HEMATOLOGY

Intro

Leukopenia: never normal (decrease in WBC) 

Leukocytosis: normal if infection or under stress 

Th count: Under 1,000: high risk for infection 

Th count: Under 500: move from HIV ( AIDS, probable death 

Erythrocyte production & verification
Pluripotent cell ( hematopoietic stem cell ( committed proerythroblast (erythropoietin signals their production; now destined to become erythrocyte) ( normoblast (nucleus starts shrinking) ( reticulocytes (still have mRNA and ribosomes, making hemoglobin, but can be released into blood, live for about 1 day as reticulocytes) ( erythrocytes (no more mRNA or ribosomes) 

Able to distinguish between erythrocytes and reticulocytes with staining

Progression and manifestations of anemia

Shortness of breath, pale, fatigue 

Anemia
3 classes: macrocytic (big RBCs), Microcytic (small RBCs), normocytic (normal RBCs) 

MCV: mean corpuscular volume (avg volume of RBC measured in fl (femtoliters)) 
if > 100 (macrocytic anemia) 
if <80 (microcytic) 
80-100 = normocytic anemia 

Macrocytic 

B12 deficiency (pernicious anemia) or folate deficiency: impaired DNA synthesis: cell gets bigger faster than we can copy DNA 


pernicious anemia: lack of intrinsic factor (IF)


folate deficiency: in alcoholics 



Alcohol increases risk of breast cancer because alcohol diminishes folate 


drugs that inhibit DNA synthesis: e.g. chemo 

Microcytic: problem making hemoglobin, hypochromic (not as dark as should be) 


iron deficiency: no iron ( no heme ( no hemoglobin 

sideroblastic: can make porphyrin ring, have iron but can’t combine them to form the heme for hemoglobin

lead poisoning: one of the causes of sideroblastic, lead inhibits an enzyme necessary for production of porphyrin.  We can have sufficient iron but can’t make hemoglobin if there is lead inhibiting heme production.
anemia of chronic disease: iron is extremely important for you (used for hemoglobin and almost every protein that handles O2).  If we need iron, bacteria also need iron for their enzymes. therefore, if we keep iron away from bacteria we can inhibit their flourishing; never want to have free iron in the body, it will always be linked to some protein; with chronic disease, immune system gets revved up (believes there is some infection), wants to keep iron away from agent and thus it sequesters it ( you can’t use the iron to make hemoglobin even though you have plenty of iron. 

Thalassemia: genetic disease typical of Southern Europeans, Middle Easterners & South Asians - defect in alpha or beta globulin 

Normocytic: 
Low reticulocyte index – not making enough RBCs

High reticulocyte index – making plenty of RBCs

(if you are anemic your reticulocyte index should be high) 

Reticulocyte index: how much we expect reticulocyte count to go up in particular anemia (if you have minor anemia you want RI to go up just a little)


low RI: RBCs normal BUT not making enough RBCs (“bone marrow” problem) 

EPO deficiency bone marrow doesn’t know it needs to make more RBCs, usually seen secondary to renal failure
myelofibrosis: bone marrow replaced with scar tissue (functional part that makes RBCs is pushed away) 



aplastic anemia: bone marrow replaced with fat


high RI: 

hemolytic: breaking down RBCs for some reason inside body, we still retain the iron (we don’t have facility to get rid of iron) - doesn’t lead to iron deficiency 



hemorrhagic: bleeding (losing iron) leads to iron deficiency - 3 common causes: 
menses (pre-menopausal women)
ulcers (GI bleed; stool sample and look for “blood”; usually from stomach or duodenum), 
colon cancer (older people, most likely culprit is colon cancer) 

sickle cell anemia: cells have shorter life span, turnover is faster, losing RBCs but being replaced at high rate 

Other comments

Spherocytosis: sphere shaped cells ( center of spherocyte would not be pale but rather dark 

Polycythemia: excess of RBCs, usually due to bone marrow or leukemia of RBCs (hematocrit of 60-70, normal is 40). Heart is pumping really thick blood, low CO (because blood is so thick), increased risk of clots 

Macrocytic normochromic anemias:
big, normal color, problem with DNA synthesis, don’t have enough B12 or enough Folic Acid (happens a lot to women because of fad diets, and alcoholics because alcohol uses up folate) 

Folate deficiency: scales and fissures on their mouths called (Chilosis), inflamed mouth (stomatitis) ulcerations on cheeks and mouth (chancre sores), nausea, diarrhea, treatment give folic acid 

Pernicious anemia: commonly seen in elderly population due to lack of intrinsic factor because of destroyed parietal cells (can happen over time, or hurried by autoimmune attack on parietal cells, alcoholism and smoking). Will see weakness, fatigue numbness of fingers and toes, tongue can get beefy red, treatment give B12 (shots). 

