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major pop of blood; anemia affects RCs


how become anemic and what are different causes?


If mosquito has malaria, get profound anemia

outline for this section, going to talk about anemia

how are RCs normally made?  how does RC destruction occur?

anemia is imbalance in prod and destruction


unlike WCs, 5-10,000; RCs maintain constant #, in homeostasis


prod supposed to = destruction


erythropoeisis (normal prod) and breakdown of Hgb

Various kinds of anemia

1.  Iron defi 1st because that is most common anemia in world; some women in here are  

     probably anemic.

2.  Megaloblastic anemia (vit B12 and folic deficiencies)

3.  Hgbopathies, don’t make normal heme molecules or normal globin molecules (sickle is 

     abnormal globin molecule)

4.  hemolytic anemia: something wrong w membrane or enzyme that help to maintain membrane

     have hemolytic type anemias

Historical hemtaology 

RCs are tiny dynamos (your sole source of O2), live 100-120 days


Hgb carries O2, if not enogh O2, don’t function well

1st description of RCs in dictionary medicalis in the 1700s, “nothing + as to shape, vol, changes that globules undergo that is of no importance”. 

1800, Maigendii (father of pharmacology), used water to dilute blood, -> all RCs lysed

1839 - recognise error, gave excellent morphology desc of RC; RCs not spherical, biconcave,

7μ on the edge, but in the middle, only .5 -1μ
only mammals have biconcave RCs; reptiles and fishes (rest of animal kingdom), are nucleated, oval shaped, dark, oval nucleus


If you take blood from dead people, they don’t maintain shape very well

RC begins in early embryo

Starts in blood islands off yolk sac. Early RBCs in the embryo are called primitive erythroblasts (they have a nucleus), and produce embryonic hemoglobin.  Then the fetus makes fetal Hgb (HgbF), adult makes adult Hgb (Hgb A). Hgb embryonic ( switch to fetal Hgb (Hgb F) ( HgbA
Homeostatic mechanism for maintaing same numbers of RBCs = Tissue O2 tension

Interstitial cells in kidney monitor O2 tension and make EPO (erythropoeitin)

The rate of erythropoesis is governed by the rate of O2 transport to tissues.

EPO made anytime O2 tension down, then have ↑EPO. 

Erythropoeisis (maturation of RCs).  

Anemia = decreased Hgb or RBCs
2 main causes of anemia


decreased production


increased destruction

Cateogorization of anemias

1.  pathogenic mechanism how anemia comes about, cause? (e.g. hemolytic anemia)

2.  morphology in RC; have distinc changes w particular anemias (e.g. microcytic anemia)

RBCS production can be under prolonged demand (6-8x normal) during cases such as a bleeding ulcer.  This causes expansion of bone marrow, and if the demand continues, erythropoesis will convert to the spleen and liver.

RBC production is controlled by tissue O2 tension and prod of EPO in kidney cells.

↓ O2 tension results in ↑ EPO.

Chronic hypoxia (living in high altitudes) casues both ↑EPO and ↑RBCs.

Emphysema results in 2° poycythemia because the lung’s surface area is lost, and they can’t exhale well.  The toxins build up, and the alveoli turn into bullae with less surface area.

Interesting experiments done in determining that EPO is growth agent:

experiment called parabionic rats: take 2 rats, side by side in different cages, hook up blood supplies so jointly share oxy/deox blood, rats can still run around. Normal O2 in one cage, decreased O2 in the other; both rats BM show erythroid hyperplasia –BM packed with RBCs
Hypothosis: Has to be something passed through vacular supply in this rat to respond to decreased O2 with ↑Hct.  

Another experiment shows that if take urine or plasma from anemic rabbit and give to normal animal, induce increased blood supply in normal animal.

EPO s a glycoprotein, 36,000 Daltons (big), sialic acid residues. 

Gene for EPO s on chromosome 7 (gene primarily expressed by interstitial cells near proximal tubules of the kidney cortex.

Kidney has glomeruli to filter blood, proximal tubules come off there, with interstitial cells nearby that make EPO.  Also some EPO made in liver.

Patient on kidney dialysis, will become anemic because no EPO.  Can take recombinant form of EPO (Procrit) to stimulate RBC production.

AIDS patients take AZT, which iterferes w RC production.  They need procrit, too.

EPO is absolutely necessary to get continued maturation of CFU-E ( RBCs

SC CFU-GEMM ( add IL3 and GMCSF ( BFU-E ( add EPO ( CFU-E ( add EPO ( pronormoblast ( add EPO ( Basophilic normoblast ( add EPO ( polychromatic normoblast ( add EPO ( orthochromic normoblast ( add EPO ( reticulocyte ( add EPO ( RBC 

BFU-E is a cell with a large potential for division

How does body sense O2 tension

Cells in brain stem sense O2 tension in blood, kidney interstitial cells ( EPO

EPO = erythropoeitin: a growth factor that comes from kidneys

Nephrons filter the blood.  They consist of glomerules (cup shaped structures in the cortex of the kidney, filled with capillaries), and filtration occures between the endothelial cells.  In the proximal tubules, the good stuff is reabsorbed, and the urine is excreted through ureters into the bladder.  Interstitial cells are located near the proximal tubules, close to blood vessels, and are able to sense O2 tension of blood.  Interstitial cells make the EPO.

EPO binds to receptors on the cell, promotes mitosis and differentiation.

Precurser cells are what maintains the homeostasis in RBC numbers.

EPO is a growth factor that regulates the amount of RBCs produced by BM, EPO is secreted into the blood, which takes this messenger molecule back to the BM where RBCs are stimulated.

EPO is measured in blood (levels here the most important ones) and urine

Other substances that regulate erythorpoiesis

ACTH

Sex hormones (testosterone)

Thyriod

cAMP
Erythropoeisis
BM, has erythroblastic islands consisting of 1 or 2 centrally located macs 

These macs are a storage reserve of iron (and GFs); they have long cellular extensions that remain in contact with the maturing RBC.  As the RBC becomes orthochromatic, they begin to move away from the island and sqeexe through the endothelium.  As they enter the circulation, their nucleus is pinched off, and in the circulation they are reticulocytes (no nucleus, bigger, no boconcave shape yet) for another 24-48 hours until they mature into normal RBC morphology

Increased numbers reticulocytes in blood indicates there is an increased demand of RBC formation, so marrow releases slightly more immature RCs. 

Stages of RBC maturation
Pronormaloblast is like any blast cell (all blasts are nucleated); high N:C; fine chromatin, 1 or more nucleoli; chromatin tends to be more course in RC series: more like gravel than sand, bigger chunks, little more homogeneous.  Cytoplasm is a little darker blue because it has so many ribosomes.

Basophilic normaloblast (cell is very dark blue, cytoplasm almost navy color because cell setting up all ribosomes necessary to make Hgb).  Ribosomes are clumping but loose, not connected to any RER because Hgb is being used within the cell; does not need to secrete it yet. 

Cell rapidly condenses in size, nucleus dark blue, nucleoli disapear in this stage. 

Polychromatic normaloblast

Cell is now actively making Hgb, becomes polychromic because bluish/gray color from combination of red Hgb and blue RNA (from ribosomes), gets smaller, can still divide, nucleus getting very condensed, no nucleoli.  This is final stage capable of division
Orthochromic normaloblast, very condensed nucleus; nucleus is non-functional = pyknotic This is the smallest of the normaloblast series. This cell is very motile; cell moves up next to endothelium, migrating through endothelial junctions, leaving behind nucleus. Pinkish-red.

Reticulocyte takes another 24 hrs to circulate, shrinks, takes normal biconcave shape, ribosomes are breaking down

Erythrocyte
is a mature red blood cell.

Summary: RBCs become rapidly smaller, nucleus rapidlu decreases in size; also get rapid condensation of chromatin. One prnormoblast makes 16-32 RBCs because it goes through 4-5 cell divisions. 
It takes 48-96 hours to go from pro to RC.

Lecture 19
Reticulocyte count

Good measure if there is an increased production (in response to some anemia going on)

in order to count reticulocytes, use a supravital dye (mix live RCs w\ dye, incubate RCs in dye, most common dye used is new metheylene blue--taken up in RCs, cause ppt of residual ribs, RNA, mitochondria; Wright stain can id retic because bigger RCs, through inc numbers of blue cells, refer to as polychromasia or polychromophilia
How to eval smear for anemia for signs of immaturity

Are there increaed numbers of RCs w bluish tinge to it?  report as polychromasia

If polychromasia, doctor should order retic count to look for inc numbers of reticulocytes

When incubation RCs with supravital dye, cause ppt of left over RNA, cause large blue stain


see as little dots and filaments deposited =reticulocyte 


(mature cells take up blue dye, nice and clean)


easilty count 1000 cells or do electronic counter;

normal reticulocytes normal 0.5 -> 2% to maintain normal # RCs


If above 2%, marrow overworking here, making immature forms

 
If 0%, BM not working as well as ought to, such as pancytopenia

Corrected reticulocyte count (%) = observed count x Patient’s Hct







  Normal Hct

Another sign of immature (polychromatic), can have nucleus RCs escape into circulate blood; worse sign because BM pumping out reticulocytes but not enough so putting out orthochromic normaloblasts, then some polychromatic.  Polychromasia and nucleus RCs, bad sign

Erythroid hyperplasia:  If BM has increased reticulocytes and nucleus RCs in peri blood, expect ↑RBCs production or ineffective erythropoeisis.

