Pathology 3
Autoimmunity Scope and Burden:

· This lecture focuses on the common features of autoimmune diseases.  

· Autoimmune diseases can involve any system in the body. They affect 3-5% of American’s collectively (up there with heart disease and cancer), though each alone is fairly rare.  Most require expensive life-long care, they tend to cluster both in families and with multiple diseases in one patient, and they share some pathogenic mechanisms. 

· Autoimmunity is an immune response to normal host antigens, and it is universally present.  Autoimmune disease is disease that is caused or significantly promoted by autoimmunity.  Normally there is negative selection in the bone marrow and thymus to eliminate some auto-antigen recognition, and there is peripheral tolerance.  But, we’re always generating some self-reactive cells, despite our efforts to filter and control them.  Importantly, the presence of autoantibodies may not indicate that a disease is autoimmune in origin.

· Rheumatoid arthritis, Graves’ disease, and Hashimoto thyroiditis are the most common autoimmune diseases.  Many occur predominantly in women, with some more heavily biased than others.  Diabetes, ankylosing spondylitis and myocarditis are actually more common in men.  This spectrum indicates that many genes and factors contribute.  Hormones appear to play some role, since estrogen tends to increase autoantibody responses and prolactin levels are elevated in some diseases.  Bidirectional transfer of lymphocytes occurs during pregnancy, which may play a role, as may X-inactivation.  Finally, autoimmunity fluctuates during (increase or decrease) and after pregnancy (increase).  

· Microchimerism can resut from a ‘leaky placenta’ and can be observed when women have male children.  These male lymphocytes in the mother may contribute to MS.
· MS and many autoimmune disorders are more common in women, particularly those between 20-35.  RA and thyroid disorders affect older patients more, but most of the others affect younger adults (and some juveniles).  There is a tendency for autoimmune diseases to be more prevalent farther from the equator as well, and this may be related to vitamin D production.  

· Race can also be a factor.  Lupus, for example, is much more common in non-white groups.  

· The incidence of many autoimmune diseases appears to be increasing in prevalence throughout the western world.  

· So it looks like there’s a genetic predisposition for every autoimmune disease, but actual development of the disease requires environmental factors and possibly some hormones.  Genetic predispositions have been shown through family clustering, clustering of syndromes in individual patients, twin studies, and in the association with HLAs.  Genetics may represent 1/3 of the risk of getting autoimmune diseases.  Environmental triggers aren’t well studies, but come from a variety of sources.  

· MHC genes may play such a big role because they are involved in antigen recognition.  

· There are a few diseases that appear to be due to monogenetic defects.  AIRE-1 controls translation of tissue-specific stuff expressed in the thymus that allows for negative selection.  It broken, you may not get negative selection against self antigens, resulting in autoimmune disease.  FOXP3 regulates peripheral tolerance (anergy is signal 2 isn’t present along with antigen stimulation), and if this is mutated, you can get immunodysregulation.  If Fas, FasL or caspase genes are mutated, autoimmune cells may not undergo apoptosis, and autoimmune disease may occur.
· The environment represents more than 50% of the risk for these diseases.  

· Development of the diseases occurs over many years.  The presence of multiple auto-antibodies is a very significant finding suggestive of autoimmune disease.  We’d like to use this fact (and that autoimmune diseases have multiple autoantibodies) to diagnose stuff earlier.  The more auto-antibodies you have, the more likely you are to develop disease.  Ideally, we’d like to treat before the injury/disease begins or at least before injury becomes irreversible.  

Autoimmune Thyroid Disease:

· These represent the most common autoimmune disorders.  They may range from mild to very severe.  

· The thyroid is the largest endocrine gland in the body and synthesizes T3 and T4.  These hormones contain iodine and promote growth, promote brain development and regulate energy and heat production.  

· Thyroid peroxidase (TPO) adds iodines to thyroglobulin (TG).  A Na/I symporter (NIS) brings iodine into thyroid cells.  TSH-receptor (TSH-R) stimulates T3/T4 release.  These enzymes are targets in the treatment of thyroid disease.  
· The hypothalamus produces TRH that stimulates and somatostatin that inhibits the anterior pituitary production of TSH.  TSH negatively feeds back on the hypothalamus and also stimulates thyroid production of T3/T4.  These feed back negatively on both the pituitary and hypothalamus.  
· The autoimmune thyroid diseases are disorders caused by lymphocytic infiltration of the thyroid gland, which may lead to either the hyperthryroidism of Graves’ or the hypothyroidism of primary myxedema or Hashimoto’s thyroiditis.  

· Autoimmune thyroid diseases have pretty heterogeneous presentations, so they can be tough to classify.  But mostly they can be broken down into:

· Graves’ disease:  this may present with hyperthyroidism only (most common), ophthalmopathy only (euthryroid Graves’), both hyperthyroidism and ophthalmopathy, or ophthalmopathy and localized myxedmema.  

· Hashimoto’s thyroiditis:  classic Hashimoto (goiter), atrophic Hashimoto’s thyroiditis (myxedema, atrophic thyroid gland), silent thyroiditis and focal thyroiditis, or post-partum thyroiditis.  
Graves’ Disease:
· Graves’ disease is the most common single autoimmune disease.  It has three major manifestations.  In the thyroid it produces diffuse goiter (DG), an enlargement of the thyroid that feels soft.  In the eyes, you get thyroid ophthalmopathy.  In the skin and extremities you see localized dermopathy (pretibial myxedema) and thyroid acropachy (club fingers).

· Grossly, the thyroid looks big, smooth, soft and uniformly enlarged.  It looks meaty when cut due to extreme cellularity and vascularity.  Histologically, it looks like there are way too many cells in the follicle walls and there can be a disappearance of the colloid due to lots of hormone synthesis and release from the thyroid.  Also a hallmark is scalloped margins at the edges of the colloid.  The goiter has an infiltration of lymphocytes that produce autoantibodies.  Basically, diffuse goiter looks like hypertrophy/hyperplasia of thyroid follicular cells, scarce colloid that has scalloped margins when present, hypervascularization and lymphocyte infiltration.

· Goiter and hypothyroidism in Graves’ disease are due to an auto-antibody that is directed against the TSH receptor.  Mothers can pass this to newborns and give them a transient Graves’.  The anti-TSH-R antibody binds the receptor and stimulates it, resulting in release of T3/T4.  These hormones then feedback and decrease levels of TRH and TSH.  
· 50% of patients with Graves’ have thyroid associated ophthalmopathy.  Even when it isn’t clinically apparent, patients exhibit enlarged extra-ocular structures.  It often appears within a year of diagnosis of Graves’.  Of patients with the ophthalmopathy, 90% have hyperthyroidism, 5% have hypothyroidism, and 5% are euthyroid.  

· Thyroid ophthalmopathy histologically aperas as lots of lymphocytes among the extra-ocular muscle fibers.  Lymphocytes recognize an orbital antigen, release cytokines which activate fibroblasts to secrete glycosaminoglycans, and this draws water out and produces edema.  The muscles are enlarged and fat expands, so the eye is forced forward producing proptosis (?).  This can keep eyelids from closing, dry the eyes, and lead to difficult-to-treat infections.  The eye may even luxate (?) and come out of the socket, which would require surgery to break the orbit and make room for the eye globe.  

· The dermopaty (pretibial myxedema) is due to secreteion of mucopolysaccharide from fibroblasts in the skin.  It produces a thick, non-pitting edema kind of like an orange peel.  Club fingers (expanded fingertips) may also be present.

Hashimoto’s Thyroiditis:

· This disease has several phenotypes (see above), but we’ll describe Classic Hashimoto’s
· It appears most commonly in middle aged women.  It presents with a hard goiter, and patients are usually euthyroid or hypothyroid, though they may rarely be hyperthyroid (Hashitoxicosis).  These terms refer to levels of hormone production.  It has a chronic course with almost universal development of hypothyroidism (insufficient T3/T4).  With the introduction of synthetic T4, there has been a dramatic improvement in these patients.
· Gross specimens of thyroid tissue look very pale due to lymphocytic infiltration.  There are so many lymphocytes in the stroma that they may form ectopic (or tertiary) lymphoid follicles.  There are also areas of seemingly normal thyroid gland.  Thyrocytes become damaged and become eosinophilic “Hurthle’s cells” rich in mitochondria that appear as granules in the cytoplasm.  These may transform and become neoplastic.  Fibrosis in the interstitium leads to the gland feeling quite hard. 

· The pathogenesis of Hashimoto’s is unknown.  It is thought to be mediated by T cells, and the thyrocytes express Fas that T-cells recognize and induce apoptosis.  This contrasts with the B-cell mediated antibody pathogenesis of Graves’, though in a subset of Hashimoto’s patients the hypothyroidism may be due to an anti-TSH-R that blocks the receptor function.  The role of anti-thyroglobulin and anti-thyroperoxidase antibodies is unclear, but they are present.

· Risk factors for autoimmune thyroid diseases include thyroid autoantibodies, being female, being pregnant, certain gene or genetic abnormalities, and environment (ex: iodine).

· The main thyroid autoantibodies are anti-TSH-R, anti-TPO, and anti-TG.  All three may be present in both Graves’ and Hashimoto’s, but anti-TSH-R is more common in Graves’ and anti-TPO/anti-TG are more common in Hashimoto’s.  

· Many autoimmune diseases are affected by pregnancy.  Pregnancy can ameliorate disease activity in both Graves’ and Hashimoto’s.  But, post-partum thyroiditis can occur as hypo or hyper-thyroidism (or both) in a woman who was euthyroid during pregnancy. 
· Micro-chimerism (presence of fetal cells in mom’s body, possibly for decades) is associated with autoimmune diseases, but no causal link has been established and many healthy people have them.  

· Identifying a causal role for genes can be based on population studies for genetic markers of a disease or family studies (twin studies, adoption studies).  For twin studies, the concordance rate = (pairs where both are affected) / (pairs where at least 1 is affected).

· For autoimmune thyroid diseases, there’s about a 10x difference in monozygotic vs dizygotic twins, so clearly genetics play some role. 

