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The highest # of white cells are neuts; 
2nd highest # are lymphocytes (this cell IS your immune system)

Tiny cell w big nucleus; high N: C; lymphocytes in blood are only a small portion of total lymphocytes in body (many in lymph nodes, spleen, tissues, immune organs)


Lymphocytes use blood as transportation (and is the principle cell type in lymph fluid) 

Lymph fluid is fluid of lymphatic system {an aux fluid system in body; similar vessels to circ system (closed system) except vessels in lymphatic system open ended (pick up intercellular fluid)}.  The plasma in circ system leaks out & bathes cells in tissues (every cell in tissues has to have water, a layer of fluid around it so nuts and waste can go in and out) ( lymphatics drain intercellular fluid.  Blockage = fluid accumulation ( edema

inflammation ( swelling ( vasodilatation of blood vessels ( fluid into tissues ( lymphatic tissues pick up fluid ( lymph fluid flows into larger ducts ( lymphatic vessels from big toe to legs to body to ducts ( Thoracic duct ( superior, inferior vena cava. 

Lymph nodes are concentrated at junctions in body; in groin (inguinal nodes); in armpits (axillary nodes); neck area (cervical nodes); they are Lima bean sized, filter lymph fluid.
Neuts leave bone ( tissues ( do job ( die

Lymphocytes can last years ( get chicken pox, don’t worry about again

Majority of lymphocytes in blood are in G0 (resting); good for surveillance.

Intruder ( activates small lymphocytes( proliferation of med-large lymphocytes.

The small ones are most numerous; they circulate in blood easily.

Two major classes of lymphocytes (immune system has two arms: humeral and cell mediated)

B cells or B lymphocytes (bone marrow or bursa derived) – make Abs; humoral response

T cells or T lymphocytes (thymic derived)

Types of T cells: 

T helpers (Th), T cytotoxic (Tx), T delayed hypersensitivity (Tdh), T regulator (Treg)
B cells:

Humeral: Abs secreted into fluids ( Abs travel through fluids to reach target
Cell mediated immunity ( direct cell to cell contact, direct action of T cells (activate other effector cells).  T helpers have to id Ag. 
Innate response: something enters body ( stimulates phag ( inflammation response


If innate inflammation doesn’t get rid of foreign body, orange alert

3rd population of lymphocytes: null cells – largest pop w/in null cells are NK cell (natural killer)

We are born with them; they can identify Ag already, don’t need any process that a B cell must go through to recognize Ag.
In blood: T cells most numerous, then B cells, and few null cells

PIC:  B lymphocyte ( differentiation, larger cell, huge cytoplasm, much RER to secrete Abs and huge Golgi to package protein. 

Depending on intruder, either humeral or immune cell mediated response more effective


Bacteria – humeral more effective


Viral – cell mediated more effective

TABLE 8 (major activities of humeral and cellular immunity)

	Humoral

1. 
Kill encapsulated bacteria (e.g. streptococcus 
pneumonia), huge slippery capsule ( huge fluid in lungs; Abs form, attach to capsule (opsin), phags 
2.
Neutralize soluble toxins; viral protection; Diphtheria and tetanus toxin;

make Abs to toxin, easily phag’d

3.
Transplant rejection – Abs attacking 
cells or organ transplant, prevent blood flow 
(a hyperacute rxn)

4. Tumor immunity – some tumors form 
better Abs than others

5. immune-related disease – Hashimoto’s disease; Abs against thyroid

	Cellular (CMI) = specific immunity
1.
Kill intracellular pathogens – TB 
grows intracellularly in lungs ( macs phag 
TB ( can’t kill ( grows ( granuloma ( 
take antibiotics 6 months
2. transplantation rejection – few months 
later organ degrades; 
3.
tumor immunity
4.
autoimmunity (not well defined)

5.
Contact dermatitis – new crème ( 
breakout of hives, delayed response, get T 
delayed hypersensitivity lymphocytes setup 
inflammation response.


PIC OF HUMAN THYMUS; progenitor T cells must leave bone marrow, have to migrate to thymus to undergo further differentiation to become T cells, mostly occurs in fetus and child because where bulk of progenitor T cells are.  As you age, thymus shrinks.

Bursa of fabricius (organ for development of B cells in chickens)
T cells are found in walls of gut and respiratory tract have Payer’s patches (aggregates of lymphocytes), epithelial layer that protects is 1 layer thick, secrete IgA (gut and respiratory bulk of infx)


IgA – secretory immunoglobin that remains in mucous layers of respiratory tract

Recognition marker on lymphocyte and T cell has is a TCR (= T Cell Receptor, for Ag); 
CD4 is marker on T-helper and macs, HIV binds to this (go into macs, reservoir, live long time)


If you knock out all T-helpers (as in AIDS) ( no immune response

MHC – major histo compatibility complex – helps to distinguish self from non-self 


I on all body cells (on immune cells); present intracellular Ags


II only on immune cells; present Ag via macs in immune cells

FIG 2-1 (mac takes in Ag, pick out most Antigenic portion, present Ag via MHC)

FIG 3-4; many diff combinations of MHC; used to type tissues; almost impossible to get exact tissues match because so many tissues MHCs present)

FIG 3-5 MHC I Ag endogenous presentation v MHC II Ag presentation (mac); T cells w TCR recognize MHC + Ag to get immune response going

Complement (C’): a series of proteins (act as opsins) circulating in blood in inactive state.  The binding of Ab to Ag activates it ( cascading effect ( pokes hole in bacteria, and gives off C3 and C5 fragments which activate PMNs.
Innate immunity: Immunity you’re born with; cilia on epithelium and phagocytes are examples.
If innate immunity can’t handle infection, activates CMI.

If you can’t make Abs, you’ll be susceptible to infection, especially encapsulated bacteria.

Tdh: Delayed hyper immunity.  Example: TB test:

Put purified cell wall of organism into skin, 48 hours later, if inflamed, you had previous exposure.  Then do chest x-ray to look for granulomas.  If present, monitor that they don’t get bigger.

Tdh detects a familiar Ag, and makes cytokines and ILs to activate effector cells.

Most T cells create memory cells (type of lymphocyte).  These are like patrolling cop cars.

In allergies, Tdh activates IgE that binds to mast cells ( histamine release
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Review of last lecture

What are the major classes of T cells? T helpers (CD4 marker), T cytotoxic (CD8), T delayed hypersensitivity, T regulator

CD4 on møs and T helpers
HIV binds to CD4; effects macs and T helpers
Mø becomes reservoir for HIV and continues to harbor virus.
Majority of lymphocytes: T helper cells in circulating blood

Minority of lymphocytes: B cells in lymph node, spleen, BM, all lymphoid organs.
B cells don’t need to circulate, just filter (lymphatic system is one-way drainage system)

2:1 of helper to cytotoxic cells; 
Lymphocytes are on surveillance; how do they circulate?  Through blood ( tissues ( picked up in intracellular fluid ( lymphatics ( lymph ducts ( back to regular circulation (venous heart)

AIDS

It’s more serious to lose T cells than B cells.  HIV attacks T cells.

Monitor onset of AIDS by ratio of T help (#CD4): T cytotoxic (#CD8).  Should be 2:1
As disease progresses, #CD4 + cells(, when the ratio is 1:2, then onset of symptoms
Initial symptoms of AIDS: fatigue, flu-symptoms, and chronic infections by opportunistic pathogens (Candida, pneumocystis corinii {fungus- grows in lungs and fills it up}, CMV, Kaposi’s sarcoma, EBV, and Herpes Simplex Virus –HSV). 
Two tests for AIDS:
EIA/ELISA (99% sure)

1. Add patient serum if +, have (anti-HIV Ab), this binds HIV Ag

2. Add anti human Ab + enzymes A (tag attached to it); only need if 1st Ab there

3. Add substrate, get color change
Do following test to confirm if ELISA is positive:


Western blot, confirmatory test
Take HIV virus ( break it up ( electrophoresis ( get different bands of protein present ( add Ab binds serum ( 2nd Ab with substrate, see colored bands
If X # bands +, you have Ab for this protein—only present in HIV virus
Development of various lymphocytes

T cells come from thymus (beneath breast bone), activation in fetal stage and early childhood when T cells become programmed.
Thymopoiesis – process of formation of T cells; carefully regulated process to make sure the T cells out of thymus can recognize your own MHC (self from foreign).

Where are lymphocytes coming from?  
BM (promyelocyte) ( CFU-S ( CFU-L ( thymus (majority undergo apoptosis because TCR receptors fail to recognize self from non-self) ( peripheral lymph organs.
Central lymphoid organ = thymus (under breast bone).

Central site of maturation of lymphocytes – thymus and bone marrow

Peripheral immune organs – lymph nodes, spleen, payer’s patches, appendix, tonsils

Lymphocytes acquire function to make Ab or recognize Ag

Prothymocytes ( thymus ( thymopoiesis ( selective process to make sure it can recognize self ( those few that pass inspection go to peripheral immune organs.

Rigorous filtration in thymus to eliminate lymphocytes that fail to recognize self from foreign.

All T cells start with CD3 ( as they mature, they add CD4, 8 ( differentiate into CD4 and CD8
You can track their maturation stage by these markers.  Important to know different maturation stages because leukemias can be identified by the maturation stage seen.

PIC:  Thymus is an organ derived from pharyngeal pouches/infoldings in embryo ( early in life representation of different Ags on all cells of the body (learn to recognize self).  There are stromal cells in thymus (like stromal cells in BM), MHC Ags and self Ags; various T-cell Growth Factors (e.g. thymopoeitin) made by thymus.
It is absolutely essential that you have a functioning thymus at birth.

DiGeorges Syndrome: kids w\o thymus, abnormal T-cells; missing ½ of immune system, they 



Don’t have CMI, kids die before infancy because T-cells not provided.
Tried transplant of thymus tissues from newborns with surgery, tried to save early thymic tissues to give kid with DiGeorges Syndrome, not much luck.
Thymectomy – adult, take out thymus, acceptable for MG 
Myasthenia gravis (MG): autoimmune disease where Abs destroy or block receptors for acetylcholine (Ach), a neurotransmitter.  Causes muscle paralysis.  First attacks small muscles especially those that keep eyes open; will spread to diaphragm ( death. 
To stave off effects, do thymectomy.  Thymus still seems to function after surgery, maybe because there are rogue lymphocytes left, which are able to make Abs.
Normal function of thymus is crucial for T cells to develop proper CDs (CD4, CD8) to ensure normal immune response.
Maturation of B cell (human ‘B’ for BM; chickens: bursa fabricius) by undergoing maturation in BM itself; don’t have to migrate for maturation.
Ab is made of 2 heavy chains and 2 light chains
Heavy chain (Fc) is for different functions of Ab; binds onto PMN.  The Fc portion is the area with the greatest number of variations.
Light chain (b) is for different specificity; binds onto Ag
Progenitor B cell ( pre B cell ( reshuffling of genes on chr 14 ( reshuffling of genes on chr 2 and 22 for light chain ( mature naïve B cell Ab (has not yet encountered an Ag) ( encounters Ag ( forms classes of IgM, IgG, etc ( Memory B Cell or








  ( Plasma cell (primarily makes IgA; located in mucosal surfaces 







       such as lungs, tears, GI tract, sweat, milk, etc.  Coats and 







       protects internal surfaces).  
Leukemias (can affect red cells; blood forming cell cancers); 

Two major types: Lymphatic and mylocytic

T and B cell leukemia: cancer cell  involving cell line; a mutation can occur at any maturation 

stage, and need to know which maturation stage involved for type of treatment.