Microcytic, hypochromic anemias: small, lacking color 

iron deficiency: fatigued, pale, koilonychia (spoon-shaped nails), sores on corners of their mouth, dysphasia (difficulty swallowing due to mucus build up); 

sideroblastic anemia: may have high iron levels in tissue, enlarged liver/spleen, may have bronze colored skin,  can have high levels of iron in their body but don’t handle it properly in the production of hemoglobin 

Anemia of chronic disease: bacteria need iron to survive as well, body will try to keep iron away from bacteria, but will put it into your tissue rather than into your RBCs 


thalassemia: genetic defect in alpha or beta globulin chain
Reticulocyte Index

Reticulocyte count x (Hematocrit/normal hematocrit (always 45%) / days as reticulocyte = correct for anemia 

If you are anemic, bone marrow is pushing out reticulocytes as fast as possible (little less mature), the faster they come out and the longer they will last as reticulocytes 

Example: Reticulocyte count = 4.2%, hematocrit = 18%

RI = 4.2 * (18% / 45%) / 2.0 = 0.84 – low RI anemia (bone marrow not working hard enough) 

Normal RI: should be 1.0 – 2.0% (number cannot be too high during anemia; it gets higher as they get more anemic) Note: RI is 0.5% - 1.5% in non-anemics.
If someone has a suitably high RI, then NO need to biopsy bone marrow, bone marrow is cranking out RBCs perfectly fine 

Serum Iron & TIBC (Total Iron Binding Capacity)

Low iron in blood not necessarily iron deficiency anemia 

Transferrin: protein that carries iron in the blood (in iron deficient anemia transferrin will be high) but transferrin saturation (% of transferrin occupied with iron) will be low 

If anemia of chronic disease: don’t want iron in blood; keep iron out of blood; iron low in blood, transferrin will also be low because don’t want it transferred to blood, transferrin saturation will be high. 

Megaloblasts of pernicious anemia
B12 deficiency: RBCs much bigger than normal, need IF (intrinsic factor) to absorb B12 (cobalamin) ↓B12 ( impaired RNA synthesis and DNA synthesis 

Caused by Gastric parietal cell damage: due to genetic disease or acquired; (usually autoimmune) ( can’t produce IF 

Don’t need a whole lot of B12 (once a year is enough if you have deficiency) 

Hypochromic microcytic anemia of iron deficiency
Hypochromic: some dark ones due to blood transfusion

Could be Iron deficiency anemia, give them iron and restore normal RBC production
Iron cycle
RBCs get broken down in spleen in normal person 

RBCs come into sinusoidal capillaries of spleen, go through “dark places” with lots of macrophages, need to get out and to other side to survive 


old stiff RBCs will be caught by macrophages and eaten
Take iron out of heme, throw out remaining porphyrin ring as bilirubin, stick iron onto transferrin and take it to liver (where we store excess iron) or bone marrow (keep iron) 

Recycle amino acids 

Role of erythropoietin in regulation of erythropoiesis

Anemia ( more EPO ( more RBCs ( no more anemia
Aplastic anemia

Aplastic bone marrow: hematopoietic cells replaced by fat 

decrease in RBCs, neutrophils, lymphocytes (will see pancytopenia: deficiency in ALL types of blood cells)

Sickle cell anemia

Sickled cells have increased risk to get stuck in capillaries and cause obstruction 

Capillaries are very narrow (~6 μm), capillaries only big enough for one RBC to go through, if one gets stuck; lose blood flow 

Sickle cell hemoglobin

Stacked up hemoglobin forms spikes because of 1 base pair change (glutamic acid (hydrophilic) to valine (hydrophobic) that changes confirmation of protein 

When hemoglobin has low O2, hemoglobin starts stacking like cups

Stacks of hemoglobin cause spikes 

Sickle cell trait: 1 mutated gene 

Sickle cell disease: 2 mutated genes (autosomal recessive genetic disease)
Sickling of erythrocytes

HbA: normal adult hemoglobin

HbF: fetal hemoglobin 

HbS: sickle cell hemoglobin 

Hypoxemia: O2 content decreases, end up with more sickling because more hypoxemia 

pH decreased ( more sickling 


once it starts, sickling increases 


treat with O2 because culprit is hypoxemia 



hope that some of O2 will get to where occlusions are 

also give fluids – dehydration also exacerbates sickle cell crisis
More sickling in venous side (because we have less O2 in veins) 

