

Arterioles are smaller, not as heavy wall, still have smooth muscle, help to divert blood 
flow to diff parts of body

From arterioles, blood goes through capillaries

Capillary – a very tiny blood vessel, have a capillary network that goes to every cell of 
body; in cap actual O2 diffusion, nutrients and waste prods transport around; where 
majority of business of blood occurs in cap

From capillaries, blood flows through venules

Venules little larger than capillaries, still very thin, don’t need much heavy conc. of cells 
around bc no longer P around blood as on artery side

From venules to veins

Veins in legs have flaps or valves to ensure blood flow goes upward so doesn’t fall backwards bc of force of gravity

From veins to lungs:  deliver non-oxy, de-oxy blood
From lungs to heart: through Superior and inferior vena cava

How much blood do you have?  
About 5 L (you can lose about 0.5 L of blood w/o damage)
Donated blood about 450 mL; 
Quickly regenerated from blood marrow, 
Give water/juice to regenerate fluid; 

PIC; 
Clot Formation

If put blood sample into tube, it will form clot; 
When it encounters foreign surface, activates proteins and form clot; 
In lab, clot will retract off sides of tube bc liquid part of clotted blood cell (serum), 
In serum, used up all proteins, otherwise same
To ensure blood does not clot, have to add anticoagulant (prevent blood clotting); 
Put anti coag in tube then add blood sample, mix well, 
Allow blood to sit for a while, all red cells settle to bottom bc heavier; on top is clear yellow serum 
Look carefully for a small band, called buffy coat, has white cells, 
Separate out at interface of plasma and RBCs; 
In lab, normal serum or normal plasma “straw” color

In plasma, not clear bc all kinds of little platelets suspended in plasma

In serum, used up clotting proteins and incorp platelet into clot (why clear)

Red and White cells

Normal proportion of red cells of plasma is about 45%; 
Buffy coat small, thin layer

Huge red cells at bottom of tube bc red cells far outnumber number of white cells in body


Why? BC need O2

Red cells primary func to transport O2 around, 
Red cells almost total reserve of O2 in body; 
Normal number of RBCs, about 5 million per cubic mm of blood


Men 6 million


Women, 4.5 – 5


Normal white cells number is 5 – 10,000 per cubic mm



Num of white cells depends on state of body

During infection, white cell number elevated (>10,000), 
If 100,000, another prob, could have leukemia (a cancer of bone)

Video, about normal blood

Human heart beats 100,000 times every day; 
Blood transports raw materials to tissues of body
Primary defense against disease, 
Contains means to stop its own loss; 
Every cell of body lies near a cap; capillaries could circle the earth two times; 
Cap wall 1 cell thick, transfer depends on environment around cap, e.g. simple diffusion;
Can’t see transfer bc dissolved in body’s fluid; 
Blood is a fluid of clear plasma with white cells, red cells, and barely visible platelets; 
Top layer is liquid plasma, btm layer is red cells, thin layer in btw, white cells and platelets 
Plasma

Over half of blood is plasma; 90% plasma is water, remaining 10% complex; 
Salt imp part of plasma, ensures blood holds right amt of fluid; 
Proteins in plasma maintain delicate balance of fluid and defend ag disease and clot-forming; Hormones in plasma for growth; eat, digest, etc.
Every part of body has passed through plasma in form of raw material; 
Plasma also has waste prods of cells; 
Kidneys remove wastes and maintain salt and water balance; 
Liver maintains quality of P by breaking down harmful chemicals and release fuel for E; 
RBCs
Plasma can’t hold amt of O2 body needs;
RBCs transport O2; look like flexible bags, inside Hb, makes blood red and bind O2; 
Red cells begin in bone marrow; arises from ancestor cells, 
As develops, loses some part, prod Hb, expel nucleus, released into blood stream; 
As red cell sweeps past an air sac in lung, latches onto O2 (turns brighter red); 
Red cell releases O2 only in cap and when cells surrounding red cell have less O2,
At the same time, RBC picks up waste CO2; 
Cap so narrow red cells go through single file (importance of elasticity); 
Red cell then passes to venules, then vein; flows back to R side of heart, completing circuit; 
red cells live about 120 days; red cell completes 70,000 circuits, travel tens of thousands of km; when old, red cell disintegrates or may be devoured whole by other cells of body (white cells); 
White Blood Cells

Most white cells arise in bone marrow; 
Larger than red cells, each has nucleus and other cell machinery that RBCs lack; 
At any time, there are more WBCs outside blood stream than in it; 
White cells help to eliminate foreigners; envelope then destroys; 
Antigen is any substance that triggers response of immune system
Immunity from WBCs

First invasion may make us very sick, slowly antigen destroyed by white cells; 
Get immunity (no symptoms) from next exposure; 
Old germ contacts lymphocyte, 
Lymphocyte divides and new lymphocytes prod antibodies (some abs becomes part of 

lymphocyte, others released into plasma, circ throughout body); 
Antibodies are custom made weapons to kill germs or immobilize them for WBCs to kill; 
White cells duties
1) Recognizes dangerous cells in body 
2) destroy them; 
Platelets (smallest) of blood’s elements 
Defense against loss of blood; 
Form in marrow when gigantic parent cells break apart, freeing platelets into blood stream;
In conjunction w plasma proteins, platelets plug leaks in blood vessel; 
Injured tissues release chemicals, complex clotting proc begins; 
Platelets stick to broken surface and then to each other; form loose platelet plug; 
Chemical released from damaged tissues set forth set of chemical rxns, 
Results in formation of protein fibers; 
Platelets contract to seal wound further.

After a skin wound

Bacteria invade, white cells exit bloodstream and go into tissues to fight infection; 
Damaged tissues repair; bruises develop when vessels broken, but not skin; 
Burns

Person loses so much fluid before healing begins, they need a transfusion, 
At first unsucc/suc; 
Ok when blood compatible btw donor and patient;
Incompatible when blood form clumps; 
Blood Transfusions

4 major blood types: A, B, AB, O and subdivisions; 
SUMMARY

Blood flow continually in circ system, 
Plasma carries essential nut for body’s tissue,
Intricate defense against disease and loss of blood, 
Carries waste, and hormones, 
Red cells carry O2, 
White cells recognize and deal with dangerous substances

Platelets repair blood vessels and clot blood; 
Blood is plasma, red cells, white cells, and platelet: a living fluid tissue of transport.
LEC 2

Review of last lecture

Make sure you can trace blood through all vessels

Fxns of blood
Blood is transportation route for almost everything


Heart to arteries to arterioles to cap to venules to veins back around to heart

Blood is oxygenated in lungs; all art carry oxy blood except pulmonary artery

Venous blood is blue colored bc of oxy-Hb; when O2 + Hb of red cells, oxy-Hb much 
brighter, reddish coloration to it; blood to veins, darker or bluish color; 
person –O2, they look pale or on blue side (called “cyanosis” or cyanotic)

Red cell is just a membranous bag w Hb (a protein) inside

Hb major protein in body carrying O2 around

Red cells lose nucleus to be as small and flexible as possible
Red cells are biconcave disks (concave on one side and concave on other side)

Why have shape?  Flexibility

PIC – average diameter of red cell is 7 (m; capillaries are only 3 (m in diameter; how get a 7 (m red cell down a 3 (m cap?  Has to bend
Shape enhances flexibility 


How many red cells do you have?  5-6 million per cubic mm 


Hematology is concerned with cellular aspects of blood
In plasma (nut, waste prods, hormones, etc) measured in clinical chemistry; 
Hematology in clinical lab is concerned with the normal levels of changes occurring in these 

cells that make up blood

Function of WBCs

White cells use blood and bloodstream as a transportation mech where they will carry out fxns; red cells contained and doing their fxns intravascularly
White cells fxns done primarily extravascularly; they leave bloodstream to go into tissues to 

phagocytize (engulfing of foreign orgs) bac that have entered the body

Immune cells in blood involved in produciton of abs 

Antibodies also use blood as transportation mech

Types of WBCs

1. Neutrophils (most numerous in humans)

2. Lymphocytes
3. Monocytes
4. Eosinophils
5. Basophils
All involved in defense of body; each has specific func in overall immune mech

Changes in morphology depends on diff disease states

One of most common blood tests, CBC

Here, we can do a WBC count and differential (numbers of var kinds of WBCs)
Be able to know

ID cells, 
Determine number of cells, 
What does cell look like?