· MHC association is very common for autoimmune diseases, despite being a very polymorphic locus.  This association is not necessarily causative.  Graves’ disease is associated with HLA-DR3, with a relative risk of 3.  
· CTLA-4 (cytotoxic T lymphocytes associated antigen 4) is expressed on the T cell surface shortly after activation.  When it binds to its ligand on B-cells, it inhibits T-cells responses, whereas the alternate T-cell surface molecule CD28 activates the T-cell.  CTLA-4 KOs develop widespread lymphocytic infiltration throughout many organs. Polymorphisms in CTLA-4 are associated with autoimmunity (the polymorphism is actually in the 3’ untranslated region of the RNA and affects production of CTLA-4, not the molecule itself).  The particular SNP ‘CT60’ was most strongly associated with Graves’.  

· Iodine is necessary for T3/T4 synthesis.  It is obtained by food or water.  In the US, dietary iodine was low so they supplemented foods with it.  It tends to be plentiful in coastal areas, but scare inland.  The WHO recommends 150 mcg/day.  

· By the 80s, we were getting more than enough, with the exception of pregnant women.  With the increase in iodine consumption well over the daily recommendation, they saw an increase in thyroid autoimmunity.  Now as measures have been taken and iodine intake falls, they hope autoimmunity does too.  

· Sources of dietary iodine include iodized salt, milk/dairy products (from I in cow food), eggs, vitamins, meds and contrast media.  

· With too little iodine, you get goiter that is first euthyroid and later hypothyroid.  With too much iodine, development of autoimmune thyroiditis is favored.  It is hypothesized that more highly iodinated thyroglobulin is more immunogenic.  

Autoimmune Disease Models and Mechanisms:

· Direct evidence of autoimmunity is the best evidence for it.  It basically requires the reproduction of the disease with the transfer of antibodies or immune components.  This can be done with serum transfer to animals, maternal-fetal transfer of antibodies (experiment of nature), reproduction of effects in vitro, or transfer of actual cells into SCID mice that won’t reject the cells.  This is pretty useful for looking at antibody based mechanisms, but a lot of autoimmunity is also due to cell-mediated processes.  

· Most evidence for the autoimmune nature of diseases comes from indirect evidence via experimental models.  Investigators make an animal model and hope it is representative of the human disease.  This allows us to elucidate a lot of the mechanisms.  This can be achieved by reproducing the disease with induction of autoimmunity to an equivalent antigen.  If you can’t reproduce it, you can look for similar manifestations spontaneously occurring in animals, select for this and test stuff on them.  Or, you can manipulate reproduction via KOs, knock-ins, thymectomy (remove Treg cells to keep lots of effector T-cells), or with transgenic mice expressing the HLAs associated with different genes.  

· The weakest evidence is circumstantial evidence.  This may be the presence of autoantibodies with no causal link, response to immunosuppresion, clustering in families or patients with other autoimmune disorders, or HLA association.  

· Certain autoantibodies or autoantibody patterns are associated with specific diseases.  These are usually used diagnostically, to confirm a clinical diagnosis.  In this regard, they are extremely valuable.  

Mechanisms of autoimmunity:
· When APCs present antigen to a Th0 cell, it can differentiate into a Th1 cell (activates CD8 T-cells), a Th2 cell (activates B-cells) or a Th17 cell (leads to TNF-alpha production).  
· Autoimmunity can be induced by exposure of cryptic epitopes, molecular mimicry, adjuvant effects, defective regulation, or impaired central tolerance.  It progresses as CD4 T-cells activate each other and effector cells.  CD4 cells coordinate the response.  

· Generally, antibody (B-cell) responses act on cell surface molecules or extracellular things.  And, T-cells (CD8) act on intracellular stuff.  

· Historically, autoimmune disease has been associated with prior infection.  This is a big trigger for autoimmunity.  Many viruses may cause similar autoimmune diseases, like MS.  When British soldiers arrived in an isolated island, there hadn’t been any cases of MS there.  The soldiers are thought to have brought viruses that contribute to MS induction.  Also, if you live in a cluster of people with MS as a child, you’re more likely to get MS…so these things show spatial and temporal clustering.  

· Viruses may also be associated with type 1 diabetes.  

· Viral infection can trigger autoimmune disease by molecular mimicry (most plausible), altered self antigen, antigen spillage (viruses make intracellular antigens available), or adjuvant effects (infection/inflammation provide signal 2 to immune cells, so if a T-cell sees signal 1 via presentation of an auto-antigen, it can mount an immune response against this).  

· Coxsackievirus can induce myocarditis.

· CD4 T cell subsets are critical in autoimmune development.  

· Th1 cells mostly defend against intracellular pathogens, and they also contribute to autoimmunity, but importantly block Th17 stimulation of disease processes.  

· Th2 cells defend against extracellular pathogens and mediate allergy and atopic (hypersensitivity) disease.  Th2 cells secrete IL-4, which contributes to autoimmune disease, and IL-13 which inhibits the disease by blocking macrophage stimulation of autoimmunity.  

· Th17 cells seem to stimulate disease.

· Myocarditis is inflammation that precedes dilated cardiomyopathy.  It’s the major cause of heart failure in people under 40, particularly young athletes.  Case fatality is about 50%.  The only definitive treatment is transplant.  This infection is a classic example of autoimmune disease preceded by viral infection, in this case with coxsackievirus B3.  
· Identifying the cytokine actions and checkpoints provides novel opportunities for therapeutic intervention. 

Solid Organ Transplantation:  

· Most transplants today are from brain-dead individuals, usually from car accidents.  It’s not necessarily an ideal transplant situation, such as identical twins undergoing a planner operation in a hospital.  Organs are usually perfused with a preservation solution and isced to slow ischemic injury.  But, there is still a substantial number of living donors, mostly for kidneys.  Kidneys are also the most commonly transplanted organs from deceased donors too

· There are far more people on the wait lists than there are organs available.  

· The response to grafts occurs in three stages:  

· Innate inflammation:  this is a response to tissue injury during an accident, during organ transport, or any time before being put in the recipient.  It is unrelated to the quality of match between the donor and recipient.  It starts immediately upon transplant.  This tends to be a patchy process, not one that is uniform throughout the organ.  This innate response begins rapidly and usually subside without compromising the organ.  PMNs are seen first, followed by some macrophages.  Complement proteins may deposit in capillaries due to endothelial injury, and adhesion molecules and cytokines are upregulated.  
· Antigen specific immunity:  This is where recipient antigen-specific responses can lead to rejection, but this is less likely with adequate immunosuppression.  This is mostly mediated by T-cells (cellular rejection) though it can be mediated by B-cells and antibodies (humoral rejection).  This takes some time to occur, so it usually follows the innate inflammatory stage.  Some macrophages may also be present.  Immunosuppressants usually control this reaction, but if drug levels fall for some reason, this process can still occur.  
· Innate tissue remodeling:  Damage from the previous two stages requires repair and remodeling. Cytokines activate macrophage removal of debris, and fibroblasts come to make new tissue.  Smooth muscle proliferation in the intima of vessels is a common feature of this phase.  

· HLA antigens are highly correlated with rejection, and these proteins are highly expressed on blood cell surfaces.  Most important among these are class II DR, class II B, and class I A.  All of these HLA genes are close to each other on chromosomes, so they don’t usually cross over and reassort.  So, you have a distinct haplotype (set of HLA antigens) from each parent.  There are lots of versions of these genes, so what you get from each parent is distinct.  And, you express both maternal and paternal antigens on cells.  A child will share one haplotype with each parent, so a parent and child are haploidentical (1/2 identical).  

· There are over 30 class IA, over 60 class IB, and about 18 class IIDR HLA antigens, so there is a huge amount of variability out there.  Class I HLAs have a hot-dog bun-like appearance that helps present antigens to lymphocytes.  Different HLAs will present different antigens.  

· For transplants, the better the genetic match, the better the outcomes.  But, most transplants are done without complete HLA matching, so monitoring for rejection is important.  You can look at things like creatinine to get a sense of kidney function in kidney transplants.  If you see a deterioration in function, you can then do a biopsy to see if rejection is occurring.  

· The presence of lymphocytes around vessels and tubules indicates rejection.  You then treat with more immunosuppressants, and usually that works well.  In heart transplants, there’s no easy way to test for early rejection.  If it’s bad enough that there’s a change in cardiac function, it’s probably already so bad that you’ll have a hard time recovering.  So, they do intermittent biopsies to look for rejection (the safest place is the right side of the ventricular septum).  Since rejection can be patchy, multiple biopsies are usually taken.  
· In the heart, rejection begins at the vessels and spreads to the interstitium.  Lots of lymphocytes and some macrophages can be seen.  Myocytes may look scalloped, like a bit is taken out of them.  Treat with additional immunosuppression.  

· Immunosuppression (especially cyclosporin!) is essential to solid organ transplantation.  You can usually find a good regimen for a patient.  Immunosuppressive agents may be immunophillin binding (cyclosporin/FK506, rapamycin), inhibitors of puring/pyrimidine synthesis, inhibitors of cell division (cyclophosphamide), steroids, or drugs with poorly understood mechanisms of action.  

· It’s important that grafts function well immediately upon transplant and don’t have a lot of ischemic injury.  It shows pretty significantly in the outcomes.  Living donors are also associated with better outcomes.  

· 10 year survival is around 50% for most organ transplants.  With time and better immunosuppression, the numbers have really increased over the last few decades.  

· Even if acute rejection is controlled, we still need to consider chronic consequences.  With time, scar tissue deposition can lead to loss of tubules (kidney), fibroblast production of collagen/smooth muscle proliferation/intimal proliferation that can narrow or occlude vessels.  This occurs similarly in most transplants, but the extent to which it occurs may vary.

· This chronic process is diffuse and occurs in large and small arteries (graft vasculopathy).  You see a concentric process, unlike the eccentric plaques of atherosclerosis.  Also unlike atherosclerosis, these occlusions aren’t throbogenic, so it must be pretty severe to have effects.  Though they are distinct processes, atherosclerosis and graft vasculopathy may contribute together to cardiovascular events.  

