
HAL Id: hal-02367507
https://hal.science/hal-02367507v1

Submitted on 18 Nov 2019

HAL is a multi-disciplinary open access archive
for the deposit and dissemination of scientific re-
search documents, whether they are published or not.
The documentsmay come from teaching and research
institutions in France or abroad, or from public or pri-
vate research centers.

L’archive ouverte pluridisciplinaireHAL, est des-
tinée au dépôt et à la diffusion de documents scien-
tifiques de niveau recherche, publiés ou non, émanant
des établissements d’enseignement et de recherche
français ou étrangers, des laboratoires publics ou
privés.

HAL Authorization

QUIESCENCE, AN INDIVIDUAL JOURNEY
Isabelle Sagot, Damien Laporte

To cite this version:
Isabelle Sagot, Damien Laporte. QUIESCENCE, AN INDIVIDUAL JOURNEY. Current Genetics, 2019, 65,
pp.695-699. ⟨10.1007/s00294-018-00928-w⟩. ⟨hal-02367507⟩

https://hal.science/hal-02367507v1
https://about.hal.science/hal-authorisation-v1/
https://about.hal.science/hal-authorisation-v1/
https://hal.archives-ouvertes.fr


Current Genetics
 

QUIESCENCE, AN INDIVIDUAL JOURNEY
--Manuscript Draft--

 
Manuscript Number: CUGE-D-18-00260R1

Full Title: QUIESCENCE, AN INDIVIDUAL JOURNEY

Article Type: Mini-Review

Corresponding Author: Isabelle SAGOT
Centre National de la Recherche Scientifique
BORDEAUX, FRANCE

Corresponding Author Secondary
Information:

Corresponding Author's Institution: Centre National de la Recherche Scientifique

Corresponding Author's Secondary
Institution:

First Author: Isabelle SAGOT

First Author Secondary Information:

Order of Authors: Isabelle SAGOT

Damien Laporte

Order of Authors Secondary Information:

Funding Information: Université de Bordeaux Not applicable

Centre National de la Recherche
Scientifique

Not applicable

Abstract: Quiescence is operationally characterized as a temporary and reversible proliferation
arrest. There are many preconceived ideas about quiescence, quiescent cells being
generally viewed as insignificant sleeping G1 cells. In fact, quiescence is central for
organism physiology and its dysregulation involved in many pathologies. The quiescent
state encompasses very diverse cellular situations depending on the cell type and its
environment. This diversity challenges not only quiescence uniformity but also the
universality of the molecular mechanisms beyond quiescence regulation. In this mini-
perspective, we discuss recent advances in the concept of quiescence, and illustrate
that this multifaceted cellular state is gaining increasing attention in many field of
biology.

Powered by Editorial Manager® and ProduXion Manager® from Aries Systems Corporation



1 
 

QUIESCENCE, AN INDIVIDUAL JOURNEY 

 

 

Isabelle Sagot1 and Damien Laporte1 

 

 

 

Affiliations: 

1: Centre National de la Recherche Scientifique, Université de Bordeaux - Institut de 
Biochimie et Génétique Cellulaires, UMR5095 - 33077 Bordeaux cedex, France 
 

 

Contact: Isabelle Sagot or Damien Laporte 

Institut de Biochimie et Génétique Cellulaires - Unité Mixte de Recherche 5095 
Centre National de la Recherche Scientifique 
Université de Bordeaux - CS61390 
F-33077 Bordeaux Cedex, France. 
Tel: +33 5 56 99 90 21 
Fax: +33 5 56 99 90 55 
isabelle.sagot@ibgc.cnrs.fr 
 

 

 

Key words: Quiescence, aging, micro-environment, G0, cell cycle. 

  

Manuscript Click here to access/download;Manuscript;Mini perspective
Cur Gen 20dec.pdf

Click here to view linked References

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 

https://www.editorialmanager.com/cuge/download.aspx?id=27944&guid=6aa749c0-8882-49ff-84d9-f443797e7b0d&scheme=1
https://www.editorialmanager.com/cuge/download.aspx?id=27944&guid=6aa749c0-8882-49ff-84d9-f443797e7b0d&scheme=1
https://www.editorialmanager.com/cuge/viewRCResults.aspx?pdf=1&docID=2328&rev=1&fileID=27944&msid=ae88dc0e-0a41-4ff5-ba01-844ffc86f258


2 
 

ABSTRACT 

Quiescence is operationally characterized as a temporary and reversible 

proliferation arrest. There are many preconceived ideas about quiescence, quiescent 

cells being generally viewed as insignificant sleeping G1 cells. In fact, quiescence is 

central for organism physiology and its dysregulation involved in many pathologies. 

