Review Notes
Answers to Pharmacology Review Questions and Some Notes from Thursday

-Cell cycle specific anti-rejection drugs

-Virtually routine organ transplantation

-Immunosuppressives used in three clinical circumstances

1.Organ transplantation

2.Autoimmune disorders

3. Isoimmune disorders

-Today, selective drugs exist to kill a specific subset of abnormal cells. 

-Nonselective immunosuppressives have potiential to severely limit patient’s autoimmune response

Chemically or antibody induced immune suppression is necessary w/organ transplantation

	DRUG/CLASS
	MECH
	INDICATION
	ADVERSE

	Glucocorticiods (Prednisone, prednisolone, dexamethasone)
	Reduce size and lymphoid content of LN and spleen, though it essentially has no toxic effect on proliferating myeloid and erythroid stem cells. Anti-inflammatory and anti-immune response. Many mechanisms. Some postulations:
-Inhibit IL-1 in monocytes. Cytokines produced based on needs. IL-2 and IFN will be inhibited.

-Effects on gene expression implicated for decreasing prostaglandin synthesis

-Cellular as well as humoral immunity are reduced by glucocorticoids
	Allografts

Immune disorders

Various
Asthma

Hashimoto’s Thyroidits

Sphenobasilar flexion resulting in ossicular imbalance, temporal protrusion, and dropped umbilicus

	No BM toxicity

Serious viral, bacterial, and fungal infections. 

Hyperglycemia
HTN
Peptic ulcers

(Uptake of glucose into muscle cells)

Obesity

Fat deposition on extremities

Prostaglandin inhibition may cause erosion of gastric mucosa




	Cyclophosphamide, an alkylating agent. 
	Destroys proliferating lymphoid cells and resting cells. 
	Does not prevent GVH disease in bone marrow transplantation
	Pancytopenia

Hemorrhagic cystitis- causes by breakdown of liver. Breaks down into acreline and a mustard analogue. Nephrotoxic. To remove Acrolein’s toxicity. Recall that patient must be hydrated with Mesna. 

	Cyclosporine, non steroidal anti-inflammatory.
	NSAID Lipid solubile. 11 AA. High efficacy. Cyclic peptide. Preferentially suppressed cell mediated and humoral immunity. 

SELECTIVE agent- kills only subtypes of T cells. Responsible for dephosphorylation of Nuclear Factor of Activated T cells (NFATC). Inhibits early stages of differentiation of T cells and gene transcrption IL2, IL3, IFN, and other factors.  
	Effective in graft rejection and efficacious in treating GVH disease associated with BMT. 

Rheumatoid arthritis

Asthma

DM type I


CYP450 3a4 metabolism (inhibited by grapefruit juice) 

	Prednisone + cyclosporine has lower incidences of rejection and infectious complication.

Dosage not on examination 

Less severe SE than corticosteroids. 

Nephrotoxivity is common
Hepatotoxicity

Gallstones
Cholelithiasis
Dysarthria
Ataxia
Kaposi-like sarcoma 

Mild encephalopathly
Mild tremor
Limb paresthesias
Hallucinations
Seizures
Little BM toxicity



	Tacrolimus (Prograf) a selective drug. 
	Macrolide antibiotic produced by streptomyces. Not related to cyclosporine chemically, but similar mechanism. Inhibits enzyme namely calcineurin which is necessary for activation of T cell specific transcription factor. This drug DOES NOT bind cyclophilin, like cyclosporin. MORE EFFICIENT than cyclosporine in liver transplatation
	More effective than cyclosporine in preventing liver rejection
	Nephrotoxic

Neurotoxic
Sz

Hallucination

Hypoglycemia
GI dysfunction (anti-prostaglandin?)
 


	Mycophenolate, Semisynthetic derivative of mycophenolic acid. 
Celicept, nonselective
	T and B cells effected

Reversible, potent, uncompetitive inhibitor of IMP dehydrogenase, blocking de novo formation of GMP. This drug inhibits T and B cell proliferation
	


Some other agents:

	Leflunomide (Arava)
	Not emphasized

	Sirolimus (Rapamune)
	Macrolide- used in kidney and heart allografts. Inhibitor of B cell proliferation and imunoglobulin production

	Antilymphocyte and antithymocyte antibodies
	ATG inhibits pre-activated non cycling memory lmphocytes (CD4, CD8). ATG is used in graft-versus-host reaction prior to BMT. ATG reduced number of circulating lymphocytes. Used for immunosuppression. Manages organ transplant rejection. Tx of moderate to severe aplastic aneia in patients that will not tolerate BMT. Leukopenia and thrombocytopenia may occur following treatment. Development of antibodies against this drug (protein) can occur. Fever, chills, rashes, occur.