Pernicious anemia and thalassemia, have erythrohyperplasia (definite anemia), BM respond by inc production; but problem w RCs in mature proc, they die off in BM (why called ineffective erythropoiesis.

NRBCs - extramedullary hematopoeisis - blood cell production in spleen or liver, where release rxn not as carefully monitored, get nucleus RCs entering circulation.

Extramedullary hemtapoeisis disease: CML and myelofibrosis have nucleated RBCs.

Corrected WBC count because so many nucleated precursors, if do electronic count usinging coulter counter (it can’t tell lymphs frm nucleated RCs), count shows higher than what it is because nucleated RBCs being counted as WBC, do then a correction; do a differential, sit down and correct by hand.

RBC destruction
Normal circulation time for RC is 100-120 days; after which they are selectively sequested and destroyed in the spleen.  Old RCs are senescent RC; how does spleen know RC sensecent?


# of different changes th occur to RC as it ages

TABLE 3.9, some changes that occur

As RCs circulate, binds IgG, gets more dense, becomes more spheroidal (instead of round, causes increase in MCHC), more vicous, increased Na, Hgb goes up (convert iron from +2 to +3 state; then Hgb in +3 state; isn’t useful for binding O2; increased met-Hgb in RCs; more O2 affinity; holds on tighter, does give off O2, but not as well; get decreased activity, lose enzyme activation, decreased acid on surface of RC, can deform easily.  Essentially RCs can’t make it between cords of the spleen.  Within vascular sinusoids and cords (with reticulum cells and reticulum fibers), RCs must navigate and change shape to make their way through fibers, pH changes too, if can’t withistand, waiting mac picks them up.

How is RC degraded?

When mac phagocytizes RC, one of 1st things to happen to RC is lysis.  Iron is present in Hemoglobin, a two part molecule (heme and globin--a long aa chain, folded around heme part of molecule).  The heme part of molecule is difficult part of Hgb to breakdown

With globin chain, just blow apart amino acids, they go back into pool, used or degraded

The Fe is on the heme ring; structure is a porphyrin ring structure, ceenter is where Fe is

1st thing: break down ring into linear structure, Fe goes off, carefully utililized, because you don’t tend to absorb iron very well; Fe saved and sent back to BM to be reutilized to make new RCs; break ring structure down into linear structure, take CO out someplace.  

This gives you a nice linear structure called bilirubinverdin (1st breakdown product of heme ring, rapidly broken down to bilirubin).  Bilirubin is secreted from mac into circulate blood, bound to albumin, transported through blood.  Bilirubin transported to liver, gets conjugated with 2 glucoronic acids, now have bilirubin diglucuronide which is excreted into bile, which is stored in gallbladder.  When needed, duct connects to small intestine, breaks down fats.

This is a good example of how things are recycled: breakdown prod of old Hgb, gets conjugated with acid, major component of bile which emulsifies fats (need bile to breakdown fats).

Billirubin diglucuronide in large intestine breaks down and gets reabsorbed into blood stream and excreted into kidney as uroplegia.

You break down 6 grams of Hgb daily = 200 mg of bilirubin

normal serum unconjugated bilirubin should be < 0.6 mg/100 mL (↑means hemolytic)

FIG 40-1:  Degradtaion process of Hgb in mac, Hgb broken down into globin and iron, heme ring to bilirubinverdin, quickly broken down to bilirubin, transported to blood as bilirubin albumin goes to liver, liver conjugates bilirubin with diglucuronide acid, goes to gallbladder, then to intestinal tract, broken down furthur into uroblodingen, certain amount reabsorbed into blood steam, kidney will excrete as uhfd urine.

If accelerated RC destruction, there will be an increase in other various prods as well; increase in unconjugated bilirubin, increase secretion of urinary uradj disfunction.

Things that cause accelerated destruction or RCs
Autoimmune disease, CELL get funny Abs made to own RCs; autoimmune hemolysis, cause inc destructh and inc prod of these cells (specializational case)

Circulating Ab bind to RCs, then mac sees Ab and enhance destruction

refered to as extravascular hemolysis, bulk occuring in cords and spleen by macs.  However, autoimmune disease can have both intravascular and extravascular hemolysis.

Ab binding can cause intravas hemolysis

When Ab binds to cell, get C’ activation, bores hole = intravascular hemolysis; can occur in spleen

Then free Hgb being released into circulation (bad).

Red cell breaks open -> Hgb + haptoglobin (a plasma protein that delivers it to the liver and macs).  Unfortunately, there are limited quantities of haptoglobin.

If there is a lot of hemolysis, free Hgb gets bound to albumin, converted to met hemalbumin ( kidney attemps to break it down (not made to do that) ( Hgb uria (urine reddish color)

kidney tubule cells attempt to reabsorb Hgb molecules ( get shed, hemosidinuria
Tubule cells trying to save iron, doesn’t work will because tubule shed

Do prussian blue, readily stains iron, in tubule, called hemosidinuria

tubuele cells shed, and iron = intervascular hemolysis.

How do we know RC circulate for 100-120 days?
original experiments tagging red cells to determine normal circulation of RC

Most accurate direct method = cohort labelling

Give C14 glycine or N15 glycine essential amino acid being incorporated into Hgb-> erythoblast -> circulation
Sudden disapearance 100-120 days of labelled RCs

If less than 50 day life span, something is intrinsically wrong w RCs.

Result: shortened half life (dotted line of auto-Abs, RCs picked off randomly at accelerated rate--a genetic disease); G6PD, RC doesn’t have this, normal RC, die off at shortened timespan.

This is the most direct method; most accurate; not practical, these are radioactive, stick around forever.  To measure 15N, need mass specialization (clinical labs don’t have, too expensive)

gotta wait 50 days???  

Alternative direct method = label with chromium 51

Take aliquot of blood and incubate blood with chromium 51 -> reinfuse it back into circulation

 -> take sm aliquots of blood thereafter; how long do chromium labelled cells circulate?  This assay is fairly accurate; tends to elute, falls off RCs at predicable rate (1% per day).  Normal chromium half life is 28-32 days

Do plot of RC circulation time, if chromium adheres as it should, get decrease to half life 50-60 days.  But because chromium elutes off, half life is 28-30 days (32 days)

A person who has increased hemolytic rate (RCs not lasting as long), half life to 25 days.  When

half life decreased to 28 days or less, something wrong with patient, maybe hemolysis

no one does this, infuse chromium infused cells, draw aliquotes of blood over 3-4 weeks.

This is not as accurate, but safer, and provides an estimate.  If you see Cr-51 in spleen, you know you’ll have to do a splenectomy.  This procedure is expensive, so usually indirect tests are done:

To test for accelerated hemolysis

Indirect tests

Unconjugated bilirubin - broken down Hgb at stage (heme ring broken open by mac, in circulation, bilirubin in circulation before conjugated with digluc in liver)

There can be an increase in unconjugated bilirubin, normal .5-.6 mg unconjugated bilirubin per 100mL blood.


take blood sample, serum, react serum w diaaso reagent, turn bilirubin purple


how much bilirubin is how dark bilirubin is; more purple, more bilirubin


Above .5-.6 shows increased circulating bilirubin

Can be a cause of hemolysis because of liver disease; if bilirubin not getting conjugated as it should by liver, increase in unconjugated bilirubin (3.5-4mg), more frequent occurance than increased hemolysis.

Things that go wrong in liver?  Cirrosis (person alcoholic), hepatitis (affects liver and not process bilirubin well)- for my age group, most common cause 

bilirubin accumulates in blood, gold, green yellow color.  Bile is dark green color because concentration bilirubin (or bile).  Bilirubin itself has gold-green coloration; when bilirubin accumulates, it deposits into hair, skin and sclera 

Anemia Summary: 

In ereserve, article has to do with preimplantation diagnosis for Fanconi anemia.  combined with HLA matching method where they can determine blastocyte in initial stages, take single lump of cells, do PCR, then determine which embryo has this part anemia and which one has the mature HLA types so you can determine from embryo which ones have inherited disorders.  Kid might need BM transplantation or use cord blood.  This article tells how they do that.

The other article has to do with ethical implications of preimplantation disease (2 pages)

look at both articles, summariase the process of how they do this and give me an opinion; would you have this done?  Has to do with fooling around with embryo.  due date: two weeks from now; just before thanksgiving.  Won’t finish all anemias before thanksgiving, if not, hold over midterm; due in two weeks.  combine int 1 or 2 page sumamry
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Jaundice (whites of eyes)

jaundice due to increased accumulation of unconjugated bilirubin in blood and subsequate deposition of tissues

Common causes of jaundice

1.  hepetitis (inflammation of liver, doesn’t conjugate bilirubin)

2.  increased hemolysis

3.  gallstones.  Backup of gallbladder, (as older, worry about dvep gallstones). after years, bile concentration, Ca deposited in there, uric acid crystallizes -> gallstones.  common duct, duodenum (1st section of small intestine; we have 20 ft sm intestines). Common bile duct leads bile and pancreatic secretions to duodenum.  Gallstones get caught in duct, no normal flow of bile into small instestine.  Bilirubin backs up, another cause of jaundice is gallstones.