MORPH CHAR OF NORMAL PERIPHERAL BLOOD LEUKOCYTES (in lab manual)

	Neutrophil

AKA: PMN or Segs
	6-8 (m in diameter, look even larger than red cells; 
nuc splits into lobes (connected by thin thread); lobes # 2-5 +, (usu 3)

nuc made of DNA and chromatin (proteins that help to roll DNA up and 
            hold into config)

more dense color= more condensed DNA = more mature cell, “heterochromatin”

less dense color = euchromatin 

mature circ= dark, 3 lobed nucleus with pink cytoplasm

lots of purple-red-blue granules = lysosomes (sacks of digestive enzymes)
Most effective phagocyte, very mobile because of segmented nuclei

a phag cell is the one that gets to the scene first

     After invasion of bac, neutrophil get there fastest bc smaller than 
     monocytes, move faster, get through endothelial cells that line blood vessels 
     (start to phag bac before monocytes lumbers along); 

neutrophils are indicators of acute bacterial infection

	eosinophils
	generally 2 lobes
Large orange granules
Proteins in granules take up orange eosin dye
Fnx: allergy and parasites

	Basophils

(Mast cell=
lg version)
	generally 2 lobes (can’t always see bc covered by distinctive granules); 
basic loving; from methylene blue, 
granules are large and purple

	monocytes
	Biggest of various white cells; 2-3 x larger than RBC
Not as mature when circulating

Leaves bloodstream when mature to become a macrophage

Looks like PMN but nuc not as dark = euchromatin

MANY TINY yellow-lilac-red granules
Excellent phagocyte with many types of lysosomes

consider these guys armored tanks

indicators of chronic inflammation

	lymphocytes
	these are the immune system

Come in small, medium, and large size (like t-shirts)

Small ones are the majority, on patrol in body, looking for intruders; 
since inactive, smallest poss size so that can easily circ and 
leave if nec; cytoplasm a light blue, clear in coloration (few or no lysosomes)

Nuc inactive (dark stained DNA locked up, very little euchromatin)
If many M or L, may have Viral infection
viruses not effectively killed off by phag, need lympho activation


S tells M or L to activate when virus around


M or L have more euchromatin bc activated cell 


Table 1: conc. of leukocytes in venous blood samples


Normal white cell count:  5-10,000 per cubic mm (elevated indicates infection)

Neutrophils:
white mean: 3,700




Black mean: 3,400


Lymphocytes mean: 2,500


Monocytes mean: 400


Eosinophils mean: 150 (often times elevated in allergies, asthma, hay fever)


Basophils mean: 30

Hematopoiesis = the production and development of blood cells

Every cell of blood has finite lifespan


One red cell lasts in circ: 100-120 days

One white cell lasts in circ: depending on disease state: a few hours- a few days


Except lymphocytes which may last a lifetime (immune memory)


If 5 million red cells per cubic mm, need production center that is huge

Prod center is bone marrow

Bone marrow is an organ (one of most widely dispersed organs); 
> 1 trillion cells in the marrow at any one time


Prod 200 billion red cells, 10 billion white cells, and 400 billion platelets per day


Highly vulnerable, e.g. cancer chemo, transplantation, suppress bone marrow

Bone marrow is limiting factor in cancer treatment; all CA treatments affect BM
What is bone marrow?

Marrow is a seed bed, needs right kinds nut and env to encourage develop blood cells

1. Stromal cells = supporting cells, provide microenvironment; form major cellular 

aspects of marrow

2. Hematopoietic cells = blood forming cells and immature cells

Marrow is the last place that blood formation occurs

3rd week of gestation: first detectable sites for hematopoiesis is in blood islands of yolk sac 

3 weeks, 1st develop of blood cells in beginnings of circ system from mesenchymal cells
Neural tube (becomes spinal cord), develop body, underneath yolk sac; on surface of yolk sac, see blood islands, formed from clusters of cells called mesenchymal or zenchemal cells (multi-potential cells)

Ones on outside elongate and eventually form epithelial cells

Ones on inside begin to diff to primitive blood cells; 
First blood cells are erythroblasts (erythrocytes with nuclei)

There are diff kinds of embryonic hbs (to feed embryo)

Bulk of cells being formed are erythoblasts

Have to get O2 from mother to them (RBCs) in order for proper devp; 

Blood islands are active site for hematopoiesis up to 8th or 12th wk of gestation 

Yolk sac principal site for hematopoiesis until 8th to 12th wk of gestation; 

Liver becomes primary site of hematopoiesis from 12th week until 6th month.
Bone marrow hematopoiesis begins at 5th month until birth; major src of blood cells

PIC – as devp of limbs, bones, and bone marrow gradually take over as principal site for hematopoiesis, with contributions from spleen for hematopoiesis and lymph nodes (they 

contribute lymphocytes throughout life)

Medullary hematopoiesis: blood cell production that occurs in bone marrow 
Extramedullary hematopoiesis: blood production outside bone marrow
Although bone marrow is the normal site for hematopoiesis (Except for lymphocytes),

hematopoietic prod in adults might revert to the spleen or liver (extramedullary 
hematopoiesis) in certain disease states.
At birth, medullary hematopoiesis occurs in almost every bone; 
As they mature, active marrow production moves toward center of body

Adult major sites of blood production are flat bones: hips or pelvic girdle (major site for active bone marrow; can donate bone marrow); sternum, breastbone, ribs, vertebrae, skull (rare).
Structure of bone marrow

Stromal cells provide seed bed or hematopoietic inductive microenvironment (HIM) to induce 


blood cell prod.
Active marrow usually red bc huge # of RBCs in marrow; 
Inactive marrow is yellow bc as bone marrow becomes inactive, replaced by fat cells.
Bone hollow bc all center is marrow or fat (if solid, you become heavy and it cracks)

Cortical bone is inner bone
Oesteoblasts are bone forming cells 
Periosteum is membrane on outside of bone 

Endosteum on inside of bone 
Oesteoclasts are bone-destroying cells(maintains uniform width of bones
Cancellous bone is on the ends of bone; not as thick and heavy, much spongier)

Cartilage for joints on very ends of bone (ensures frictionless surface)

Nutrient arteries feed interior of bone (veins to carry blood out)

Nutrient artery branches and then forms very thin walled irreg shaped vessels called sinus

Nutrient artery splits to become central artery, 
Branches off and form very irreg and interconnected vessels called venous sinus; 
Blood then eventually make its way into central vein to exit marrow

Blood production

Actually occurs between spaces of venous sinuses, called hematopoietic spaces

Medullary hematopoiesis occurs extravasculary (blood prod outside blood vessels)

Stromal cells make up seed bed and are located w/in hematopoiesis spaces and in the endothelial cells forming these venous sinuses that are part of stromal cells supporting spaces.

Stromal cells

1. Endothelial cells lining sinuses, (gatekeepers) are responsible for the release rxn (don’t want 


devp cells to enter circ until mature); have major role controlling output of bone marrow

2. Reticulum or Adventitious cells (fibroblast-like cells), very irreg, long cell processes and 
capable of making reticulum fibers (like a sponge) that provide supporting framework for 
devp blood cells to rest on 

3. Marrow macrophages: (highly biosynthetic). In between these endothelial cells and 

adventitious cells, capable of making hormones, growth factors, various signaling mlcs 

that promote hematopoiesis

Nutrient arteries enter center of bone and form venous sinuses.

The center is where central vein drains out (in btw is where all the hematopoietic processes going on)

Next time: stem cells

LEC 3

Review of last lecture
What kind of cells make up the blood islands?  Mesenchymal cells

Outer mesenchymal cells devp into endothelial cells


Inner mesenchymal cells devp into erythroblasts (immature red cells)

In embryo, circ around as nuc red cells; in adult, circ red cells lose nucleus.
From 3 wks-3 months hematopoeisis occurs in the blood islands. 


Then the yolk sac shrinks, fetal heart one of first things to devp.

From 3-6 months circ sys developes; switches to fetal liver with stromal cells and instead of erythroblasts, more normal RBCs. Liver needs circ sys bc bigger org, need more efficient mech.

From 6-9 months, switch to bone marrow.

What are stromal cells?