B cells and T cells are not independent; they must cooperate in all immune responses,


CMI response – viral infx


Humoral response – bacterial infx; all cases get both CMI and humoral response

FIG 7-1 start w\ mø phag Ag, breaks it down, and presents most Ag portion to CD8 cells.
If intracellular growing organism like TB, listeria, or viruses, presentation of Ag by MHC.
T helper going to do initial recognize of Ag.
Any infx get inflammation ( cytokines ( production of IL-1 (fever; vasodilatation, signal from macs to lymphocytes to mature).  T helpers (CD4) ( IL-2 ( ↑numbers of T-helper cells ( more IL-2 and INF-(; stimulate CMI ( turn on NK cells and more møs = CMI response for direct cell killing of virally infected cells.
In TH2 cells, make(’d amount of different combinations of ILs, turn on B cell to undergo mitotic division to get clones of B cells and right Ab on surface to make much Ab to get rid of initial stimulate activation of B cells, get normal cells and memory cells and T lymphocytes to get further response at later date to this particular Ag.
TABLE 2 in lecture manual: partial list of activation of lymphocytes


Lymphokines – secretions that T cells can make
Need control mechanism to turn off process = suppressor (T reg) cells (CD8); feedback control to BM to tell it to make more neuts because of inflammation.
There are lymphokines to aid in healing process; infx and cell damage, small lymphokines activate fibroblasts (collagen and connective tissues protein) all related.
Monoclonal antibodies (get an Ab from a hybrid donor)

Rituximale
To make monoclonal Ab:

Immunize mouse with Ag, Take out spleen, which now has B cells capable of making Ab against Ag, put this in tissue culture and add myeloma cell (plasma cell cancer), Take cancerous cell and fuse specific B cells on immunized mouse with cancer cell line ( have hybrid donor, have info on Ab X ( cancer cell can undergo innumerable proliferations and continue growth; go through  careful selection because within isolate cell making specific Ab
Isolate cell growth from tumor, tumor secretes lots of Abs, opsin.  Make Ab to T lymphocyte (so called monoclonal Ab because take some lymphocyte with info from part Ab, fuse with cancer cell, grow huge clone T make 1 Ab (highly specific) and target a particular cancer cell; make buckets of reagents, infuse in patient with tumor, grow this particular cell.
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MAJOR HISTOCOMPATABILITY COMPLEXES

Macs are well suited for breaking down Ag and presenting it by MHC (a series of inherited genes).

These are what gives each person their identity. This is why you can’t transplant tissues (except identical twins).  The reason for diversity is so that when a new disease breaks out, at least some people will be able to respond to it (their MHC’s are better at presenting that Ag), and helps keep the whole population from being wiped out.

What’s the difference between T cell with MHC I vs. MHC II?

MHC I is on all cells of the body.  Its function is to present INTRAcellular Ag; common in virus-infected cells.  The virus is degraded to particles, which are then is attached to MHC I (a protein made by RER in that cell).  It then gets delivered by the Golgi to the cell membrane.  This signals the TH cell which then helps it.  The TCR on the TH cell identifies that the MHC says “self + Ag” = “need help!”. T cells are more prone to intracellular infections than B cells.

MHC II is on immune cells only.  Its function is to present EXTRAcellular Ag; common in bacteria-infected cells.  The process is the same as above.
IL-1 is a cytokine produced by activated mac 

IL-1 starts inflammation process; have Receptors for IL-1 on nerve cells in brainstem, causes ( in body temp from fever and lose appetite ; 

Stress(, adrenal glands ( cortisol, supp immune system, get cold

Every TCR recognizes one Ag; recruits particular T cells that has TCR for responding to Ag mac has on surface 

TH comes along with TCR (to recognize Ag) ( activation of T cells( IL-2 (a cytokine from TH) ( clonal proliferation of lymphocytes( differentiation into TH1 and TH2

Must have mitosis to make big clone of lymphocytes from this Ag

IL-2 causes proliferation of this clone, activates other lymphocytes (e.g. effector lymphocytes come along) ( activates cytotoxic lymphocyte ( response to kill particular cell type (CMI)

These T cells then activate Humoral immunity (as well as stimulating more CMI)

T cells secrete a cocktail of IFNγ and ILs: 4, 5, 6, 10, 13 ( development of MHC II ( turns on
B cells ( undergo proliferation to make Ab X for Ag X 
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B development process (FIG 5-10)

Pro B cells cell (can’t make immunoglobins) ( makes heavy chain of Ab ( pre B cells (immature)  ( rearrangement of genes ( light chain



Heavy chain and light chain come together at  “finger ends”

Immature B cell will display particular immunoglobin with specific receptors (BCR).

Now mature but naive (‘virgin lymphocytes’); has no cytoplasmic Ab (it’s all on surf memb)

Cell encounters Ag ( stimulate tH-2  ( differentiation to plasma cell (with lots of cytoplasmic immunoglobin to secrete Ab) ( also get B memory cells.

FIG Clonal proliferation and activation of lymphocyte:

Clonal proliferation or clonal expansion: 

B cell capable of responding to particular Ag ( naïve mature immunocompetent B cell then expresses IgM and IgG immunoglobin type class of Ab


Type of class Ab belongs to is a characterized by heavy chains

Ag stimulates ( lymphocytes undergo clonal expansion ( 1( response: Switch from IgM 

(5 pronged immunoglobin) to IgG (more specific and not as big a molecule as IgM)


Booster – more IgG

How to tell a B cell from a T cell


Can’t tell one from the other with Wright stain smear


In peri blood, most lymphocytes are T cells, 60-80%


Majority of TH in peri blood 2:1 (TH: Tsupp)

In cytoplasm, no difference except killer cells (TC or NKs) are bigger, have more cytoplasm.

The difference between lymphocytes is in the surface markers


T cells have TCR or BCR



TH and macs have CD4 on surface



Tx and Treg – have CD8 

Methods for identifying T cells 

Sheep cell rosette test
Take blood and layer anticoagulated blood sample on top of density gradient separation media solution, called hypague ficall – so heavy, blood will lay on top. Then centrifuge blood; all RCs go to bottom; then PMNs, then ficall hypague, then a cloudy layer of lymphs and monos, then plasma with platelets at the top.


| Plasma
| – have platelets in there


| L/M

| – lymphs and monos; pipette this layer off, wash with buffer


| F/H

|


| PMNs
|


| RBCs

|
After pipette and wash T L/M, add sheep RBCs (sRBC) ( sRBC binds to CD2 on T cells

( Get lymphocyte with circles of sRBCs attached to them.


T cells are the ones with sRBC rosettes; B cells have none.

This test is not done anymore; takes too long.

Monoclonal Ab
Use Mab – have hybrid donor cell line from cancer Ab; stick this cell into tissue culture or inject into mouse, get lots of specific Ab made by lymphocyte you originally fused with cancer cell to make hybrid donor (have reagent)

You can make Mab T CD4 or Mab T CD8
CD4 + Ab Mab + fluorescent tag on Ab (green fluorescent tag); 

CD8+ Ab Mab + fluorescent tag on Ab (red tag)

Put them in flow cytometer and count them like Xmas balls; 

Get exact CD4 + cell count and CD8+ cell count

Done for AIDS patient to monitor CD4 cell counts; as CD4 ( (200 cell/mm3), start drug therapy; otherwise have AIDS symptoms (close to immune collapse)

Some special functions of T cells

Tissue rejection is caused by T cells

Hyperacute Reaction: occurs when transplanted organ does not vascularize during the surgery.

2( (Delayed) rejection – within weeks or months, ( Tiss or organ rejection, slow with CMI

BM Transplant – GVHD (grafter vs. host): Donor bone marrow mounts tissue rejection in host. 


This can benefit the host if the donor T cells kill off the host cancer cells.  However, too much can 


kill the patient.  Need immunosuppressive drugs; can’t be exposed to any more Ag.

Involvement in autoimmune disease (e.g. Lupus)
Killing of cancer cells


Cancer cells may not be very antigenitic, so are not recognized by CMI.  If you can mark cancer cells with something (e.g. vituximale) that enhances their antigenicity, they can be recognized more easily by T cells.

B cell Identification

BCR on its surface is unique; BCR has Abs on surface; able to id Ag 

B cell with Ab + Ab from rabbit + fluorescent tag (see fluorescence, easy to id B cells circulating in blood. 
Functional test for TDH cells ( delayed hypersensitivity testing (e.g. TB test)

Inject TB cell wall material under skin, draw circle around it, ( + test; then go in for X-ray

+ indicates you have TDH cell that are capable of recognizing cell wall Ag injected into skin.  TDH cells take days to illicit inflammation response; if TDH cells say ok, other T cells say ok too.
If patient does not have good T-cell function, do TB test

Anergy – in vivo test

To determine if patient has good T-cell function, take Ag from streptococci and inject it or cell wall from Candida into patient ( if no + response to this agents, says maybe person doesn’t have good T-cell function
Another way to measure if T cells are functioning properly

Mitogen Testing

Mitogen (plant extracts) will stimulate lymphocyte proliferation.  If lymphocytes are normal, should be able to add Mitogen to lymphocyte cultures ( see proliferation, mitosis of lymphocytes in culture. Various kinds of mitogens: PHA and Pokeweul mitogen (PWM)
Another way to determine whether lymph function is to look at lifespan of lymph
Isolate lymph, lethally irradiate lymph to induce chromosome damage ( stick lymph back into patient ( look at disappearance rate (they die when they try to go into mitosis)
Get indication, of how long lymph circulates before get activation and die

Determine some lymphs are long lived, can circulate between 2-4 years and many live 10 years or longer, these are memory lymph (as long as don’t contact w\ Ag, this circulate and on patrol).

Long lived ones (memory cells)

Short lived ones (probably newly activated, making Ab or result from current infx, quickly go into lymph nodes, die off)

1( immune diseases: born with something wrong with immune system
Congenital, but not necessarily hereditary
Lymphocyte enzymes: ways to characterize lymphs in addition to immunological markers, lifespan, response to mitosis, or anergic response

 TdT forminal deoxynucleotidyl transferase
Only found in immature lymphocytes; can measure the number of them.  Seen in leukemias.

Necessary in early shuffling of genes to make TCR or BCR (highly specialized binding sites)

In early development of lymph because of established BCR or TCR, you expect only T lymph activation in early thymocytes of very early pro or pre B cells)

Similar to ELISA, process to id presence of TdT in cytoplasm of lymph by using Ab with tags to id lymph. Id of TdT is significant in leukemias characterized by early B cells or T cells.  Acute lymphocytic leukemia is made primarily of thymocytes, so try this regiment of chemotherapy instead of this regiment. 

ADA – adenosine deaminase


Another enzyme necessary for early shuffling of genes

If have deficiency of ADA, there are no receptors, and there is accumulation of deoxyadenosine in cells ( highly toxic ( T cells die 
Causes SCID – severe combined immunodeficiency



Affects not only T cells but also B cells
Boy in bubble had neither B cells nor T cells; lived in sterile plastic bubble, everything had to be sterilized; kept boy alive until 12, any exposure to Ags or pathogens would kill him; died due to complication of BM transplant
Trying now to insert gene for ADA ( put it into virus vector of some kind
Problem: can’t control where virus going to go into genome in patient
Many cases where kids do well and develop leukemias because virus inserting ADA gene and viral genes.  Go back to drawing board to control where put gene in

This is a 1( immune defect

DiGeorges syndrome – kid born w\o function thymus, so have stem cells with no home.  