In all different cases, if unconjugated bilirubin is increased, gotta figure out why

Other methods to measure accelerated hemolysis

Conjugated bilirubin 

Conjugated bilirubin reabsorbed into intestinal tract absorbed into blood stream, if increased conjugated bilirubin,  accelerated hemolysis.

Urobilirubinnogen in kidney to urine (increased).  You can also measure fecal urobilirubinnogen if you really want to.  If increased, increased bilirubin may be the cause of accelerated hemolysis

Intravascular hemolysis happens in the blood vessles.

Extravascular hemolysis occurs in spleen (majority), because that’s where macs located.

The bulk of free Hgb that is released extravascularly is picked up by haptoglobin (can measure blood); if no haptoglobin is around, all used up because already bound to free Hgb


Intravascular hemolysis ( decreased haptoglobin

detect free Hgb in blood by electrophoresis (to determine if Hgb there)


oxidation with Benzymesidine (turns plasma a violet color)

another mechanism of intravascular hemolysis

Hgb filtered by kidney, blood in urine, hemosiderinuria accumulation in renal tubular cells; If it is in sediment of urine, picks up iron granules inside, person is breaking down RCs in blood stream for some reason, kidney tubules trying to save iron; sign of accelerated hemolysis or intravascular hemolysis

Those are some indirect tests to see if there is increased breakdown of RCs

Evaluation of anemia
lab tests (important ones: CBC--Hct, Hgb, RBCS count)

patient history: family member have spenectomy?
clinical exam
based on these 3, the doc tries to establish the pathophysiological mechanism (ie what is causing anemia?  blood loss?  decreased production?  increased hemolysis?  

From there, determine specific cause
If blood loss, ulcers? hemorage?  fix it; If don’t know cause, don’t know how to treat patient.

Signs and symptoms of anemia: palapitations, bruising, cardiac enlagment, hemmorage, lesions, (hemmorage in optic fundus) NM, headache, dizziness, faintness, ringing in ears, loss of concentration, cold sensitivity, palor in mucous membranes, wound healing problems, GI, loss of appetite, nausea, flatulence (gas), GU, menstrual irregularities (heavy mensis), loss of libido (or potency, sex drive).  Doctor looks at all these symtoms from clinical history of patient.

Acute or recent hemmorage versus lifelong, chronic, inherited

Anemias run in the family, did uncle have similar symptoms, did you run marathon recently?  blood in urine afterward?  different info can be of value if person is anemic.

Chronic bleeding ulcers; little bit of blood lost in GI over long time, develope anemia slowly, symptoms not great; body tries to compensate (long term aspirin use can lead to bleeding ulcer, harsh so take with food)

When I was a med tech, guy with GI surgery came in:  Hgb level was 6.  He had bleeding ulcer; able to walk himself in; (how can he walk around?)

How is it detected?  Black tarry stools (blood turns stool black)
Do gaiac test (use benzymesidine reagent, turns stool purple or green color)

Chemicals that can cause anemia (What kind of work do you do?)
Directly supress BM

drugs - chloramphenical (an antibiotic that can cause BM shutdown, leads to anemia)

phenylbutasone - antiarthritic drug

Disorders in RBS

phenytoin - anticonvulsant (for epilepsy) 

Alcohol

Cause Hemolysis

sulfonamides (ABs)- individuals are allergic -> directed ag RCs -> acccel breakdown of RCs penicillins binds to RCs, cause increased breakdown of RCs, methyldopa (anti HTN)
Aspirin (bleeding ulcers)

AZT - most common drug to treats AIDS patient ( hemolysis

Acute hemmorage - person comes in to ER, bleeding all over place, CBC and Hgb/Hct is useless; might not be low because lost whole blood volume; takes few days to stop bleeding, plasma reestablishes level.  If their Hgb/Hct low, replace total blood volume; give whole blood rather than packed cells); might not see reduced Hgb/Hct w acute hemmorage right away. 

Lab Dx of anemia

Hct, Hgb, RBC, indicies

Bilirubin, haptoglobin, reticulocyte count.
What kind of anemia?  Do blood smear and indices
Replacement of RBCS
Expect to see Hct/Hgb go up.  new RCs -> how observed?  Look bluish (do reticulocyte count to see replacement of RCs).  In peri blood smear should observe polychromasia, increased number of slightly blue cells.  

Evaluation of RBCS morphology
anemias are categorized by pathophysical mechanism and RC morphology (sickle cell, microcytic, hypochromic)

RC morphologyology (done under 40x hi-dry)
1) variation in size - anisocytosis
2) shape – poikilocytoplasmsis: shape changes

3) Hgb: color content hypochromic (hyperchromic RC is not biconcave but sphereical (no central pallor, changed shape to spherocyte).

4) signs of immaturity - color of stain (polychromasia), slightly blue (sign of immaturity); little bluer and nucleated forms (definitely).  Then need reticulocyte count to get numbers of immature cells.  Blue dots are basophilic stippling = aggregates of ribosomes in cytoplasm.
5) inclusions
Anisocytosis: variations in size

estimate by microscopy.  on blood smear, normal RC s is 7μ = normalocytic

Otherwise, microcytic or macrocytic

MCV gives ave size of RC: (Hct x 10) / (RC count in millions)

Coulter counter measures ave size of RCs directly from size of voltage drop– gives RC distrib width called RDW


MCV calc from RDW


Colter counter can also calc Hct


Coulter counter also gives RDW-CV and RDW-SD - calc of RC histogram, divide by 

MCV, see histogram (portal display as RC comes through)

Also size distrib (MCV actually an average of these various pops). variations of Hgb content seen as variation of color, under microscope, see varieties of staining quality of RC

Hypochromic RC does not have lighter staining center.

If microcytic, gonna be hypochromic because not enough Hgb; seen with iron deficiency 



Polychromasia (RCs little blue color because RNA still present in RC).  This is a clue to order reticulocyte count to see if increased numbers of immature RC.

Basophilic stippling (punctate)- tiny blue dots, due to aggregation of ribs; RNA ppt out 

as tiny blue dots.  Another reason to do retic count. Seen in lead poisoning
Siderosomes or pappenheimer bodeis: RCs with a little larger staining regions - 

Actually mitochondria has left over iron (iron deficiancy disorders), iron stored in mito to be inserted in heme ring).  From disorder in iron metabolism of RC, have leftover Fe in mito.

Howell Jolly bodies are dark staining round bodies, pieces of nucleus still remaing; generally 
1-2 orthochromic normaloblast is the stage where RC loses nucleus as one big piece.  Where not pieces stick around; liver should pick them, so if Howell Jolly bodies present, maybe liver not working. Mac from spleen should pick them out.  B-12 deficiency can also cause this.
Poiklocytosis: Variations in shape

RC membrane has many proteins that help to maintain RC shape

1. berry cell = simplest shape change (bumpy things across surface o RC); tformation, not too much loss of volume; least amount damage of RC, berry cell; get do get changes, patient cd have urinia, K leakage, maybe carcinoma, bleeding peptic ulcer, can be shape change u acknowledge, reversible, not drastic.
2. spur cell = long spicules in RC - irreversible change, now sm disease associated w it alcohol and liver disease, A beta disfunction (something wrong w lipids and proteins in patient), so cause changes in surface membrane of cell.  Pathological, irreversible.
3. stomatocyte = looks like mouth (stoma), RC has slot appearance; bowl shaped; seen in hereditary stomatosis, alcoholism, Na pump failure; cell more rigod, doesn’t get through circulation well; cannot change shape, cant get through caps well.  Associated with hereditary spiroctosis, various hemolytic anemias, an intravascular hemolysis.  Pathological.

4.  Spherocyte: ball shape.  Seen in HS and immune hemolytic anemia.
5. schistocyte, helmet, or frag cell - cell breaks in half, add spike, looks like helmet; its split RC, see DIC because fibril formation, cell hung up on fibrin; heart valve problems, various diseases.
6. ovalocyte, cigar shaped

7. sickle - Can also look like a Xmas tree, sharp points all over 

8. target cell – Hgb in center like target; its floppy, nothing inside to hold it together; folds up, increased central pallor = hypochromic.  On side looks bell shaped, large cell.
9. teardrop cells (tennis racket)

10. elleptocytic (flat cell)

11. horn cell (looks like someone took a bite out), DIC comes in, hung up on fibrin
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Anemias are characterized by pathophysiologies: ↓Production, maturation defects, hemolytic.

NUTRITIONAL DEFICIENCY ANEMIAS

Iron deficiency Anemia (most common cause of anemia throughout world)

falls under classification of maturation defect. 
TABLE 2-2 in manual: Iron is the 2nd most common metal in earth’s crust, but it’s not readily extracted in use for body because earth’s iron = rust = ferric form (+3). 

Fe has to be  absorbed, held onto, and recycled; otherweise, Fe deficient.

Fe compartments
1) hemoglobin - largest compartment in body, 2 grams Fe in Hgb

2) storage compartments, next largeest compartment of Fe in body

a) ferritin: a water solub complex of ferric hydroxl ions (FeOH) and apoferritin (a protein)
    storage iron= ferric, Fe3+; active iron= ferrous Fe2+ (methemoglobin in red cell).
Apoferritin (+2) forms a shell, inside of which are the FeOH.

