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Classification of Human Topoisomerases and Topoisomerase Inhibitors

Type Polarity® Mechanism

Genes  Proteins Main Functions

Decatenation/replication

Drugs®

Mitoxantrone

5,05 « TOP3

DMA supercoiling relaxation Camptothecins (irinctecan, topotecan)
Replication and transcription Indenoisoquinolines (LMP400, LMP775, LMP714)
Anthracyclines (doxorubicin, daunorubicin, idarubicin)

Epipodophyllotoxins (stoposide, teniposide)

DMNA replication with BLM  MNone

1B 3Py Rotation TOP1 TOP1
Swiveling TOPIMT TOPIMT
A spy Strand passage TOPZ2A  TOPZa
ATPase TOP2ZB TOP2B  Transcription
[ 5Lpy Sirand passage TOP3A TOP3m
TOP3E TOP3p  RNA and DNA

topoisomerase

“3-PY, covalent finkage of the catalytic tyrosine of the topoisomerase to the 3" end of the DMA break made by the topoisomerase; 5-FY, covaient linkage of ihe
catalytic tyrosine of the topoisomerase to the 5 end of the DNA break made by the topoisomerase.

“Drug classes are set In bold.

TOP1, topoisomerase I; TOP1MT, mitochondrial topoisomerase |; TOP2a, topoisomerase g TOP2e, topoisomerase |I; TOP3q, topoisomerase |lla; BLM, Bloom

syndrome helicase; TOP3a, topoisomerase HI.

A B C
w ..
5’ 5" | ¢ 5
TOP1 - TTvrrrrrrrenrtsy
TOPIMT  _Q{fllattty NN IR SN AN N -
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Supercoiled duplex Rotation Relaxed duplex
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© ¥
5 5 u | S5
TOP2a TTTrrrrrrrrend |||||'._____
TOP2b Liiiinetiiintl ALl il
[
) ) L 2
Two intertwined v @
duplexes Strand
passage Decatenated, unknotted,
relaxed duplexes

Cleavage complexes

Figure 9.1 Mechanisms of action of topoisomerases. A—C: Topoisomerases I (TOP1 for nuclear DNA and Top Imt for mitochondrial
DNA) relax supercoiled DNA (A) by reversibly cleaving one DNA strand, forming a covalent bond between the enzyme catalytic

tyrosine and the 3’

end of the nicked DNA (the TOP1 cleavage complex: TOPlcc; (B). This reaction allows the swiveling of the

broken strand around the intact strand. Rapid resealing allows the dissociation of TOP1. D—F: Topoisomerases II (TOP2 o and TOP2

B) act on two DNA duplexes (A). They act as homodimers, cleaving both strands, forming a covalent bond between their catalytic
tyrosine and the 5’ end of the DNA break (TOP2cc) (E). This reaction allows the passage of the intact duplex through the TOP2
homodimer (red dotted arrow) (E). TOP2 inhibitors trap the TOP2ccs and prevent the normal resealing (F).
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U.S. Food and Drug Administration-Approved Topoisomerase Il Inhibitors in Clinical Use

Compound
I. Anthracyclines
Doxorubicin (Adriamycin)

Pegylated liposomal doxorubicin
{Doxil)

Daunorubicin (Cerubidine}

Epirubicin (Ellence)

Idarubicin (Idamycin)

Il. Anthracenediones

Mitoxantrone (Movantrone)

Dactinomycin (Cosmegen)

. Epipodophyllotoxins
Etoposide (Vepesid)

Teniposide (Vumon)

Tumor Type

Breast carcinoma

ALL

AML

Wilms tumor
Meuroblastoma
Sarcomas

Ovarian cancer
Transitional cell bladder cancer
Thyroid cancer

Gastric cancer

Hodgkin lymphoma
Mon-Hodgkin lymphoma

Ovarian cancer

AlDS-related Kaposi sarcoma

Multiple myeloma
ALL
AML

Breast cancer

AML

Prostate cancer
AML

Wilms tumaor
Rhabdomyosarcoma
Ewing sarcoma

Nonseminomatous testicular cancer
Gestational trophoblastic neoplasia

Small-cell lung cancer
Testicular cancer

Pediatric lymphoblastic leukemia

Clinical Indication

Major Toxicities

Adjuvant setting with axillary LN Dose-dependent cardiotoxicity

involvement following resection

of primary breast cancer

In combination with other
cytotoxic agents

After failure of platinum-based
chemotherapy

After failure of prior systemic
chemotherapy

Induction therapy

Adjuvant therapy in patients
with evidence of axillary node
tumor involvernent following
primary resection

Induction therapy

Hormone-refractory prostate
cancer

First line in combination
First line in combination

Refractary setting

LN, lymph node; ALL, acute lymphoblastic leukemia; AML, acute myeloid leukemia

Myelosuppression

Myelosuppression
Stomatitis
Hand-foot syndrome

Dosage reduction recommended
with hepatic dysfunction

In combination with bortezomib

Dose-dependent cardiotoxicity
Myelosuppression

Dose-dependent cardiotoxicity
Myelosuppression

Dose-dependent cardiotoxicity
Myelosuppression

Myelosuppression

Myelosuppression

Myelosuppression

Myelosuppression