Can’t produce T cells, so there’s nothing to activate B cells. 
Comparable problem on B cell side: X-linked Agammaglobulinemia

This disease has deficiency of B cells, results in severe deficiency of gamma globulins IgG


Kids don’t make Abs as should, therefore recurrent infections 

X-linked so boys get it more than girls

Selective IgA Deficiency (secretory type immunoglobin on all mucosal surfaces)


Epithelial layer is one layer thick, so to protect them, secrete immunoglobin
but if have this disease, you don’t make IgA as should; patient don’t have much ( in response disease and gut related disease, but have ( an allergic reactions and autoimmune disease because you don’t have protective layer of immunoglobin in lungs and gut

2( immune deficiencies
Acquired; e.g. HIV (have intact immune function initial), acquired virus, become immune deficiency. In US, more people living w\ HIV not dying w\ HIV because drugs there available (US rich enough), can survive long term; drug not pleasant. Pandemic – no country in world w\o HIV; 1 in 5 in Africa have HIV, adult pop wiped out

Other 2( immune deficiency: malignancies develop cancer somehow causes immune deficiency

If have heart failure as result of cortisol production, causes immune suppression

Nutritional problems

Various drugs causes different immune deficiency
Less exotic disorders, more common problem of lymphocytes

Lymphocytosis or lymphopenia
Causes of lymphocytosis:

Acute viral infx (must common): lymph very effective at fighting viral infx; neuts not good at 

Fighting viral infx because too small to phag



Ex of common acute viral infx:





EBV (everyone been exposed to EBV)





Infx mono (terrible shape, common disorder)





Hepatitis




CMV – cytomegalovirus (get lymphocytosis)





TB (get lymphocytosis)





Leukemia (get relative lymphocytosis (( n neuts)





Rhinovirus (must common causes of colds; get lymphocytosis)



Ex of causes of lymphopenias:





AIDS – as progresses, get it





Autoimmune disorders 





Cancers suppress immune system




Patient w\ heart failure, cortisol produced instead of something (, causes (
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Infectious mononucleosis

Caused by EBV, Epstein Barr Virus
Diagnostic test is monospot test based on HAbs

Flu symptoms, fever, sore throat, lymphadenopathy, esp. cervical lymph nodes. 
Takes 3-4 wks to get over, long time to get over infx mono
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In blood, absolute lymphocytosis; with atypical lymphocytes (characteristic of infx mono)– large cytoplasm that looks runny, on blood smear looks like old egg, cytoplasm all over place.  Patient also develops Ab – heterophile antibody, used for diagnostic purposes.

Heterophile Ab – Ab that reacts w\ another Ag (e.g. GP kidney) other than the one that initially stimulated the body or has cross reactivation with Ab.
E.g. if take guinea pig kidney or horse kidney, grind up, give to bunny, bunny will make Ab to GP kidney because another animal (rabbit Abs make also causes sRBC to agglutinate)

GP kidney ( bunny ( Hct Ab + sRBC ( agglutination
Test dates back to 1920s (no AB and no vaccines)


Kids died from diphtheria – early diphtheria (now vaccinated at 6 wks of age)


DPT – diphtheria, pertussis (whooping cough) tetanus

From infancy, start DPT (otherwise bacteria plasmid ( toxin ( grows in respiratory tract ( kid get coagulation proteins ( kid can suffocate); it’s a big childhood killer

Whooping cough bacteria live in cilia of respiratory epithelium, causes tangle of cilia, get reflex, can’t cough outwards, just upwards.

Tetanus (a NT; lockjaw) –  clostridium (an anaerobe, likes to grow in dead tissue wounds)


No good vaccine for diphtheria then
Tx kids w\ antitoxin: inject horse w\ diphtheria toxin ( develop antiserum antitoxin ( give to kid, neutralize toxin ( kids develop serum sickness (happens any time antitoxin from another animal, get residual Abs rxn with anti-serum)

As result of Ab rxn: fever, joint pain, muscle pain, swelling, skin rash (not life threatening)

Serum sickness symptoms resemble rheumatic fever, 1920-40s (complication of strep throat, treat w\ Abs, strep goes to kidneys and heart valve inflammation as result of strep)


Rheumatic fever – get fever, joint pains, similar symptoms
While looking for HAbs as disease of rheumatic fever and serum sickness
JR Paul – looking for presence of HAbs
W.W. Bunnell – using control serum, found his titer of HAb in control serum; whose serum started with IM.  Paul and Bunnell made presumptive Heterophile Ab test; not useful for serum sickness or rheum fever, but stumbled on test for IM.
HAb test: take serum, inactivate for complement by heating serum to 56(C for 30 min


Take serum from patient and make dilution initial 1:7, then 1:14, 1:28 … with just saline


Add 2% conc. of sRBC to dilutions, incubate for 2 hrs


If patient has HAbs, get agglutination, + clumping of RCs in bottom of tube

If patient Abs are 1:224 titer (dilution), patient has IM (anything above 112 is + presumptive HAb test for IM)

Titer is the highest level of dilution of Ab where there is no more reactivity. 

In IM, can go to thousands with some patients.
HAbs appear during 1st two weeks, so patient has these non-descriptive symptoms (headache, slight fever, sore throat).  To determine if IM, need some other test method

This is 1st early test; nearly every case, get high titer of HAbs 1st few wks, peaks 2nd and 3rd wk, can persist 4-8 wks, elevated HAb titer. Titer shows no relationship to severity of disease, some people have high HAb titer, some will not.  Some are negative for HAb, if don’t have + HAb titer but patient has classic symptoms, test for specialization Abs to EBV

Fluorescent Abs tests can be done with EBV infx cells, need specialized equip, more expensive, no one wants to wait 2 hrs for test to incubate
Differential Absorption Test (definitive test for IM)
Most common test done in clinical lab if person has IM.

Modern HAb test, Davidson showed that HAbs in normal serum and people who had serum sickness also had HAbs, you could absorb out normal HAbs or HAbs as result of horse serum injection.  If absorb serum w\ HAbs w\ GP kidney or horse kidney 1st, HAbs does not get absorbed w\ GP kidney or horse kidney. If add beef RBCs, HAbs of IM are absorbed out

HAb is not absorbed in IM, so they are still available to bind with beef RBCs.
How test works: IM monospot test uses differential absorption process

2 wells, have a kit, comes with plastic coded cards, take serum from patient, put couple drops in one well and couple drop n 2nd well.  Add absorbent, in 1st well, add GP kidney (ground up suspension).  In 2nd well, add beef erythrocyte stroma (take RC membrane of cow blood cells, lyse them, use RC membrane). Mix serum, add horse RBC (more S; an indicator), this enhances test if more S indicator.  In positive sample, if absorb with GP kidney, GP kidney absorb out all HAbs except HAbs associated with IM.  Beef erythrocyte stroma take out HAbs of IM and all other Abs.  Add horse RBCs, get agglutination because have IM Abs and none here because absorbed out.  
Positive Monospot = 1st circle agglutinates (serum + absorbent + horse serum)





    2nd circle does not agglutinate (Beef erythrocyte stroma)

Negative Monospot = neither circle agglutinates

+ patient test result using Davidson differential absorption test (monospot test), take couple drops serum, add to two diff wells. 1st well: ground up GP kidney, absorbs out HAbs not associated with IM. 2nd well: add beef erythrocyte stroma, takes out IM HAbs and all other HAbs. Add horse RBCs because to well #1 because still has HAbs of IM, need to horse RBCs and causes agglutination because IM HAbs, all gone when abs out beef w\ beef erythrocytes.
Negative test: do same thing, abs out all HAbs, no HAbs here, no agglutination in both wells

History of EBV
1958 Burkett – discovered in African kids a malignant tumor of lymphocyte system
This tumor in African kids, huge swelling around jaw, called Burkett’s lymphoma (tumor of lymphocytes)

1964 – Epstein, Achong (left out, no credit), Barr
They grew tissues from Burkett’s lymphoma, grow in tissues culture, observed virus (EBV)


Established that this is tumor characteristic with virus associated with it

1969 – Henle

Observed Abs in Burkett lymphoma patient against EBV virus



African kids formed Ab to this tissue


EBV Abs in healthy, normal control serum in American kids


Why EBV Abs in normal kids and African kids with Burkett’s lymphoma?

lab tech working for Henle, develop IM; previously been growing their lymphocytes in tissues culture, couldn’t; after getting IM, took cell, can now grow readily
Found EBV virus; this thing associated w IM

Why do African kids get huge tumor and American kids have EBV Abs?
Answer: you had IM as kid; IM if acquired in childhood, not serious as would be as adult.
Kids pick up cold, could have been IM; you probably have Ab titer to EBV because you had it as kid

African kids develop huge tumors because EBV infx because of other infx the kids acquired


Often + for malaria, other viral infx, why they develop tumor as result of EBV.
plant common in Africa called African milk bush, white sap, grows all over, used to make bushes along garden, fences, used as glue in their school books, if eaten, can cause tumor; may stimulate cancer.
EBV a oncogenic  virus (oncogene = gene associated with cancer; can mutate into cancer)
EBV causes activation of proto oncogene called myc

If myc stimulate or mutation in proto-oncogene, get oncogene (a cancer causing gene)

EBV can causes translocation (of one piece of chromosome 8 to chromosome 14)

The presence of Anti-EBV = presence of IM
EBV is member of herpes group = DNA VIRUSES
Herpes simplex, HSV I (many +; cold sores around upper mucosal surface)
HSV-II: genital tract
HSV bad because carry for life; can hide out in nerve ganglion (get cold, UV, Resistance goes (, activates virus that moves along nerve tracts ( cold sore

HSV II does same thing in genital tract

EBV a herpes virus, has oncogenic abilities, once infx, can shed virus for up to 16 months.  Don’t know incubation time.  Also called kissing disease because can shed virus in saliva. 
Even if you never had the virus, no neuts Abs, yet could acquire virus and get IM

IM only occurs in individuals who do not have Abs; once acquired virus, have EBV Abs for rest of life.
What happens in this disease?

B lymphocytes become infx

EBV targets ( B lymphocytes (CD21 = binding Receptor for EBV virus to latch onto, and that’s how it enters) ( proliferation of T cells (atypical lymphocytes of TH and TX) ( Cytokines released: IL-1(fever), IL-2 (proliferation), IFNγ z (tiredness).
As result of infx of B lymphocytes ( proliferate ( response, immune system makes T lymphocytes; bulk of atypical lymphocytes


Immune system will try to get rid of infx B cells; so make T cytotoxic to kill off B cells
As result of proliferate of T cytotoxic cells, get large # of atypical lymphocytes in circulate blood; atypical lymphocytes characteristic of IM because cell respond to infx, why get lymphadenopathy, where cell coming from and homing to.