Ferritin is in all cells of body; also small amount ferritin in blood plasma

Blood plasma is good reflection of what total body Fe stores look like.  
Do ferritin concentration in blood test to determine what storage you have. 

b) hemosiderin - already discussed
This is the other Fe storage compound, primarily found in macs and monos of body; Under pathological conditions, store hemosiderin in all places; iron stored in heart, throws off coinduction of electical activity; so, don’t want overabundance either.
Hemosiderin is an aggrgate of ferritin core crystals; water soluble.
See hemosiderin in BM biopsy and if don’t stain, monos and macs have golden refractile pigment--this is stored iron; prusian blue stains the iron in the macs.   
There is a constant turn-over of storage iron.  
In adult males, 800-1000mg Fe in storage; adult females few mg less; easily deplete iron storage if iron loss exceeds absorption (common way)

3) myoglobin - protein similar to Hgb in muscles, an O2 reserve and another sorce of Fe; athletes train at higher alt so have O2 reserves when come down to LA.
4) labile Fe pool - intracellular transporting proteins, increased iron for brief periods, they take Fe in and out cells.
5) tissue iron – cytochromes and flavoproteins all have Fe in them.
6) transport - smallest of compartments yet most active; in plasma, apotransferrin (+2) combines with Fe to form transferrin, a protein shuffle that transports iron to all different parts of body.  The  apotransferrin turns over 10 times a day.
Iron stores

TABLE 35-1

How does iron get recycled?  

FIG in manual, cycle “circulating RBCs”

Lose small amount iron from gut; so make up for lost iron; need iron from diet

TABLE minimal daily iron req


kids .5


nonpreg women, 2 (through mensis)


preg women, 3mg per day


man 1mg


only absorb 1/10, need 10x in diet

A good source of iron is from cooking in iron skillets and pots

Heme Fe better absorbed than inorgan Fe.


Where do you get heme iron?  steak, hamburger (don’t feel guilty)


more readily absorbed from meats than vegetables or grains.

Grains and veggies have phytates and phosphates, insoluable Fe, not absorbed well.

Cow’s milk doesn’t have enough iron for children.

Tannic acid (in tea) inhibits iron absorption.

To absorb iron, need two things:  acid pH (HCL) and  ascorbic acid (vit C).

Achlorhydria (lack of stomach acid) inhibits absorption.

Parietal cells (lining cells on stomach with deeply invaginating cell membrane) make HCL

Other cells are protected by layer of mucous from goblet cells.


Lose part of stomach (stomach stapling)( lose gastric parietal cells -> not enough HCL -> 

not good iron or B12 absorption.
Iron in the diet is taken to small intestine -> get abrupt pH change -:> Fe not absorbed (insoluable complexes); therefore, the bulk of Fe not absorbed.
Most iron is absorbed in the Duodenum. 

In duod, have musocal epithelium: FIG interior of gut; finger-like protrusiosn in interior of gut wall -> increased absorb surface area for epithelial and cilia cells, which have extentions to furthur increase surface area because this is mucosa epithelium of small intestine.

Fe comes in, absorbed -> stored as ferritan or bind to apo -:> transported across cell -> blood 


or storage pool or BM where utilized for blood production


Factors that regulate Fe absorption
Hematopoetic demand (hemolytic anemia = ↑ production, increased Fe absorption)
How much Fe is in stores
How much Fe ingested in diet 

Some iron will be stored (in mucosal cells), some is transported into the plasma

Imperfect system because mucosal cells slough off fast (replace entire gut lining every 3 days).
In chemotherapy: GI problems because interfering w replacement of mucosal epithelial cells.  

Iron into plasma?  

Taken through stomach and mucosal epitehlium, bound to transferrin(has to be +2 to be absorbed), transferred to BM macs, stored as ferrin and hemosiderin; some iron goes directly to RCs because they need iron inserted into their heme ring.

.
Iron studies can measure serum iron and total iron binding capacity (TIBC) = total amount of apotransferrin.  Should be about 200-400 

Serum iron 1/3 of total iron binding capacity= saturated transferrin

FIG lab manual

If not enough iron around (most common anemia in world) -> iron defic -> no normal amounts Hgb.

No iron trasported into RCs.

Receptors are on RCs, endocytosis of Fe, some stored temperarily (as ferritin), most of the iron goes into the mitochondria, where the enzyme is located for actual insertion of iron into heme ring to form Hgb.

With a Pappenheimer body or siderosome, a little blue dot or inclusion shows up in RC, particularly in disease with leftover Fe that was not insterted into heme ring.   

Fe in siderosome =siderocyte.  Sideroblast = nucleated siderocyte.
Overabundance of Fe = Fe intoxication = siderosis or  hemochomatosis (iron absorption is increased, but no anemia).
Fe overload ->: Fe deposited in all parts of body (disrupts function), heart, brain -> bad

Secondary hemochromatosis with patient with chonic hemolytic anemias

Kid with blood transfusions = 250 mg of Hgb fe in 1 unit blood ( secondary hemochromatosis.
Masai - African tribe - tall big guys, farm cattle, wealth measured in # cattle u have, utilized every bit of cow, food, meat, hyde, blood, fermented drink from blood, fe pots to make drink in; parts of their rites, drink fermented blood.  They can get secondary hemochromatosis.
Most common cause of anemia is Fe deficiency
Most common cause of Fe deficiency is blood loss

1. menses of women

Women need more iron than men.  

Blood loss during menstual period: 30-40mL, contain 15-20mg iron (need 2x more than men) Some women lose 2x blood, 60-80 mL during menses, so take in that much more iron.

2. gastrointestinal bleeding in both sexes


peptic ulcer

hiatal hernia (abnormal protrusion -> erosion in wall -> bleeding site)


gastritis (inflammation of gut; cause: alcohol, aspirin - burn hole in gut)


hemmorhoids - bleeding in rectum, truck drivers, develop vericose veins or recal area, 

they bleed; can be iron deficiency.


gut malignancies, anywhere much bleeding


Hookworm (third world countries)


Kidney problems with hematuria

Other causes of Fe deficiency

Inadequate diet 
Pregnancy especially last trimester.  
Excessive demand: pregnancy, infancy, adolescent growth spurts
Malabsorborption conditions 

Celiac spreu - disorder of intestinal wall; if have gastrectomy, part removeal of stomach, 
no parietal cells, no HCL, no fe absorb.

Clinical manifestations of anemia

Tiredness, palor,weakness, ringing in ears, tachycardia
There will be a primary disorder (ulcer, menses, bad diet).

Pica symdrome - urge to eat ice or dirt; kid eating dirt because fe deficiency; lab mice on low fe diet, graw on wires on cages because seeking fe stores

epithelial changes - need fe for normal turnover of epitehlium: 
Angular stomatitis and glossitis (cracks on corners of mouth and tongue smooth and 
sore because don’t replace epithelium); seen in the elderly.
Achlorhydria

mucosal atrophy - lining of stomach gets atrophy, lose parietal cells and not make HCL
koilonychia - splitting, thinning of nails and spoonlike concavity.

Sequence of events of iron deficiency

1st thing - lose iron stores; FIG

2 step: changes in serum irons, lose Hgb, likewise enzymes iron, transport iron changed; so measure serum ferritin (serum fe) as indication of your Fe stores

3: initial RCs maintain normalocytic shape, size, as lose more and more fe, more advanced cases, really into enough fe to make heme -> hypochromic, microcytic

Early stages, normalocytic, worse and worse, hypochromic, microcytic

hypochromic, microcytic cells (later stages)

Anema of chronic disease

Problem that cannot mobilize iron

Sideroblastic anemia - have iron stored in mitochondria, don’t get put in to heme ring as should

Thalassemia - childhood chronic anemia where don’t make enough Hgb, defect in making Hgb

most reilatble direct evidence have decrease in Fe stores -> look at BM, if gold crystals in mac or do prussian stain to see if enogh iron there.  However, don’t do BM biopsy unless serious need.

Do serum test like at serum fe in blood



serum fe decreased



serum fe binding capacity TICB increased



serum ferritin decreased

Treatment

1) Identify cause and treat (bleeding ulcer)

2) Iron therapy (vitamins) in form of oral ferrous sulfate (FeSO4).  Ferrous =active form of Fe.
Standard dose 300 mg.  Side effects = GI problems, nausea, diarrhea, constipation

How to determine if iron therapy working
Increase in reticulocytes 1st 5-10 days
1-2 monts =normal Hct Hgb

Continue therapy for 4-5 months

Anemia of chronic disease
2nd most common cause of anemia: hypochromic, microcytic RCs, but iron stores are normal.
Iron deficiency with no production and iron being locked up in bone marrow.