They form the seedbed of blood = hematopoeitic inductive microenvironment (HIM)

What kinds of stromal cells are there?

1. Endothelial cells – guarding the entrance of the devp cells into circ; probab have role in release rxn (ie when cells mature, allowed to enter the reg circ, from extravascular spaces to the sinusoids when they then empty into the vein system)

2. Adventitial cells (or reticulum cells) – reticulum cells makes the reticulum fibers (forms the meshwork, the architecture, the env, the struts upon which all the hematopoeitic cells located on)

3. Macrophages – phagocytic (phag the red cell nuc), fxn in HIM: Biosynthetic for growth factors, hormones that regulate the hematopoeitic process (blood forming proc).
Hematopoeisis extravasular or intravascular?  Extravascular.
Stem cells

Stem cells can become many diff kinds of cells: 

Multi-potential (many types of cells) or pluripotential (all types of cells)
Where does an embryonic stem cell come from?  

In fallopian tube:  Zygote ( mitosis ( blastocyst (a hollow ball of cells with stem cells on ends)

After implantation in uterus: ( zenchymal cells ( epithelial cells
Adult stem cells from bone marrow (and fetal cord blood) are Hematopoetic stem cells are capable of giving rise to all diff kinds of blood cells; diff’d to pt where committed to various lines of blood cells. We don’t have many, and don’t need many.
How were stem cells discovered?
Till and McCullough 1961 in Toronto performed a spleen colony assay; took male mouse and lethally irradiated with x-rays or cobalt to damage bone marrow.  Then they gave the XX  mouse bone marrow from a XY female litter mate, and it would survive.  Biopsy of spleen showed colonies of cells that could repopulate bone marrow (CFU-S) on surface of spleen that had migrated there from the female donor. 
Similar situation in Chernobyl nuclear meltdown, did bone marrow transplants, find that descendants of survivors had increased rate of leukemia, all radiation induced mutations, passed to children who have higher rates of leukemia. 
Humans don’t form hematopoetic colonies on spleen, but we do have stems cells.
CML (Chronic Myelogenous Leukemia), has a chromosome mutation called Ph’ (Philadephia chromosome) in erythrocytes and granulocytes, megakaryocytes, and monocytes.
CML is a clonal dz that derives from a stem cell that expr Ph’ 

Women who devp CML can be heterozygous for an enzyme called G6PD on X chr (glucose 6 phosphate dehydrogenase). The X chrs are randomly inactivated (women don’t need all these X chrs, got backup X chr). CML comes in two isozyme forms (A and B). Some skin cells expr A, some B, get random expr of G6PD enz; if this woman devp also CML, look at all blood cells, platelets, monocytes and so on of this person, all same cells that have Ph’, you’ll find that only one form of G6PD expressed.  This tells you that leukemic cells are clonal (one stem cell started the abnormal cells).
All cancer starts as clonal dz (ie a cell, loses ability to recog enz, and overly divides, as do its descendants).  This proves the existence of hematopoeitic stem cells. Chromosome analysis of speeln cells show they all come from same source.
The HSC is known as a CFU-S (or colony forming unit spleen)

CFU-S + colony stimulating factors (CSF) ( CFU-C and CFU-L
CFU-C ( BFU-E (burst forming unit erythroid ( erythrocytes) 

 (CFU-GM (granulocyte/monocyte) 
 ( CFU-MK (megakaryocyte ( platelets)
 ( CFU-EO (eosinophils)
CFU-L  ( T cells
 ( B cells (major pop of lymphocytes)
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Interleukins (ILs)

Fxn is to direct differentiation processes; some are necessary, along with CSF to get macrophages or neurophils or eosinphils to form).  
How tell stem cell from any other cell?  
Various assays show markers on stem cells

White cells have CD (clustered designation) markers; eg CD1 – 30s or 40s

Human stem cell – early and non-diff’d cell, so not going to have any kinds of markers on surfaces.  But human stem cells have markers called CD34.
Why is it useful for markers on stem cells?  
It’s a mechanism to id cells, so they can be purified and replicated; wouldn’t have to give whole bone marrow, could just put stem cells out and put in tissue bowls, grow much. Only need 30 stem cells to save life of mouse.
Unfort, human stem cells don’t grow very well; get them to diff, but not grow well

Cytokinetics: the study of quantitative changes to cell numbers
Bone diseases can be qualitative (loss of func) or quantitative (too few or too many); 

Causes of quantitative change

1.  Cell production (( or ()


2.  Cell release (cells don’t get out of bone marrow)


3.  Cell survival (cells not surviving in circ as long as supposed to)

1st category: Cell types that constantly proliferate: lymphocytes, epithelial surfaces, gut cells 

(every 3 days replace entire lining), bone marrow (blood cells) have cell type that 

constantly divides, may have mistakes, if not detected, get cancer cell or tumor.
2nd category: endothelial cells, liver cells, kidney cells


Capable of healing, rep only when necessary.
3rd category: neurons (brain cells do not replicate, will lose)


Don’t undergo division bc too highly diff’d

If cells constantly rep, need feedback regulation (differentiation stimulus) to ensure maintain normal #s.
Example: Stem cells replicate and maintain stable # throughout life (don’t want to run out 
of stem cells).  Signal comes in, get prolif into progenitor cells which mature and 
differentiate. When these cells die off, body gets another signal saying we need more 
mature cells, so stem cells divide and replace again. 

THE PROCESS OF DIFFERENTIATION
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Proliferation = multiplication and division (to make new cells and maintain #s)

Refers to cell division or sometimes implies diff’n (= devp to certain sg; lose potentiality, also new type of cell, undergoes maturation proc)

Maturation: change to specialization
Specialization:  to become spec type of cell. More genes turned off/on to make specialized cell products for specific functions= loss of potentiality and loss of cell to divide

. Example: red cell gets biconcave shape: Red cell needs Hb; proteins are made, so specialized nuc turned off and left behind as cell goes into circ; now just memb bag of Hb

24 hour Cell cycle: all cells go through this
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S, synthesis of DNA (about 14 hours) = longest
G2, cell gets ready to divide (About 1hour) = shortest
M, mitotic proc (About 4 hours)
G1, get ready to S (About 5 hours)
Total time for all cell types is 24 hours

Lymphocytes can drop out of cycle, then back in

Leukemic cancerous cells undergo frequent mitosis.

Drugs to treat cancer or leukemia interfere with different parts of cell cycle

Example: Vinca, Vincristine: - powerful anti-cancer drug, used for leukemics



- inhibits MT formation (need MT to form spindle for cell division)



- no MTs, no spindle

How stem cells actually replicate
Within stem cell compartment, differentiating stimulus (CSF), tells one of them to divide, so cell leaves stem cell compartment, and another divides to take its place.
Characteristics of stem cell
Multipotential
Maintains their own cell production
Responds to diff kinds of stim agents to divide
Give rise to mature cells, maintain certain numbers of stem cells in compartment so don’t run out

Major sites of bone marrow in pelvic girdle

Order of pref for bone marrow biopsy, primary sites

1. Posterior iliac crest (feel upper ridge of pelvic bone) – patient on face, can’t see what you are doing


2. Sternum (breast bone); bad bc looking like someone stabbing you


3. Anterior iliac crest


4. Vertebrae
LEC 4

Review of last lecture

What’s the definition of a stem cell? 
1.  A cell that has the ability to reproduce itself to maintain its own cell population numbers.

2.  It is multi-potential and can give rise to more specialized cells.

3.  A HSC gives rise to all the diff kinds of blood cells.
4.  An embryonic stem cell is a pluripotential stem cell that can give rise to any kind of tissue 
(Great potential but comes from human embryo).
5.  HSC is referred to in this course as a CFU-S.
6.  HSCs are located in active bone marrow and cord blood.

What’s diff btw proliferation, maturation, diff’n, spec’n?

Proliferation = cell division; a stem cell that divides and maintain its # is prolif of stem cell.
Differentiation = cell that comes from stem cell that undergoes changes in genes to produce a cell that is slightly diff from the original cell.

Maturation = Cell matures as it differentiates to become specialized.
Specialization = new proteins are made that aid the cell in more particular functions.