Get hepatosplenomegaly, enlargement of liver and spleen
Atypical lymphs, cytotoxic lymphocytes invade liver and spleen (where lymphocytes proliferate and dividing); contribute to enlargement of tonsils and sore throat (if huge tonsils, know likely have IM)

Clinical manifestations
Disease occurs n both sexes, both equally susceptible to get IM

As young as 4 month infant and 70 year old male; all age ranges develop disease

Most common, 15-30 years of age

Most people develop in childhood a subclinical form


Won’t see IM as much in tropical counties and American black (it’s socioeconomic- poorer 



Kids share their toys and food and contract the mild form while they are young)


If get when little, not as serious


Upper income kids exposed to all people, pick up virus and serious form of disease
Incubation period uncertain

Onset of disease, vague, indefinite, lack of appetite, headache (any viral disease can do that); difficult to make diagnosis
Fully develop disease from 1-3 weeks (aver) can go on for months

Chronic fatigue syndrome might be related to EBV infx


After month or so, get over it rapidly
Cervical lymph nodes 1st to get swollen, axillary, inguinal nodes follow


In spleen, 50% patient develop splenomegaly
If margins of liver and feel outline of spleen, have splenomegaly
10% get hepatomegaly (also abnormal liver panels) and can then get hepatitis.
Common combination of test is various enzymes should be normal level if normal liver function

( In liver enzyme if patient has hepatomegaly (hepatitis as complication of IM

Skin rash (not common)
Anemia (rare)
Thrombocytopenia (rare)
B-cells infected as result of B cells, T cytotoxic cells, disruption in immune reg, develop Auto Abs to platelets and RBCs

( Platelet count, ( bruising, drop in platelet count, called thrombocytopenia

Develop Abs to RCs?  Anemia; RC #s drop, get pulled out of circulation by spleen or lymph because Ab on it


If need blood transfusion, funny rxns when do cross match in patient with IM


If Abs on RCs, get clumping

Those are hematological complications that can occur as result of IM

Laboratory findings
Important role in diagnosis IM; clinically, not real signs that distinguish this disease
Classic findings of lab is atypical lymphocytes


These cells have different morphology than normal lymphocytes

Attempts to classify atypical lymphs, called virocytes, Downey cells, reactive lymphocytes
Most successful mechanism to classify cells is Downey classification
Downey type I cells
Small little lymphocytes, often have deep cleft instead of round cytoplasm a darker blue color; cells have vesicles in them, like not healthy (probably infx B cells).  

Downey type II 

Largest # cells with atypical lymphocytes. ( Amounts of cytoplasm, cytoplasm is runny (like old egg in frying pan). Get scalloped edges, next to cells, cytoplasm thicker, darker blue edge t it

Cytoplasm is clear, light blue. This cell is activated lymphocyte, cell newly undergone division, T cytotoxic out there trying to kill off infected B cells. Enlarged nucleus, chromatin not as condensed as in normal lymphocytes; looser chromatin.
Downey type III cell (more rare)
Very dark blue, enlarged nucleus, enlarged cytoplasm; cell recently undergone division (may have nucleoli in through); almost looks like plasma cell.

(By the way, Downey III resembles plasma cell cancer = diagnosis of Multiple Myeloma 

(MM) Plasma cells should be in the lymph nodes only, not in peri blood)
IM, give it time, get over it. During acute phase, see atypical lymphocytes in circulate blood

Get absolute lymphocytosis with IM.  Most lymphocytes are T lymphocytes (T cytotoxic)

Find atypical lymphocytes with other viral diseases, too.
If hepatitis or viral pneumonia, get atypical lymphocytes; but won’t find same #s

Only IM has such huge numbers of atypical lymphs
CMV (cytomegalo virus)

Similar to IM, get atypical lymphocytes

CMV is related to herpes virus as well


Both IM and CMV, can acquire disease in blood transfusion
Blood transfusion
Getting IM or CMV after blood transfusion = post perfusion syndrome

Any diseases from blood transfusion = parentally acquired)
IM and CMV are not screened for in blood transfusion; they don’t bother to check. 
Hip replacement is one surgery that requires 5-10 units of blood
IM or CMV?  Do HAb test
CMV: HAb test is negative (Then prove CMV with anti-CMV Ab test)
Kaposi’s sarcoma
Characteristic symptoms for AIDS patient is purple spots all over body, 



There is a milder form of this disease in Middle East in elderly males



1st symptoms in AIDS patient, Kaposi’s sarcoma



Associated with immunoincompetance and herpes 6

Next leukemias
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How does presumptive test work?

Principle: HAbs; this is disease where get formation of HAbs

HAbs is an Ab that reacts with a different Ag than the one that initially produced Ab
IM – get specialization Abs to EBV, causes formation of HAbs, considerable titer


What’s titer?  A quant # reciprocal of dilution; indicates what level of Abs formed


HAbs react with original target and x-react with something like sRBC

Get high titers of HAbs characteristic of IM

Detect HAbs with presumptive test:


1) Inactivation complement by heating to 56C for 30 min; inactivation complement?



Agglutination; if complement present, what happens?  Lymphocytosis

If agglutination (due to binding of Ab to Ag) and complement present, complement will bore a hole through membrane

If complement, get agglutination but would not see because causes hemolysis

Inactivation complement to see agglutination

With hemolysis can’t tell as well

2) Make dilution of serum with saline (a salt solu, 0.85%, isotonic; add RCs, they won’t lyse)


3) Add sRBC, incubate, in presence of HAbs, get agglutination of sRBC


min dilution for IM is 1:224; anything above that, person has IM


Seldom done, too much waiting

Differential test for IM; monospot


1) 2 drops of serum; to 1st well, add ground up GP kidney for all HAbs except for IM


2) to 2nd well, add beef erythrocyte stroma membranes



Beef take out all HAbs, and HAbs of IM

When add indicator cells (horse RBCs, more sensitive than sRBC)

In 1st well, if + patient, see agglutination
Confirm with 2nd well, if + patient should show no agglutination
LEUKEMIA

leukemia is a cancer of blood formation organs, as result, get abnormal WCs on BM, spill over to peri blood; as abnormal cells proliferate, replace normal BM, patient have anemia, thrombocytopenia, death

Leukemia – cancer blood forming cells (abnormal cells)


Any cancer, abnormal cells and abnormal cell growth


As cells grow, replace normal marrow, patient develops anemia, thrombocytopenia, death

A fatal disease; BM transplant can make patient survive

Diseases similar to leukemia (normal cells but ↑numbers)
Myeloproliferative  or myelodysplastic disorders


You get purposeless proliferation of various cell of blood
Cells not necessary abnormal, for some reason, you have wild proliferation of cells, this disease can lead to outright leukemia
MYELOPROLIFERATIVE DISORDERS (Preleukemic conditions)
1.  PRV polycythemia ruba vera is a myeloproliferative disorder


Proliferation of all various cells of blood, patient develop ↑ RCs, ↑ WCs, ↑ platelets; skin 

ruddy colored because↑ RCs (where ruba comes from).  Blood thicker and thicker; not good 

for cardiovascular system.  Can develop acute myelocytic leukemia (AML).

Have overabundance of cells of blood and stromal population of marrow

If have overgrowth of stromal cells of marrow, leads to fibrosis/sclerosis (get thick fibrous tissues); normal marrow is crowded out, leads to myeloid metaplasia (i.e. BM formation must go elsewhere, to spleen and liver)

2.  Myelofibrosis get fibrosis of BM stromas cells, can’t support normal blood formation in marrow, leads to myelometaplasia.  Dry tap bone aspirate; need biopsy; Fibrosis = diagnostic.
3.  Myeloid metaplasia

This combination disease (myelofibrosis with myeloid metaplasia) is common in late, middle age, and older; Median age is 60 at time of diagnosis.
Patient shows chromosome disease, develop over 1-2 years, patients have splenomegaly and hepatomegaly because of myelometaplasia

Generally unresponsive anemia
Means give patient iron, vita B1, nothing works, gradually worse, patient shows mild bleeding because no normal # platelets, show fatigue, loss of weight, night sweats, (night sweats indicate BM problems), bone pain (any cancer shows these)

Lab – patient have anemia, RBCS abnormal morphology, being made in spleen and liver, spleen not working as should (now a site for BM of cell production); 


Immature RBCs

↓ Platelets (although maybe normal platelets); can have giant platelets.

Patients tend to have WBC count 10-20000


Release mechanism doesn’t work as well if have myeloid metaplasia


Do bone marrow aspirate get dry tap
↑ WBC or funny RBCs because myeloidmetaplasia


↑ uric acid

Various leukemias and cancers, have ↑ uric acid; uric acid is a breakdown product from nucleic acids



↑ Cell formation, ↑ cell breakdown, ↑ uric acid


LAP - leukocyte alkaline phosphatase
Do LAP test, all normal neuts should show LAP; this is test done to determine leukemoid rxn from leukemia
n leukemoid rxn, see ↑ neuts, shift to the left (pronounced), 50000-100000; myelocytes present; look like CML; does this patient have CML or leukemia rxn?

Have normal cell but terrible infx causing huge ↑ WC count

If patient has leukemia, cells aren’t normal, so will not have LAP



Do this test for myelofibrosis w\ myelometaplasia; patient has elevated WC count


A preleukemia condition, normal cells not being made in normal #s; LAP should come 

up normal t ↑

If disease converts, 20% patient go on to become blast-like, resembles acute AML, have loss of LAP 


Disease chromosomic and can go on 1-4 years


Anemia gets progressively worse, enlarge spleen, liver, uric acid so hi, kidney stones



Kidney stones one of the most painful processes

Uric acid ppt out in kidney, get rocks that get loose, move through ureter, causes great pain

A good ex of a type of condition that is myeloproliferative, myelodysplastic, Preleukemic condition that can occur previous to real leukemia
With myelodysplastic, myeloproliferative diseases, get hyperplasia (good pathology term; ↑ #, ↑ production of cells); cells not abnormal, got ↑ production of cells
Opposite of proliferative disorders:
Aplastic anemia
Group of disorders characteristized by pancytopenia (patient has anemia, neutropenia, thrombocytopenia, all various cell types.
BM hypoplastic is empty, neither stromal cells nor marrow cells doing what supposed to; no underlying causative illness.  Incidentally, the term Metaplasia = cells move to abnormal site.  Idiopathic thrombocytopenia purpura: ↓ Platelets; bruises because not enough platelets; don’t know what’s wrong, don’t know how to treat.  Aplastic anemia can often be idiopathic; Marrow is not working; SCs are not undergoing mitosis as should.
CAUSES OF APLASTIC ANEMIA

1) Stem cell failure (most common).  Take BM of patient, put in culture, no growth.

2) HIM defect (stromal cell abnormalities).  Most difficult to diagnose.  Put BM into culture, and it grows ok.  In body, not getting cofactors made, not producing something; possible because can do aspirate of BM biopsy, put marrows cells into marrow culture, add neupogen, erythropoietin, will get marrow cells (something in BM suppressing them)


3) Immunologic suppressive condition acquired or congenital



a.  Congenital Fanconi Anemia: Kid is born with minimal activation in BM; rare



b.  Acquired immunosuppression


     1) Ionizing radiation, includes X, gamma rays, radiation due to nuclear 



accidents, nuke bombs; as result of radiation, damage to marrow SCs, this causes 



aplastic anemia. Also causes of cancers and leukemia.  Radiation lesser damage, 



mutation disrupts normal regulation, cell can’t mitosis.


     2)  Chemical agents can causes aplastic anemia

Benzol and derived benzene (a good solvent, 6C ring, any organ substance readily dissolves); mild exposure to it in inhalation → leukemias or transient anemia

Have hi doses, leukemia and aplastic anemia; non-reversible

Aplastic anemia can convert to actual leukemia.  Other drugs causing it: chloramphenicol, and phenyl lontasone
3)  Hepatitis viruses
4)  Idiopathic
Lab Findings = pancytopenia, anemia, low WC count, low plat count; RCs conversion to fetal Hgb (gets higher). Fatal blood vessel bleeding and hemmorage (poorly responds to infection)

Treatment of Aplastic Anemia: BM transplant and chemotherapy (immunosuppressive)
What is leukemia? (White blood)
Term coined by Virchow (tried to determine why ↑ WC counts); patient w\ ↑↑↑ WC counts

Bennet made same observation, WCs due to pus; no idea why person had pus formation
Virchow – subdivision of leukemia

1) Splenomegaly (myelocytic; enlargement of spleen)


In CML, huge WCs, storage place is spleen, a sign of myelocytic leukemia

2) Lymphadenopathy (if have this, then lymphocytic leukemias)


Virchow, some patient only short life, disease rapid, noted, acute forms; seem to be other forms where patient went on longer, give drugs, temp relief, on strictly observed, determine, ah, 2 major types of leukemias, acute and chronic forms

Erlich – staining blood cells
Take blood of patient, stain cells, WBC of myelocytic w\ distinct cell and lymphocytic with distinct cells; so two major forms of leukemia
Nagle – Swiss hemotologist; some cells present in acute leukemia, first to describe a myeloblast 

Schilling – differentiation described a monoblast

Difference between myeloblastic leukemia and monoblastic leukemia
Today there are recognised chronic and acute leukemias

Acute (lifespan months; all blasts, some pros; immature cells): 
Acute - more immature cell forms; immature cells arrested develop, can’t form more mature cells, stuck; only blasts or pros; BM jam packed (lower WC count)

1.  ALL (acute lymphocytic leukemia) 


a) Pre-B cell type


b) Pre T cell type

2.  AML (acute myelogenous leukemia)

M1-M2: AML (acute myelocytic leukemia


M3: APL (acute promyelocytic leukemia)


M4: AMoL (acute monocytic leukemia)

M5:AMMoL (acute myelomonocytic leukemia)

Chronic (patient has disease longer duration; several years; cells more mature):

Chronic – more differentiated cells, enter circulation more readily (CML, 100000+).  