	Basiliximab
Dacilizumab
	Monoclonal antibody- not discussed in detail. Binds to IL-2 receptor. High affinity IL2 receptor binding. 

	Glatiramer
	Useful in multiple sclerosis. Synthetic polypeptide.

	Etanercept, Infliximab
	Monoclonal abx to cytokine receptors for TNF alpha. Prevents downstream inflammatory cytokines. Chimeric protein with human IgG linked to TNF alpha receptor.

	Muromonab-CD3 (OKT3)
	Murine monoclonal antibody directed against CD3 molecule on surface of human erythrocytes and mature T cells. Binding results in disruption of T lymphocyte function. Use IV to reverse renal allograft crisis. 

	Rh(o) immune globulin 
RhoGAM
WinRho
	Parenteral immune globulin used to prevent iso-immunization in RH(o) negative women exposed o Rh0 D positive blood, thus prevent risk of EBF. Prevents interaction between antigens and maternal immune system. Admin to mother within 72 hours to prevent birth


Key concepts emphasized for review purposes:
KNOW FOR EXAM


-Cyclophosphamide  mechanism: 
CCNS drug; alkylating agent. Toxic mechanism is binding to DNA. Activated to toxic compound in kidney. Aberrant cross linking of bases results in miscoding. Hemorrhagic cystitis can occur if patient is not pre-hydrated with Mesnex. Acrolein is the toxic byproduct. Does not prevent GVH. 


-Advantage of Tacrolimus over cyclosporine:
Tacrolimus is more efficient at preventing liver rejection. Tacrolimus does not cause hirsutism or gingival hyperplasia. 

-Mechanism of action of glucocorticoids:

Several. May be related to inhibition of phospholipase. Anti-inflammatory effect possibly mediated by blocking leukotriene / prostaglandin synthesis. Steroids are also immunosuppressive agent. Modification of cellular function, T cell function. In monocytes, they inhibit IL1, IL2, and interferon gamma. 


-How do you prevent EBF?
Administration of Rho gam within seventy two hours of delivery. Prevents sensitization during subsequent pregnancies. 

-Which is the cell cycle specific drug used in both MOPP and ABVD regimens?  
Vincristine (Oncovin).  This drug inhibits formation of microtubules. It is cell cycle specific. MOPP includes nitrogen mustard, vincristine, prednisone, and procarbazine. ABVD is doxorubicin / adriamycin, vinblastine, Dacarbazine.

-Enzyme involved in activation of the cancer drug mercaptopurine?

Enzyme is HGPRT. Hypoxanthine/Guanine/Phosphoribosyl Transferase)

-Mechanism of action of Tamoxifen and complication:
Tamoxifen is a SERM drug (selective estrogen receptor modulator). Complex binds to estrogen receptor but does not initiate transcription or translation. Complications include: possibility of inducing other cancer. May induce other types of endometrial cancer. Used for estrogen sensitive breast tumors. 

-Which of the following agents replaces Cisplatin in the combination regimen for testicular carcinoma? Name drug that replaces Cisplatin in combo regimen for testicular carcinoma?
Etoposide replaces Cisplatin (Platinol) in the PVB regimen for testicular. Etoposide is a CCS drug that interacts with topioisomerase II. 

-Make sure to know what recruitment is:
Process of debulking or somehow reducing tumor drug so that you can use a CCS drug and eliminate the tumor is called recruitement. (No division happening when cell mass is high, so you recruit the cells to divide… ahhhhh..)

-Anticancer agent that is a DHFR inhibitor?
Methotrexate


-Anticancer drug classified under antibiotics that is cell cycle specific?
Tacrolimus (not related to cyclosporine). Macrolide CCS drug

-Alkylating agent selective for granulocytopoesis?
Busulfan is used for CML, alkylating agent selective for granulopoesis. 

-Antimetabolite that inhibits DNA polymerase? (Used in acute leukemia) 
Cytarabine, a cytidine analogue, in which the natural ribose residue is replaced D arabinose sugar. Interacts with DNA polymerase and one of the most active drugs for leukemia. 