· If one organ failed and a second was transplanted, occasionally you’d find the second transplanted organ to appear very bloody and it would fail.  In these cases, there was an abundance of RBCs that had leaked from vessels and complement was deposited diffusely throughout vessels.  This, unlike acute rejection, tends to be diffuse and is associated with poor survival.  This was termed ‘hyperacute rejection,’ due to the recipient already having antibodies against donor antigens.  You can prevent this by cross-matching, in which you react recipient serum with donor lymphocytes and see if they bind.  
· These antibodies may be naturally present (ex: ABO blood groups), antibodies to previous transplants or transfusions, or from previous pregnancies.  

· Hyperacute rejection due to pre-formed antibodies is pretty rare.  Acute rejection is most commonly due to T-cells and results in parenchymal injury (treat via immunosuppression), but it can also be due to B0cells and cause vasculitis (treat via plasmapheresis and IgG).  Chronic rejection takes much longer, is universal, and there isn’t really any treatment for it. 

Bone Marrow Transplantation: 

· BMT can provide a 90% cure rate in some cancers, which is a big deal in oncology.  

· A patient with a 9-22 translocation (Philadelphia chromosome, produced a fusion protein of bcr/abl with tyrosine kinase activity) and chronic myelogenous leukemia presented showed lethargy, weakness, abdominal distention due to a large spleen,  low hematocrit, very elevated platelets and WBCs, too many immature WBCs, and tons of normal looking mature white cells on a peripheral blood smear.  His cancer (CML is a cancer of hematopoietic stem cells) could be cured 90% of the time with BMT.  In the past, median survival was only 3.5 years due to an accelerated phase and lethal blast crisis. 

· PBSCT = peripheral blood stem cell transplant.  Stem cells can differentiate into all blood cell types.  Give growth hormone and harvest bone marrow stem cells from blood.

· Cord = graft comes from banked umbilical cord blood, which has lots of bone marrow stem cells.

· Autologous = when a graft comes from the patient.  Allogenic = when a graft comes from someone else.

· Allogenic grafts may be syngeneic (identical twins), matched related (25% chance of being matched to a sibling), haploidentical (50% HLA matched, always to parents, sometime to siblings), or matched unrelated donors (usually not completely matched).

· Chemo, radiation, and immunosuppressants were all big developments in the transplant field.  Bone marrow transplants have really increased in the last few decades.  
· Initially, the thinking was that chemo killed cancer, but doses were often limited because it wiped out bone marrow too.  So, they’d give lethal doses of chemo and rescue the bone marrow via allogenic transplant.  The limits of this included the toxicity of the conditioning regimen (the high dose of chemo right before transplant), and also the occurrence of graft-versus-host disease (GVHD).  In GVHD, the normal host tissues were destroyed by T-cells in the donor marrow specific for host targets, often minor histocompatibility antigens.  This would attack the gut, skin (sloughing, rash), etc that could be very severe and even present a lot like scleroderma.  
· Since GVHD was caused by mature donor T-cells, they tried removing T-cells before transplant.  But, when they did this, a huge number of patients had a relapse of chronic myelogenous leukemia after the BMT.  

· So, they tried to deplete the T-cells to avoid GVHD, then add T-cells back by donor lymphocyte infusion, and they found that patients stayed in remission.  So, it appears that the T-cells play a major role in inducing remission of cancer.  

· The cures work by a graph-versus-leukemia (GVL) activity.  The host T-cells are tolerant to the tumor, which allowed the tumor to grow in the first place.  But, the donor T-cells will recognize and kill the leukemia/cancer cells.  

· Since it appears to be T-cells mediating a lot of this, lethal conditioning (with chemo before transplant) is not required for acceptance of the grafts and it looks like the donor T-cells are sufficient to induce sustained remission.  It’s the T-cells, not the chemo, that cures the CML

· So, you still use chemo to reduce the number of tumor cells.  Then you use a minimal amount of conditioning chemo, just enough to promote engraftment (kill enough host bone marrow so that it doesn’t reject the donor marrow, but not so much that you wipe out all of the host marrow).  With BMT, you get a mixed chimera with WBCs from both the host and the donor; the donor ones kill some, but not all, of the host cells.  Then you add enough T-cells in a controlled fashion to get a good GVL response to eliminate the cancer (and the rest of the remaining host cells) without producing a significant GVHD; this results in a complete chimera, where all that’s left are transplanted bone marrow and donor blood cells.
· In allogeneic transplants, T-cells from the donor kill the cancer (not chemo).  Allogeneic BMT is immunotherapy’s greatest success.
· But, you can kill the malignancy with high doses of chemo alone, then replace the person’s bone marrow with frozen autologous marrow.  Because you’re not adding another person’s marrow, you don’t get the GVL affect, so it’s up to chemo alone to kill it.  But more chemo isn’t always better, because if your cancer isn’t responsive to chemo, then more chemo isn’t going to be any better.
· AutoBMT works reasonably well for patients with Hodgkins lymphoma who went into complete remission once.  This is also true for Non-Hodgkins lymphoma.  It doesn’t work as well for AML (acute myelogenous leukemia), and allotransplant works a bit better due to GVL.  For multiple myeloma, the BMT really just delays mortality.

· For allogeneic transplants, T-cells do the killing.  In these cases, more chemo isn’t necessarily better.  

· If you have a tumor that responds to chemo, autotransplant is a great option that will let you give lots of chemo to finish the job.  If the tumor isn’t responsive, an autoBMT allowing administration of more chemo won’t help.  

· Linus Pauling advocated for the idea that a single nucleotide change or single AA change could lead to a multi-organ system disease like sickle cell.  There was lots of opposition to this idea at the time.  
· Non-myeloablative (small chemo doses) HSCT should cure sickle cell disease.  There’s no tumor that we need to kill, the conditioning chemo regimens aren’t that toxic, and if you can get chimerism you should be able maintain enough donor blood cells to help sickle cell symptoms without having so many that you’ll induce GVHD.  

· These cases aren’t like terminal cancer patients, so their trials needed to proceed cautiously.  They give a dose of conditioning regimen that errs on the small side, so that the worst case scenario is that they reject the donor cells and still have sickle cell, as opposed to losing their own bone marrow.  

· The immunosuppression we use now isn’t tolerance inducing, which can be a problem.  They used rapamycin, which induces tolerance (somehow allows stable chimerism - ?), to do BMT in mice with sickle cell.  Because the sickled cells have a much shorter half life, you end up having mostly normal donor cells in the recipient mouse.  

· They’ve developed a non-myeloablative HSCT for the treatment of sickle cell.  They immunosuppress a little and give some chemo, then give bone marrow stem cells, and 7/8 patients were cured.  The regimen had no adverse events, there was no GVHD, and no sickle-cell related events occurred.  
· Autologous bone marrow transplantation can also be used for autoimmunity.  Syngeneic BMT in mice cures autoimmunity.  In humans, allogeneic BMTs for malignancy was observed to get rid of autoimmune disease.  Some of the preparatory chemo regimens included drugs that were also used against autoimmune diseases.  But, a lot of patients who got autologous transplants to try and treat autoimmunity relapsed, so they thought they might be re-infusing the auto-reactive cells.  

· So people wondered if they could just use the high dose chemo and not even do the BMT to treat autoimmunity.  Aplastic anemia is an autoimmune disease against the bone marrow.  There were a couple of cases where they gave the high dose of chemo without the BMT, and the patient’s own marrow came back on its own without the autoimmunity.  They did a trial, and they found that high dose of chemo (cytoxan) wipes out their bone marrow for a long time (months), but then it comes back on its own and is no longer auto-reactive.  Avoiding the auto-BMT avoids the reinfusion of autoreactive effectors.  The therapy is well tolerated, and the complete remission rate appears to be over 50%.  Currently, patients are treated with long term low doses of cytoxan (chemo) which can have some bad effects.  Giving a huge dose for a short period appears to do much better for autoimmune diseases.  

· It may be possible to give a BMT, then give a vaccine so that the donated cells attack a cancer or something specifically.  

· BMT may possibly be used to facilitate DNA transformation.  

White Blood Cells:

· Don’t memorize this, but:  normally the # neutrophils > lymphocytes > monocytes > eosinophils > basophils.  Granulocytes = neutrophils, eosinophils and basophils.  Lymphocytes = B, T, and NK cells.  Often times, granulocytosis (particularly neutrophils) = acute infection, monocytosis = chronic inflammation, eosinophilia = parasitic infection or allergies, lymphocytosis = viral infection, neutropenia = aplastic anemia, and immature cells or blasts = acute leukemia.  

· With infection, bands may be released, and rarely myelocytes or blasts.  This is a ‘left shift’

· Morphologic maturation of WBC precursors is associated with expression of different transcription factors and genes that encode different enzyemes.  So morphologic maturation is accompanied by functional maturation.  
· A complex network of cytokines controls hematopoietic differentiation.  

· The primary myeloid growth factors are G-CSF and GM-CSF.  They expand the population of committed progenitors and shorten their bone marrow transit time to increase the overall output of myeloid cells.  These factors also enhance the function of mature neutrophils in response to inflammatory signals.  

· Neutropenia:  This is when the absolute neutrophil count (ANC) < 1800/microliter.  Decreased levels of neutrophils increase the risk of infection.  This may be caused by:

· Decreased production and fewer progenitors in the marrow (drugs, myelodysplastic syndrome, or aplastic anemia).

· Increased destruction, which shows increased progenitors in the marrow as the body tries to compensate for peripheral neutropenia.  May be due to autoimmune disease or sepsis (in which case they’re all being used to fight infection).  

· Sequestration in the spleen, resulting in splenomegaly.  

· Pseudoneutropenia in which there are more marginal neutrophils.  There aren’t actually any fewer neutrophils, so it’s not a problem, but we just detect fewer because we can’t detect the marginated ones.  

· Lazy leukocyte syndrome, in which the neutrophils are produced but don’t leave the marrow.  

· Following viral infection, but this recovers on its own.