Caused by chonic infx, TB, RA, tumnors, kidney or liver disease, extensive surgery/ trauma

Hct drop down to 25-35 low end to borderline anemia

Serum Fe decreased

Serum ferritin normal to increased

What’s happening here?  BM is full of Fe, but problem in mobilizing iron into red cells.
Chronic disease stimulates macs to release IL-1 -> lactoferrin -> stored in mac -> TNFα which inhibits erythropoeisis.
Sideoblastic anemias
Hemosiderin accumulation (storage iron) in the erythroid precursors, problem with insertion of iron into heme ring because enzymes are not making porphyrin ring

Result: ineffective erythropoeisis

Get hyperplasia; iron is not pulled into RC, accumulation in mitochondria -> get sidersomes.
Serum iron increased
Causes of sideroblastic anemias

alcoholism

isoniaaside (used to treat TB) 

chloramphenicol
hereditary
disorder of elderly; 10% go to AML so a preleukemia condition
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Similarities of anemia of iron deficiency and anemia of chronic disease:

Decreased Hgb, Hct, MCV, and MCHG

Differences:  Iron def: Serum Fe ↓, chronic is normal or increased, and BM is locked up.

Megaloblastic Anemias
Defect DNA synthesis because there is a deficiency of folate or B12 (coenzymes necessary for DNA, key rxns that lead to thymadine triphosphate, w/o folate, defect of DNA syn, RCs need to divide, and get bigger trying to divide, get xtra large cell--megalobalst--chromatin does not condense as should, doesn’t affect RNA, only DNA)

Cell makes normal amount Hgb, end up with extra large RC (macrocytic) that is normochromic (increased Hgb), net deficiency of RCs blood vessels don’t divide as should, person comes out anemic; some RC more oval shaped instead biconcave discs

Ineffective erythropoeisis - hyperplasic, lack of B12 and folate, cell too big, don’t make through maturation process, get hemolysis -> patient have yellow-lemon tinge, jaundice because of lack of B12 or folate.
Problem affects RCs and expect, any cell type that most turnover will be affected, people have thrombocytopenia, neutropenia, some epithelial problems like sore tongue

MCV increased

MCH increased

MCHC (Hgb/Hct), normal
normochromic but macrocytes

not all RCs oval, get some fragmentation (too big)

an ameia where get howell jolly bodies because problem of DNA syn (DNA doesn’t condesnse as should), get big RCs with pieces of nucleus remaining inside cell

neuts - hypersegmented, problem is megaloblastic anemia

How does megaloblastic anemia occur?

This disease occurs slowly, deficiency of B12 or folate (stored in liver), most diets not deficient with B12 or folate, get slowly developing anemia, fatgiue, lightheaded, slight jaundice, ineffect erythopoeisis, diagnosis dep on presence of mac hyperseg, so forth

Want to know patient history, if patient getting anticancer chemotherapy, cause of anemia.

Few inhertied disease: inborn errors of metabolism, rare problem of infant cant make B12 or folate, leads to a megaloblastic type anemia

How to distinguish between B12 or folate 

Do physical exam

50% of B12 deficiency have Neurologic involvement; (EEG) electroencephalograph, changes in brian wave patterns in patients; patient have taste, smrll, vision changes

Need RC to maintin nerves, get disfunction.

Measure B12 folate in blood, there are ELISA tests for measuring

Why not enough B12 or folate?

B12 has porin ring (like one in heme ring), nucleotide sticks out

In body there is another cobalt bond in center gives metheyl cobalamine as B12 in body

B12 is a form of cyan cobalamine; metheyl group replaced by cyan

Form of vitaminB12 synthesis by only certain microorganisms; depending on microbes (where microbes come from, sewage, in own gut; ufortunately, not in right area in gut for absorborption)


cows, rumins (good microfermentation in rumins of cows)


cows absorb B12 from bacteria in rumins, liver good source of B12 (liver a lot other stuff)


meat, fish, seafood, eggs, meat - good sources of B12


animal get from microbes


vegans, become B12 deficiency unless take supplements


take weird seaweed; if not, B12 deficiency


humans store B12 in liver; if you eat good diet, should not become vit B12 deficient

Problem in absorption of B12

take in meats, eggs, fish, so forth, good dietary cobolamines, they are released in food by cooking or gastric juices

to absorb, you most have couple different factors called intrinsic factor and R factor
Intrinsic factor more important of the 2 proteins that aid in absorb B12

Both made by parietal cell (in stomach, make HCL, cell needed to absorb Fe)

Intrinsic factor binds to B12, protect B12 all way through gut to illeum (illeum mucocal cells, have Receptors on microcvilla)

IF binds to Receptors on mucosal microvilli, brought into cell, separated from IF, to transport to BM, needs another factor called transcobalamine II (TCII), binds cobolamine and transports to tissue.

DIAGRAM of how B12 absorbed, also to bind to IF, made by stomach partiel cells, on surface of illeum mucosal cells, have R for IF, IF bound and brought into cell, separated from IF, then binds to transboalaiine II to be transported to tissue, nerve cells, BM where needed

Lack of IF = lack of TCII = inhibit absorption of B12

The most common disorder leading to megaloblastic anemia is lack of IF

Why no IF?  Stomach disease = lose parietal cells

Pernicious anemia:  Most common anemiai that is a result of B12 deficiency. 

“pernicious” = creeps up on you

In 1940s, guy got Nobel prize because discovered if feed patient gobs and gobs of liver, cures

What’s in liver?  ground it up, purified red crystal (cobol); in liver vitamin with cobalt in center of it

They were overwhelmg patient with B12 pernicious anemia and got:

Chronic atrophic gastritis (inflammation of gut) =  atropy of stomach ling

FIG, normal stomach lining should be this thick.  Patient with pernicious anemia, half the thickness, little atrophied, missing lots of mucosal surface; patient has autoimmune disease that is destroying a lot of epithelial mucosal surface.


do tissues section - lot lymphocytes infiltrating into surface lining


serum sample - detect anti-intrinsic factor Abs and anti-parietal cells in patient


w/o parietal cells, lose stomach lining, can’t make IF, can’t absorborb B12

Give huge doses of B12, patient making some IF, if had little and overwhelmed B12, get better. If no IF, can’t absorb, IV, shot, bypass that because poor people can’t absorb.

90% of patients are elderly, have all signs and symptoms of B12 deficiency, megaloblastic anemia, some neuropathies (ears, periphery); lacking IF, do not absorb B12.

This is evidence this is genetic condition for PA, scandanavians, blacks

Develop if lose part of stomach; gastrectomy (due to stomach cancer, stomach staplarge, patient need Fe and B12 supplement for rest of life). 


Some people have blind loop syndrome; section before illium; occurs in jejunum


weird loop of folding of gut; don’t get normal motility of stomach contents (lots 

bacteria overgrowth, bacteria use B12, nothing left to absorbed)

diphylloboturium latum

this is fish tapeworm; get from eating sushi


this eats up B12, lodge in gut, you get B12 deficiency

Any inflammation disease in lower small intestine; surgical resection of illeum, don’t have receptors for IFs, become B12 deficient.

Rare congential abnormalities - lack IF because you don’t have gene for making B12; same thing if lack transcobolin II, transport around B12, poor kids born with B12 deficiency

all causes for B12 deficiencys

How establish what’s the cause?

Schilling test
Patient with B12 deficiency, don’t know why, so give patient small amount radiactivation B12 orally, 
at same time give B12 shot so that fills up all their storage sites (liver)

Want to determine if radioactive B12 stored or not so collect 24 hour urine on patient

Want to know if absorbed of not; if absorption, in gut, to blood, won’t be stored so pass into urine, so detect radio B12 in urine

This is Part I of Schilling test- abnormal in all patients with cobolamine deficiency; no IF, gut problem, will not absorb radioactive B12, no radioactive B12 in urine

Follow up with Part II - give radioactivation B12 + hog IF
Give B12 with IF so if problem for patient is lack of IF, if only problem, with part II (and PA with lack of IF), then patient is positive in urine; any another problem, no vit B12

Schilling test OUTCOMES

part I low: give IF in part II, normal

If bacteria overgrowth, part I low, part II still low

Problem with illeum or inflammation, this low and still remain low

This is how to distinguish if you have IF lack and B12 deficiency is PA

If B12 in part I, not B12 deficiency at all; may be folate deficiency or something else going on; all other causes, part I should be abnormal

Can measure serum levels of B12, patient low in B12, uhh, pernicious anemia?  


endoscopy?  x-rays?  barium (disorder in gut?; coat interior of gut w chalkey stuff, u drink, 1st clear gut; if not much fluids, concentrate in gut) from alternatives, this best, why person vit B12 deficiency.

Causes of folate deficiency?

1) decreased intake

2) impaired absorption

3) drug antagonists

4) increased requirements
5) pregnancy - take prenatal vitamin (bottle says folate)

Where do you get folates from?  green fruits and vegetables (eat spinich and so forth)

folate absorbed in upper small intestine; B12 in illeum, folate in duod and jejunum

Take in polymphglutamic acids in food; in intestinal fluids, broken down into monoglutamic acid this transported throughout body, THFolic acid.

You do store folate in liver, body stores can be really depleted if no regular amounts of folates

continually take in dietary amount; recommendation for adult 50-100micrograms daily.


most times, not just dietary; something else wrong as well

In certain cultures, if overcook vegetables, destroy folate (cook barely = good folate)

eat stringy mush stuff, not much folate


Folate antagonists
Alcohol, metheyltrexate, trimethoprin, pentamidine drugs used for fungal and parasite infxs
this one way t determine new disease when AIDS came along (most common opportunistic infx)

Canada, TB, neumocystis colemeia (closely related t fungal infx, multiple life cycles, like like parasites) 

Pneumococcal pneumonia for AIDS patient; CBC requests for trimeth and pentamidine, why so many pneumonia cases?