Proliferation (strictly cell division here) ( differentiation ( more specialized ( becomes more mature ( prod proteins needed to carry func of that particular cell type.
Example: RBC: init cell type that emerges has no Hb, as cell becomes mature, start making Hb and red cell loses nuc to becomes bag of Hb
Cytokinetics= Change in numbers of cells because of production and destruction. Quantitative.
An extra credit assignment
Cord blood controversy of banking of cord blood; Newsweek Aug 18, 2003; it’s a pretty new idea to save cord blood. For extra credit, give couple paragraphs, make pertinent (so if ready to start family, are you going to save umbilical cord blood?  Put in private bank or public bank for avail for infants use?) Read article, summarize article in couple of paragraphs, and answer the question: if you’re the parent of a newborn and you have option to save baby’s cord blood, are you going to do it?  And how going to do it? Extra 5 pts (you might need it down the line). Download off ereserve (electronic srcs, actual account for this course, MICR 423, called “cord blood controversy” by Holly Peterson. Need password: 423ita. Next week, bring in.
Why look at bone marrow?

1.  To count cells 
2.  Check maturity of cells
3.  Observe cytokinetics (amount of production vs. destruction).
Two types of bone marrow biopsy

Aspiration (most common). Disadvantage is that it destroys natural architecture of bone marrow.  Advantage is that one can see individual cells better.

Procedure for aspiration of bone marrow 
Sterile prep. Anesthetize skin and periosteum (nerves and blood vessels here). Insert needle with adapter to pull up sample of bone marrow. Take the aspirate (mix of marrow cells and blood) and make smears, then stain to observe cells and id different cells.

Plug Biopsy: Maintains architecture, but can’t see individual cells clearly.

Procedure for plug biopsy

Same prep as above but go in with cutting blade and get larger plug of bone + marrow, then do H&E Paraffin stain procedure: Put in fixative and replace the water of tissues with paraffin to see cell architecture. This process does not preserve individual cell structure as well as an aspirate. Make smears, then stain.
Locations for bone biopsy

1. Posterior Superior Iliac crest (prime site)
2.  Sternum

3.  Anterior Superior Iliac Crest

4.  Vertebra

What is architecture of marrow?  
Bone marrow architecture is the actual meshwork, the reticulum cell, and adventitial cells, the endothelial cells, seeing everything in their normal relationships.  
Things you can do with a Bone Marrow Smear
1.  Look for the myeloid-to-erythroid ratio. M: E normally at 3:1
Why are there more white cells than red cells?  White cells die faster.
2.  Do a differential by counting the numbers of each type of white cells present.

a. Look for different stages of maturation

b. Check for abnormal production rates 
c. Check for abnormal morphology of cells. 
3.  Search for cancer cells which have metastasized from primary tumor.
4.  Iron stores; look at anemias; #1 anemia is iron deficiency; 
5.  Chromosome analysis on marrow. Ph’ is one thing to look for.
6.  Karyotype: grow marrow and separate diff kinds of chromosomes and put into holder and look at diff abnormalities; very imp for id leukemics (often changes in karyotypes, tell you what kind of leukemia you have) 
7.  Culture of bone marrow to look for bacterial infections.

8.  Kinetic studies (what kinds of cells being made, what is the maturity of these cells)

Mitotic index 
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Count 100 cells; how many cells in mitosis (metaphase)?  


Normal = 1-2%
Things to look for in bone marrow exam
1. Pancyotpenia: Complete overall ( in #s of all kinds of cells

2. Immature cells in the peripheral blood

3. Monoclonal gammopathy: immune disorders resulting from problems of immunoglobulin production; immune cells take over bone marrow. 

Why do a bone marrow exam?

1.  Suspect hematologic neoplasm, leukemia, lymphoma etc.

2. Check for metastasis of known neoplasm

3. Evaluation of iron stores
4.  To get a conclusive diagnosis of particular disease.
Causes of a “dry tap”; put bone marrow needle in, put syringe on, pull up on top of syringe, nothing comes up; can’t get any bone marrow

1. Hypocellular: Marrow doesn’t have normal #s of cells that should be there

2. Necrosis (cell breakdown)

3. Myelofibrosis (replacement of marrow w fibrotic/adventitious stromal type cells)

4. Hypercellular (e.g. leukemia): Marrow so packed that you can’t get anything to come up; must to do a plug biopsy bc can’t get anything off aspiration.
Reticulo endothelial system (RES)
A system of cells found inside and outside many diff organs of the body; 
Major cells types of RES are macrophages, reticulum cells, endothelial cells, but the primary function now is phagocytic filtration/clearance.
They have special stainability.
They have immune system components.

RES an important component of lymphatic system.
Lymphatic system: an auxiliary circulatory system

Blood fluids cover all body cells; necessary for biological functions of transportation across cell membrane.  As intercellular water accumulates, lymphatics drain the excess and filter it.

Every cell of body is permeated by tiny open-ended capillaries that draw in interstitial fluid.
Open-ended capillaries join to form lymph ducts (Largest is Thoracic duct, which dumps into left subclavian vein).  They pass through several lymph nodes along the way.
Lymph nodes have large concentrations at junctions in body; axillary, inguinal, cervical, etc.
Lymph nodes interconnected by lymphatic capillaries are called endonodes
Function of lymph nodes is filtration.  They are full of lymphocytes (immune system).
What lymph node looks like 

Inside node are reticular cells, meshwork of fibers, macs sitting on top of ret fibers like snoopy the vulture on a tree are ready to phagocytize.  Phagocytization is the first step in antigen presentation. 

Example:  Patient has sore throat, lymph capillaries carry bacteria away from throat and gets trapped in cervical lymph nodes; this causes secondary sites of inflammation at node.  
Example: Breast cancer patient needs axillary node biopsy to check for metastasis.

Afferent lymph caps bring intracellular fluid into cortex of node; whole interior divided by caniculi into chambers, the interior of which is filled w ret cells, ret fibers, macs.  Lymph follicles show filtration activity (including ingestion of cancer cells).
PIC of fig 16-1, section of jugular vein, 16x, capsule w cortex, trebeculli, afferent lymphatics into capsule into cortex and out to efferents; that’s a lymph node.
The Spleen (The spleen and the liver are associated with both blood and lymph)
Located on top of left kidney

The spleen is the largest organ of the RES.
It is a site of extramedullary hematopoiesis.

It is the major site of RES cells and clearance function.
It is a major immune organ

Function is to filter old blood cells and other kinds of particulates that shouldn’t be circ in blood; for its size, it has huge blood supply. Makes up 1.1% body weight

Cardiac Output = 5000 mL/min; spleen receives 300mL/min
Has its own artery directly off the aorta, splenic artery.

Spleen itself is highly vascularized; injury can cause bleeding to death. 

Cross section of spleen, has 2 types of tissue, separated by fibrous trebeculli
1) White pulp – scattered gray/white lymphoid lodges in spleen and around major arteries, have many macs and lymphocytes that surround the arteries

2) Red pulp – rest of spleen is red bc all blood going through it

Vascular sinusoids – separated by cords (similar to bone marrow sinuses)
Splenic capsule has little infolds (cords) that reach into interior and divides spleen into chambers (like lymph node chambers) called sinusoids, which are vascular spaces lined by RES cells.  This is where RBCs are filtered.
Rapid Transit Route

Aorta ( Splenic artery ( trebecular artery; along this have white pulp (sheets of lymphocytes and macs), trebeculli artery branches into sinusoids, sinusoids drain into Splenic vein.

Slow Transit Mechanism

Some blood goes between sinusoids, through the “cords”, made of ret cells, ret fibers, macs, endothelial cells enclosing sinusoids.  Blood cells have to make their way around these stromal cells, past waiting macs to slowly make their way to sinusoids to be part of venous system; any red cells too old to traverse hazards in cords will get phag’d (eaten up) by macs. Quality Control.