If able to reverse hypoxemia, the RBCs return to normal shape 

Lower temperature and decreased volume also causes sickling 

Pathophysiology and morphologic consequences of sickle cell anemia

Sickle cell anemia: have normal RBCs most of the time 


under hypovolemia, hypoxemia, and low pH ( sickling (usually reversible)

But once they get stuck ( Clinically: severe pain during sickle cell crisis 


treatment: give O2, fluid, and pain killers 

Clinical manifestations of sickle cell disease

Spleen takes a big hit 


autosplenectomy: spleen gets smaller and smaller 

almost every organ can be affected by resulting ischemia
β-thalassemia
Making bad beta-globular protein (in general, can be either alpha or beta) 

Beta: beta globulin not sufficient (not enough good ones)( go to make RBCs, have lots of good alpha, try to assemble but can’t use all alpha ( alpha aggregates 
good cells (many die before leave bone marrow) turn over in spleen quickly ( anemia 

Transfusion: short term beneficial

long term: detrimental- you are giving a ¼ of gram of iron every time, person doesn’t have iron deficiency, iron uptake is probably up-regulated because increase in EPO to take care of anemia, over long period of time, can become iron overloaded 

phlebotomy doesn’t solve problem because they become anemic again 

every time you give blood, you are giving extra iron, but individual doesn’t have iron deficiency, however, individual also has more EPO which increases iron absorption ( iron overload that you can’t treat by removal
Thalassemia: affects people from Greece to Indonesia 


malaria covers area that overlaps with sickle cell and thalassemia 

Mutations protect people from Malaria 


ppl who have 1 mutation, don’t have the anemia and don’t get severe malaria



if turnover RBCs faster, clear malaria faster 

If both mutations: have anemia and die 

If don’t have either: get malaria and die 

Spherocytosis
Defect in cytoskeleton that holds membrane, pieces of RBC break off, take membrane with it, RBC doesn’t have capacity to replace it 

Biconcave (doughnut) shape is lost, becoming beach ball in shape (get stuck in spleen which gets rid of them) – lose central pallor (doughnut hole)

end up with anemia because cells don’t live as long 

glucose-6-phosphate dehydrogenase deficiency
“bite cell” due to macrophages in spleen that eat parts of the cell 

Cell lack an enzyme that helps with oxidative damage, protein in RBC aggregates, splenic macrophage tries to get rid of protein aggregates, but macrophage gets too excited and takes whole chunk out 

Also protection against malaria 

Microangiopathic hemolytic anemia
Get stuck in fibrin mesh; Try to wiggle away and get sliced by fibrin strands 

When pieces get to kidneys, they get stuck in glomerulus and can cause glomerular damage ( hemolytic uremic syndrome (BUN rapidly increasing, fragments stuck in glomerulus ( acute renal failure) 

Usually see this with hemorrhagic E.coli, individuals who die, usually do so from hemolytic uremic syndrome 

Children or immune deficient ( more problematic, more likely to have E.coli infections and more severe cases of it

Myelofibrosis
Bone marrow replaced by scar tissue 

Teardrop cells: as scar tissue squeezing bone marrow, RBCs in formative proerythroblast stage gets squished 

Hemolytic disease of the newborn (HDN)
Rh (-) woman carrying Rh (+) fetus 

Trace amounts of blood will go across placenta: not enough fetal blood will get into maternal circulation to cause immune response 

At birth, fetal blood will get into maternal blood, and maternal immune system produces antibodies against Rh+, woman pregnant again with Rh+ fetus (crank out memory cells, IgG antibody of blood): IgG crosses placenta into fetal circulation, binds to fetal RBCs,  kid born anemic and with very high bilirubin levels (when we break down RBCs we get bilirubin) 

Only trace blood from fetal circulation to maternal: but, just enough to raise alarm for SECOND pregnancy – treated with RhoGAM® (antibody the binds to Rh+ blood and prevent maternal immune response).
Appearance of red blood cells in various disorders
Key:

A: normal

B: iron deficiency – microcytic hypochromic

C: B12 deficiency – macrocytic 

D: ignore

E: eliptocytes 

F. Myelofibrosis (tear drops) 

G: prosthetic heart valves (damage RBCs every time mechanical heart valve closes) 

if heart valve replaced with mechanical thing, RBCs that are nearby when it closes get damaged ( fragments and faster turnover 

H: fibrin cutters 

I: stomatocytes: look like little mouths 

J: no central pallor 

K: sideroblastic anemia, hypochromic, with transfusion (some pale cells, some normal) 

L: sickle cell 

M: target cells; cell getting stiffer, normally destroyed in spleen, but if have splenectomy see more defective old cells 


cytoskeleton holding it together is breaking, 

N: skip 

O: fragments of DNA left in RBCs (Howell-Jolly bodies), macrophage removes fragments when they reach the spleen


if don’t have spleen, fragments remain (after splenectomy)  