New disease and wipes out immune system; also a folate antagonist

If AIDS patient getting either drug, get folate deficiency and take folate supplements

sprue - intestinal disease; result is damage to intestinal surface (can’t absorborb folate)

Chronic hemolytic anemia
BM gotta work harder to keep up with hemolysis, need increased folate, if not in diet or supplementation, get folate deficiency


same myeloblasts, macrocytes and so forth


if getting drug therapy, get enough folate

folate related to spina bifida - congential defect occurs where spine doesn’t form, doesn’t cover 
completly spinal cord; directly related to lack of folate

did u know your cereal all by law fortified w folate to ensure pregnant women get enough 

folate to not get spina bifida

the story of B12 and folate deficiency

Hemoglobinopathy 

problems of formation of heme or formation of globin

hemoglobin - heme part of molecule and globin chain


problems w formation of heme and globin; these problems fall under Hgbopathy
Synthesis of heme begins in mitochondria
begins with combining of glycine and succinyl CoA; also by-prod of TCA cycle


use glycine and succinyl coA, combine to form delta-aminolevulinic acid (ALA)


combine glycine and succinyl coA, form initial molecule of heme ring called PVG

starts in mitochondria, put together ALA, secreted into cytoplasm where initial PVGs made, forms corners of molecule.
TCA cycle, get success + glycine + deltaALA out to cytoplasm, initial PVG being made, cornerstones of porpherin ring.

just genrl idea, start with couple of simple molecules, form ring str to be cornertone of portphyrn ring, couple changes, then back into mitochondria (where Fe inserted because enzymes insert Fe into heme ring (heme ring excluded in mitochondria to combine w globin part of molecule)

If disorders of heme syn, disorder of porphyrin synthesis (metabolism) -> disease called porphyria
2 forms of porphyria:

1) True Porphyria - block in series of steps for complete heme ring; in latter portions of various steps, get porpherin rings being made but not being inserted until in formation of Hgb; excessive prod of portion rings leftover -> result: photosensitivity, dermatureitis; some excreted out in urine (weird colored urines w porphyrins excreted)


photsensitivity and dermatureisis -> can’t go outside, warewolves

2) precursor syndrome - excessive production of precursors, PVGs, deltaALAs in excess, these people have biasare neurologic and abnormal; they don’t know what’s happening w precursor syndrome disease


some drugs ppt porpheria attacks w individuals w true porphorias

drugs, lead intoxication, cause similar problems w inability to form normal heme rings


these kinds of things can go wrong w heme rings; but fairly rare


more common, abnormaliteis in lower part of chain

globin part is an aa chain, made off ribs, have mRNA, genes so forth to put together aas in correct  order

human Hgb made up of 2 pairs of polypeptide chain, alpha and beta

in each folded globin chain, heme is nestled


normal human Hgb designated HgbA or A1



composed of 2 pairs of alpha and 2 pairs beta



alpha and beta differ in # of aa and exact order of aa



alpha - 141 aa


beta - 146 aa
normal have small amounts of A2 and fetal (u make small amounts fetal Hgb as adult)


A2 - 2 alphacb chains, two delta chains

F - alpha 2, gamma 2 chains

u also make a few embryonic Hgbs from the yolk sac
FIG - here are various kinds of chains u make for Hgbs; also gives u timeline for various Hgb chains made

earliest embroyonic Hgb called gower 1, gower 2, portland

gower 1: 2 asetas and 2 epsilons; quickly lose aseta and epsilons, repalced w alphas and gamma--

this is heme

gower 2: 2 alphas, aseta end quickly, replaced by alphas; make some epsilons, alpha 2 and epsilon

portland: epsilons and gammas

once past 1st few months, replaced in fetal state by alphas and gammas, fetal Hgb; over bulk of develop proc, make fetal Hgb, takes u to birth, continue to make alpha chains, gamma chains go down and repalced w beta chains, this is normal human heme, 2 alphas and 2 betas

globin replaced w other globin chains to meet various demands of tiny embryo to larger fetus

Most blood production of fetus occurs in liver and spleen

Bones form, switch from extramedulary hematureopoe to medulary hematureopoesis.
Fetal Hgb through bulk of develop proc (because lower O2 tension, more efficient at carrying O2 and giving up O2 t tissues)

In fetal state, need O2 through bloodstream; need different Hgb to absorborb up from mother’s systemt and make sure give up O2 quickly

fetal Hgb is uniquelymph suited to obtained O2 to placenta, have enough O2 to develop

kis takes 1st breath, dramatic, shift blodd circulation process otherwise fetal state, blood bypasses lung; flap in heart, once breath, separate rt side from left side of heart


if not separation -> heart defects


summer in womens hospital in LA, growing endothelial cells of cord


until kid takes 1st breath, everyone too holding breath; if nothing happen, mess


fetal Hgb asures O2 coming, absorbing off placenta, release O2 to tissues, get normal develop of child; fetal Hgb readily converts to met-Hgb

have infants, takes while to convert to beta chain production, kids born w fair amount fetal Hgb

Fetal Hgb convets more readily to met-Hgb

What is met Hgb?

Meaure Hgb, 1st thing to do is lymph RC, release Hgb, get cyanmet Hgb, stable brown color to it, easily measured to specialization; Hgb Fe (III) -> inactive


So met Hgb not carry O2 very well because iron converted to ferric Fe, cyan-met Hgb 

cyan makes it brown color


in infant, many agents that can convert Hgb to methingb - nitrite overexposure


any oxidation products, conversion to +3 iron; fetal Hgb more susceptible to oxide on 

their Hgb, they can asfixiate even though have normal amounts Hgb, not enough 


O2 to tissues


blue babies (blood not circulation to lung), anemic kid, not enough O2, cyanotic

Now you have some info about how Hgb formed and how Hgb through different stages in globin type chains

Furthur info about normal globins is structure
Here is normal structure of Hgb, the globin chain

The aa are in particular order in globin chain to facilitate ability of molecule to fold and protect heme ring (this has fe inside it, fe want to ensure in +2 state; fe actually binds to O2)

Globin polypeptide chains folded in straight stretches in alpha helical configuration and short non-helical regions where things bend.
We know whole aa seq; one of 1st molecules did; seq all aa on globin chain of normal Hgb then compared to sickle (in sickle, only 1 aa change)

AAs in this region important because primarily non-polar

Reason important because want to ensure non-aq and hydrophobic environment around heme ring; all aa with more polar side chains, exclusively at external surface of molecules; want outer areas to be hydrophilic, center areas where hydrophobic

Disfunction in parts, have hemoglobinopathey

Result, is nonstable Hgb molecule; don’t maintain Fe in +2 state; more predilection to form met Hgb, can’t maintain normal structure, get sickle (where Hgbopathys develop)

Summary
What is the structure of Hgb?

heme ring: porphyrin composed of glycine, succinyl coA, these combine to form delta aa acid, couple to form PPG (porlphyl prostiglandin?, subunits for porphyrin ring)

Cytoplasm is where porphyrin ring formation going on, undergoes couple changes.


Enzymes for inserting iron during mitochondria ( complete heme ring combined w globin  

construction of globin portion?  folded polypeptide chain.
Constraints: hydophilic on outside, hydrphobic on inside to keep heme ring and iron stab as +2 

Hgb molecules associated as tetramer made up of 2 alphas and 2 betas, normal Hgb A.
Alphas and betas in tetramers provide greater structural stability and O2 affinity

Abnormality in heme part of molecule 

Porphyria, one heme (Hgbopathey abnormal for globin chain)

delta, some block in furthur formation of porphyrin ring structure: get overabundance of elementary precursor molecules; get another porpheria: myth of werewolves: photosensitivity and skin problems with furthur porphyrin molecules 
Abnormality in globulin part of molecule 

Hemoglobinopathy 

2 problems with globin portion:

1. structural: something wrong with folding or formation of the Hgb chain, get aa substitution,  

     deletions, get instability in strructure. Hemoglobin variant.  Identify these by Hgb electrophoresis (their proteins have slightly different charges, and migrate at different speeds.  They can also be quantitatively measured by the bands in a densiometer.
2. Not enough alpha or beta chains produced so regulatory kind of problem.  If decrease in numbers, no normal production -> thalassemias a regulatory problem

All genes for each various Hgbs, located on chromosomes, by gene mapping studies, have determined that gamma, delta, beta chains all linked on single DNA fragment that belongs to chromosome 11.
FIG - beta, delta, gamma chains on chromosome 11; alpha chains of chromosome 16

Most pathological varients result from single aa substitution in 1 globin chain

If too severe, fetus doesn’t survive.
Hgb tetramers refered to as their trivial name (sickle Hgb) or by who discovered it.
LIST of all kinds of Hgb variance, considerable numbers: Boston, Saskatoon (name from where came from), ferrera, liba, elate, name of person who 1st discovered it.
Also id by electrophoresis changes in Hgb molecules.