Pitting

A red cell with a nucleus still inside that tries to get through endothelial cells and into the circulation will get stuck; a macrophage will come along and nip off the nucleus of the RBC so it can get through.  
Spenomegaly always indicates disease

Causes of splenomegaly
Granulopoiesus (( prod of white cells) bc of acute or chronic infections
Lymphopoiesis (↑ prod of lymphocytes) from lymphocytic dzs such as leukemia, lymphomas Erythropoiesis (↑ prod of red cells) from tumors, etc

Anemias (( destructive activity)  
( Sequestering of platelets (from not enough circ platelets or from breathing disorder)
Vascular factors (cancer in spleen; sequesters tumor cells)

WHITE BLOOD CELLS (neutrophils and macs derived from monocytes)

PRIMARY PHAGOCYTIC CELLS
Historical context

White cells are defenders of body, inner defense line.  Before Hippocrates (father of medicine bc put dz and medicine on rational basis) dates back to Greek times, dz caused by gods (you did something bad, so you became ill). Hippocrates is the 1st physician bc he said here are environmental conditions and internal factors that change, causing dz; he said dz caused by imbalance of four humors (body fluids), blood, yellow bile, black bile, and phlegm. He came up with the idea of homeostasis.
Signs of inflammation early recognized


4 cardinal signs of inflammation: redness, swelling, heat, pain

Senec in 1749 examined pus from infections; discovered colorless nuclear globules in pus; he thought they spontaneously arose out of lymph nodes.

Rudolph Verchow (From Germany; first pathologist) considered pus cells came from precursor cells in mesenchyme.
William Addison said colorless globules in pus were the same as globules in blood which moved from blood to tissues to become pus cells.  He had 2 pieces of evidence:
1) Blood smears from inflamed surface (pimple or base of boil) showed there were more colorless corpuscles at these sites than other sites.
2) Put a grain of salt on the web of frog’s foot and saw accumulation of blood cells in white corpuscles where salt was.
Waller 1846: Tied frog down to board, stretched tongue out and pinned it down and observed tongue under microscope to see blood vessels.  He showed that white corpuscles moved within blood vessel to exterior and found that blood  must exit blood vessels to move to damaged site (the frog’s tongue); 1st observed that pus is due to movement of WBCs from w/in blood vessel into stromal tissue.
Diapedesis – movement of white cells from w/in blood vessels to endothelial cell and then to surrounding tissue.

Eli Menchmakov, a Russian marine biologist (studying larval clear forms of starfish, could see through them, saw inside that wandering amoeboid cells) – got idea of taking rose thorn and stuck it inside starfish and observed, all wandering amoeboid cells gathered around end of rose thorn inside of starfish.  He came up with the theory that white cells were performing a defensive function and attempting to phag rose thorn.  Verchow finally accepted theory about white cells being able to move through endothelial in response to some kind of stimuli and undergo phag.  

Julius Wenheim (Verchow’s assistant) worked out mechanism to stain cells circ in blood and able to observed cells extended little projections through the endothelium and worked way to extravascular space by diapadesis.

Stop there and pick up story next time

LEC 5
Review of last lecture
Who first observed pus cells?  Senec
What did he think pus cells were?  In tissue wounds were little clear globules; so they called these pus cells.  He thought they came from lymph nodes.
What were pus cells a sign of?  Infection.  
Who was William Addison?  He found there was a relationship of pus cells and infection.  He compared blood smears from infected area to normal areas and found more of white things at place of infection. Also looked at frog’s foot with salt
What did Waller do? Stretched frog’s tongue out and observed white things in blood vessels. 
What did Verchow say about pus? He was a closed minded person, said that these cells were just mesenchyme; no one knew why white cells moved from blood vessels to surrounding tissue.
PRIMARY PHAGOCYTIC CELLS: Monocytes and Neutrophils

Classify diff white cells is by func; those cells are phag, other involved in making Abs and involved in cell immunity (lymphocytes)

Classification of WBCs:
1. Fxn
2. Shape of nucleus

Polymorphonuclear – segmented or neut

Mononuclear – lymphocytes and monocytes


3. Site of origin 
Myeloid:  PMNs are from bone marrow so are myeloid in origin
Lymphoid: Lymphocytes are lymphoid.
4. Granules presence or absence: 
Granulocytes: neuts, baso, eosinos, monos
Non-granulocytes: lymphocytes

NEUTROPHILS
This is the most numerous type of WBCs in PERIPHERAL, CIRCULATING blood (however lymphocytes, macs and monocytes are each more numerous throughout the whole body bc huge #s in RES system of lymph nodes and spleen as well as circulation). 
Importance of neutrophils

Prevent invasion, get to the infection site first, quickly localize and kill pathogenic microbes.

They circ in high #s, like marines; small, mobile, highly phagocytic (Macs are like the huge tanks).
Paul Ehrlich developed stain for white cells and developed antibiotics for treatments.  He found that WBCs had granules, so now WBCs could be classified by staining rxns. He also determined that white cells differentiated in bone marrow, and that they had various stages of maturation.
Maturation of neuts :There are 6 stages to become pure segmented neutrophile.

CFU-S  ( CFU-L (  (lymphoid, become Ts and Bs). 
             ( CFU-C (see below)
CFU-C ( BFU-E ( red cells
( CFU-MK ( megakaryocytes ( platelets 

( CFU – EO ( eosinophiles

( CFU-GM ( myeloblast ( promyelocyte ( myelocyte ( metamyelocyte ( band ( PMN

         ( Monoblast ( monocytes ( macrophages
1st recog cell of neut cell line is myeloblast

1st recog cell in mac/monocyte line is monoblast

In neutrophil leukemias you get overdivision of stem cell so that WBC count is 100,000, with increased numbers of immature forms in bone marrow and circ blood.
Morphology of myeloblast
Large (12-20 µ) with high nucleus to cytoplasm ratio (10:1); it’s almost all nucleus.  
Cytoplasm is dark blue from lots of euchromatin (active DNA)

Cytoplasm has uniform fine granules of chromatin.

There are nucleoli present with ribosomes getting ready to make var proteins
The nucleus can still divide.

Wright stain = methylene blue (basic; binds to acid) + eosin (acidic; binds to base)
Morphology of a promyelocyte
Nucleus starts to shrink (more cytoplasm appears).

Nucleus starts to clump inside (more heterochromatin) from DNA starting to get turned off.

Nucleoli still present, making ribosomes.

The nucleus can still divide.

1° granules (red) start to appear in blue cytoplasm.  These become lysosomes.

1° granule Lysosome enzymes:

Lactoferrin (binds iron in bacteria)

Lysozyme

Myeloperoxidase
Acid phosphatase
Acid hydrolases
Morphology of a myelocyte
Nucleus shrinks more, has more heterochromatin

Nucleus has a dent from Golgi complex

Nuceoli disappear when finished making 2° granules

Can still divide

Makes 2° granules (specific granules).

Cytoplasm is pinkish from 2° granules

2° granules Lysozyme enzymes

Lactoferrin

Lysozyme
Aminopeptidases
Alkaline phosphatases

Morphology of a metamyelocyte or juvenile

Finished making granules

Nucleus still fat, not condensed

No more nuceoli

CELL CAN NO LONGER DIVIDE

Morphology of Band cell

Curved or horseshoe nuceus

Morphology of Segmented PMN

Formation of indv lobes

Difference between band and seg

Important to be able to id because increased bands indicate that infection is more severe.

Immature forms in circ blood is called shift to the left: indicates more severe infection.
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Signs of Neutrophil toxicity
1.  Toxic granulation: more 1° granules present, showing increased stainablility.

2.  Döhle bodies in cyto of seg neut; very light blue staining areas usually towards cell membrane.  These are left over fragments of RER, a sign of hurrying cells along maturation bc big need in circ so RER not completely broken down, not absorbed. 

3.  Vaculozation: from granules being used up, leaving a space.

4.  Degranulatin: something causing neuts to exude granules. 
Abnormalities in Neutrophils

May Hegglin anomaly: hereditary disease with dohle bodies.
Neuts ok, func’al; but they do not break down all RER; white count not elevated and no other signs of toxicity. It’s an autosomal dominant trait, these patients also have giant platelets which might cause breathing problems.
Hypersegmented neutrophils
Drumstick Nuclei: Seen usually only in women XX, indicates possible XXY or XXX chromosome abnormality. This is inactivated X chromosome; don’t use both X chromosomes, randomly inactivated; in neuts shows up as little thing sticks out called drumstick.  This is not expected in males XY.
Toxic granulation: increased number of bright red staining 1( grans

Pelger-huet Nuclear anomaly (“two eyes”): Autosomal dominant.  Can be confused with a band.
1 in 6000 ppl have this

Production of PMNs
In normal bone marrow, 1/3 of neut pop is going to be in prolif phase

Cells of neut proliferation capable of mitosis: blast, pro, myelocytes

Pass through all cell cycle stages, G1, S, M, so forth, reg cell cycle to divide

About 10% of all granulocytic in bone marrow are going to be DNA synth at any one time (in S)

More than 10% in S phase is abnormal. 

