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            Key Points

                	
                  Tumour cells generally show enhanced replicative stress, a condition in which DNA polymerases lag behind unwinding DNA. These replication forks trigger a specific stress response.

                
	
                  Replicative stress can result from enhanced proliferative stimuli in tumour cells. It is accompanied by replication fork stalling, disassembly of the replication machinery and, ultimately, breakage of DNA.

                
	
                  Replicative stress can be further enhanced by chemotherapeutics, such as nucleoside analogues, topoisomerase inhibitors and DNA-modifying drugs.

                
	
                  Numerous signalling intermediates modulate the development of replicative stress and the cellular response to it. Many of these are established or potential drug targets to enhance replicative stress to eliminate tumour cells.

                
	
                  Anticancer therapy does not necessarily need to inhibit cell cycle progression. Rather, the general lack of growth control in cancer cells, which pushes them further through DNA replication, could be exploited to elicit a stress condition that promotes cancer cell death.

                


              

Abstract
DNA replication in cancer cells is accompanied by stalling and collapse of the replication fork and signalling in response to DNA damage and/or premature mitosis; these processes are collectively known as 'replicative stress'. Progress is being made to increase our understanding of the mechanisms that govern replicative stress, thus providing ample opportunities to enhance replicative stress for therapeutic purposes. Rather than trying to halt cell cycle progression, cancer therapeutics could aim to increase replicative stress by further loosening the checkpoints that remain available to cancer cells and ultimately inducing the catastrophic failure of proliferative machineries. In this Review, we outline current and future approaches to achieve this, emphasizing the combination of conventional chemotherapy with targeted approaches.
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                    Figure 1: Generation of replicative stress and the resulting signalling cascades.[image: ]


Figure 2: Generation and levels of replicative stress in tumour cells.[image: ]


Figure 3: Timeline: a history of discoveries leading to drugs and drug candidates that increase replicative stress.[image: ]


Figure 4: Targets to increase replicative stress.[image: ]
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Glossary
	Checkpoints
	
                  Signalling events during the cell cycle that prevent further progression.

                
	Cyclin-dependent kinase
	
                  (CDK). A class of kinase that associates with partner proteins known as cyclins. Specific CDKs are active at various phases of the cell cycle to promote cell cycle progression.

                
	Replicative stress
	
                  The perturbation of DNA replication that interferes with timely and error-free completion of S phase.

                
	Nucleoside analogues
	
                  Compounds with similarity to nucleosides (components of DNA or RNA) that are often used as drugs to interfere with the polymerization of (deoxy)ribonucleotides.

                
	Checkpoint kinase
	
                  A protein kinase that is activated by stress signals and halts cell cycle progression.

                
	Platinum compounds
	
                  A class of chemotherapeutics that include cisplatin, oxaliplatin and carboplatin. Platinum compounds form intrastrand and interstrand crosslinks on DNA.

                
	Translesion synthesis
	
                  DNA synthesis by specific enzymes — DNA polymerase-ζ and DNA polymerase-η — to bypass small lesions in the template strand.

                
	Topoisomerase inhibitors
	
                  A class of drugs that bind to topoisomerase I (rotating DNA around a nick to relax DNA supercoiling) or topoisomerase II (passing one portion of DNA through another). These inhibitors typically associate with the topoisomerases while bound to DNA, which creates a barrier to DNA replication.

                
	Poly(ADP-ribose) polymerase
	
                  (PARP). A class of enzyme that is involved in facilitating DNA repair.

                
	Isolation of proteins on nascent DNA
	
                  (iPOND). A technology that involves the labelling of newly synthesized DNA and subsequent purification of proteins that associate with this DNA.
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