Chronic leukemias have a better prognosis than acute.

1.  CML (chronic myelocytic leukemia)
2.  CLL (chronic lymphocytic leukemia)

Both cases, a BM cancer or BM disorder, cells spill over to peri blood and into tissue
enter circulation, get organomegally, splenomegaly, hepatomegaly, and other enlargements

FAB morphylogical classification (French American and British)
Seperate acute leukemias into lymphocytic and non-lymphocytic leukemias; L1, L2, L3 have characteristic, distinctive morphology of blast cells; Acute non-lymphocytic leukemias, have M1 – M6. Don’t memorize FAB terms, instead use longer terms

Who gets leukemia?
In the time of Virchow (1845): John Mentype, 28, dark perplexion, previously healthy and temperate, entering royal infirmary; sick, listless and tumors in abdomen, arms, groin; Has lymphocytic leukemia (lymph nodes).
Maria Stray, Berlin hospital, lost weight, cough, painful abdomen, Splenomegaly, swollen causing discomfort in abdomen.  Because of age, most likely, chronic myelocytic leukemia.
These are the 1st known patients of leukemia; leukemias around since humans on earth; took time to make diagnosis.
10 new cases per 100000 in population, not common, but devestating, gets attention
60% of all leukemias are acute

40% chronic, =lymph distrib between CML and CLL
men > women

Sex different marked in men


CLL mostly among men (no one knows)

Age distrib


children: ALL peak incidence age 4; pretty young


teenagers and young adults(20-30) > AML, AMMoL = 60% of their leukemias

CML  - common in middle aged adults (rare in children)

CLL – almost never in children, older adults, males 50-70
Ethnic distrib


Acute leukemias, ALL and CLL, less common in Asians (get cancers of stomach)


Asian kids and black kids don’t get ALL as frequently

No one figured out what it is

Nature of causes of leukemia, neither bennet nor Virchow know cause, where they used term idiopathic.  Modern times, can’t say for sure, few viruses are causes

Most cases, many factors
Genetic Factors indicated by animal models (inborn strains of mice, fancy x-bred mice to guarantee a part mouse strain decp part tumor of leukemia (because x-breed mice)

Rodents, domestic animals, feline leukemia virus, dogs, cattles, birds, monkeys, chimps, other primates, leukemias occur

Important factors of causes of leukemia: (never arises from a single cause)
1) genetic: family history indicates ↑leukemia trait, but not directly (like hemophilia).
Identical twins: If one has leukemia, 25% chance 2nd twin will get it.

Down Syndrome (Trisomy 21): 15-50% higher incidence of leukemia.
2) viruses (Ellerman and Bang invented chicken virus leukemia vaccine)
3) trigger factors



age, immunity, physical and chemical agents
4) ionizing radiation


X rays, gamma rays, nuc or atomic radiation


WWII, dropped nuc bombs on Hiroshima and Nagasaki
Records, incidence of leukemia 3 years after bombs, peaked 6 years later, also record dosage related, how far away person from epicenter of bomb dropped.

> 2000 miles, no greater than unexposed people
Small pop, all people exposed to radiation, #s fairly small; personal suscep; 250 cases out of 183 persons survived; #s small
Radiation could contribute to leukemia
Early radiologists, 1911 Jorganic Vienna School Medicine

Reported leukemia among rads; go in for Xray today, lead in wills; wear radiation badges in labs because can get cancer or leukemias

How is cancer caused?  Mutations in DNA; x-rxn between DNA ladder; various enzyme repair damage; aneuploidy; cells have abnormal # of chromosomes (interfere w mitosis), get more chromosomes than should
Structural abnormalities of chromosomes intro if exposed to radiation of Xrays

Only CLL not asoc with radiation
Control own exposuer to radiation; if pregnant, never get X-rays

5) chemicals can trigger leukemia

Benzsol-benzene exposure can cause leukemias
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Aplastic anemia (pancytopenia, ↓ # of all various cells of blood), in BM, hypocellular marrow

Most common cause for aplastic anemia?  Depressed BM, anemia bigger problem (no RCs, patient complains of lack of energy). BM is depressed because SC failure (no good blood production)

If HIM Environment problem, something wrong with stromal cell, not supporting SCs (more rare)

Immunosuppression (more rare)

Common cause of SC failure?  Ionizing radiation exposure, chemicals like benzol
Opposite of aplastic anemia


Myelofibrosis with myeloid metaplasia (fibrotic marrow, stromal cells gone wild, replaced 

blood production; get dry tap, try to aspirate BM, nothing comes up because filled with 

fibrotic tissues, collagen so forth; do marrow biopsy, have hypocellular marrow but marrow 

is not empty, filled with fibrotic tissues)

Get myeloid metaplasia (i.e. going to other places), to spleen and liver

Not good release rxn, funny RCs, nucleated RCs, from peri blood and CDC, why person has anemia, nucleated RCs, something weird, do BM biopsy


Aplastic anemia and myelofibrosis, can also be pre-leukemia


PRV is also a pre-leukemia condition can turn leukemia; person making excess blood, 


something wrong with regulation; 20% of conditions, patient become leukemic
If have leukemia, irregular # WCs and immature blasts (esp. acute), cells not normal, mutation occurred, non-function (PRV, aplastic anemia patient, myelofibrosis with myeloid metaplasia patient, function cells and something wrong with production)

Continuation of factors of leukemias

Viruses cause leukemia
1908- Ellerman & Bang; 1st investigators took chickens with leukemia, transferred the cells filtered for bacteria to healthy chickens, made them sick; figured out a virus was the cause.

Chicken leukemia, chicken cells → cell free filtrate → healthy chicken

Oh, healthy chickens develop leukemia, there’s something you can filter to prevent bacteria, something viral present to induce formation of chicken leukemia
Many avian leukemias; major economic problem. Now there’s an avian leukemia vaccine.
1957 Ludwig Gross showed leukemia transmitted via cell free filtrate to newborn instead of adult mice 1st to demonstrate that viruses cause leukemia, not horizontal transmission (from one individual to next).  Can’t do horizontal transmission in adult mice, only newborn mice.

Vertical transmission from mother to offspring is the most common transmission of animal 


viruses.  Exception: Feline leukemia virus (there’s a vaccine).
Host of different viruses not highly infx, transmitted through germ cells, through placenta.
Most human leukemia viruses are retroviruses (RNA virus; HIV good ex, carries genetic info as RNA
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viral copy to DNA, this inserted to host genome, cause production of new viral particles.  Reverse transcriptionase is from the virus.
2 Retroviruses:

HTLV-I – 1st observed in Japan and Caribbean known to cause leukemia in adult humans (T cell lymphoma); Portuguese traders spread; also IV drug users
HTLV-II (Hairy cell leukemia); cells infx w HTLV-II, serrated appearance of cell membrane.

HTLV-III (HIV) – Robert Gallow 1st  id virus associated with AIDS, Frenchman Luke Mondow; both claimed virus that cause AIDS (patents, money)

There are various factors that trigger formation of acute leukemia
Have a mutant cell because of viral insult, mutation by radiation, mutant cell continues  proliferation, divides divides divides, does not respond to signals in body environment; may not divide more rapidly, just relentless


Blockage, no further maturation, stays immature cell, eating up body nutrients


Cancer is relentless cell growth (not necessary rapid)

Different kinds leukemias: all are malignant and clonal from HSC causing proliferation of early cells and suppression of normal cells.  Not necessarily rapid, just relentless accumulative disease.
ALL- disease frequently of kids


60-70% childhood

Peak age of incidence is age 4; kids that have acute leukemia, most likely ALL


<10% acute leukemias in adults, seldom see ALL over 50


Acute onset, see symptoms of relentless cell growth


1. fatigue - due to anemia


2. fever due to infxs; non-function cells, kids have neutropenia

3. Bleeding – no platelets, thrombocytopenia, bleeding, various forms


Ecchymosis (bruising) – kids bumps against something, huge bruise



Nose bleeding (epistaxis), gingival, Petechia (no platelets, tiny microhemmorages)

4. Lymphadenopathy –  lymph nodes, spleen, splenomegaly, hepatomegaly, kidney enlargement (leukemia cells stuck in kidneys), CNS infiltration
CNS, lymphocytes can go anywhere in body, CNS, meninges in brain; brain does have BBB so give kids chemotherapy, do intrathecal injections into spinal fluid to make sure chemotherapy drugs get to CNS; if do not treat CNS, major reservoir where leukemia cells → back into leukemia (1° source of leukemia cells is brain), have to do CNS infiltration to prevent relapse.
Lab features

In circulating blood, see lymphoblasts (can be T or B cells or earlier)

Most common leukemia is pre-B cell leukemia because of a mutation in gene rearrangement (early steps for B cell develop is rearrangement of genes and new heavy chain in cytoplasm)
65% childhood ALL are pre-B
This leukemia has best prognosis for getting kid into remission

20% of ALL pre-B leukemias are CALLA (common type ALL Ag)

Cells characteristic of this ALL are pre B cell on surface, have common type Ag, CD10 marker for this leukemia; find this marker by immunophenotyping.  

