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Not counting SPO11, there are 3 types of topoisomerases and 6 TOP genes
in humans

Top1
(Type IB)

Top2
(Type IIA)

Top3
(Type IA)

6 genes:     Top1 Top1mt Top2a Top2b Top3a Top3b

100 kDa    70 kDa 170x2 kDa   180x2 kDa 100 kDa     100 kDa



Humans have 3 types of topoisomerases and 6 TOP genes while Escherichia Coli has 2 types of 
topoisomerases and 6 genes



Humans have 3 types of topoisomerases and 6 TOP genes while Escherichia Coli has 2 types of 
topoisomerases and 6 genes

1 Top1 is the anticancer target of camptothecins and indenoisoquinolines

1

2 3

2 Top2a and b are the anticancer targets of etoposide, doxorubicin, mitoxantrone…

3 Gyrase and Topo IV are the antibacterial targets of quinolones



The 3 families of human toposomerases



Biochemical differences between Top1 and Top2

• No ATP
• No divalent metal
• Still effective at 0oC
• Trapped by camptothecins, 

indenoisoquinolines

• hydrolyze ATP
• Mg2+ requirement
• Not effective at 0oC
• Trapped by etoposide, 

anthracyclines, quinolones



Topological Problems associated with nucleic acid metabolisms



Comparison of the 6 human topoisomerases



Reversible transesterifications,

differential geometry

and polarity (5’ vs. 3’ tyrosyl linkage)

of human topoisomerases 

Pommier et al. ACS Chem Rev 2009

http://discover.nci.nih.gov/pommier/pommier.htm

Top1B

(Top1 & 

Top1mt)

Top1A

Top2A

(Top2a

Top2b

Gyrase

Topo IV)

http://discover.nci.nih.gov/pommier/pommier.htm


Top1

TOP1 (nuclear Top1)

TOP1MT (mitochondrial Top1)



Relaxation of DNA by Topoisomerase I (top1)

Top1 is essential for transcription and replication (repair?)

Top1

Rotation:

Supercoil

removal



In addition to Drugs,

Top1 cleavage complexes

can be induced by 

endogenous and exogeno

DNA lesions (abasic sites, 

oxidized bases, carcinogenic 

adducts…) and during 

apoptosis.

+ Sc- Sc

Pommier, Nature Rev Cancer 2006



DNA	supercoiling	

In	the	context	of	chromatin,	where	the	rotation	of	DNA	is	constrained,	DNA	supercoiling	

(over-	and	under-twisting	and	writhe)	is	readily	generated.	TOP1	and	TOP1mt	remove	

supercoiling	by	DNA	untwisting,	acting	as	“swivelases”,	whereas	TOP2a	and	TOP2b	remove	

writhe,	acting	as	“writhases”	at	DNA	crossovers	(see	TOP2	section).	

Here	are	some	basic	facts	concerning	DNA	supercoiling	that	are	relevant	to	topoisomerase	

activity:		

• Positive	supercoiling	(Sc+)	tightens	the	DNA	helix	whereas	negative	supercoiling	(Sc-)	

facilitates	the	opening	of	the	duplex	and	the	generation	of	single-stranded	segments.	

• Nucleosome	formation	and	disassembly	absorbs	and	releases	Sc-,	respectively.	

• Polymerases	generate	Sc+	ahead	and	Sc-	behind	their	tracks.	

• Excess	of	Sc+	arrests	DNA	tracking	enzymes	(helicases	and	polymerases),	suppresses	

transcription	elongation	and	initiation,	and	destabilizes	nucleosomes.	

• Sc-	facilitates	DNA	melting	during	the	initiation	of	replication	and	transcription,	D-loop	

formation	and	homologous	recombination	and	nucleosome	formation.	

• Excess	of	Sc-	favors	the	formation	of	alternative	DNA	structures	(R-loops,	guanine	

quadruplexes,	right-handed	DNA	(Z-DNA),	plectonemic	structures),	which	then	absorb	

Sc-	upon	their	formation	and	attract	regulatory	proteins.	

	
	



The two human Top1s

mtDNA

nDNA



Camptothecin is an alkaloid from
Camptotheca acuminata Decne, a 
rapidly growing tree from China. 
Discovered by Monroe Wall and 
Mansukh Wani who also discovered 
taxol.

Camptothecin and its derivatives used for the treatment of cancers

Topotecan

Irinotecan

(CPT-11)

Belotecan

(CKD-602)





Camptothecins as one of Nature’s Paradigms for Interfacial Inhibitors

-1T +1G

Staker …Stewart, PNAS 2002; 99: 15397

Topotecan



Asn-722-Ser

Top1 is the only cellular target for camptothecin

=> Camptothecins are highly Targeted Therapies

• Camptothecin-producing plants encode N722S mutation (Saito and 

coworkers, PNAS 2008)

• The N722S mutation was first found in human leukemia CEM cells 

selected for CPT resistance (Cancer Res 2001)

90o



Why New Top1 Inhibitors? 

1. Because camptothecins are effective anticancer drugs.

Hence, Top1 is a validated target for cancer treatment.

2. Because agent with a common target have different pharmacology,  toxicology 

and exhibit different anticancer activity (for instance top2 poisons or tubulin 

inhibitors [colchicine <-> vinblastine]).

3. Because camptothecins have limitations:

• Bone marrow and intestinal toxicity (adults).

• Drug efflux substrates (ABCG2).