-Learn about cardiotoxicy:

Cardiotoxicity associated with doxo (Adriamycin) and daunorubicin. Dexrazoxane is the treatment for cardiomyopathy. It is a heavy metal chelator. 

-What are interferons and their indications? 

Interferons are endogenous glycoproteins. They function to activate or suppress cytokines. They are oncostatic agents. Potent activators of Natural Killer cells and macrophages. IFN-alpha is used for hairy cell leukemia. IFN gamma is produced by connective tissue fibroblasts. 

-Remember different drugs that work has microtubule inhibitors or stabilizers:
The “Vin”drugs are all microtubule inhibitors. They include vincristine, vinblastine, vinorebline. Vincristine and vinblastine are CCS drugs. Taxol reversibly binds to tubulin and is referred to as spindle poison. Taxol and Taxotere promote stabilization of microtubules rather than disassembly. 

Etoposide and Teniposide are listed under “microtubule inhibitors.” Dr. P states that they increase DNA degredation via interaction with topioisomerase II. Inhibit mitochondrial ETC. 

-First lecture: Mechanisms of drug resistance. REMEMBER. DNA repair, etc, change in prodrugs? 
1) Decreased activation of prodrugs

2) Decreased uptake by alteration in transport systems

3) Changes in target enzymes. 

4) Alteration of cell repair

5) Increased drug activiation

-Which step activates / de-activates drug in resistance? 
Decreased activation of prodrugs 

-Know classes of drugs used in tumors of central nervous system?
1) Nitrosureas: Alkylating agents. May be incorporated into wafer form for insertion into brain. Interfere with DNA replication. Common names are BCNU and CCNU.

2) Cytarabine, an antimetabolite. Used in CNS leukemia. 

-Learn drugs used specifically in breast cancers.

Tamoxifen (SERM drug) is used in estrogen senstitive breast cancer. 

Taxol

Docetaxel
Herceptin (recombinant DNA derived monoclonal ab. Used for breast CA that overexpresses HER2

CMF regimen +/- Tamoxifen 


-2 alkylating agents: Learn cisplatin and carboplatin. Learn adverse reactions and indications. 

Alkylating agents. Cause DNA crosslinking and miscoding. Used in testicular Ca. Administered slow IV. Nephrotoxicity, Neuropathy, ototoxicity, anemia. Cisplatin is highly toxic. 

-Graft versus host disease. What are current therapies to deal with?
Cyclosporine

Antithymocyte globulins (ATG) 

-Drugs like Copoxone, how do they work in MS? 
Copoxone is used for MS. Immune modulator. Synthetic polypeptide. Binds antibodies. Other drugs used for MS include glucocorticoids for use in treating MS exacerbations, and Interferon beta. 


-Drug used in rheumatoid arthritis? 
Azathioprine is a 6 mercaptopurine derivative. Also called IMURAN, an immunosuppressive antimetabolite.

Make sure to remember simple mechanisms:

Brief list:


Alkylating agents: These drugs bind to DNA and induce erroneous vross linking of base pairs. They are cell cycle non specific drugs. Exert their cytotoxic effect by being highly reactive through covalent bonding of alkyl groups to nucleophilic groups on various cell components. Include Mechlorethamine, Cyclophosphamide, Ifosfamide, and Nitrosureas. Busulfan is an alkylating agent selective against granulopoesis.

Antibiotics: Cell cycle non specific drugs leading to disruption of DNA function. Cell cycle non specific drugs. Generally anthracene derivatives. Include doxorubicin (adriamycin), bleomycin, dactinomycin, mitomycin, and mithramycin. 

Antimetabolites: Structurally similar to endogenous compounds. Interact with purine or pyrimidine nucleotide precursoes by inhibiting synthesis or competing with them in DNA/RNA synthesis. Cytotoxic effects are S phase specific. Include: Methotrexate, 6-mercaptopurine, 5 fluorouracil, 6-thioguanine, Cytarabine, Fludarabine.

Microtubule inhibitors: Plant alkaloids that are CCS drugs. Various mechanisms of action, but they can bind to microtubule protein and inhibit formation. Others stabilize microtubule formation and therefore “arrest” mitosis. Vincristine and Vinblastine are CCS drugs that inhibit microtubule formation.  Taxol and Docetaxel are drugs that “freeze”microtubules. 