· Neutrophilia:  This is associated with a wide variety of physiological stresses (inflammation, infection, metabolic disturbances, etc).  When neutrophilia is associated with infection, look for toxic granulation, vacuolization, and Döhle bodies.  

· Chronic Myelogenous Leukemia vs. leukemoid reactions.  

· CML is due to a defect in apoptosis, causing WBC to accumulate.  It causes peripheral blood to look a lot like bone marrow with lots of progenitors.  The neutrophils present are functional, so infection isn’t a common problem.  This is more common in older patients.  It includes very high levels of WBCs (30K and up), eosinophilia/basophilia, leukocyte alkaline phosphatase < 10, organomegaly, and presence of a Philadelphia chromosome.  

· Leukemoid reactions are due to severe infection.  They are characterized by acute onset and occur more in young people than CML.  They have moderately high WBC (between 10k and 100k), but they show no eosino/basophilia, organomegaly, or chromosomal abnormalities.  In this case, leukocytes have elevated alkaline phosphatase (LAP>100).

· Neutrophils need integrins and selectin-ligands for adhesion to occur successfully.  Leukocyte adhesion deficiency:  If LADI (integrins) or LADII (selectin-ligands) is congenitally messed up, you can get leukocyte adhesion defects.  Such qualitative defects in neutrophil function can lead to recurrent infections, even though neutrophil count may be normal or elevated (unless the defect is in release from the marrow).
· Another qualitative neutrophil defects is a defects in oxidative metabolic pathways that impair intracellular killing of microbes, as seen in CGD.  The pathogens persist, so granulomas form.  You can test for this with Nitroblue tetrazolium dye reduction test (NBT).  If oxidative burst is present, the dye turns black.  

· A third neutrophil defect is a cytoskeletal defect, which can cause defective motility and impaired function.  

· Signs of infection and growth factor stimulation include primary granulation, vacuolization, and Dohle bodies (a blue-ish dot of mRNA in the cytoplasm of activated neutrophils).  

· Megablastic anemia is caused by vitamin B6 or B12 deficiency, which are needed for thymidine synthesis.  Since thymidine is used in DNA and not RNA, you get reduced DNA synthesis (cells can’t divide) but not-reduced RNA synthesis (still make proteins fine).  In this situation, the mean corpuscular volume (MCV) is increased, which is why it’s megablastic anemia.  You tend to see hypersegmented neutrophils and more precursors.  All cell types which have rapid turnover are affected.

· Eosinophils regulate hypersensitivity and are innate responses against helminthes and ticks.  IL-5 is a major growth factor regulating eosinophils.  Hypereosinophilia can cause serious tissue damage and clinical sequelae.  

· We don’t really know what basophils do.  Their granules contain histamine, heparin, and PAF, but deficiency doesn’t produce any known disorder.  Basophilia is associated with chronic infection, cancer, iron deficiency, and myeloproliferative disorders (like CML).

Additional information not necessary for the exam:
· An additional application of G-CSF and GM-CSF is in chemotherapy.  When dosing chemo, you usually wait for neutrophil levels to recover before administering the next dose.  With G-CSF or GM-CSF treatment, the interval between doses is shorter and the chemo is more successful. 

· Neutrophils spend about 3 weeks developing before they are mature.  Then, they last about 6 hours in the blood and 1-2 days in the tissues.  A small percentage of neutrophils in the body are in the intravascular space, and a significant fraction of these isn’t detected because the neutrophils marginate or adhere to the sides of the blood vessels.

· Also don’t memorize:  Development of neutrophils:  

· Myeloblasts (mitotic, not committed to granulocyte lineage) – 15-20 microns, large round nuclei with 2 or more nucleoli, scant basophilic cytoplasm, no granules.

· Promyelocytes (mitotic, not committed to granulocyte lineage) – cytoplasm with blue or violet granules, nucleus is eccentric, nucleolus present.  

· Myelocyte (non-mitotic) – clumping of nuclear chromatin with no nucleolus, cytoplasm has residual primary granules, and now secondary granules are also present.  

· Metamyelocyte (non-mitotic) – cytoplasm becomes pinker with more secondary granules, nucleus become bean shaped.  

· Band (non-mitotic) – nucleus is elongated like a sausage

· Segmented neutrophil (non-mitotic) – a fine filament separates at least two lobes.  

Leukemia:
· Leukemia is a malignant, clonal proliferation of white blood cells with accumulation of the cells in the blood, marrow and sometimes other tissues.  There are many, varied leukemias with different pathogenesis.  

· Leukemic cells are often caricatures of normal cells, showing some of their features without being quite normal.  The target cells of leukemic transformation is always a low quality stem cell, but the following differentiation may be varied and can lead to progeny with different characteristics in different leukemias.  These cancers can be cancelled as lymphoid vs. myeloid or acute vs. chronic.

· Chronic myelogenous leukemia (CML) shows a high WBC count with a wide range of maturing myeloid cells (mostly granulocytes).  All of the cell types normally seen in the marrow are seen in the peripheral blood.  Myeloid cells predominate in the marrow, which is hypercellular/granulocytic and almost devoid of fat.  Megakaryocytes in the marrow are smaller than normal but increased in number.  
· Systemic involvement of CML includes splenomegaly, sometimes hepatomegaly, non-prominent lymphadenopathy, and leukemic infiltrate of other tissues (‘chloroma’).  

· The clinical course of CML begins with a chronic phase that lasts 5-6 years.  Then it advances and undergoes an accelerated phase for 6-9 months and ends in a blast crisis which kills them in 3-6 months.  Without therapy, 90% of patients due of blast crisis.  During the blast crisis, you see increased proliferation of blast cells (early precursors) which may be myeloid or lymphoid.

· The cytogenic abnormality seen in CML is the Philadelphia chromosome.  It is a 9:22 translocation resulting in a BCR-ABL fusion protein with constitutive tyrosine kinase activity.  This protein is both necessary and sufficient for the disease.  Imatinib (Gleevec) is a specific tyrosine kinase inhibitor and is now the standard of care in treating CML.  
· CML is one example of a class of disorders called chronic myeloproliferative disorders.  These are stem cell neoplasms in which mature cells predominate.  There is panmyelosis with proliferation of all bone marrow elements, but different types predominate in different diseases.  The occur in adults and are generally indolent.  Chronic myeloproliferative disorders are subclassified based on peripheral blood findings, marrow appearance, and some ancillary studies.  JAK2 kinase is mutated in many of these.  

· Chronic lymphocytic leukemia (CLL) is the most common leukemia in the Western world.  It is more common in the elderly and in males.  It generally has a chronic clinical course, but it can transform to an aggressive disease.  It is a neoplasm of phenotypically mature B cells in peripheral blood, though it interestingly shows B-cell dysfunction.  There are lots of the mature lymphocytes.

· In CLL, the bone marrow is hypercellular and full of lymphocytes.  Mature lymphocytes may be present in nodules or diffusely.  Normal hematopoietic elements are still usually seen in the bone marrow, except in late stage CLL.  The B-cells of CLL express CD5, which is normally a T-cell marker.  This is useful for diagnosis of CLL.  

· CLL can lead to cytopenia (low cellularity) and anemia due to hypersplenism in which the spleen sequesters blood cells, autoantibody production and immune destruction, or marrow replacement as lymphocytes crowd other cells out of the bone marrow.  This often leaves patients susceptible to infection, because they are neutropenic and/or have hypogammaglobulinemia due to the CLL impairing B-cell function.
· CLL may transform to an aggressive lymphoma.  

· CLL involves the bone marrow, diffuse lymph nodes, red and white pulp of the spleen, portal areas of the liver, and almost any organ in late disease.  In these tissues, it looks just like a lymphoma.  Just as CML is the most common of chronic myeloproliferative disorders, CLL is the most common of chronic lymphoproliferative disorders.  

· Another important chronic lymphoproliferative disorder is hairy cell leukemia, a rare disease seen mostly in middle aged men.  Unusual B-cells are present in the blood; they show cytoplasmic projections.  It is important to recognize because it responds very well to a specific therapy.  

· CML and CLL are readily distinguished because CLL shows lots of lymphocytes whereas CML shows lots of granulocytes (PMNs).  These two cell types are morphologically distinct.  Because the leukemic cells resemble normal mature elements, these leuekemias may be difficult to distinguish from infections or other benign conditions.  Ancillary studies like flow cytometry (for CD5 in CLL) or FISH/PCR to look for the 9:22 translocation of CML can help establish the diagnosis.  
· The chronic leukemias show increased numbers of mature-looking cells with differentiated phenotypes.  This results from cellular accumulation (enhanced survival due to upregulated anti-apoptotic machinery), not a proliferation advantage.  Additional changes can lead to transformation into a cell type with a more proliferative advantage (as in the shift to blast crisis in CML).  

· Acute leukemias, in contrast, show a proliferation of immature cells (blasts) with an arrest in the maturation process.  Lymphoid and myeloid blasts often look alike.  The pathogenesis of acute leukemias involves translocation that produce an altered transcription factor.  These transcription factors block normal differentiation.  Other mutations may provide a proliferative advantage.  Some may involve tumor suppressor gene pathways.
· Acute myeloid leukemia (AML) is a proliferation of myeloblasts.  You see lots of these precursors, but not much maturation.  AML is characterized by a high WBC count with lots of blasts.  The blasts have a high nucleus:cytoplasm ratio.  The marrow in AML is homogeneous with blasts, as opposed to the more heterogeneous appearance of CML.  It involves immature cells that may have differentiated a little and very often show distinct granules.  Auer rods (look like needles in the cytoplasm) are a hallmark of AML not seen in ALL.
· In AML, mature elements of all lineages are decreased.  Any organ can be involved diffusely or with a tumor mass.  Much organ pathology reflects the complications of AML.
· AML is subclassified according to the FAB classification (base on degree and pattern of differentiation).  These classes go from M0 to M7.  More recent classifications are based on specific genetic translocations, transcription factor expression, or AML following myelodysplastic syndrome.
· Myelodysplastic syndrome (MDS) is bone marrow failure characterized by clonal abnormalities of a stem cell.  It causes ineffective hematopoiesis, with hypercellular marrow but pancytopenia.  It usually results from deletions of chromosome 5 or 7.  Patients may die of pancytopenia or they may transform into acute leukemias.  Myelodysplasia shows up as dyserythropoiesis and very abnormal looking RBCs with nuclei that look like bunches of segments.  They show hypergranular neutrophils and micromegakaryocytes too.  
· Acute promyelocytic leukemia (M3) is one subgroup of AML.  Acute promyelocytic leukemia is associated with the 15:17 translocation between PML and RAR, producing a PML-RAR fusion protein.  This leukemia can be treated with retinoic acid (RAR=retinoic acid receptor).  
· AML is rapidly fatal if untreated (due to infection and bleeding).  Treatment achieves remission in 2/3 of patients, though relapse is common.  Different genetic lesions have specific prognoses.  MDS related AML is pretty bad.  The therapies produce cytopenias that are a lot like the complications of the disease.  
· Acute lymphoid leukemia (ALL) is the most common tumor of childhood, accounting for 80% of childhood leukemia and 20% of adult acute leukemia.  The clinical characteristics are the same as AML (low WBC, bleeding, infection, characterized by blasts).  But, the treatment and prognosis are quite different.