CALLA is also favorable prognosis in kids


If adult develops leukemia, prognosis less; kids, better prognosis

2nd most frequent type of ALL in adults and kids, T cell leukemia


These types have various CD markers on it, CD7 most reliable for id T cell leukemia
TdT - terminal deoxynucleotidyl transferase, early enzymes need for early gene rearrangement to occur to form specialization TCRs


If peri circulate cell, early thymocyte, not normal cell
Burkett-like leukemia

Lymphomas can break away and form what looks like leukemias


Poor prognosis, kid with this leukemia, bad

How to detect different leukemias and CD markers?  
Monoclonal Abs
How are these made? Fuse B cell w\ cancer cell → hybrids make specialized Ab, use as reagent to mark different markers.  Put goat anti-human Ab which attaches to TdT, then add anti-goat Ab with fluorescent tag, run cell through flow cytometer.
Test for CALLA (CD10) can treat CALLA. There are also Monoclonal Abs for other markers present
B cell ALL in adults less common than kids - surface Ig


id B cell ALL, surface Ig on cell membrane, now more mature type cell that has Ig on membrane 
Ig is BCR; got more mature cell by this stage.  In B cell ALL in adults, have surface Ig that will id as B cell.  This cell type has poor prognosis, no good response in adults

WBC count ↑

In 1/3 of patients, cell count normal or low



Depending on stage, how rapidly leukemia cell divides




Just filling BM and not spilling into peri blood, cell count normal or low

ALL where there are a lot of circulate lymphoblasts, get ↑ count, look at blood smear, this person has lymphoblasts
PMN ↓

Anemia
Platelets ↓

Cytochemical stains are tests done directly on cells; can distinguish one blast from another type that looks the same.  (e.g. LAP, blue coloration in normal neuts, tricky test to do properly; you can’t fix more than 30 sec, must be cold, fix more than that, fix enzymes, won’t react with substrate, no good rxn.
Localize and id particular products w\in cell, helps to id particular type of cell you have simalar with blast cells, high N:C ratio, fine chromatin, don’t know what you’re dealing with, ymphoblasts or myeloblasts?  Cytoplasm stains, know cell enzyme present, clue to which cell.
Myeloperoxidase –(H2O2 ( bleach).  In AML +, ALL neg

Sudan black: AML +, ALL neg (easy way to id lymphoblasts from myeloblasts)


PAS (periodic acid schift) AML neg, ALL +


Pick up various glycoproteins; show up as + pink staining granules around nucleus, 


present in lymphoblasts, not in myeloblasts


TdT non-specific esterase AML neg, ALL + always id lymphoblasts (not in myeloblasts)

TABLE 18-6 in LEC MANUAL differentiate blasts

Cytogenic abnormalities

In ALL, 45% patients

If you don’t correct it, will have abnormal morphologies or clinical manifestations and will 
effect prognosis.  Not as good for ALL as AML and various myelocytic abnormalities

Course/prognosis

With aggressive chemotherapy, always use combination of various drugs, high doses initially, then taper.  

For ALL, Chemotherapy drugs must address the abnormal cells in three locations:

1) Marrow

2) Peripherial blood


3) CNS prophylaxis

Remission = no leukemia cells in BM observed


Knock out leukemia cells, get regrowth of normal cells w/o leukemia cells, restoration;


This is considered remission.  After 10 years of remission, person considered cured.
Children in remission 10 years = good.  Probably won’t relapse.
Adults with ALL that go into remission → but relapse (neutropenia, thrombocytopenia, hemmorage.  Cause of death is infection or bleeding)

AML acute myelocytic leukemia

20% childhood leukemia ar AML


Most common in adults


Signs and symptoms similar to ALL, take over of BM by leukemia cells


Lymphadenopathy and splenomegaly not usually present

in AML, # of different morphology varients

M1-6; these are morphology variations of AML, which is prominent cell type?


Leukemia SC gets mutated, capable of some differentiation; depending on which cell type 

Primary cell type is myeloblast

Nothing characterizes this as myeloblast vs. lymphoblast


Auer rod = fused primary grans

Cell incapable of packing them into lysosomes; all enzymes normaly present in prumary granules ppt out and form rod shaped granules still stain as nice red body

If leukemia with few cells, blast has auer rod, is AML not ALL


Only in myeloblast will you get auer rod formation

Needle shaped rods, 1 micrometer in length


Usu got to hunt, once find, ah, this is a myeloblast

10% AML cases will have auer rods present
Myeloblast id with histochemical stains (- for lymphoblasts, + for myeloblasts)


Sudan black +


Myeloperoxidase +

LAP must be present in secondary granules
AMMoL acute myelomonocytic leukemia (Another version of AML)


Have granulocytic and myelocytic differentiation in early SCs


Monoblasts and myeloblasts, combination
AmoL Acute monocytic leukemia (Another version of AML)
Monoblasts are predominant cell type, leukemia pretty easy to id because these are early monocytes.  
How id monocyte?  Big cell, more cytoplasm, distinct nuc (lacy chromatin, more irreg shaped nuc), cytoplasm grayish, probably many granules
In AMMoL, monoblasts do look more like monocytes except really young (loose, lacy chromatin, nucleoli present)


Clonal – all cells like exactly alike


True of lymphocytic leukemia, it’s clonal, and boring to look at, every cell looks same

In AMMOL, got weird looking cells don’t conform to monoblasts, weird cells monocytic and myelocytic; cell with much cytoplasm, irregular shaped nuc, but primary granules in there (go figure); this is not promyelocytic leukemia, it’s promyelocyte but has monocytic characteristics


In both leukemias, rare and always acute

Remember CFU-GM, SC for neutrophil line and monocytic line


in AMMoL, this cell becomes leukemic, doesn’t know whether neut or mono

CFU-GM
→ myeloblast



→ monoblast leukemia
Other characteristic in AMMoL, more closely related to neut line, so see auer rods, irregular cell, regular nuc, has auer rods (more likely AMMoL, will not find auer rods in monocytic leukemias). How to distinguish myelomonocytic from monocytic?
With AMMoL, have higher prevalence of forming extramedulary tumors, terrible leukemias because acute monocytic get clumps and form tumors in skin or liver or various parts of body.
Monocytes make lysosyme (muramidase)
↑ urine plasma 

Get gingival bleeding and thrombocytopenia, degradation of tissue
Erythro leukemia – some differentiation, erythroblasts; abundant and bizzare multi-nuc RCs that don’t divide as should, promyelocyte → AML
Basophilic leukemia, eosinophilic leukemia, promyelocytic leukemia (predominant cell type is promyelocyte).  There are good ways of treating promyelocytic leukemia

Get Auer rods all over, big cells with loads of granules, translocation of chromosome 17
clinical features similar to ALL because ↓ normal hematopoeisis

↓ normal hematopoeisis
Organ infiltration with different kinds of cell types present
Common symptoms
Anemia combination of depressed erythropoeisis and destruction of RCs

Depression of RBCS production

Accelerated destruction

Bleeding patient doesnt make good platelets
Have more prominent symptoms in older adults

Most patient with AML, Hgb < 12 gm%

Feeling tired and so forth, Hgb < 12 gm %


Normal 14-16 (women)


Men 16-18

White count for AML


15,000-20,000

¼ < 5000


¼ > 50000


Won’t necessary show ↑ WC count


Much variation of WC circulate
Aleukemic leukemia

low WBC count

very few circulateulating leukemic cells – problem: cant define what’s wrong with patient, anemia, neutropenia, no leukemia cells necessary to see


have to do BM – blasts stuck in BM, packed with leukemic cells

patient has lot of infections because no function WCs


even if have neuts, neutrophils – dysfunctiontional (don’t kill bacteria as should, why patient have infx)


fever related to infx


bleeding because of thrombocytopenia
intracerebral – patient has no platlets but if lots of leukemia blast cells circulating in blood, blast cells not flexible, get stuck, blood backed up, blood vessels break

elevated leukemic cell counts
leukemostasis – cells don’t circulate will, get stuck in blood vessels, hemmorage and rupture

leukemiaophoresis - blood is drawn from the body, cleansed of white blood cells, and returned to the body minus the excess RCs

talk later about another complication: DIC

DIC – disseminated intravascular coagulation
microclots formg all over blood vessel system, als use up all platlets and plasma clotting factor → hemmorage

promyelocytic leukemia

all enzymes, auer rods, degradative enzymes released; not good
Extra credit; method for doing BM transplant

http://ereserves.library.csulb.edu/

“a perfect mismatch” – in ereserve; give it in a day or so; this expensive proceedure, might be better if you don;’t have a perfect match because donor can remove residual leukemia cells

Kärre, IMMUNOLOGY: A Perfect Mismatch, Science 2002 295: 2029-2031 
Write a summary 1 page, 2-3 paragraphas, 5 pts extra credit
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Review of last lecture

Prominent symptoms w\ acute anemias?


Anemia shows up when suppression, less production, also from bleeding

All reasons for acute leukemia, ALL or AML

All patients have fever because infx, neutropenia; don’t have normal, mature neuts formed; so no front-runners to control bacteria infx, develop pneumonia (can result from flu)

Difference between flu and pneumonia?  pus in lungs, flu sets up to develop pus (infx of lung, develop fluid, fills up, can’t breathe, bad; if don’t clear, life threatening)

This patient vulnerable to infx because loss of normal neut production function and loss of normal lymphocyte function because normal marrow of lymph function, don’t get made: excessive bleeding in brain, high blast counts, big and not flexible; accumulation in blood vessels, in brain bad because block blood flow, breakage of blood vessel, life threatening
When is CNS involvement in acute leukemia a problem?  Acute lymphocytic where lymphs can hide out (lymphblasts), do tx (chemotherapy) in circulate blood and into spinal cord fluid to get rid of leukemia cells hiding in CNS (prime sources for relapse)

Other symptoms prominent in acute leukemia?  Bleeding as result of thrombocytopenia
Form of bleeding: bruising (4 your old with bruises all over; WB count huge and all blasts in blood), nose bleeds, gingival (problem in AMoL, those monos travel all over and make hi concentration of lysosyme (they are monos, hi concentration of lysosyme and uranidase, cause breakdown of tissues, kidney problems), peticheii
When do you see splenomegally ?  Lymphocytic and lymphadenopathy, swollen lymph nodes all over
M6 Erythroleukemia: Initially involves RBCs, then looks like AML.

Early Pre-B ALL has mu chain, and is not CALLA +
Adult ALL can have surface Ig

The WHO (World Health Organization) also classifies leukemias by Chromosome phenotyping (cytogenic analysis) for translocations.

PNH: Paroxymal (acute episodes) Nocturnal (at night) Hematoglobin urea (Hgb lysed at night)
Sleep, don’t breathe as much, ↓pH, RBCs lyse.  Can convert to AML.

Clinical AML: ↓normal hematopoiesis, with functional disorders in organs.

Leukostasis: slowed blood flow from WBC, can cause strokes.  Tx= leukophoresis.
What to do if patient has acute leukemia?

Classic therapy is chemotherapy (cytotoxic); giving patient very toxic drugs that are going to destroy leukemia blast cells, unfortunately, also cause much damage to other cells.
Can get remission because normal SCs are in quiescent stage (no plif), so preserve normal SCs to recover after kill off leukemia cells; repopulation of normal marrow

Remission is rarely achieved w/o severe hypoplasia; wipe out BM, so few cells left, might get infx.  Need reverse isolation.
Inductive Therapy: An aggressive combination of drugs to induce remission.  Otherwise, have to try BM transplant.  E.g. prednisone kills lymphocytes, Vincristine interferes with mitosis.
Consolidation Therapy:  Cut back on drugs for 1-1 ½ years.
Maintenance Therapy: For a few years, to keep long term remission.

All chemotherapy agents interfere with DNA production (mitosis)
Many classes of chemotherapy agents


1) Alkailizing agents – forms irreversible cross links in DNA
Derived from nitrogen mustard (a nerve agent, bio-terrorism agent); used in WWI
a. Chlorombucil
b. Cyclophosphamide
c. Busulfan


2) Anti-metabolites
Folic acid antagonists – a necessary vitamin B for mitosis to occur; it’s a coenzyme for many processes with DNA synthesis; if inhibit folic acid, inhibit mitosis 

a. Aminopterin
    
b. Methotrexate – txt rheum arthritis; severe side effects



3) Antimitotic
a. vincristine – from plants you see around campus (dark green leaves and cute flowers with pink interior); interferes with mitosis spindle formation.