Id in which chain the aa substitution is  located; also what kind of substitution occurs.
Sickle cell:  Hgb in 6th position in beta chain, glutamic acid replaced by valine



α α β β 


6 glu -> valine
Can have substitution Hgb varients present as homozygous or heterozygous.
Inherit 2 chromosomes from parents, as in case of sickle cell, you can carry sickle trait, be heterozygous for sickle Hgb, have partial HgbSA = heterozygous.
Also homozygous for sickle, HgbSS; beta chain bears abnormality have sickle Hgb

Also find some people doubly heterozygous, person who got normal Hgb A also carry a sickle defect in beta chain and also Hgb C on beta chain α α βS βC


HgSC - most common Hgb varient
All various Hgbs can be detected w slightly different migratory rates: most accurate mehtod to determine if varient Hgb.  HgbA moves the fastest on electrophoresis.
There are also unique characteristic for Hgb F

Hgb F normal for adult?  yes, have very small amount. In fetus, make sm bulk

Unique characteristic: resistance to denaturing by alkalide or acid

On worldwide basis, of chromosome variance Hgb S and Hgb C are varients that cause high incidence of morbidity.  All other mutant globin chains, pretty rare, really useful because show determine that u have hydrophobic on interior, contribute to variance, how structure related to actual function of molecule.
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The most common Hgb varient occurs in the beta chain.  They can be hetero or homozygous.

In order of most common:

SS trait = α α βA βS

SS disease = α α βS βS

HbgC disease = α α βS βC
HgbF is α α γ γ and there is a screening test for it.  Hgb is resistent to alcohol and acid, so use the Kleinhaure-Betke method which uses alcohol and acid to lyse other RBCs (leaving them ghost cells).  If there are too many HgbF cells in an Rh neg mom’s blood who received Rhogam, you know she needs a second shot. Hgb F can also be measured on spectrometer.
HgbC: has gold bars, which are brick-like crystals of hemoglobin in the RBC, seen in post-splenectomy patients only, since they will be culled out in the spleen before you see them.  Person has ongoing hemolytic anemia; also have striking target cells (extra big, not enough Hgb inside them, get characteristic rims where Hgb conglomerates, targets in center)

SICKLE CELL DISEASE
1910 herrick 1st described black student with hemolytic anemia, RCs have sickled shape on blood smear.  Subsequate study did on patient RCs, started molecular bio; now have tools to do aa composition, determine if there is aa substitution, changes function of Hgb molecule

AS 8%  American blacks heterozygous for sickle cell; Africa: 30%


heterozygous sickle cell is protected from malaria

In airforce don’t want to be heterozygous because sickle happens when decreased O2 tension

Sicke Hgb less soluble, Hgb ppt out -> why get sickle phenomenon


in lab manual, review various methods for detecting sickle Hgb

Solubility test done in tube, add Na metabisulfite a reducing agent, and concentrated phosphate as a buffer, which is what precipitates out the Hgb.  
Add to drop of blood to cover slip -> watch RCs turn sickle shapes

If homozygous sickle with decreased O2 tension, HgbS becomes fibrous and elongated, Hgb chains form fibers; fibers intersect to form tactoid, tactoid forces RC into sickle shape.
HgbS tetramer in deoxy state, it is 50x less soluble than Hgb A

So once get sickle shape, this thing carry O2, get rigid, get stuck in blood vessels, get problem

any tissues hypoxia -> contribute to sickles -> vicous cycle (‘sickle crisis’)

Infection is the major thing that causes sickle crises because the Macs use the O2 to fight the infection, which ↓O2 tension, which causes hypoxia and more sickling.  

Clinal features include: impairment of growth and develop (child born with homozygous sickle disease, increased tendency to get seruous infxs; splenic infarct formation)

Plug up worse in spleen -> sickle cells do not go through cords well, so prone to infx, particularly pneumococcus.
With long term damage, get problems w cardiopul system, have liver gallstones because bilirubin buildup, more disfunction, concentration bile, formation of gallstones

Tend to have kidney problems, not good bone growth because infarcts; also get CNS stroke as result of vasoocclusion as result of sickle

In homozygous sickle, increased normal HgbF, kid not as anemic

Give kids Butyrate to increase fetal Hgb production.
Electrophorsis: A moves faster than S which moves faster than C
This is how to id different Hgb person has
Done on agarose gel, do separation of Hgb molecule and stain, run gel through spectrophotometer or densitometer; get stain with each band, get quantatative data, How much fetal and sickle being made (how severe persons anemia)

Reason for doing tests on parent, are they carrier?  heterozygous for sickle?
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1 in four chance kid be homozygous sickle, lifelong problems
Can do SC transplant on kids

There are methods where in utero test for if u have homozygous child.
Other Hgb conditions 

Sickle-thalassemia: βS βThal
Thalessemia is a disorder of dimished alpha chians and beta chain; usually beta chain.
More severe problem although heterozygous
Look at blood smear, hypochromic, microcytic, increased polychromaphilia (sign of increased blood production)

There are more than 60 different Hgb varients.  If an aa substitiuon occurs in the internal, hydrophobic area of hemoglobin, the Hgb readily oxidiases from +2 to +3, called Met-Hgb.
Thalessemia
Group of hereditary disorder of Hgb synthesis where there is ↓ in synthesis of  α or β chains.
Have regulatory problem; result: hypochromic anemia, develop Heinz bodies because of overabundance of the other chain, ppt out as Heinz body ( hemolysis.
patient have:

increased hemolysis (extravasular: occurs in spleen)

ineffective erythopoeisis


beta thalessemia refers to problem in ability to make adequate quantiies of beta chain


alpha thalessemia problem in production of alpha chains

There are many varients of beta and alpha thalessemia depending on how severe is deficiency of globin chain production

no single aa substiion here; these are either very complex structural problems (chain not made or problem in regulatory chain)

Factors that affect the clinical severity of Thalessemia

How much ↓ in Hgb

Degree of imbalance of alpha and beta globin

Hemoglobin F compensation
Severity of anemia and disordered Fe metabolism

Effectiveness of iron chelation and transfusion therapy

If kids severly anemic -> not enough blood in brian, developmental problems
Every unit of blood, huge iron in the blood transfusion; where does iron go?  gets stored

This is acquired hemosiderosis; kid has thalessemia and requires blood transfusons to function.
Get rid of iron somehow (drugs to chelate, bind up, to get rid of it so no more iron storage prob)

Highest incidence of beta-thalessemia is in Meditarrean, India, SE Asia.

Highest incidence of sickle cells is in Africa.

Homozygous beta thalessemia - called Cooley’s, or Meditarrean

Not too serious disease; there are two types:

Β0 β0 (no beta chain made) and β+ β+
Not enough β chains ( excess alpha chain ( Heinz bodies ( hemolysis

Note:  You need supravital stain to see Heinz Bodies

At 6 weeks old, kid majority of blood supply should be HgbA, α α β β 
Since he can’t make beta chains, have severe hypochromic microcytic anemia w Heinz bodies, w/o intervention, kid poor growth and poor develop.
Blood transfusions can cause iron overload = hemosiderosis.
Therefore, need an iron chelating drug.

Need transfusion, iron chelating drugs. BM transplant, stem cells or umbilical blood cord transfusion

Have tied recombinant DNA where add correct beta chain into kid but not really feasible; can’t control where put gene in, doesn’t work too well

Heterozygous beta thalessemia: βA β0  or  βA β+
Asymptomatic, essentialtially not a problem

Hypochromasia and some target cells

Alpha thalessemia; have 4 genes 
α α α α (4 function alpha genes = normal)
α __ α α  (silent carrier of Alpha Thal; might have mild disfunction in RCs, hardly notice)

​​__ __ α α shows target cells and basophilic stipling
__ α __ α shows excess beta chains

β β β β and one α chain = Hgb H disease (can still survive) lots of H tetramers; ↑↑β chains

γ γ γ γ known as Bart’s Hgb gamma4, no alpha chains to make Hgb F

these people have anemia skel changes, hepatomegaly, still live normal lifespan

__ __ __ __ is known as hydrops fetals; affected fetus dies at birth; no blood to carry O2 around 

occurs more in asian pops: blacks and mediterean, high increase of disfunction traits.
Possible to give prenatal diagnosis to determine in utero if child w hydrop fetals.
That’s it for hemoglobinopathies.

None of the diseases so far are classified as hemolytic, but hemolysis does occur.

So, hemolysis occurs in  ADDIN AudioMarker 0 

 ADDIN AudioMarker 80 sickle cell, megaloblastic (hemolysis occuring in BM; get ineffective erythropoesis and hemolysis; common causes: deficiency of B12 and folate), thalessemia (have excess beta chains, these form Heinz bodies, get aggregates in RCS, enhance breakdown of RCs).

