Mitotic Spindle Poisons
Spindles made of dynamic microtubules.  Polymerization requires GTP.  Positive ends more 
dynamic than negative ends.

Microtubules used for axonal transport, which is why these poisons have serious neurotoxicity.

Spindle poisons in vitro:  Vinca drugs destabilize microtubules, Taxanes stabilize
Spindle poisons in vivo:  both Vincas and Taxanes slow polymerization dynamics

Vinca drugs
In vitro they depolymerize MTs but in vivo they decrease the dynamics of spindle MTs.  Their 
serious toxicity is neurotoxicity which affects motor and sensory functions.

--Vinblastine binds β tubulin and disturbs its polymerization.  Treats lymphomas.

--Vincristine treats acute leukemias and lymphomas.

--Vinorelbine treats solid breast and lung tumors.
Taxanes
In vitro they polymerize MTs but in vivo they’re just like Vincas.  Decrease spindle dynamics.  
Their serious toxicities are myelosupression and peripheral neurotoxicity.
Mechanisms of Drug Resistance
1.  Mutidrug resistance involves outward organic transporters such as MDR1 and drug 
sequestering proteins such as MRP1. 

--MDR1 is part of the ABC pump superfamily.

--MPR1 is a glutathione/drug cotransporter found on both plasma and ER membranes.    


It is very good at pumping out Topo II poisons.
2.  Breast cancer resistance protein (BCRP) gives huge resistance to Topo I and II poisons.
3.  Atypical drug resistance in which a mutation changes the drug binding site, preventing the 
drug’s effects.  Many examples with Topo I and II drugs.
Topoiseomerase-Targeting Drugs
Topoisomerase
A normal enzyme in the nucleus that catalyzes reversible substitutions of the DNA backbone 
using tyrosine as the nucleophile.  The linkage preserves the energy of the original 
linkage.  This process allows DNA to relieve supercoil strain.
All topoisomerases form covalent enzyme/DNA intermediates (keeps the DNA strands together).

Type I topoisomerases are monomeric, using a single tyrosine to cleave one DNA strand.  
Removes one supercoil at a time.  These require no ATP.
Type II topoisomerases are dimeric, using two active site tyrosines to cleave both DNA strands, 
forming a gate.  Removes two supercoils at a time.  These require ATP.

Topoisomerase-Targeting Drugs
Drugs against Type I and Type II topoisos stabilize the enzyme’s covalent complex with DNA.  Drugs against Type I intercalate and block ligation of the strands, and the enzyme gets stuck.

Type II poisons are sensitive to amount of ATP.

Stabilizing the covalent complex causes double strand break, inducing apoptosis.  This occurs in 
the S phase for Type II poisons, and in G2 for Type I poisons!

Both types, but especially Topo II poisons, eventually have resistance by cancer cells.

Topo I targeted drugs

Camptothecin, topotecan, irinotecan:  These intercalate and stabilize the covalent complex.  Used 
to treat solid tumors, such as in colorectal and ovarian cancer.  Major toxicities include 
myelosuppression, alopecia.


--Topotecan has a lactone ring that opens at acid pH, inactivating it.  This is a limitation.


--Irinotecan is a prodrug that must be metabolized.

Minor-Groove DNA binding drugs:  Induce DNA bending in the minor groove because of their 
crescent shaped molecules.  Bending 
stops Topo I.  These drugs are S phase specific, and 
augment effect of other Topo I drugs.

Actinomycin D:  Intercalates due to ring structure.  Probably targets RNA polymerase, not Topo I.

Very potent against childhood malignancies such as Wilm’s tumor.

Topo II targeted drugs

Anthracyclines such as Doxorubicin, Daunorubicin:  Intercalate, stabilizing Topo II.  Unusual 
toxicities include potent cardiotoxicity and liver damage from free radicals generated 
during metabolism.

--Doxorubicin for solid tumors such as breast cancer and lymphomas


--Daunorubicin for acute leukemias

--Mitoxantrone has somewhat less cardiotoxicity