Length of S phase: 13-16 hrs
Total cell cycle for dividing, immature neut: 24 hours (like any other cell)

it takes 10-12 days for neut to go from blast to circ mature neutrophil.
Majority of circ cells are segs (although the most common WBC is the lymphocyte)
H3 thymidine 

Radioactive label on proliferating cells.  Used to study how long it takes for cells to mature.
Give animal H3 thymidine (a DNA nucleotide), put a radioactive label on it; short pulse of H3 thymidine.  Blasts, pro, or myelos they take it up.  It takes about 4-6 days to get them out in circulation. 

Neutrophils do not live long.  Their circulatory half life is 6-8 hours.
Since they are short-lived, we need prolif pool and need maturation and storage pool in order to make sure you have enough circ neuts

Normal marrow has huge Reserve Pool (prolif pool); about 1/3 of bone marrow. 
In states of infection, Circulating Granulocyte Pool is used first.

If necessary, body can draw mature neutrophils from the Marginated Granulocyte Pool (those which are stuck in sinusoinds of speen, liver, etc).
In severe need, body will draw from bone marrow.

Bone marrow makes up about 60% of total neutrophile pool.
Marginated pool makes up about 40%
Tissues represents about 1/60 of total #s of neuts

Regulation of Neutrophile production

1.  Colony stim factors (CSFs)

2.  Synthetic CSF-G,M is called neupogen.  If you don’t make enough CFU-G,M or neuts, you can supply the circ with synthetic neupogen. 

3.  Interleukins (var kinds)

IL-8 activates release of neuts

CSFs made by macs, lymphocytes and brain cells

Infections cause increase in IL-1. It goes to brain, brain cells ( body temp (fever), can also increase numbers of neutrophils to combat infection. 
LEC 6

Review of last lecture:

What’s the diff between 1( and 2( granules?  How do you define 1( grans?


1( grans show up in the promyelocyte; they’re the first ones to show up. 


Enzyme content of 1( grans, more acidic.

2( grans, or specific grans more pinkish/lavender in color. Show up in myelocyte.
Enzyme content of 2° grans are more alkaline. 

Eosinos and basophils also show up

Being able to id of var stages is critical in chronic, acute, myelocytic dzs; acute leukemia jas more immature cells and chronic has more mature forms. Need to know how var stages differ and formation

Production of these cells

These cells are made in the bone marrow, go to bone marrow compartment, as they reach maturity, released into a blood compartment that is released to circ but about half of these actually become marginated within the spleen and liver around the endothelium.  They’re still part of blood compartment and they will freely interchange between the marginated and the circ pool. When you need them, they will actively undergo diapodesis, do their job, phag and die.
Bone marrow compartment

Prolif pool= myeolblasts, promyelocytes, myelocytes

Maturation storage pool = metamyelocytes, bands, segs.
Many more cells are in the maturational and storage pool than there are in the periphery pool, actively undergoing division and mitosis.  It takes a couple days between each stage for a cell to mature, and 10-12 days before you get a mature cell that will enter the circ.
They really don’t stick around in circ very long, ave half life is only 6-8 hours 

Drumstick
This is simply the inactivated X chr; so only expect to see a drumstick in a female or male (who has extra X chr); don’t see in all cells, could be sig if doing see drumstick on a male.  Only stage shows up in the mature stage.
Regulation
Controlled by diff stim factors in bone marrow, made in mult srcs.

Macs are major srcs of granule stim factors or GM-CSFs, gran, monocyte, colony stim factors (CSFs)

Neuts CSFs include neuopgin (make this stuff by recombinant DNA techniques; so you transfer the gene, stick into yeast cell to make these CSFs so that if you have a patient with really low neut counts, give neupogin, ( neut count)

The danger of not having enough neuts is being more susceptible to infection.

There are many CSFs, var interleukins that can stim prod of neuts

IL-8 known to be a neut releasing factor within endothelial stromal cells 
In cases of infection, expect IL-8 would go up and then release neuts

Adrenal cortical steroids (ACTH) ( circ neuts by accel release and they inhib migration to tissues so they accumulate in the circ. These agents ( #s of circ neuts but don’t affect prod of neuts.
Cortisone is an anti-inflammatory agent, given to rheumatoid arthritis pts. It prevents neuts from accum’ing the joints; therefore alleviates effects of  inflammation. But if you’re on cortisone, don’t have immune system.
Epinephrine, exercise, drugs, inflammation, and women who have recently given birth will also ( #s of circ neuts; called physiological neutrophilia.
NEUTROPHIL FUNCTION
Major funcs is to phagocytize bacteria, etc. 
They have to be able to leave the circ, have to move through the endothelial cells that line the blood vessels, egress into the surrounding tissues.
FIRST STEP = ATTRACTION (CHEMOTAXIS)

They will accumulate at site bc of presence of cytotaxins or chemokines
Chemokines are endogenous (made by body) or exogenous (made by invading bacteria: endotoxin)

Plasma kinins (pralokine or bradykinin) attract neuts (these are present in the plasma)

Complement C3a, C5a – a series of proteins that are present in the plasma; fragments are given off, are highly chemotactic attract neuts. 
CSF’s
TNF(
Gamma-interferon
Interleukins
Platelets 
Peptide-derived products (calochimes, the chymines)
Leukotrines, released from activated neut themselves
SECEOND STEP = ADHESION

Adhesion molecules aid in tethering these neuts to the endothelium.
Lack of adhesions is dz called lazy leukocyte syndrome
3 categories: selectins, integrins, and the immunoglobulins

Adhesins are expressed by the endothelium cells during inflammation.

Intracellular adhesion mlcs (ICAMs)
Leukocyte factor activating 1
VLA (vascular leukocyte adhesion mlc)

THIRD STEP = DIAPODESIS/MARGINATION
Process where neuts will stick a pseudopod between the junctions on endothelium cells and move their way into the tissues where the bac are located (where chemokines will be present in the greatest conc)

FOURTH STEP = RECOGNITION How do the neuts know what they are supposed to phag?

They have to have some Ribosomes on the surface of neuts:
Mannose binding protein (cell wall of microbes)

Toll-like receptors help to bind to diff microbes 

Opsonins to help binding of antibody or complement and enhaces phag.
C-reative protein – CRP: another opsonin produced during inflammatory response 
FIFTH STEP = PHAGOCYTOSIS

Neut throws out a membrane like a parachute, forming the pseudopod that engulfs the org.

This results in a vacuole formation w the org inside a vacuole (a phagosome)
Then have the transport and migration of lysosomes to fuse with the phagosome.

Degradative enzs will dump into phagosomes

SIXTH STEP = ENZYMATIC DESTRUCTION

2( grans are discharged 1st bc they work better in alkaline or neut pH
1° granules are discharged next, because whole cytoplasm of phag cell is now acid pH

There’s not much lipase, though, so any microbe (such as mycobacterium = TB/leprosy) that has a lot of lipid in cell wall can survive lysosomes.
lysozyme enhances activity of the H2O2 in the presence of vitamin C (ascorbic acid).

SEVENTH STEP = OXIDATIVE DESTRUCTION

All these proceses need a lot of energy. But neuts don’t have mitochondria anymore.
Neuts must then rely on anaerobic glycolysis (not very good E prod)

(Macs do have lot of mito; in fact diff’n of monocyte: monocyte circ around not really a mature cell, go into tissues and then undergo further maturation to become mac (also make more mito bc need E gen activities bc of activites going on)

Repiratory Burst

In the proc of undergoing phag and degran, the org will undergo burst of  (’d O2 consumption to prod oxidative metabolites which are bacterialsidal.
In the membrane of the phagosome and the cyto of cell are oxidases and NAD which produce superoxide anion inside the phagosome (O2-) which is highly bacerialcidal, and then quickly undergoes degradation to H2O2. 
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H2O2 is hydrogen peroxide; highly bacteriosidal in itself

Add MOP (myeloperoxidase) and Cl to H2O2 results in hypochlorite =  bleach, the most effective anti-bac agent, can kill even HIV.