4) Corticosteroids for lymph leukemias, very effective; directly toxic to lymphocytes




a. prednisone – agent used for ALL for kids (lymphocytic leukemias)
5) Antibiotics never used for treatment of regular infxs; ABs because made by fungi, other bacteria; useful for cancer because inhibit DNA syn; -mycin so AB





a. danoribicum




b. adriamycin
6) Enzymes 


a.  L-asparaginase destroys asparagine (an amino acid needed for cell division)

7) Heavy metals



a.   Cis-platin platinum, high doses of Pt; is an effective chemotherapy agent

New therapies, exciting

1)  Molecular inhibitor

Imatinib – specialization inhibition of tyrosine kinase; revolutionary tx of CML; really expensie and doesn’t work on all people; inhibition of particular enzymes (not many side effects)

2)  Immunotherapy monoclonal Abs

Rituxinab a monoclonal that has specialization directed at particular types of lymphomas and some leukemias related to lymphomas.
In most chemo, combination of agents because leukemia cells mutate, get ribosomes to single agent, do various combination therapies, get prednisone and vincostine together, remission of almost 90%.  Childhood ALL most success rate of remission because can wipe out leukemia cells with prednisone and vincostine = 90% remission

BM transplant – adults, best way to go; can’t tolerate chemo and if you can find donor compatable, BM transplant, is expensive and has compliations, wipes out whole BM, then get donor marrow, wait for it to take hold, leave patient vulnerable for months; not pleasant.  Marrow transplant, long term remission; if works, good success with long term remission; procedure very scary and expensive

Chronic leukemias

What are kinds?  CML (chronic myelocytic leukemia) and CLL (chronic lymphocytic leukemia).
CML – a more reglated disorder, in kids and older adults, predominatly of middle age, 25-60 years old.  A chronic leukemia, much more responsive to chemotherapy than acute leukemia. Longer time span, more regulated disease, can live with it longer, tx available.

Higher rate in men than women


Death rate of 1/100,000 per year in western countries; not that prevalent

TABLE 18-2 comp acute and chronic leukemias


Chronic - more prevalent with adults, slowly developing, > years, mature cells

Acute – shorter, < 6 months, immature cells

Organomegaly; invasion of organs, mild but prominent in chronic, higher cell #s

Causes for CML: Ioniasing radiation, benzene exposure, idiopathic
Ph’ chromosome 85-95% of CML: easy to diagnosis
To see Ph’, must do karyotype (to do this, take BM sample, stimulate cells to undergo mitosis, then stop mitosis with vincristin or cholchicine) Need mitosis cells


PHA use to stimulate cells to undergo mitosis


Phytochemoagglutination – assess if have normal lymph, expose to mitogens (like PHA)



Derived from plants; causes RCs to agglutinate and cause other cell to go into mitosis


Take peri blood smear, lymph into culture, add PHA, lymph into mitosis, get karyotype

stop mitosis process at metaphase (have formation of spindle and chromosomes max condensed and lined up at middle of cell, add colchicine (looks like pot) to dissolve MTs that form spindle; drop on slide, break cells, get chromosome spread.  Take pic of chromosomes, line up by size, delineation by size is karyotypes.  Most common reason for karyotype: pregnancy.

There’s 22 pairs of chromosomes and you have a pair of sex chromosomes, X and Y = male

CML karyotyping, see that one pair of #22 chromosome is extra small because of translocation of chromosome material between #22 and #9.  Translocation does not show up well in #9 because #9 is pretty large chromosome, but shows up as small #22.

During translocation, results in BCR C-Able fusion oncogene on the Ph’, results in tyrosine kinase malfunction, interferes with mitosis, causing uncontrolled huge proliferation of cells (100-300,000) in myelocytic series; thes is characteristic for CML.
Another way to id presence of Ph’ chromosome is with fluorescent in situ hybridization, PHISH.
Fluorescent lable this gene, shows up as different color

Ph’ is a mutation on CFU-C cells, so you’ll see a proliferation of all myelocytic series,
↑ segs, ↑ bands, ↑ metas, ↑ myelos, and even ↑ pros and ↑ blasts in peri blood.

Cell counts range from 50-500,000; 5 to 10 fold expansion of hematopoiesis.
This is disease of overproduction
BM out of whack, as result of translocation, get huge proliferation, overproduction, cells don’t die off as fast as supposed to, so accumulation in circulating blood.  Eventually, mature forms die off and are replaced by immature forms = conversion to blast phase (or blast crisis).
This is a bad sign patient is entering latter stages of disease; entering point of demise.
Clinical manifestations of CML

At first, no overt symptoms.  Initial symptoms vague: fatigue, no ↑WBC because ↑ WC go to spleen, abdominal fullness because of splenomegaly, anorexia (loss of appetite), fever, night sweats, bleeding.
Because of so many cells in blood, get stuck some place, stop bloodflow--leukemostasis → ischemia (lack of normal blood flow), usually in spleen.
Thrombosis – unwanted blood clots

↑↑↑ platelets, contribute to leukemostasis and thrombosis, plug blood vessels
↑ uric acid, kidney stones
Lab Findings
Leukocytosis (huge #s o WCs) 50-500000/mm3 
Can see huge buffy coat, have presence of all stages of maturation.

Lymphs and monos make < 10% of total # of leukocytes

↑ eos, ↑ basos as disease progresses,
Modest anemia: nomocytic (normal size)

↑↑platelets, ↑ megakaryocytes
LAP <13 (low), unlike leukemoid rxn
Bone Marrow hypercellular; predominatly granulocytic or myelocytic; all stages of myelo series; if patient near blast crisis, see more immature forms, bad

Major forms of treatment
1) Irradiate spleen to reduce cell burden; ↓ spleen size so no GI problems.
2) chemotherapy – new treatment, gleovec; good prognosis to get into remission.

For CML use geleovec; a molecular drug, targeted to specific cell receptors.
LEC 16

Review from last lecture

How to diagnosis CML?  Peri blood smear has multiple forms, immature and mature, ↑↑↑ WBC Physical diagnosis signs:

Fullnes in stomach because spleen enlarged because resevoir; tiredness, weight loss, not much anemia, bleeding; platelets count is ↑; fever, night sweats because expansion of BM; infxs because not functionly WCs

How do you know CML for certain?  LAP is low.

Sudan black is a histochem stain, staining for lipids in early myelocytic series; 
Sudan black + in myelocytes, neg in lymphocytes 

Differentiating acute lymph (AML) and acute myelocytic (ALL)  
ALL (B)  




ALL(T)


AML

CALLA (CD10)


No CALLA (CD10)
  
No CALLA (CD10)



TdT +





TdT + 



TdT neg
PAS +  




PAS + 



PAS neg
LAP neg




LAP neg   


LAP +
Sudan neg




Sudan neg  


Sudan +
MOP neg 




MOP neg


MOP +
No Auer rods



No Auer rods


Auer rods
Spenomegaly



Splenomegaly


no Splenomegaly
Stains are neg for ALL, positive for AML (peroxidase stain (myeloblast is perox +)


Peri blood smear, got great big blasts all over; how to tell if AML or ALL?

Do BM biopsy, see Auer rods (so AML); even one =AML

If splenomegaly, in ALL; If splenomegaly and CML, patient in blast crisis (too many blasts)

See blast crisis towards end of CML, more life theating, more acute, more Resistant to chemotherapy, multiple genetic chromosome disorders because more mutations in cell
(karyotype will differentiate CML, not useful here; in APL, see pros all over place)

CD10 is Calla Ag seen in preB ALL, not in prêT
How make id for preB vs. Cala?  Stain for mu chain
Know essential characteristic for various leukemias
How make diagnosis
Lab changes

For CML use geleovec; a molecular drug, targeted to specific cell receptors.
CLL (chronic lymphocytic leukemia)

next most common o chronic leukemias; most common leukemia in westhan countries

CLL rare in asians (they get stomach cancer)


CLL have generalized malignancy of lymphoid tissues, result in excessive numbers of small lymphocytes in blood


Get a lymphocyte with leukemia, dividing dividing dividing


Lifespan is not long


Immunologically defective, doesnt work
Accumulation of small lymphocytes in lymphoid tissues and in circulating blood, as disease progresses, more lymphocytes invade spleen, liver, marrow
major signs of disease are enlarged lymph nodes, accumulation in lymph nodes, spleen and peri blood

Id surface Ig of lymphocytes, 95% are mature B lymphs (they have surface Ig tell you mature lymph)

rare cases: mature T lymphs (95% circulate small lymphocytes)

lymphs don’t proliferate rapidly, they live longer


CLL is boring because same little lymphocytes

Eiology?  idiopathic

no relation to chem, carciongens, no oncogenic virus, radiation

might be familial, ↑ incidc with some families


If have other immune disease, lymphomas, have ↑ cases of CLL

a disease of middle and old age



Classic case is elderly male, 60s


2x incidence in males than females

Clinical – slowly developing disease, initially asymptomatic, initially don’t treat patient; cells don’t rapidly divide, just accumulation
Symptoms: ↑ fatigue, wt loss, lymphadenopathy and splenomegally
lab, pick up immediately

in peri blood smear, have ↑ lymphs, an abolute lymphocytosis

lymphocytes appear normal, more fragile


make blood smear, get ↑d numbers of smudge cells
smudge cells, when make smear, fragile, smudge them and get patch stains reddish, that are broken smudged up lymphocytes, get many smudge cells
count ↑er in circulate than what see

look carefully, these lymphs have nucleoli; not lymphoblasts, will see larger ones, looser chromatin, prominent nucleoli, prolymphocytes, very few because majority are small mature lymphocytes, some might have clefts, small, condensed, abnormal

Hgb, Havet – normal, slightly ↓ (not too much anemia, RCs like normal)


platelets normal to slightly ↓

Disease progession – anemia because ↓ RBCS production
hemolysis of RCs, sequestration, stuck in spleen, which becomes enlarged, so ↓ in circulating RCs


5-10% patients develop autoimmune hemolytic anemia
means imune system is attackg RCs; abnormal lymphocytes, funny Abs made which are  directed against patient RCs, results in hemolytic anemia

Gets destroyed because of hemolysis
hypoglobulenemia – don’t make normal IgE of imune system to proliferate abnormal lymphocytes, don’t make Abs as should

see ↓ IgA, IgM, IgG talk a bit about these

Because ↓ neutrophils, patient have enhanced susceptability to infx, what gets them in the end (fungal, viral, pneumonia, nothing to fight infx w)


↑ incidence other malignancies


Develop skin, lung, bowel cancer because abnormal imune system


Imune system is survival network for outside and inside (tumor cells); tumor cell escape


No complete cure for CLL

As patient progress, intro chemotherapy; if mild form of CLL, live for years



Later, anemia, thrombocytopenia, neutropenia, get infxs

ORDER FORM FOR LYMPHOMAS

Look at CD markers to see whcih lymphocyte circulate in blood, get tumors of lymph nodes; 

Hairy cell leukemia (s HTLVII)

Resembles CLL but more responsive to treatment
only 2% of all leukemia are hairy cell
Characteristic by hairy edges; monoclonal Abs, most likely B cells (fits with CLL)

a leukemia differs from other kinds of lymphocytic leukemias by resistance to tartrate

do histochemical stain for acid phosphatase (this is resistant to tartrate)


TRAP test differentiating this from CLL because resistant to isoform of this enzymes (acid phosphatase)

Disease of middle age – old

Same symptoms as CML, weakness, fatigue

Slowly developing disease, successumb to infx because loss of normal immune system (neutropenia...)