• Chemically unstable: E-ring opening.
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Pharmacological limitations of camptothecins:

2. Camptothecins bind reversibly to the top1 cleavage 
complexes.  Hence cleavage complexes reverse rapidly after 
drug removal => prolonged infusions

1. Unstable at physiological pH



Clinical Development of the Indenoisoquinolines

Two compounds selected LMP-776 and LMP-400:
• Potent and specific Top1cc-targeted drugs
• Overcoming limitations of camptothecins:

• Chemical stability (no alpha-hydroxylactone)
• Overcome resistance drug efflux pumps (collaboration 

with S. Bates & M. Gottesman)
• Trap Top1cc at different genomic sites compared to 

camptothecins => target ≠ regions of the genome.

Clinical development of the indenoisoquinolines



Second Generation Camptothecins with Targeted Delivery



Top2

Top2a – TOP2A: Replication
Highly expressed in replicating and
cancer cells

Top2b – TOP2B: Transcription
Expressed both in replicating and
differentiated cells



Humans have two Top2 enzymes



Top2 catalyze a broad range of reactions



Pommier, Y., Sun, Y., Huang, S. & Nitiss, J.L.
2016 Nature Rev Mol Cell Biol



Pommier, Y., Sun, Y., Huang, S. & Nitiss, J.L.
2016 Nature Rev Mol Cell Biol

Nature Reviews | Molecular Cell Biology
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Figure 3 | Functions of topoisomerases in DNA replication. a | Initiation of DNA replication requires separation of the 

two parental strands, which generates negative supercoiling (Sc−) at the origin of replication and positive supercoiling 

(Sc+) in the flanking regions owing to topological barriers, such as nuclear matrix attachment sites or insulators, where the 

DNA is not free to rotate around its axis. Positive supercoiling is dissipated by TOP1 and TOP2  to allow replication fork 

progression (indicated by the arrows). b | Replication elongation generates positive supercoiling ahead of the replication 

fork and negative supercoiling behind it. Positive supercoiling is removed by TOP1 and TOP2 , whereas negative 

supercoiling can be removed by TOP1, TOP2  or TOP3 . TOP2  can also remove precatenanes, which are formed when 

the fork rotates during elongation. c | Converging forks generate high positive supercoiling between them. d | Upon 

replication completion, catenanes are removed by TOP2  (left) and hemicatenanes are removed by TOP3  (right). 

Pol, DNA polymerase.
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Functions of topoisomerases in DNA replication. a.
Initiation of DNA replication requires separation of the 
two parental strands, which generates negative 
supercoiling (Sc-) at the origin of replication and positive 
supercoiling in the flanking regions due to topological 
barriers, such as nuclear matrix attachment sites or 
insulators. Positive supercoiling is dissipated by TOP1 
and TOP2a to allow replication fork progression 
(arrows). b. Replication elongation generates positive 
supercoiling ahead of the replication fork and negative 
supercoiling behind it. Positive supercoiling is removed 
by TOP1 and TOP2a, whereas negative supercoiling can 
be removed by TOP1, TOP2a or TOP3a. TOP2a can also 
remove precatenanes, which are formed when the fork 
rotates during elongation. c. Converging forks generate 
high positive supercoiling between them. d. Upon 
replication completion, catenanes are removed by 
TOP2a (left) and hemicatenanes by TOP3a (right). 
Topological barriers are genomic regions where the DNA 
is not free to rotate around its axis, for example owing 
to hindrance by macromolecular complexes. 



Anticancer
Top2-targeted

drugs

Antibiotics
Top2-targeted

drugs



Structure of a 
topoisomerase II 
cleavage complex 
(Top2cc) trapped by 
etoposide (VP-16)



Structure of a 
topoisomerase IV 
cleavage complex 
(Topo IVcc) trapped 
by the quinolone, 
levofloxacin

Antibacterials







Top3

Top3a – TOP3A: Replication
DNA topoisomerase (single-strands);
resolves hemicatenanes and
prevents recombinations

Top3b – TOP3B: Transcription
DNA topoisomerase (R-loops);
RNA topoisomerase



Decatenation Top2 vs. Top3

Top1A-RecQ

(Top3-BLM/WRN)

Top2



Nature NeuroScience 2013



TOP3A TOP3B

TOP3 alpha and beta function in different protein complexes and biological processes

Replication Transcription



Topoisomerases
Genomic Integrity

and
Human diseases



Topoisomerase-induced DNA damage



Pommier, Y., Sun, Y., Huang, S. & Nitiss, J.L.
2016 Nature Rev Mol Cell Biol



Replicative DNA damage induced by TOP1cc (Topoisomerase I cleavage complexes)

Pommier, Y., Sun, Y., Huang, S. & Nitiss, J.L.
2016 Nature Rev Mol Cell Biol



DNA damage induced by TOP1cc at preexisting DNA alterations

Pommier, Y., Sun, Y., Huang, S. & Nitiss, J.L.
2016 Nature Rev Mol Cell Biol



DNA damage induced by TOP1cc at incorporated ribonucleotides in the genome

Ribonucleotide incorporation by DNA polymerases is the most frequent non-canonical DNA 
”alterations”

Pommier, Y., Sun, Y., Huang, S. & Nitiss, J.L.
2016 Nature Rev Mol Cell Biol



Human Diseases linked with topoisomerases

TOP1: Neurological diseases due to lack of removal of TOP1cc (in 
conjuction with TDP1 and ATM deficiencies)

TOP2B: Chromosomose translocations at TOP2Bcc (leukemia, prostate 
cancers…)

TOP3B: Neurodevelopmental disorders (schizophrenia and cognitive 
impairment)

TDP1: SCAN1 (Spinocerebellar Ataxia and peripheral Neuropathy)

TDP2: Intellectual disability, seizures and ataxia



Stingele, J. Bellili, R. & Boulton, S.J. 2017 Nat Rev Mol Cell Biol 



Repair of Topoisomerase
covalent complexes



Pommier, Y., Sun, Y., Huang, S. & Nitiss, J.L.
2016 Nature Rev Mol Cell Biol
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