NBT test, (nitroblue tetrazolium) to detect presence of oxidative metabolites to determine that neuts are functioning properly.  NBT is a redox dye and becomes reduced to a blue in presence of O2 metabolites
NO is also produced in cells. It is bacteriocidal and it also causes vasodilation.
4 cardinal signs of inflammation: redness, heat, pain, swelling

Heat and Redness = vasodilation (so more white cells can come along)

Swelling = Vasodilation ( blood vessels stretch ( leakage of plasma causes swelling

Pain = swelling compresses nerves.  Lets you know to fix the problem!

Inflammation a double-edged sword

You need inflammation to counter infection, but autoimmune diseases attack without bacteria present. To keep a body safe, all metabolites and enzs are be contained in the phagosome. 
EIGHTH STEP = DETOXIFICATION OF O2 METABOLITES
Control of inflammation
1. Localize to phagosome
2. Enzymatic degradation
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Since there’s still H2O2 around, need catalase (the enz that breaks down H2O2)

Staph bacteria have catalase, so it’s a resistant organism. 
3. Glutathione or GSH
Reduced 2GSHs will also turn H2O2 into water.

You have to regenerate the reduced GSH by oxidizing NADPH.

NADPH is then regenerated through hexose monoPO4 shunt (anaerobic glycolysis).

G-6-P is shuttled to hexose monoPO4 shunt and you regen NADPH through glucose-6-PO4 dehydrogenase, this is GSH reductase. 

Cells surrounding inflammatory site will be able to protect themselves from all these oxidizing metabolites bc they will have this mech present.
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LEC 7

Review of last lecture

Step 1: attraction is called chemotaxis


so need cytotaxins


ex of an exogenous cytotaxin: bac itself

What is in bac?  Mannose in cell wall; peptidoglycan, LPS, exotoxins and entoxins released by bac

Chemokines: cxcs, ccls; who makes those?  Monocytes, dendritic cells (like monos and macs localized in tissues themselves.

More exs?  Complement components (C3a, C5a)

As soon as you get injury, have serum components activated and released; so complement comes to the site, bradykinins (causes pain and vasodilation) and kinins also activated and released as part of the serum


Need vasodilation to encourage neuts go migrate through the endothelium

Step 2: adhesion/diapodesis

What’s needed for neuts to adhere to the endo?


Need selectins (on the endothelium after inflammatory response) and ligands and adhesions expressed on cell membrane surface of neuts cause tethering process to slow them down to start congregating there. 
Also have immunoglobulins superfamily ICAM1s on endothelium, ligand on neut is LFA  mac1s, mac factors, VLA-4 on neuts so adhere to endo, then neut sticks their pseudopods in btw the endo cell junctions; by that time, have vascular endo cells stretched as far as possible for (’d blood flow to get where bac located

Step 3: Recognition

So now neuts out in tissues, what happens?  Ingrown toenail really infx’d; recognition


Recog - Ribosomes on neuts have to bind to the org so that it gets phag


Ex of Ribosome on neut: mannose binding proteins (mannose is on cell wall of bac).
Neut forms pseudopods ( vacuole (phagosome), so have engulfment and interiorization

Step 4: fusion of lysosomes to phagosomes


How?  Which lysosomes?  2( grans of neuts fuse 1st
Why?  bc neut pH; enzs in 2( grans work better.
Ex of enzs in 2( grans: lysozyme, alkaline phosphatase, lactoferrin (not a degradative enz; why there?  Bind iron to prevent its use by bac)

Then 1( grans bind; they are acidic, acid phosphatase present in there; enz in cell becomes acid bc the same time gonna get oxygen metabolized.

As soon as phagosome forms, oxidases in phagosome memb activated

Why need oxidases?  They take oxygen and convert to superoxide anion, highly reactive, quickly converted to H2O2 (a very effective antibac agent), H2O2 converted to hypochlorite, what enz needed to do that? (need Cl- ion and MOP= myeloperoxidase); Then catalase breaks down remaining H2O2, part of defense mech of surrounding cells. 

Vit C enhances this lysosomes in this rxn.
Outline in study guide is what you should be reviewing now

Know what the blood is made of, the components, cell types, hematopoeisis, devp’l proc, diff cell types, HSCs and stromal cells nec, cytokinetics, how a bone marrow exam is done, info out of bone marrow exam; talked about RES, know what the reticular endothelial system all about, how inflammation occurs, role of neuts, the maturation proc for neuts.
Now we’re ready to talk about when you don’t have normal blood cell prod; how measure in lab if you have disorders in #s of neuts, monos, so forth; what kinds of qual and quant disorders there that involve neuts.
Qualatative disorders that affect neuts
If you don’t have normal neut func, if any of the above steps don’t occur ( more infx

Many of these disorders are inherited; congenital types of disorders

Kids don’t fight infxs as well; they constantly beset w bad infxs, can’t clear bac infxs 

Chronic Granulomatoes Disease or CGD
Serious disorder of impairment of neuts 

Recurrent pyogenic (pus cell prod) infection. 

Neuts as well as monos could be affected

Normal neut production

Lack oxidases nec to metab O2 and to effectively kill the bac.
Inherited disorder, more common form is X-linked (on X chr and therefore males affected more 

commonly; males don’t have backup X chr) 
Shows up pretty early before 1 year of age.
Tough time killing catalase (+), staph aureus, fungi, some G-, enterics orgs.

Supporration (pussy legion)
Granulomas bc don’t clear infx well.
What’s a granuloma?  Assoc w TB; if body can’t get rid of infx, tries to wall it off with monos, macs that fuse together to form giant cells, but inside still have pussy, supporration, necrotic tissue. Happens in lymph nodes, spleen.

Hepatosplenomegaly (legato): spleen has huge # of macs attempting to clear staph aureus
NBT test – nitroblue tetrazolium = test for oxidase activity, prod of oxidative metabolites; NBT test comes out negative; see blue grans inside the neut, no oxidases, these cells can’t do it so therefore even though neut looks normal in blood smear, NBT test comes out neg so aha, this is prob w this kid.
Table 5 – characteristic defects seen in CGD, catalase (+) orgs not killed effectively


Get phag, orgs taken up but don’t get killed; do not undergo O2 consumption


Normal neuts should undergo resp burst, all of a sudden, should start using up O2

if don’t have oxidases and don’t have O2 consumption, don’t have increased P-mannose shunt activity, the HMP is where G-6-P dehydrogenase enz involved, so don’t get glutathione reduction that you are supposed to get rid of the H2O2; nothing in that whole pathway works like it should.

In some cases the defect is in the NAD oxidase

In some cases the glutathione peroxidase defect

In some cases the MOP that is defienct

In all cases, anything wrong in pwy involved in prod of oxidative metabolites is gonna result in CGD

Chediak Hiyashi Syndrome: A similar type of disorder, also prob with neut metab. 

Autosomal recessive, fairly rare (needs 2 parents carriers) 
Abnormal lysosome – in prod of lysosomes, a mixing/fusion btw 1( and 2( gran; defective granolocytes

Defective PMNs have lg blue, peroxidase + gran in cytoplasm, form inclusions in cytoplasm

Sometimes involved in albinaism bc they cannot make normal lysosomes, don’t make normal pigment as well.
Lazy Leukocyte Syndrome
Neuts don’t migrate as efficiently as they should

a) they don’t adhere right 
b) don’t undergo chemotaxis as they should
Recurrent infxs bc neuts don’t show up where they’re supposed to and don’t show normal motility.
Don’t forget that corticosteroids also impair migration of neuts into tissues.  A person on corticosteroids that has an autoimmune dz has a real susceptibily to pneunomia.
How detect info in the lab?
1st thing lab detects is an ( white cell count (leukocytosis) on CBC
bc blood major transportation route for white cells, if inflam cond, one of 1st things seen is (’d white cell count

To determine true leukocytosis, have to compare to normal range: 

Normal range is 5,000 – 10000 WBC/mm3
However, take into account age – little kids have higher white cell counts

Kids’ normal white cell count may be 8000 – 12000

At geriatric hospital, maybe lower

Sex – women have slightly lower white cell count

Race – black have slightly lower white cell count, check area bc slightly diff

Basal condition – person at rest; 1st arising in morning a basal cond

getting white cell count from child traumatic, definitely not basal cond; why may have slightly higher normal range