Treat with (INF, patient can be maintained for years before downhill problem
Disease associated with HTLV-II (human T lymphotrophic virus type II)

Also HTLV-III (AIDS original HTLVIII) get ALL/lymphoma type disease; it’s spreading because STD


1st of human retroviruses (carry around info as RNA, has RNA Transcriptase to viral DNA) to be isolated


Disease endemic in Latin American countries


Most infx individuals are asymptomatic, not serious disease
1-4% develop tropical spastic paraparesis (TSP)

Result of infx, autoimmune process against nerves in spinal cord

Another 1-4% develop ALL or lymphoma as result of infx

Disease occurs in lower economic classes, an STD; get blood borne, drug users

HIV and HTLV-I, get synergy between 2 diseases
Disease epidemic in Japan in 1970s; 10% individual became infx with HTLV-I

Jamaca, 55% people are + for HTLV-I

Also called a non-Hodgskin lymphoma
talk about lymphoma (a tumor of the lymphatic system)

Mention with leukemias and chronic leukemias because lymphomas, since tumor of lymphatic tissues, also get a proliferate process and dispersion into peri blood, looks like leukemia

Have lymphomas isolated and more disseminated blood borne form of disease
Because have lymph tissues all over body, tumor can arise anywhere; could have lymphoma anywhere.
To diagnosis lymphoma, see lump → do biopsy, take lymph out → section, proliferate, id, have lymphoma


What kind of lymphocyte is this?  Needs to be a pathologist to know all classification mechanisms.  For us, non Hodgkins
Hodgkins lymphoma – a disease with characteristic cells shows up in lymph nodes; occurs in our age group.


Starts in cervical lymph nodes to other lymph nodes



Caught early, curable


Characteristic cell seen is Reed Sternberg cell
DIAGNOSIS of RSC; if take biopsy of lymph node, have plasma cells, lymphocytes, macs, large malignant cell multiple nucleus (RSC); if RSC, good sign because can be controlled and even cured

PIC burkett’s lymphoma


Have hi # African kids + EBV, HAbs, instead of IM, burkett’s lymphomas (tumor formation)


characteristic chromosome translocation occurs between chromosome 8 and chromosome 14


related to plant agent kids exposed to.  Kids exposed to all kinds of other diseases, become particularly lethal disease in African kids, develop burkett’s lymphoma in upper lymph nodes

Neoplasm (cancer); another cancer to know:  Plasma cells can be malignant

overproduction of Abs

Called multipleiple myeloma = plasma cell proliferation

Plasma cells look big (not runny cytoplasm—atypical lymphocyte)


B cell, once stimulated, becomes memory cell or plasma cell

Seldom see circulating plasma cell, almost diagnostic for multipleiple myeloma


sending smears around for quality control

JCOHA (joint commision of accrediation for hospital administration)



don’t pass this, you are out of business



Send unknown samples around; do diffl, blood smears



Funny cell here, few of them

Enlarged, eccentric nucleus, usually condensed, cytoplasm dark blue, 2-3x normal 
small lymphocyte (not a mono); oval shaped



cytoplasm dark blue because whole cytoplasm filled with RER



plasma cell in business of making Ig, so need machinery



anytime there are lots of ribosomes, color of cytoplasm stain is RNA, pick up metheylene blue (dark blue)


See circulating plasma cell on peri blood smear, oh, patient has multiple myeloma


Seldom see plasma cell circulate in blood


See plasma cell in lymph nodes and spleen, wherever Ab produced

in MM, plasma cells filling up BM, lymphoid tissues, making Ig

what is Ig?  Have 2 heavy chains and 2 light chains


Region at end of Y are binding sites; these have various changes in amino acid compostion, have specificity to bind to Ags


Fc portion (fragment C portion), where complement binds


Abs binds ( complement binds ( formatureion of hole onto cell ( cell lysis
Have several classes of Ig (slight (s in heavy chain portion)

Different classes are IgG, IgM, IgA, IgE, Igood

IgG is smallest, a single, four chain molecule


have greatest concentration circulating in blood



want to boost concentration of these in vaccine to get to tissues

IgM make 1st whenever encounter Ag



made up of 5, 4 chain molecules, linked together by protein (Adam’s family hand)



very effective as Ab molecule because 5 Igs to bind to Ag, every stem binds complement


want to blow a hole, use IgM



Not specialized; later convert to IgG because more specialization
IgA secretory, on all secretory surfaces (greatest amount, lines whole gut, resp tract; 1st line of defense in resp system)

IgE have allergy or parasitic infx, binds to mast cell; once allergans bind to IgE, release histamine, get symptoms of allergies

Ig is prototype Ab, immature B cell make D as prototypical BCR, Ag binding, convert IgM ( IgG

in MM, have one kind of Ig produced because malignant plasma cell making 1 Ig, therefore cell proliferates, makes same Ig, huge excess in Igs numbers produced

How id Igs in peri blood?


Do proceedure: serum protein electrophoresis



w/o electrophoresis, no modern day cell bio


Proteins separate because every protein has slightly different electrical charge


Put serum proteins in E field, they migrate on basis of size and electrical charge

FIG 13-1; serum protein electrophoresis, need support media, buffer, power src, turn on power, proteins migrate, stain gel, run gel through densitometer that will read amount stain associated w each band of protein
look at electrophoretic pattern from densitometer, see huge peak of albumin (highly neg charge)

Rest of proteins form bumps, (1, (2, (, (
Most Ig are in dfj, bigger, heavier, don’t have hi neg charge associated w it

most gamma IgG


FIG 13-2, electrophoresis pattern of patient w MM



huge albumin peak, (1, (2, (, huge peak of (



called monoclonal gammopathy (ie a single Ig being made n xcess; more than one plasma cell become malignant and proliferate making Ab, could have ‘polymphavelonal gammopathy’; instead of one single peak at tail end, see multiple peak at tail end of protein electrophoresis)


Another way to id exactly what kind of gammopathey u have, do immunoelectrophoresis



take serum ( agar gel, make trough, put serum in serum wells ( electrophoresis ( put into trough mix of anti-human Ab (take human serum, inject to rabbit, rabbit make anti-human Ab) ( see arcs of Ag-Ab deposited in agar here so can tell what kind of exact Ab patient has (IgG or IgA), can isolate anti-human Ab


Another way to do same process, immunofixation FIG 11-5



this is control serum here, pait sample u have electrophoresed



expose electrophoresed serum to anti-IgG, anti-IgA, anti-IgM, anti-( (large chain of Ig marker is ( or () can make Ab to light chain (( or ()



with this patient, id that oh, patient has huge excess of IgG in patient abdomen, indicative of monoclonal gammopathy



so have MM patient here, want to know what kind of Ig patient making, do serum electro, go to strips, add to each strip an anti-human Ab ag IgG, IgA, IgM, ( gene




then id, ah, patient has monoclonal gammopathy, huge excess of IgG, d ( gen spek type of monoclonal gammopathy



normal when make Abs, have random distrib of ( or (; but since have a clone of plasma cell get leukemia or become cancerous, that particular cancer cell makes only one type of large chain and one type of Ig


MM patient is making IgG d ( chain, Abs circulate through blood and excreted in urine, huge amount of Ig, get rid of it, test urine



In this patient, not ( but (; kidney try to filter, heavy chains retains, large chain pass through


Get large chains excreted in urine, called Bence Jones proteins


crude test initial done to change urine (normal urine, doesn’t ppt when (; if kidney disease, proteins excreted, ( urine, 65(, protein ppt out, cloudy—that’s jones proteins, 50( and 65( cloudy, 95( clear), so denatatured in protein process, dissolved and turn clear; no one heats proteins anymore (electop)
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Know major categories of drug treatment
Non-hodgkins – don’t worry about it


Pathologists cant agree about it

PHISH – use fluorescent labeled DNA problem to localize where BCR and able genes are; BCR and able next to one another; chromosome prep, fluorescent see where genes located; see on chromosome where gene located, red and green dots

MM a cancer of plasma cell, have proliferation of plasma cell (problem itself), function of plasma cell is to make Abs


Proliferate (no controls) ( make huge Ig that the particular cancer plasma cell’s making

normal plasma cell, have stimulation of particular plasma cell that u need


Ab made will be a particular class; 5 classes of Ig (G, A, M, E, D)



Fc stem of Ig that makes the difference


light chain in two forms (( and ()



In normal Ab light chain production, ( and ( randomly made

If cancer plasma cell, only get one form of large chain made (on part Ig made by cancer cell)


See on protein electrophoresis, get albumin, (, (, (, expect to see huge peak of one kind of Ig

In MM, see one type, a monoclonal gammopathy
Sometimes, more than one cancer clone, have polyclonal gammopathy which shows up as multiple peaks in ( area

Get one form of large chain made and disregulation in amount of heavy and large chain made
Often, disproportionate amounts of large chain made, get secreted into urine and appear as a bence-jones protein

as heat protein, ppt out; w bence-jones protein, breaks down and clear

To id Ig and large chain – immunofixation

Patient who has multiple myeloma (because proliferate o plasma cells, seldom see plasma cells circulate, they are filling up lymphoid tissues; plasma cells make factor that activates osteoclasts, cell that break down bone)


OAF osteoclast activg factor (IL-6)

patient who has MM, 1st sign seen in radiology because of results of OAF; thin bones and abnormal lesions in bone ( have fracture; X-ray done, radiologist picks up


Funny lesions, so MM patient (why abnormal fracture)

When person goes into radiology, rad refers patient to hematologist, run electrophoresis, abnormal peaks in through, pick up person is MM patient
Annual incidence: 3/100,000 per year
50-60 year old

Rare younger than 30
No gender changes; both sexes = affected

No id for environment or genetic or viral causes for this disease; something goes wrong with regulation of cell
Effects on blood
Because of all Igs being made, Igs tend to ( coat RBCs ( ( destruction of RCs

Patient might have anemia

today, ESR in lab, look at how fast RC settles, take anticoag blood sample and see how long to settle, MM blood has surface coating of excess Ig, ESR (((, cells form characteristic stacking appearance, called rouleaux (RCs coated with Ig tend to stack, if they’re stacking, heavier so settle, sedimentate, much more rapidly than normal blood)

Do BM aspirate, see lots plasma cells, can be biasarre looking, multiple nucleoli, clefted, multiplei-nucleus forms of plasma cells
All patients with multiple myeloma have rounded, punched out lesions in bone (why come in with fracture)


Why radiologists pck up 1st rather than hematologists
Bone pain associated with this disease
Since dissolving bone, patients have hypercalcimia

Excrete more Ca, contribute to ( kidney function, and bence jones protein

( normal Igs – highly susceptible to infx



Patient succumbs to pneumonia because ( Igs

Amount of Igs can beome so hi get hyperviscosity of blood (doesn’t circulate well, brains problems, CHF because blood too viscous)

leukemiaophoresis – get rid of excess platelets cells
Plasmaphoresis – selectively remove excess protein and dilute out plasma so can fix hyperviscous problem; with chemoth, radiation therapy, patient can survive many years, until fatal


Similar disease depending on Ig; have plasma cell making IgM, large size molecule, called heavy chain disease. Hhave same problems

CASE HANDOUT

20:41

Look for morphology
AMMoL – find early neuts myelocytic forms in here, blasts that have more monocytic characteristics.  

Find few with auer rods


Easiest leukemia to quickly eliminate because AMOL looks like young monocytes (gray cytoplasm, irregular nucleus)


Diagnosis not too difficult, use CD markers to confirm


Why make distinction?  to know what drug combination to use

Inductive chemotherapy – 1st phase, aggressive, multiple drugs to kill as many leukemia cells as possible

Some classes of drugs: hydoxy urea, allalysing agents, anti-mitosiss

 
Don’t know what drugs to use with AMMoL

Why does patient become neutropenic?  No functioning WCs or few mature neuts because AMMOL is acute blast phase disease.

With Chemotherapy, expect neutropenia
Fever related because no WCs, get infx

Infxs include: fungal (aspiragilis, aflavis is one particular species isolated from patients)


aspiragilis, pck spores up in air, common fungus. If vulnerable like this patient, begin to grow


How id?  Broncoscopy, tube down, like, slit off piece of tissues lung, put in culture


Blood culture useful?  No, do broncoscopy, takes a while to grow since it’s a fungus.

Use amphotericin B, anti-fungal agent, many side effects; if acute leukemia, may not save pt
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