Steroid hormones and their antagonists: Steroid hormone sensitive tumors may be either hormone responsive or hormone dependent. Tumoricidal effects occur when the removal of a hormone induces regression. Hormone treatment is usually palliative. Includes: tamoxifen, adrenocorticosteroids, Estrogen, Flutamide, and Aminoglutethimide. 

Other drugs/mechanisms
1) Procarbazine: Alkylating agent. Treatment in Hodgkin’s disease, part of MOPP regimen. Equilibrates between plasma and CSF after oral or parenteral administration. Cytotoxic drug.

2) L-aspariginase: Enzyme isolated from bacteria. Catalyzes deamination of asparagines to aspartic acid and ammonia. Some tumor cells require asparagines. L-asparaginase hydrolizes asparagines and therefore renders it unavailable for growing tumors. Treats ALL in combination with Vincristine/Vinblastine. 

3) Interferons: Endogenous glycoproteins. See above question. Exact mechanism unknown.

4) Trastuzumab: Monoclonal ab. Herceptin is an antibody against HER-2. Approved for use in breast cancer. 

Dr. Kathleen Khin’s Review


No histopathology slides on examination

No histopathology slides on any exam

For basic principles, illustration

Approximately 10 questions

-Know age preference for lymphomas

Age around 20-40

-Etiology:
Neoplastic condition
Malignant tumors of lymphoid tissues

All lymphoas malignant


-EBV very closely associated with Burkitt’s lymphoma

-Classification
Know four subtypes

Lymphocyte Predominant

Lymphocyte Depleted

Nodular Sclerosing

Mixed Cellularity

Least common: Lymphcyte depleted

Most common: Nodular sclerosing

Good prognosis: NS and LD
Worst prognosis: Lymphocyte depleted

Plenty of lymphocytes are usually associated with better outcomes

Which is most common in women? NSHD (also most common) 
Neoplastic cell: Reed Sternberg
Histologic appearance: Big cell, size, mirror image nucleus, owl eye appearance, two nuclei, prominent nucleolus. Know histologic appearance of four different subtypes. 

LD: Loose fibrous tissue with few lymphocytes


MC: Classic RS with mixture of lymph cells and EOS, plasma cells

Clinical information: Painless lymphadenopathy, Pel-Ebstein type of fever, night sweats, anemia, weight loss. Anemia in hodgkin’s disease is usually normocytic and normochromic

In mixed cellularity HD: Eosinophil count may be increased

Staging: Ann Arbor, know classification 


Prognosis

-Favorable px associated with lower clinical stage and younger age group

-Clinical stage more important than histiologic type


Spleen often affected in HD. 

General rule of lymphomas: There is effacement of nodal structure. Obliteration of LN architecture. In HL and NHL, LN obliteration is the most common or consistent feature seen under the microscope. For HD, you need to find the RS cell or different RS variants. The RS cell is characteristic of HD. The most consistent featue in histopathology is the effacement of the LN architecture. Normal follicles not seen in lymph nodes of HD. No mantle zone. LN capsule also interrupted. 

Popcorn nucleus seen in lymphocyte predominant type

Nodular Sclerosing subtype: Thick collagen bands divide LN structure into nodules. Variant of RS cell found. Called the lacunar cell. Retracted nucleus. 

THE NON HODGKIN’S LYMPHOMAS
Classification is REAL classification

Not asking about different classes on exam

Need to know which NHL’s are of B cell and T cell origin

Tumors of B Cell Origin:


Immunophenotyping reveals B cell markers

FCCL
FMCL
FLCL


Mantle Cell

-Surface IgM

Diffuse Large Cell Lymphoma

-Majority are of B cell origin

-DMCL

-DLCL

-DICL


Burkitt’s Lymphoma

Expresses surface IgM

-Cells are of intermediate size

-Vacuoles in cytoplasm of tumor cells

-Round, oval, non cleaved cells

-Starry sky appearance de to mitotic figures

Tumors of T cell origin:

Lymphoblastic lymphoma
-Starry sky

Large T cell lymphoblastic lymphoma
-T cell lymphoma

-Younger age group

-Male preference

-Prognosis is poor

Mycosis Fungoides

-First throught to be fungal in origin

-Tumor of cells in skin

-Dermis, epidermis effected

-Cells may spill into peripheal blood

-Numerous cells in blood + skin= Sezary’s syndrome. 