· ALL has no specific morphological features (like the granules and auer rods of AML).  ALL cells produce the enzyme TdT (nuclear enzyme that can be detected), and this is characteristic of but not specific to ALL.  ALL shows B or T cell surface markers like CD10 and CD 19.  
· In contrast, AML has granules and Auer rods, it usually produces the enzyme myeloperoxidase, and expresses myeloid surface markers.  

· AML and ALL cannot be distinguished morphologically because immature blasts of different lineages look similar.  

· ALL is classified mostly by immunophenotypes or genetic, though the old morphologic classification for L3 ALL has persisted because it is quite distinct.  

· Higher WBCs and age<1 or age>10 are associated with worse prognoses.  Philadelphia chromosome or a 4:11 translocation producing ALL is associated with poor prognoses.  Hyperdiploidy and 12:21 translocations are associated with better ones.

· Remission rates of ALL are pretty high, but relapse is common.  ¾ of kids and 1/3 of adults can be cured.  Many clinical and laboratory prognostic factors have been identified.  

Multiple Myeloma:

· Plasma cell dyscrasias (disorders) are a group of diseases characterized by uncontrolled proliferation of plasma cells, synthesizing a homogeneous/monoclonal immunoglobulin.  The key pathologic abnormalities are an excessive Ig secretion in the blood and urine (tested with lab tests), and a plasma cell accumulation with Ig deposition in organs and tissues (tested with microscopy).  

· Recall that immunoglobulines have 5 isotypes of heavy chains (G, A, M, E, D) and 2 isotypes of light chains (κ and λ).  

· Plasma cells normally make more light chains than heavy chains So, some free light chains can be measured in the urine and serum.  A normal serum κ:λ ratio is .26-1.65.  With a clonal proliferation, you may make much more of either κ or λ (whichever that cell expresses) and the ratio may become vastly distorted.  

· Plasma cell dyscrasias can are highly variable and are classified in many ways.  Here, we’ll just consider classic symptomatic multiple myeloma, MGUS (monoclonal gammopathies of undetermined significance) and Waldenstrom macroglobulinemia (IgM).  MGUS is responsible for over 50% of monoclonal gammopathies, with multiople myeloma making up 18%.  
Multiple Myeloma:  MM is a neoplastic proliferation of a plasma cell clone, resulting in excessive production of a monoclonal immunoglobulin.  It often evolves from an asymptomatic premalignant stage of clonal plasma cell proliferation (MGUS).  

· Dr. Bence Jones emphasized the value of microscopic examination of the urine.  Dr. Waldenstrom introduced the idea of differentiating monoclonal versus polyclonal gammopathies.  Monoclonal ones tend to be neoplastic, whereas polyclonal ones tend to be inflammatory or autoimmune.  

· MM makes up 1% of all cancers, and 10% of hematologic cancers.  It is fairly late onset, around 70 years of age, and very rare in children/adolescents.  It is more common in older people and black populations.  
· Classic (symptomaticMM is a proliferation of a single plasma cell clone that produces an M-protein (aka paraprotein, a monoclonal Ig).  M stands for monoclonal, NOT IgM.  And the M-protein is most often IgG.  Less frequently it’s IgA, free kappa or free lambda.  Rarely it may be IgM/D/E.  The plasma cell can produce full Igs, or just the light chain lambdas or kappas (Bence Jones proteins), or just the heavy chains.  

· The clinical features of MM include bone pain, typically of the spine and ribes (usually aggravated by movement), pathologic fracture with very minor trauma, weakness and fatigue due to anemia and renal insufficiency (from myeloma kidney or hypercalcemia). 

· The big three diagnostic criteria for MM are:  1.  M-protein in the serum and/or urine.  2.  plasmacytoma, an increased number of clonal plasma cells in bone marrow. 3.  evidence of end organ damage.  

· Normal serum protein elecrophoresis shows a big spike for albumin and smaller spikes for α1, α2, β, and γ fractions.  Igs are in the γ fraction.   In MM, the γ fraction is huge due to overproduction of 1 monoclonal antibody.  Other polyclonal Abs are decreased, so the fraction shows a narrower range of sizes than normal.  This lack of other Abs leaves patients immunodeficient.  Immunofixation electrophoresis (IFE) is just a western where you detect for levels of IgG, IgM, IgA, etc. and kappa and lambda.  A normal patient shows moderate levels of antibodies of different classes.  This is a more sensitive test, and a patient with MM will show way more of 1 light chain and way more of 1 class of Ig (unless it’s an MM that just makes light chains).  This IFE is more sensitive than PEP, so if MM is suspected, you need to order both tests.  The presence of a monoclonal band on IFE proves that there’s a plasma cell dyscrasia, not that the patient has MM, since there are many plasma cell dyscrasias.  

· Urine protein electrophoresis will also show a big spike in the light chain globulins.  The whole Ig can’t get out into the urine, but the light chain can.  If you see this, you don’t know if it’s because a plasma cell is producing only light chain, or whole Igs in addition to light chain.  If levels of albumin on the urine protein electrophoresis are normal, you can see that this high level of light chain globulin isn’t due to kidney dysfunction.  
· Bone marrow aspirate should show plasma cell (PC) morphology on microscopy, as well as increased PC count (>10%) and immunophenotype on flow cytometry.  A biopsy should show PC infiltration (diffuse has the worse prognosis, compared to nodular, interstitial or mixed) and PC markers on immunohistochemistry.  Solid aggregates of PCs on biopsy suggests MM.
· Normally, plasma cells aren’t found in peripheral blood.  They are oval, have deeply basophilic cytoplasm with a perinuclear halo, and an eccentric nucleus (on one side) with coarse chromatin condensation.  Immature PCs are more atypical with large/prominent nucleoli, bigger nucleus and more open/dispersed chromatin.  An anaplastic PC state would show more blasts (undifferentiated states).  

· Ig inclusions may be present inside PCs, and they may be seen as Mott/morula cells with whitish grape-like vacuoles full of Ig in the cytoplasm, Russell bodies with darker/rounder inclusions in the cytoplasm, or crystalline rods in the cytoplasm.  In the nucleus, they may be seen as Dutcher bodies (invaginations of the cytoplasm into the nucleus). 

· All PCs express CD38 and CD138, so looking at these may tell you about the number of PCs, which should be high in MM.  Malignant PCs lack B-cell markers like CD19, and express aberrant markers like CD3.  Malignant PCs express either kappa or gamma light chains, leading to an abundance of one over the other.  

· Evidence of end organ damage is the third diagnostic criterion for MM.  Typically it shows up in:

· Bone – lytic lesion or osteoporosis with compression fractures (vertebrae).  Usually central, not in extremities.  This is due to increased RANK-ligand (promoting osteoclast maturation) and decreased OPG (favors bone deposition).

· Increased serum calcium is secondary to bone destruction.  Leads to lethargy, poluria and polydipsia, constipation, nausea and vomiting.  These effects are due to increased free calcium (the active form), so levels of free Ca should be measured.  M-protein can bind Ca and lead to innocuous high levels of total serum calcium.

· Renal insufficiency may be caused by myeloma kidney (precipitated light chains surrounded by giant cells that cause large proteinaceous casts to form in tubules), hypercalcemia (leading to osmotic diuresis, volume depletion and kidney failure, or forming deposit and causing nephritis), light chain deposition in glomeruli or fibrillae (amyloidosis) (in either case little light chain is seen in the urine), increased IL-6 causing inflammatory damage, or nephrotoxic meds.
· Recurrent bacterial infection due to destruction of other protective hematopoietic derivatives.  You see hypogammaglobulinemia (even though 1 clone is greatly increased), and you get infection by gram (–) bacilli or gram (+) cocci.
· Anemia from inhibition of erythroid precursors in the marrow.  This can be aggravated by increased blood volume due to high Ig levels, or rouleaux formation (aggregates of RBCs due to hyperviscocity from high Ig levels).  
· Hyperviscosity syndrome is when flow to organs/tissues is impaired due to changes in the blood.  It can increase due to abnormalities in serum Igs.  It’s rare in MM, but central in Waldenstrom (IgM, a pentamer).  It occurs more often with IgA MM, because dimeric IgA forms polymers more readily.

· Amyloidosis can occur rarely.  It results from deposition of immunoglobulin light chains or serum amyloid A, an acute phase reactant.  These are ‘insoluble fibrillar proteins.’  Amyloidosis can cause carpal tunnel or generalized edema due to nephrotic syndrome, or rarely cadiomyopathy, macroglossia and bruising around the eyelids.  It adds to morbidity and decreases survival in MM.  In carpal tunnel (median nerve compression) the thenar eminence is flattened.  Congo Red staining shows subepithelial deposits.
MGUS (monoclonal gammopathies of undetermined significance):
· MGUS is the presence of monoclonal protein without evidence of MM or other B-cell proliferative disorders.  They lack the end organ damage of MM.  No single test can distinguish this from MM.  In MGUS, the serum M-protein levels are lower and bone marrow clonal plasma cells are lower than in MM.  It has a high risk of progression to MM.  IgA or IgM proliferation is a worse prognostic factor.  