Leukemia & Lymphoma
1,000:1, RBC: WBC

Top right: leukemia; excessive WBCs in blood 

Bottom left: typical bone marrow, see various blast cells in various stages, making lots of RBCs 

Bottom right: lots of big blast cells compared to RBCs, will produce blood that looks like top right with lots of WBC – bone marrow of someone with leukemia
Hematopoietic cells

RBCs and megakaryocytes are myeloid cells 


can have “leukemia” of RBCs: they are myeloid cells 

Alterations of leukocytes
Shift-to-left: left is less mature, (more immature cells ending up in blood); also see this with anemia

anemia: erythrocytes coming out earlier 


some shift to left is normal under certain conditions 


if you have infection want to crank out neutrophils ASAP 
However, with leukemia nonfunctional immature cells are often released into the blood
Leukemia & lymphoma: Cancer of hematopoietic cells
Lymphomas: B and T cells in lymph nodes; cancer of lymphocytes 

Differentiation of hematopoietic cells
Leukemia can occur anywhere along pathway 

Cell-specific leukemias
Cancer in lymphoid branch: lymphocytic cancer 

Higher it is in tree: less mature ( the more acute 

Chronic: closer to end product, more mature cells 

Multiple myeloma: cancer of plasma cells 

Acute erythro leukemia: cancer of erythroid stem cell; end up with proerythroblasts in blood

Megakaryocyte: increased platelet count ( problem = clotting 

Normoblast that becomes cancerous


pushes out a lot of normal fully functioning RBCs, end up with polycythemia hematocrit of 70-80 (dangerously high) 

reference note: polycythemia vera (it is an erythrocyte leukemia) moved under erythroid stem cell 

Leukemia clinical manifestations
Anemia: bone marrow not producing RBCs 


Example, if leukemia of neutrophil; then suppress production of RBCs and everything else 

Bleeding: not making platelets ( more bleeding 

Infection: pushing out lots of immature neutrophils, suppress everything else (don’t have enough good immune cells) 

Bone pain: all of this is happening in bone marrow 

Elevated Uric acid: result of nucleotide breakdown product, we are making lots of cells that are immature, getting stuck in spleen and getting broken down ( increase uric acid
Acute Leukemias
Less mature: higher on tree 

More serious than chronic leukemias

Seen more in younger pts (children) 

Acute lymphocytic leukemia: big success story, bone marrow transplants and chemo 


Philadelphia chromosome: translocation between 9 and 22 (KNOW THIS) 

Chronic Leukemias
Further down in developmental tree; relatively mature 

Hypogammaglobulinemia: low gamma globulins due to immature B cells or not useful B cells (can only make antibodies when B cells mature and find antigens) 


consequence: infections 

Chronic myelogenous: numerous versions of this associated with Philadelphia chromosome 


any of the numerous myeloid pathways 


poor survival 


translocation of chromosome 9 ( 22 (Philadelphia) 

Multiple myeloma
Cancer that arises from plasma cell 

Plasma cells make antibodies 

Have cancerous plasma cells that are constantly replicating, and making tons of antibody

Plasma cells usually reside in lymph tissue, but in myelomas return to bone marrow and make lots of copies and tons of antibody 

Clinical presentation: hypergammaglobulinemia, displace other bone marrow cells as well as plasma cells 

Hypergammaglobulinemia: completely useless against everything other than the one antigen 


suppression of all other cells that come from bone marrow (RBCs, WBCs) 

Plasma cells from same origin, displacing everyone else, making same antibody  

Clinically: Expect bone pain from punched out lesions (where bone marrow has been displaced by plasma cells), high serum antibody levels, infection 

Low serum albumin concentration: liver doesn’t think it needs to produce protein because of all gammaglobulins floating around 

See protein in the urine, Bence-Jones proteins (get loose Ig light chains ( cause glomerular damage) and renal failure because of protein load in ultrafiltrate 

Lymphadenopathy
Lymphadenopathy: neck, axillary and groin are most common 


Not a response to an infection but rather a lymphoma (swelling of lymph nodes) 

Hodgkin lymphoma
Hodgkins: spreads from one lymph node to the next, present with Reed-Sternberg cell, (good survival rate) 


B cell neoplasm that spreads from one lymph node to another 

Non-Hodgkin lymphoma: over 30 types; the only things they have in common is that they involve swelling of lymph nodes that are NOT Hodgkin lymphoma
Common and uncommon involved lymph node sites for Hodgkin lymphoma
One swollen lymph node without reason for it to be swollen (aka no infection), cut it out! 