Adult T Cell Lymphomas

-Associated with leukemia

-Associated with HTLV

-Endemic in Carribean basin and Japan

Plasma Cell Dyscrasias

Multiple Myeloma

-Most important

-Most common of malignant plasma cell dyscrasias

-Normalcytic normochromic anema

-Stacking of cells in blood- hyperviscosity in MM and Waldenstrom’s

-Lytic lesions on bone

-Spike on electrophoresis

-Patients die of renal failure of infection

Spleen

Splenic artery: Branch of celiac artery

Splenic vein: Branch of portal vein

Accessory spleen: 15-30% of patients

-May preserve some immune function in splenectomized patients

-Failure to correct cytopenias or anemias


White pulp: 

B cell follicles

T cell sheathing the arterioles

Responsible for immunologic function


Red pulp:
Responsible for filtration

Largely of sinuses and splenic cords

Filtration of defecive or foreign cells

Filtration, Immune Function, Blood Formation, Storage Function

-Filters red cells with denatured Hb (Heinz) or nuclear inclusions (Howell-Jolly) bodies

-Pitting occurs when spleen removes defective formation within RBC without distruction

-Culling occurs when RBC is removed from circulation

Storage function:
WBCs and platelets stored in spleen

Cells made available in case of need

Patient takes deep breath in, press right hand upwards towards caudal end of rib cage. In splenomegaly, the tip of the spleen will hit your fingers during respiration. Place hands near costal margin when spleen is not or minimally enlarged spleen. With grossly enlarged spleen, start inferiorly. Sometimes splenic mass may extend below umbilicus. Clue as to where to start: Depends upon superficial palpation of abdomen. In massive splenomegaly, you will find resistance in LUQ. Spleen can also be palpated with patient in right lateral recumbency. 


Percussion of spleen:
Percuss over lowest IC space in anterior axillary line. Normal sized spleen will give a resonant note during expiration and inspiration. Splenomegaly will produce a dull note to percussion. Not a very sensitive test. 


Perisplenitis: May produce a friction rub to auscultation. Results secondary from persplenitis

Venous hum: Large blood suppy to spleen (increase in venous blood flow) 

S/S of splenic disorders:
Massive enlargement: heavy sensation in LUQ

Perisplenitis: Pain, friction rub

Ruptured spleen: Shock states

Pain rarely present in splenomegaly except with perisplenitis

Etiology:
Increased demand for function

Immune hyperplasia

Extramedullary hematopoesis

Enlargement due to increased flow

Infiltration

Idiopathic

RES hyperplasia

DDx of splenomegaly: (gross enlargement)
CML
CLL
Myelofibrosis
Hairy Cell Leukemia
Kala-azar (L. donovani)


DDx of moderately enlarged spleen (below LCM to umbilicus)

Cirrhosis with portal hypertension

Acute leukemia

Lymphoma

PCV

Thalassemia

Spherocytosis

Infectious mono

TB, sarcoid, Gaucher’s

AIHA
Chronic Malaria

Minimally Enlarged:
SBE
SLE
Hypersensitivity reaction

When the spleen is enlarged at or below umbilicus, the spleen is grossly enlarged. 

Indications for splenectomy:
Hypersplenism (causes cytopenia) 

Hemorrhage

Rupture

Hemostasis in ITP
Releif of anemic symptoms, AIHA states (spherocytosis, immune mediated destruction)

To assess the extent of disease in lymphoma

Conditions benefited by splenectomy:
H. spherocytosis
ITP when steroids fail

AIHA
Thalassemia major

Hairy Cell leukemia- may induce regression of disease

Hypersplenism

CML to relive discomfort

Prophylaxis:
Do not remove prior to age of 5

Administer appropriate vaccine

Administer meningitis and pneumococcal vaccines

Case study:
Fatigue easily in past 2 weeks

Passed highly colored urine

Never been abroad

Gall bladder problems in mom/aunt

No ill contacts at school

PE:
Icterus, pale

No lymphadenopathy

Spleen is 3cm below margin

LABS:
HB 8

WBC: platelets and normal

+urobilinogen

+indirect bilirubin

Elevated retic index
Normocytosis, coombs negative.
DDX: H. spherocytosis