Waldenstrom macroglobulinemia:

· This is a clonal disorder that produces PCs making IgM.  It is much rarer than MM, affects older people, and is more common in white populations.  The disease affects lymph nodes, spleen and bone marrow.  There is heterogeneity in the morphology of the malignant clone (from small lymphocytes to mature plasma cells).  So, the phenotypic markers are variable.  All Waldenstrom cells express IgM, most B-cells show CD19/20/22, and some express CLL markers CD5/23.  
· Clinically patients present with fatigue, weakness and anorxia.  They show lymphadenopathy and hepato-splenomegaly.  Due to excess IgM, they may have: 
· hyperviscosity syndrome:  high IgM, light chain proteinuria, bleeding blurred vision, neurologic abnormalities.  Diagnosed by fundoscopic exam with retinal hemorrhage or distended veins.

· Cryoglobulinemia:  Precipitation at low temp, may cause raynaud’s, ulcerations, loss of digits.  Neutrophils may take them up.  Type 1 is just precipitation, type 2 is when the monoclonal antibody binds other antibodies in the serum forming immune complexes in vessels and producing vasculitis-like symptoms (purpura).
· Cold agglutinins:  antibodies against RBC surface antigens.  They bind at low temp, fix complement and cause hemolysis.  These don’t dissolve on rewarming.  If acute, this can be associated with Mycoplasma pneumonia, or infections mono.  If chronic, this can be associated with WM or CLL.

· Peripheral neuropathy due to demyelination.  This occurs if the IgM is against myelin-associated glycoprotein (MAG).  Leads to distal, symmetric loss of sensory and motor functions.  

Non-Hodgkin Lymphomas:

· Lymphoma is a malignant clonal proliferation of lymphoid cells in lymph nodes and other lymphoid tissue.  It is not a single disease.  The distinction between lymphoma and leukemia is often merely semantic.  Many leukemias involve lymph nodes, and many lymphomas can circulate.

· Unlike other neoplasms of lymphatic and hematopoietic lymphoid tissue, the incidence of Non-Hodgkin lymphoma is increasing.  ~60,000 patients are currently diagnosed per year.  HIV is a risk factor for NHL, but doesn’t fully explain the change in incidence.  

· Lymphoma classification is extremely complex.  As a framework, we should think about them as high grade (aggressive, immature precursors predominate), low grade (indolent, mature differentiated cells predominate) or aggressive lymphomas of activated lymphocytes.  
· Lymphocytes mature from precursors to form T cells or B cells.  But, unlike myeloid cells, these T/B cells can be activated and further proliferate/differentiate.  So, malignant transformation of T/B cells is much more common than in mature myeloid cells.  
· Low grade lymphomas:  derived from mature lymphocytes.  Proliferation rates are low, and mitoses are rare.  They tend to be survival tumors, resistant to apoptosis (not due to increased proliferation).  These are rare in children, and they have prolonged clinical courses.  They are incurable.
· The prototypic low grade lymphoma is follicular lymphoma.  In follicular lymphoma, germinal centers spread throughout the lymph node, and they are no longer contained just to the cortex.  Follicular lymphoma is a B-cell tumor (B-cells make up germinal centers of lymph nodes).  This can be seen by staining for B-cell markers like CD20.  

· A normal germinal center shows lots of cell types and cells of different sizes/shapes.  As B-cells are activated, they undergo morphologic changes.  But, in follicular lymphoma, they all arrest at 1 stage of development, so the appearance of the germinal centers is very homogenous.  In follicular lymphoma, the cells often look small and angular, rather than perfectly round.  Grade I has mostly small cells, grade II can be mixed small and bigger cells.  Bigger cells are a little more proliferative, but both are still considered low grade.

· Follicular lymphoma is due to a 14:18 translocation, resulting in the constitutive upregulation of Bcl-2, which prevents apoptosis.  Normal B-cells turn off bcl-2 so that they can undergo apoptosis if needed.  So, in follicular hyperplasia which has bigger normal germinal centers, the germinal centers won’t stain for Bcl-2.  But they will in follicular lymphoma. 

· The clinical features of follicular lymphoma include asymptomatic, generalized lymphadenopathy and involvement of the spleen and bone marrow.  The spleen shows small nodules based in the white pulp.  The marrow shows paratrabecular lymphoid aggregates, which is a specific sign of follicular lymphoma.  The course is indolent and generally it’s incurable.  Patients usually complain of few symptoms.  It’s most common in adults, and almost never seen in kids.  

· Other low grade lympomas have similar characteristics.  These include small lympocytic lymphoma (SLL, the tissue equivalent of CLL, and these two are really the exact same thing happening either in the blood or lymph tissue), mantle cell lymphoma (associated with a translocation upregulating IgH and cyclin D1, this is a little more aggressive, but still incurable), MALT lymphomas, and indolent T-cell lymphomas (very rare).  

· High grade lymphomas may be derived from immature or activated lymphocytes.  These cells are medium-large sized with open chromatin and often prominent nucleoli.  They are highly proliferative and occur in all age groups.  Systemic symptoms are common (fever, night sweats, weight loss), and these can be rapidly progressive if untreaed.  However, some patients may be cured with therapy.  With low grade lympomas, everyone slowly progresses.  With high grade lymphomas, people either die quickly or are successfully treated and survive long-term.  
· Lymphoblastic lymphoma is a prototypic high grade lymphoma of precursor cells.  It is the tissue equivalent of ALL, but this version is much more common with T-cells than B-cells.  It’s pretty common in childhood.  Since the precursor T-cells are thymocytes, a mediastinal mass is a common site of presentation.  This in itself is not a single entity, and different translocations that produce it have different prognoses.  Lymphoblastic lymphoma shows diffuse replacement of the lymph node with medium sized cells dispersed with chromatin and frequent mitoses.  

· Prototypic high grade lymphomas of activated cells include Burkitt lymphoma and diffuse large B-cell lymphoma.  

· Burkitt lymphoma is an uncommon tumor that occurs more in children than adults.  It’s endemic in Africa and associated with EBV and rapidly forming jaw tumors.  The sporadic (not endemic) form is not EBV associated, and this form often has an intestinal presentation.  Highly proliferative forms may be cured, and they are a medical emergency.  This is the tissue form of L3 ALL (the Burkitt lymphoma leukemia).  Burkitt lymphoma is derived form proliferative germ center cells, and they can be seen as diffuse replacement of lymph nodes with common mitoses and a ‘starry sky’ appearance due to macrophage phagocytosing debris around them.  The cells are uniformly medium sized and have fine chromatin.  Burkitt lymphoma is produced by an 8:14 translocation resulting in the overexpression of myc, giving it a growth advantage.  The lack of bcl-2 causes a high level of cell death, particularly upon treatment. 
· Diffuse large B-cell lymphoma occurs in adults and children.  It’s not a single entity, and it can occur de novo (better prognosis) or as progression from CLL to an aggressive form.  It shows diffuse replacement of lymph node architecture.  Tumor cells are large with open chromatin, abundant cytoplasm and prominent nucleoli.  Mitoses are common.  Cells may show variable size and shape.  This may be local or disseminated (the only other lymphoma that is extra-nodal is MALT), but is rare in the marrow and blood.  Half of patients may be cured with therapy, and the big prognostic factor is the stage of disease at diagnosis.  Large B-cell lymphomas in extra-nodular sites typically form solid masses.  

· T-cell lymphomas are rare.  They are tumors of activated lymphocytes and they tend to have worse prognoses.  They are many different entities.  

· Lymphomas are very complex, and morphology is important for classification, but ancillary studies are truly essential for diagnosis.  Immunophenotyping via flow cytometry or immunohistochemistry is used.  Lymphoma B-cell tumors are clonal and show light chain restriction (either kappa or lambda is present, not both), and certain antigen patterns are associated with different subtypes.  Rearrangements and translocations can be detected for particular lymphomas too.  
· Know these immunophenotypes of low grade B-cell lymphomas

· Follicular lymphoma:  CD20 bright, CD10+, CD5-

· Small lymphocytic lymphoma:  CD20 dim, CD5+, CD23+

· Mantle cell lymphoma:  CD20 bright, CD5+, CD23-, cyclin D1+

· MALT lymphoma:  CD20+, CD5-, CD10-
Hodgkin Lymphoma:

· Normal lymph nodes are clinically non-palpable.  They have follicles in the cortex with B-cells and some tingible body macrophages in the germinal center (surrounded by a mantle of small, round lymphocytes), around which are T-cell zones in the paracortex.  The sinuses (pale pink) contain histiocytes, and the medulla has medullary cords of lymphocytes/plasma cells/histiocytes in between the sinuses.  

· Normally, the B-cells in the germinal center stain CD20+, the paracotrical T-cells stain CD3+, and the sinus histiocytes stain CD68+.  In the germinal centers, B-cells are very dynamic.  

· Reactive lymphadenopathy is a non-neoplastic enlargement of a lymph node in response to antigenic stimuli.  It shows increased and diffuse proliferation of normal compartments, and focal distortion of lymph node architecture by an inflammatory response.  In this case, reactive lymph nodes may be tender, but should still be mobile.  This lymphoid hyperplasia may commonly be follicular or paracortical, and less commonly sinus or mixed. 

· Follicular hyperplasia is a stimulation of cortical follicles.  It shows crowded follicles of varying size/shape that still have a well defined mantle of lymphocytes surrounding them.  The follicles are cytologically polymorphous (not homogenous cells there).  So, benign hyperplasias usually have variability of sizes and shapes of cells and of follicles with good mantle zones.  Lymphomas don’t have this, and are generally more homogenous and efface the tissue architecture.  Follicular hyperplasia can be due to lots of things (particularly HIV, showing huge germinal centers), and is pretty non-specific.  