 ADDIN AudioMarker 209 Couple ways that hemolytic anemia classified:

1. Intrinsic (intracorpuscular) defect: something wrong w RCs itself 
    These are all hereditary 
Hgbopatheses; thalessemias, megaloblastic anemias, some of the hypochromic anemias, Fe deficiency (those RCs break more rapidly); defects of RC membrane: sphereocytosis and elliptocytosis; metabolic enzyme deficiencies.
2. Extrinsic (extracorpuscular) defect – defect outside the cell, environment problem:
Immune problems, blood vessels having external injury, mechanical injury (heart valve replacements ADDIN AudioMarker 395 ; balls go up and down, constantly click, ball hits valve, entrapped RCs injured and broken ( have increased hemolysis) 

 ADDIN AudioMarker 435 Oxidative hemolysis, exposure to chemicals or drugs,  ADDIN AudioMarker 450 spleenic enlargement,

 ADDIN AudioMarker 464 High lipid problem (make RC membranes less resilent)
There is a  ADDIN AudioMarker 284 lot overlap because could have intrinsic defect that could make RC abnormal and therefore susceptible to environment conditions; combination of both

Hemolytic anemia by an intrinsic defect is something wrong w RC, either in the membrane or an enzyme deficiency.
 ADDIN AudioMarker 555 Membrane problems: PIC

RC membrane  ADDIN AudioMarker 563 has bilayer of lipids, has different combination of cholesteol and glycolipids, essentially a regular lipid bilayer like any other membrane

more unique of  ADDIN AudioMarker 582 RC membrane: proteins that are in RC membrane
Two major components:

1.  Structural proteins that maintain shape of RC

Whole lattice work of proteins to maintina biconcave shape of RC.

Proteins: actin, spectin, and chromium, etc.  ADDIN AudioMarker 648  

2.  In membrane itself have transport proteins, Na/K ATPase; these are glycoproteins have elaborate arrays of sugars that extend to exterior of cell (sugars contribute. to ABO blood types).  O ADDIN AudioMarker 689 ther proteins are called NNS system (these all  ADDIN AudioMarker 697 attached to integral proteins embedded in membrane and extend to exterior of cell)

RC membrane controls volume and water content primarily through Na/K content

If Na leaks in, it brings water with it, K leaks out, then RC will swell

If  ADDIN AudioMarker 817 Na leaks out, K leaks in, then RC shrink

 ADDIN AudioMarker 828 This is osmotic maintainace of vol in hypotonic solution

RC can maintain normal shape in isotonic saline 0.85% NaCl = isotonic saline)

 ADDIN AudioMarker 870 Spherocytes have ( surface:volume ratio, cells more fragile, can’t take in any water or will pop.
A  ADDIN AudioMarker 905 normal biconcave RC can take in water before bursting.
A  ADDIN AudioMarker 917 target cell is flat, has ↑surface:volume ratio; very resistant to hypotonic lysis because can take up whole bunch of water.
 ADDIN AudioMarker 943 Osmotic fragilitiy tests

Tubes with various salt concentrations; 0.25, 0.65,  0.75, to 0.1 concentration.

Add RCs, see at what concentration get lysis.

S ADDIN AudioMarker 989 etup graph to look at % hemolysis vs % NaCl

 ADDIN AudioMarker 1001 ( osmotic fragility is seen in spherocytes; as soon as get to .7, start lysing very rapidly
 ADDIN AudioMarker 1056 ( osmotic is seen in target cells, go down to .4 NaCl before get lot of hemolysis

 ADDIN AudioMarker 1075 Normal RCs don’t burst until .6, then lot hemolysis)

HEMOLYTIC ANEMIAS, membrane problems
HSA, hereditary sphereocytic anemia
 ADDIN AudioMarker 1134 Most common membrane defect anemia 20/100,000 US
Membrane Defect from spectin disfunction
75% is  ADDIN AudioMarker 1173 Autosomal dominant (only need to inherit 1 gene to show);  ADDIN AudioMarker 1232 shows up rightt away, kids have neonatal jaundice
 ADDIN AudioMarker 1203 25% autosomal recessive; involves spectin deficiency
 ADDIN AudioMarker 1261 After neonatal stage have partially compensated hemolytic anemia

Since RCs are being destroyed, have  ADDIN AudioMarker 1278 ( production

 ADDIN AudioMarker 1296 Patients develop gallstones (esp in older pops because bilirubin is more concentration bile)

Crisis can occur particularly because of infxs = intermitant disfunction anemia

 ADDIN AudioMarker 1359 Need ( folate for lifetime
In HAS, abnormally high rate Na into RC so have ( rate of glycolosis to pump Na out, cells become spherocytic, does not circulate well, no flexibility, gets pulled out of spleen, patient have ( extravasucal-spleen- and intravas hemolysis.
Structural abnormality of RC membrane as well; spectin problem (can’t maintain shape, bits and pieces of membrane glob off); lose surface area and therefore lower surface:V ratio ( disfunction

 ADDIN AudioMarker 1532 Recommended treatment: splenctomy 
Peripheral blood of person w HAS:

 ADDIN AudioMarker 1570 Spherocytes: darker stained, no lighter staining center, smaller in diameter because instead biconcave they are spherocytic

 ADDIN AudioMarker 1614 Polychromasia = immature cells to compensate for disfunction and ( reticulocytes 
 ADDIN AudioMarker 1653 BM is hyperplastic: BM most work at higher rat
 ADDIN AudioMarker 1742 Hereditary elliptocytosis
Membrane defect from spectin disfunction

Autosomal dominant

Hemolysis mild to more severe depending on how well patient compensates
 ADDIN AudioMarker 1772 RCs are elliptical in shape
Not as common as HSA
 ADDIN AudioMarker 1839 PNH – paroxysmal nocturnal hemoglobinuria; preleukemia condition --AML
Usually occurs in the elderly with some other kind of anemia that has an abnormal clone of RBCs that lack CD55.

 ADDIN AudioMarker 1861 This is a membrane abnormality

During night, don’t breathe as deeply ( blood pH gets on acid side
RBCs that lack CD55 allows complement bind to RBC ( hemolysis and thrombosis.
 ADDIN AudioMarker 2013 Normal RBCs have delayed accelerated factor which protects from c’ attack

 ADDIN AudioMarker 2146 Recurrent intravascular hemolysis ( chronic hemosiduria (tubules cells from kidney shed and have hemosiderin in it; trying to save some iron, since cells shed anyway, won’t save Fe, good clue to intravascular hemolysis; see with  ADDIN AudioMarker 2218 Prussian blue stain
Can also  ADDIN AudioMarker 2272 do Ab fluorescent labeling

 ADDIN AudioMarker 2471 
HEMOLYTIC ANEMIA,  ADDIN AudioMarker 2471 Metabolic problems (enzyme deficiencies)
 ADDIN AudioMarker 2485 Mature RBCs lose all mitochondria; so will not have any ATP going to be made via TCA cycle, but don’t use much ATP.  However, they  ADDIN AudioMarker 2518 need some ATP to maintain RC membrane by Na/K pump.
 ADDIN AudioMarker 2550 Hexose monoPO4 shunt is the only metabolism going on in RC
 ADDIN AudioMarker 2583 Start with glucose (6C compound), put in 2ATP. Get 4ATP, so the net is 2ATP produced.
Along the way, important molecules are needed: NADH is necessary to maintain Fe in =2 form. 

NADPH is essential to protect Hgb from oxidation (Fe+3).  
Otherwise will cause met-Hgb ( Heinz Bodies

2,3 DPG is needed to adjust the O2 affinity of Hgb needed in hypoxia.

GSH protects RC against injury by exogenous and endogenous oxidants(O radicals, superoxide antions, H2O2 prod by macs); works like intracellular buffer.  

 ADDIN AudioMarker 2993 NADPH requires G6PD
Lack of G6PD causes lack of  ADDIN AudioMarker 3014 NADPH

Lack of NADPH  ADDIN AudioMarker 3039 causes vulnerability to oxidants (H2O2, catalase) 

Lack of NADPH also causes Fe+2 to become Fe+3 (met-Hgb)

Met-Hgb causes Heinz bodies

Heinz Bodies are hemolysed

G6P Deficiency

This is the most common hemolytic anemia around world, affects millions
 Gene of G6PD located on X-chromosome more males affects than females; > 100 G6P varieties 

GdA- Most common variant (instead of G6PD) –found in 10% blacks

 ADDIN AudioMarker 3252 RCs last 13 days; not normal RC lifespan

 ADDIN AudioMarker 3207 GdMed - 2nd most common varient, found in Sardinanas, Jews, Italians

 ADDIN AudioMarker 3294 half life < 13 days; 
Susceptible to oxidant induced injury
Patient develop infx, exposed to oxidants ( lysis

 ADDIN AudioMarker 3228 Gd canton, found in asians ADDIN AudioMarker 3174 

 ADDIN AudioMarker 2908 
Clinical features of all G6P deficencies:
Drugs that causes them hemolysis all over: Primaquinine (antimalaria drug)  ADDIN AudioMarker 3436 Sulfa drugs, aspirin, vitamin K, fava bean (cannot eat these) 
But the primary cause for GD hemolysis is infection (get oxidative radicals produced, trigger oxidative process, no NADPH, cannot reverse proc, no GSH to buffer oxidative metabolites and damage that can occur

 ADDIN AudioMarker 3580 Pyruvate kinase Deficiency

 ADDIN AudioMarker 3639 Autosomal recessive; Rare
 ADDIN AudioMarker 3646 Only occurs if homozygous state
Cannot make one of the ATPs, so deficiency in ATP
Can’t maintain RC membrane ( hemolysis. ADDIN AudioMarker 3688 
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