Fasting – want to know glucose level
Physiological leukocytosis is not due to dz: the white cell count is sky high bc all 
marginated white cells now in circ. E.g. emotional stress, marathon runner 
convulsive seizures, anathesia, ↑ Neuts.
Not only leukocytes up, usu only var pops of white cells that are going to be elevated

Few conds are balanced leukocytosis – white cell count is up and all of your diff kinds of white cells are elevated; very rare.
More often a spec type of white cell that is elevated and is contrib to leukocytosis

To determine that, do differential on stained blood smear. 
In lab, doing manual differential:

Morphological characteristics that separate mono from neut
Go up and down in slide in good reading area
Enumerate every white cell

Automated differential 

1) Digital imaging 
Program computer to go through cell size, shape, look at nuc:cytoplasm ratio, look at grans, coloration of grans, chromatin of nuc; program computer to have microscope hooked up, slide; computer does enum of white cells


2) Flow cytometry

Take cell prep, anticoag blood sample and dilute blood sample; have cells in liquid suspension, have suction mech that cells drawn up into tube such that cells are going to be moving indv’ly though tube and be enclosed in shealth of fluid so can be read indv’ly; keep white cells sep’d and direct white cells past a laser beam.
Every time a white cell passes a laser beam, get counted.
Also beam can be directed to look at forward angle and light scatter

Also do other side scatter, look at diff props of cells as passed laser beam.
FIG 3-10; things can det: measure cell volume bc as cell led past laser beam, directed across a electrical field, based on size, cause impedance, and amt of impedance of electrical current white cell passing through ( size of cell


Can measure the cell according to size, give some info


Which cell is largest?  Monocyte

Smallest?  Lymphocytes
Can measure conductivity, nuc size and density, as goes through flow cell; if have bunch of grans, light gets bounced off w all grans

Depending on # and size of grans, get diff light scatter patterns

Comp gen a scattergram. FIG 1-FIG 2-FIG 3

FIG 32-7 little dots gen over space, graph based on volume of cell and amt of scatter (DF sg about light scatter)


Lymphocytes no grans, smallest, so end up down here

Monos, grans so tiny don’t scatter lot of light but big, so forms scatter w high conc here; some neuts, eos, and baso.
Can disting lymphs, monos, eosinos, neuts just based on running through flow cytometer

So those are the principles of flow cytometers and major instruments in lab to count # of cells

Anytime there is abnormal pattern, sample and report gets flagged, CLS have to pull slide w stained smear on that blood sample, put under microscope, look at it to verify monos vs. atypical lymphocytes.  Instruments detect abnormality, but won’t tell you why and what kind of cell causing this.  Still need to know what these cells look like. 
If all neuts lumped together, will not be able to tell if you have bands vs. metas, can’t tell if person has left-shift, or toxicity, but can tell if there is (’d #s of neuts=  neutrophilia; won’t give you any other clues if left-shift or not; doc asks if left-shift, person has high fever for this disorder, toxicity of neuts?  Look under microscope, dohle bodies or (’d 1( grans. 
To further define a leuocytosis:

Discern Neutrophilia, eosinophilia, basophilia (pretty rare), lymphocytosis, monocytosis.
Leukopenia =  (’d white cell count, called 


Could be bc of (’d #s of specific white cells


(s in neuts, called a neutropenia, not hard to figure out

could have eosinopenia or basopenia, but don’t know how tell exactly bc so few of them anyway


More likely see lymphocytopenia or monocytopenia – sort of rare but does occur

Word of caution: relative # has to be converted to absolute #
Absolute # = relative # x total leukocyte count in cells/mm3
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What are causes of neutrophilia?

Neutrophilias are most commonly encountered disorders you will find

Most common cause of neutrophilia is bacterial infections, particularly pyogenic infections 

Causes of pyogenic infxs is commonly Staph aureus and strep.
Infxs could be localized (eg appendicitis) or generalized

LEC 8

Review of last lecture
What is the most common cause of neutrophilia?


Infectious dz, particularly bac infx, cause neutphilia

Kinds of bac that cause neutphilia?  staph or strep (particularly those that are pyogenic)

Have both localized infx and generalized infx

What does necrosis mean?  Any breakdown of tissue, this includes heart attack, myocardial infarction (MI) = blood cut off to certain area of heart as result of cut off blood supply, part of heart muscle dies.  

Other things that cause neutrophilia

Tissue necrosis
Heart Attack

Muscle inflammation

Vascularitis

Some intoxications 
Alcohol; alcoholics who get muscle inflam can also have neutphilia, but urenia
Ketoacidosis (diabetes); kidney not working so buildup of uric acid

Gout – accum of uric acid, high protein, it crystallizes in joints

Neoplasm
Acute hemorage, hemolysis
Post-splenectomy – neuts don’t have place to hang out, so expect a lot in circ. 

3 phases of neutrophilia of infection
1) Phase of early infection – 1st thing happens is egress of neuts into tissues from marginated pool; get release of neuts from marrow bc gotta replace neuts.
a) egress MGP (marginated pool) ( tissues
b) bone marrow ( blood ( tissues, contrib to shift to the left
c) rapid egress

short circ time: 2-3 hours (normal 7 hours); may not see ( in #s of circ cells bc marginating and entering tissues so rapidly; marginated pool actually is much larger than circ pool = masked neutphilia.
2) Phase of established infection – the pools equilibrate; input from marrow = output; don’t have as rapid egression of cells into the tissue;; for a time might even exceed; so therefore see neutphilia at phase of estab infx.  Segs and bands are used up, so immature cells replace cells in storage pool marrow.  #s of precursors in marrow goes up bc huge mat storage pool. So half life of circ neuts goes back to normal; see a lot of metas, which won’t phag well bc huge nuc (they are mature, full complement of grans, need lobes to rapidly migrate into tissues)

3) Phase of recovery: Now release of cells from marrow is slow, don’t have demand, got rid of bulk of infx, so release from marrow drops sharply, half life of circ cells goes up, shift to the left disappears, leukocyte count should ( normal.  In severe infection, will run out of WBCs, and get neutropenia.
Leukemoid reaction= ↑response to infx; occurs in children, hemolysis, tumors (breast cancer)


Normal infection, WBC = 15,000-20,000; Leukemoid rxn, WBC = 50,000, or 100,000.

Need to discern of this is leukemia (CML) or not?

1) If goes away, then leukemoid rxn

2) Need bone marrow test and LAP test.
LAP – leukocyte alkaline phosphatase (Normally present in neuts)
Leukemoid rxn = LAPs ↑; CML = neuts not normal, therefore LAPs (
Eosinophilia

Occurs in parasitic infestation and allergies (chronic skin dzs, asthma)

#s ( in response to mast cell secretions
Mast cell activated (inflam, allergy) ( antigen binds to IgE on Mast cell, cross-links with other IgE antibodies ( degranulation of Mast cell ( histamine release to dampen the effect of the allergy ( influxes of eos to control the allergic rxn

In case of parasitic infestations, larval forms susceptible to grans of eos

Enzymes in eos:

1) Aryl sulfatase B inactivates ILs and Leukotrienes from macs and neuts which act like   


chemokine = vasodilation, enhance pain, swelling.

2) Phospholipase D, will inactivate some of the platelet activating factors and larvae.
Basophilia – rare; (Be alert in myeloproliferative disorders); seen in PRV, leukemia, CML
Monocytosis

Expected in chronic types infxs: Typhoid, brucellosis (undulant fever), TB
Monos go through rapid mat proc

Bone marrow ( circ in 24-36 hours Circ ( tissues in 24-36 hours ( Stay in tissues for years
Differentiate in tissues (kupfter cells = liver mac, alveolar macs, tissue macs, spleenic macs, etc.)
When they become diff’d, they become larger, ( #s of lysosomes and other enzymes, become more active, devp more mito, ribosomes, golgi activity. They phag, and also break material in phagosome down; participate in antigen presentation, immune process, and healing (eat dead cells left). 
Lymphocytosis (normal kids > adults)
> 9000 infants, young children

> 7000 in older children

> 4000 adults
Characteristic of viral infxs.
Neutropenia (e.g. Agranulocytosis): ( marrow production of neuts; much more prone to serious infxs from staph or strep.  Caused by aminopyrine (an analgesic), chloramphenicol (antibiotic), and Nutritional deficiencies.
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