· Follicular hyperplasia must be distinguished from follicular lymphoma.  The hyperplasia maintains normal tissue architecture better, has more polymorphous cells, and has low bcl-2 expression in the germinal centers.  Follicular lymphoma has homogenous cells and lots of bcl-2 expression.  

· Paracortical hyperplasia is an enlargement of the paracortical T-cell compartment, often resulting in shrinking of the follicles.  The cells are polymorphous with lymphocytes, plasma cells, etc.  This is tough to distinguish from lymphoma without staining.  A mix of CD4 and CD8 T-cells usually indicates hyperplasia instead of malignancy.  This, too, is pretty non-specific, though it is associated with viral infections like mononucleosis.  It can also cause dermatopathic lymphadenopathy, characterized by hyperplastic DCs that cause the paracortical regions to appear pale.  DCs have a grooved nucleus and these dermatopathic lymphadnopathies are associated with a variety of skin disorders. 
· Paracortical lymphomas must be distinguished from t-cell lymphomas.  The hyperplasia has more cellular heterogeneity, maintains more normal tissue architecture and shows non-clonal T-cells on gene rearrangement studies.  
· Sinus hyperplasia is a stimulation of the histiocytic sinuses.  The histiocytes look pale and are generally uniform in size and shape.  Sinus hyperplasia may show phagocytosis of other hematologic elements or foreign substances.  This is fairly non-specific, and most often idiopathic.  But, it may be associated with non-hematolymphoid malignancies brought into the lymph node by drainage.  It may be seen in Rosai-Dorfman disease or associated with breast implants/hip replacement/lymphangiography dye.  
· Sinus hyperplasia must be distinguished from malignancies like anaplastic large cell lymphoma (ALCL), metastatic melanoma, metastatic carcinoma, or langerhans’ cell histiocytosis.  These malignancies would be due to invading cell populations, not macrophages, so they shouldn’t stain CD68+.  

· Lymphadenitis is a focal destruction of lymphoid architecture.  It may be necrotizing (SLE, Kawasaki’s, Kikuchi’s) or granulomatous (cat scratch, TB, sacroidosis).  Cat scratch disease shows stellate granulomas.  Sarcoidosis shows non-caseating granulomas and may have asteroid bodies (Ig based structures, look like little vacuoles).  
Hodgkin Lymphoma:

· Hodgkin lymphoma is a malignant lymphoma characterized by dissemination along contiguous lymph node groups.  Pathologically, the hallmark is the presence of Reed-Sternberg (RS) cells and/or RS variants in the proper immunoreactive background (abundant eosinophils, plasma cells, small lymphocytes). 

· Hodgkin lymphomas make up 30% of all lymphomas.  They have a bimodal age distribution (15-35 and over 50), with slightly higher occurrence in males.  It’s twice as common in white populations.  It is almost always lymph node based, and spreads in an orderly fashion through adjacent groups of nodes.  

· Staging:  I=1 group of lymph nodes.  II=spread to adjacent groups of nodes.  III=nodes on both sides of the diaphragm.  IV=other organ involvement.  Each stage may be designated A or B, with B being the presence of weight loss, fever, or night sweats (B-symptoms, which are a systemic manifestation and bad prognostic factor).  

· The clinical course of Hodgkin lymphoma is presentation with non-tender, firm adenopathy.  It is generally indolent, and survival is 80-90% with therapy.   The most important prognostic variable is the tumor stage/burden at presentation.  

· Hodgkin lymphoma:  contiguous spread, uncommonly extranodal, tonsil involvement is rare, commonly low stage and localized, bimodal age distribution, good prognosis, B-cell origin.  

· Non-Hodgkin lymphoma:  non-contiguous spread, commonly extranodal, common tonsil involvement, less commonly localized, older populations (except Burkitt and lymphoblastic), variable prognosis, B or T cell origin.

· Reed-Sternberg cells are large lymphoid cells that are classically binucleated (may be multinucleated) with eosinophilic nucleoli.  They are essential for the diagnosis of Hodgkin lymphoma, and can often be found in lacunae which is just an artifact of preparation.  They are of B-cell origin, though they tend not to express B-cell markers like CD20.  They may have an owl’s eyes appearance.  These are the cells responsible for Hodgkin lymphoma.

· Hodgkin lymphoma may be subclassified as classical or lymphocyte predominant:

· Classical Hodgkin lymphoma cells are CD30+, CD15+, CD20-, CD3-, and D45-.  This makes up 95% of all HL, shows a bimodal age distribution, usually present as stage I or II, show B-symptoms in 40% of cases, and may be linked to EBV.  This may be broken down into different subtypes:  nodular sclerosing (bands of pink staining sclerosis on microscopy and macroscopic nodules of lymphocytes and RS cells), mixed cellularity (RS cells surrounded by lymphocytes, no nodules or sclerosing), lymphocyte depleted (few lymphocytes between RS cells, and fewer cells in general), lymphocyte rich (distinguished from lymphocyte predominant by immunostain).
· Nodular lymphocyte predominant Hodgkin lymphoma cells are CD20+, CD45+, CD30-, and CD15-.  These make up only 5% of HL and are typically seen in 30-50 year old men.  Most present in stage I or II, and B-symptoms are rare.  They are very slow to progress, and though relapses are common, they are often responsive to therapy, so the overall prognosis is good.  Occasionally they may transform to diffuse large B-cell lymphoma.  They are typically nodular, though may less commonly be diffuse.  

Blood Transfusion:

· An adult has about 7% of their body weight as blood (70ml/kg).  This is higher in newborns.  Plasma volume = (1-hematocrit) x (blood volume)
· Indications for transfusion:  when you need restoration of blood volume in a patient with significant blood loss, restoration of oxygen carrying capacity (anemia, hemolysis, or inadequate RBC production) usually when Hb<7g/dl, or to replace cellular elements (platelets) or plasma proteins (clotting factors).  

· The source is this blood is from healthy altruistic donors.  They usually donate whole blood.  If given to patients, whole blood provides volume expansion, red cell mass, some coagulation factors, but pretty low content of platelet and factor VIII (because they deteriorate with storage).  This isn’t used much, because we can get more out of a unit of blood by dividing it into components.  A unit of whole blood (500ml) is about 200ml RBCs, 300ml plasma, and a buffy coat of platelets and leukocytes when centrifuged.  

· Dividing blood into components can be good because you can give smaller volumes to get the same effect, and avoid circulatory overload.  It also limits harmful metabolites (RBCs leak K, but you can give non-RBC components without this effect).  You can also reduce the risk of disease transmission (some viruses only transmitted in WBCs), and maximize the use of each unit of donated blood.  You can isolate a lot of different components.  

· Components administered: a unit of packed RBCs contain 200ml, fresh frozen plasma (FFP) is 220ml, cryoprecipitate contains the factor VIII/fibrinogen/vonWillebrand factor present in 1 unit of FFP, and a pheresis unit of platelets is 200ml (equivalent to 6-8 donors’ whole blood platelet content).

· RBCs’ ATP levels fall during storage.  2,3 DPG levels (measure of oxygen carrying capacity) also fall, but are rapidly corrected once transfused.  24 hours after transfusion, about 75% of RBCs survive; this correlates with the amount of ATP in them when they’re stored.  RBCs can accumulate metabolites like K that can be a problem if given to neonates.  They can be stored for about 6 weeks.  

· RBCs may be given as packed RBCs, which is just to reduce the volume given.  They may be leukocyte depleted to reduce the immune reaction in the recipient.  They may be washed to remove plasma and prevent allergic reactions.  Or they may be frozen (rare blood types, for example) to increase the time they can be stored.  

· For hemostasis, patients can be given platelets, cryoprecipitates (factor VIII + fibrinogen), factor VIII concentrates, factor IX concentrates, or fresh frozen plasma.  Platelets may be pooled from multiple donors, which is lower cost and more easily obtained.  But when acquired by apheresis, the recipient is exposed to only 1 donor which lowers the rate of adverse reactions, but a drawback is that the donor pool is limited.  

· Indications for platelet transfusions include thrombocytopenia (low platelets), states of decreased platelet production are most useful…much more than states of increased destruction (DIC, immune thrombocytopenia purpura).  Or they can be used when platelets are dysfunctional (ex:  when patients are on aspirin).  When platelet levels fall below 80,000, you see a noticeable effect on bleeding time.  

· Patients who received previous platelet infusions may develop alloimmunity, and produce HLA antibodies that destroy incompatible platelets.  HLA matching of donors and recipients can correct for this.  They try to prevent the development of this response by leukocyte depleting blood components and other strategies.  But, the more transfusions you get, the less you respond to platelet therapy (if not HLA matched).  

· Leukodepletion can reduce transfusion reactions, reduce alloimmunization, and reduce the risk of viral transmission.  Filters can remove over 99% of WBCs.  

· FFP contains factor VIII and prothrombin complex at the concentrations present in fresh plasma.  The main problem is that they’re pretty dilute, so you have to give a large volume.  But, with cryoprecipitates, you precipitate out the fibrinogen, factor VIII, etc.  These can be given at higher concentrations, and hemophiliacs can inject these safely and portably.  

· Blood can be irradiated to eliminate the risk of graft vs. host disease.  This is used because leukocyte depleted RBCs may still have a small percentage of donor WBCs left, and irradiating the blood will prevent these from dividing and initiating an immune response against the recipient.  This is indicated for patients with immunodeficiency, or neonates. 

· Blood cell ABO antigens include the absence of any antigens (Bombay phenotype), just the H-antigen (blood type O), the A antigen, and the B antigen.  If you have a secretor gene, these antigens will be present in your secretions too.  ABO blood groups are critical in transfusion.  The antigens are very dense on RBCs.  Patients without an antigen make antibodies against it due to similar bacterial antigens.  ABO antibodies are high titer IgM antibodies that produce serious intravascular hemolysis (agglutination and complement fixation).  They test blood groups by reacting your RBCs with anti-A and anti-B antibodies, and by reacting your serum with A or B cells.  O=45%, A=42%, B=9%, AB=4%.
· If an Rh- mother has an Rh+ child, she is exposed to the antigen and develops antibodies against it.  If she has a subsequent pregnancy with another Rh+ child, her IgG can cross the placenta and attack the RBC of the newbord, producing hydrops fetalis.  Rh incompatibility among mothers and children is quite common (85% of people are Rh+, 15% Rh-).

· There are lots of other blood antigens/blood groups, many of which can cause hemolysis and transfusion reactions.  It may be tough to find well matched donors, especially if multiple transfusions are needed.  

· Pretransfusion testing is very important.  First, patient identities need to be verified, then their ABO and Rh types determined.  Antibody screens (for antibodies in patient’s serum via indirect Coombs test) and compatibility (cross-match patient serum and donor red cells) tests may be performed.  Recall that a direct Coombs test for antibodies on RBC surface by adding anti-humanIg antibodies to RBCs and seeing if they agglutinate.  An indirect Coombs test looks for antibodies in the serum (expose serum to control RBCs and see if they bind…detected by adding agglutinating antibodies).  

· Adverse effects of transfusion include hemolytic reactions, non-hemolytic ones, GVHD, TRALI (transfusion related acute lung injury), circulatory overload, non-immune hemolysis, and infection.  
· Acute hemolytic reactions occur immediately, due to the recipient having antibodies to the donor RBCs.  In humoral mechanisms, the Abs fix complement and lyse the RBCs (most often IgM, T-cell independent, and mediated by ABO system…may also be IgG induced by pregnancy or transfusion, mediated by Rh).  This occurs intravascularly, and it produces a red colored plasma (due to Hb from hemolysis…which can also cause hemoglobinuria and red urine).  Or in cellular mechanisms the Abs facilitate phagocytosis in the reticuloendothelial system; this hemolysis is extravascular.  

· Mortality from ABO incompatibility is lower in older people because they mount weaker immune responses.  

· Signs and symptoms of acute hemolytic transfusion reactions vary and may include fever, chills, oligouria/anuria, bleeding, DIC, hypotension, pallor, renal failure, death, etc.

· If someone has signs of a hemolytic transfusion reaction, STOP THE TRANSFUSION.  Then get blood samples, check for errors, perform a direct antiglobulin test, and look for signs of hemolysis/icterus (yellowing eyes from hemolysis).  If hemolysis suspected, repeat compatibility tests.  

· To treat an acute hemolytic transfusion reaction, stop transfusion, maintain an IV and infuse fluids.  Maintain BP and monitor renal function and coagulation status.  Avoid antigen-positive blood in future transfusions.  
· Immediate hemolytic reactions are more often intravascular.  Delayed hemolytic reactions are more often extravascular.  

· Delayed hemolytic reactions may take 72 hours if you’ve already been sensitized (anamnestic response), or over 10 days if it’s your first exposure to the antigens.  You’ll show decreased hematocrit, icterus and fever.  Lab tests will show positive direct antiglobulin tests and positive antibody screens.  

· Non-hemolytic reactions are often febrile, and they involve recipient antibodies reacting against donor WBCs or platelets, which causes a release of cytokines from the donor WBC.  These reactions need to be distinguished from hemolytic or septic reactions.  Leukocyte depleted and washed blood try to avoid this.
· Patients can also get allergic reactions (very common) to a transfusion.  These are cases of immune mediated histamine release, and can be managed with antihistamines, steroids, or epi.  

· Transfusions can have infectious complications, like viruses (HIV), rickettsiae, spirochetes, bacteria, parasites, and prions.  HIV used to be a huge problem, but the current risk is less than 1 in 2 million due to donor screening, HIV antibody/antigen testing, etc.  It still occurs because there is a short window after someone is infected where they carry the virus but it can’t yet be detected.  

· Hep B and C can also be transmitted.  Screening and NAT testing have made this less of a problem.  Hep C can lead to cirrhosis and potentially hepatocellular carcinoma.  

· CMV can be transmitted too.  It can cause disease in immunnosuppresed transfusion recipients.  This may be prevented by screening or leukodepletion.  

· Syphilis (routinely tested for), malaria (screened by exposure), bacteria (problem in platelets stored at room temp), prions (donor deferral with british exposure).  
· Perioperative red cell transfusion is not needed unless hemoglobin levels drop below 7 g/dl.  Slight anemia after surgery doesn’t affect outcomes.  Transfusion from other people (homologous) should be minimized. 

· Alternatives to transfusion:  

· Predeposit autologous blood.  This is ideal, and is used in elective surgery.  

· Intraoperative hemodilution is when they remove blood during anesthesia and replace it with a colloid.  That way, the fluid lost in surgery doesn’t have as many essential components, and they can re-infuse the normal blood with platelets and coagulation factors after surgery.  So you lose less RBCs and clotting factors.  
· Intraoperative autologous transfusion can be done, where they collect the blood lost during surgery, wash it and return it (or the necessary components from it).  This can be done when the surgical site is sterile or not at risk for having metastatic cells.  

· Pharmacologic interventions for clotting or stuff like EPO for more RBCs may be given.  They avoid a lot of the risks of transfusion transmitted disease.  They can stimulate the production or release of blood cells or proteins.  DDAVP can be given to increase von Willebrand factor.  

· They also tried giving synthetic RBC substitutes, but ran into some immunologic problems.  These could be ideal in the future.  Currently use done are good because they don’t carry risks of disease or rejection and they have long shelf-lives.  But, they don’t last long in patients, they are expensive, and can cause complications due to vasoconstriction.  

· Viral inactivation is important for preventing disease transmission.  Potential technologies that could help with this include extensive leukodepletion, solvent-detergent treatment that would prevent enveloped viruses from infecting cells, psoralens/UV radiation that would damage DNA and prevent replication of transfused cells, or riboflavin.  
· Using directed donors (where a friend or relative specifically wants to donate blood to one person) is not a good choice.  It may force ill-advised donations, as volunteer donations are generally safer and repeat volunteers have been tested for things multiple times with their multiple donations.  

Intro to Hemostatsis and Platelet Biology:

· Hemostasis is the process that leads to the stopping of bleeding.  It involves vessels, platelets, and plasma clotting proteins.  Primary hemostasis is the initial response involving platelets, secondary hemostasis fortifies this with clotting proteins and deposition of fibrin.  

· Platelets are small, and a normal count is 150,000-350,000 per microliter.  They have a granular (dense granules and alpha granules) appearance.  Normal platelets look flat and plate-like, and they are fragments of megakaryocyte cytoplasm.  Their life span is about 10 days, and 1/3 of platelets in the body may be stored in the spleen ready for release as necessary.

· Megkaryocytes are multi-nucleated cells.  The platelets that bud off are anucleate, but rich in glycogen and mitochondria.  The granules of the platelets are dense, and full of ATP for energy and ADP for release and activating other platelets.  Platelets have an pen canilicular system for protein transport into the platelets.  

· Platelets adhere to the subendothelium within seconds of injury.  When the endothelium is disrupted, von Willebrand factor (stored in endothelial Weibel Palade bodies) is released and binds to platelets GPIb-Ix complex, then leads to adherence to the subendothelium.  Tissue factor in the subendothelium activates the clotting cascade.

· As adhesions occurs, platelets release ADP and thromboxane (TxA2), which recruit more platelets.  As the clotting cascade and secondary hemostasis gets started, thrombin is generated causing more platelet stimulation and conversion of fibrinogen to fibrin.  As platelets are activated, they get lots of filaments where lots of clotting factors and other platelets can adhere.  The pseudopodia also allow platelets to aggregate to the subendothelium.  

· Thrombin from the clotting cascade cleaves fibrinogen into fibrin, which forms a mesh of strands.  Fibrin links platelets to each other via their GPIIb-IIIa surface glycoproteins.  

· Inherited platelet disorders may affect surface adhesion factors (GPIb), surface aggregation factors (GPIIb-IIIa), or thrombin or ADP receptors.  Platelets release thromboxane and ADP.  Thromboxane leads to vessel constriction and can act on other platelets.  Acquired platelet dysfunction is more common than inherited ones.

· These inherited platelet disorders present with mucocutaneous bleeds, rarely hemarthrosis, normal platelets counts (though they are dysfunctional), prolonged bleeding times, and abnormal aggregation/secretion by platelets. 

· To test for platelet dysfunction, you can look at bleeding time (how long it takes you to stop bleeding from a cut) which should be around 3-7 minutes.  Or, you can look at aggregometry, in which a patient’s platelet-rich plasma is incubated with aggregating reagents and you look for changes in optical density due to aggregation.

· The endothelium usually prevents excess platelet function in vivo, due to release of PGI2 (prostacyclin) which is a potent platelet inhibitor.

· Thrombopoiesis is the production of platelets.  Thrombopoietin (TPO) is a potent megakaryocyte stimulating factors that acts with other cytokines to stimulate platelet production.  TPO is constitutively expressed in the liver.  The levels are related to the number of receptors present in the body, so if you have low platelets (thrombocytopenia) and few receptors, then TPO levels may be high.  If you have high platelets and lots of receptor, free TPO levels may be low.

· The TPO receptor is known as cMpl, and when TPO binds cMpl, it increases platelet production in the marrow.  This can be used to increase platelet counts therapeutically.  

· Normal platelets are 150,000-350,000/ul.  Below 100,000 you don’t see much except with major surgery.  50,000-100,000 may bleed longer with trauma.  20,000-50,000 may bleed with minor trauma and develop petechiae.  <20,000 may have spontaneous bleeding.  

· Thrombocytopenia may be due to:

· Decreased production from marrow hypoplasia, leukemia, toxins or chemotherapy.  There’s no good way to assess platelet production, unlike with reticulocyte counts for RBCs.

· Increased destruction from antibodies to platelets (to their surface glycoproteins, leading to their destruction in spleen), activation of coagulation (consumption via DIC)

· Platelet sequestration with splenomegaly (malignancy, portal hypertension)

· Thrombocytosis (too many platelets) doesn’t really cause more clotting…can even lead to an absorption of clotting factors and lead to more bleeding.  This may be seen in myeloproliferative disorders, CML, chronic infection, iron deficiency, or malignant tumors.  

PAGE  
25