The quiescent state encompasses very diverse cellular situations depending on the 

cell type and its environment. This diversity challenges not only quiescence uniformity 

but also the universality of the molecular mechanisms beyond quiescence regulation. 

In this mini-perspective, we discuss recent advances in the concept of quiescence, and 

illustrate that this multifaceted cellular state is gaining increasing attention in many field 

of biology.   
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Introduction 

Unlike cell proliferation, cellular quiescence is often ill defined, considered as an 

inactive default state, and its biological relevance poorly acknowledged. However, an 

increasing amount of literature reveals that quiescence is central in many biological 

processes including major human diseases. In fact, quiescence is captivating, as it is 

diverse, multifaceted, and far from being a “sleeping” cellular state.  

When speaking about cellular quiescence, it is crucial to define precisely what we are 

talking about. Quiescence is operationally defined as a temporary and reversible 

proliferation arrest, but conceptually, the difficulties arise from the rather loose notions 

of temporality and reversibility. First, one can wonder when does a cell that has ceased 

dividing should be considered as a bona fide quiescent cell? Although relevant, this 

question is probably not the way we should think about quiescence establishment, as 

quiescence entry is not a question of time but rather comes with specific molecular and 

cellular remodelling, that may even occur before cell proliferation cessation (see 

below). Second, a categorization based on reversibility separates quiescent cells - 

cells that keep their capacities to re-enter the cell cycle-, from senescent cells - cells 

that will never re-proliferate (Terzi et al. 2016). Yet, although this partitioning is 

practically helpful, it may be too simplistic. As examples, terminally differentiated 

neurons are in an apparently permanent cell cycle arrest, but can eventually re-

proliferate following very particular stimulations (Sun and Buttitta 2017). Similarly, 

viable but non-culturable micro-organisms theoretically fall in the senescent cell 

category, but it is just because we have not found the way to make them divide (Oliver 

2005). On the other side of the edge, quiescent cells face the damaging effects of age 

and with time, may lose their proliferation capacities and become senescent 

(Marthandan et al. 2014). Thus, the quiescence boundaries are floating.  

In addition to these semantic issues, diverse forms of quiescence can be recognized. 

On the one hand, quiescence induced by macro- or micro-environmental conditions 

can theoretically be separated from quiescence that is coupled to differentiation as part 

of a programmed developmental plan (O’Farrell 2011; Fiore et al. 2018). On the other 

hand, various quiescence “degree” can be ascribed depending on cell’s “activities”. For 

example, upon quiescence entry, primary human fibroblasts continue to exhibit high 

flux in several metabolic pathways (Lemons et al. 2010; Valcourt et al. 2012) while 

other cells drastically reduced their overall metabolism and enter dormancy, a sort of 

extreme form of quiescence. Dormancy has been brilliantly discussed for unicellular 
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organisms (Lewis 2007; Jones and Lennon 2010; Rittershaus et al. 2013) and plants 

(Considine and Considine 2016; Velappan et al. 2017). Yet, while it is easy to 

acknowledge that spores are dormant since they undergo massive morphological 

changes (Huang and Hull 2017), this particular quiescent status is more debated in 

animals in which the frontiers of dormancy are more subjective (Rittershaus et al. 2013; 

Rocheteau et al. 2015). In sum, quiescence encompasses an infinite number of cellular 

situations depending on both the cell type and the environmental niche. This 

heterogeneity challenges the universality of molecular processes beyond quiescence 

establishment, maintenance and exit. Nevertheless, once the complexity of 

quiescence acknowledged, increasing evidences testify that quiescence is not a 

“frozen” default G1 state and that this cellular state is at the heart of most physiological 

and pathological biological processes. 

 

Quiescence is not an anecdotic cellular state. 

In the wild, quiescent micro-organisms are found in most ecosystems, from the human 

gut to soils or deep oceans. When microbes face environmental conditions that are 

unfavorable to division, they may adopt different strategies to persist in a quiescent 

state for months or even years (Corper and Cohn 1933). These “persisters” have been 

shown to be crucial not only to preserve biodiversity by limiting inter-species 

competition, but also for evolution (Jones and Lennon 2010; Shoemaker and Lennon 

2018). Because they are non-dividing and therefore insensitive to many antibiotics, 

these quiescent cells are also a major threat for human health (Lewis 2007; Jones and 

Lennon 2010; Bojsen et al. 2017). The evolutionary success of unicellular species is 

related to their ability to sustain periods of nutrient starvation. Throughout evolution, 

the appearance of multicellular organisms is closely associated with the acquisition of 

the capacity to enter quiescence (O’Farrell 2011), even in a context in which cells are 

bathed in a nutrient-rich environment. In complex organisms, proliferation cessation at 

the right places and times is critical during development (O’Farrell 2011; Sun and 

Buttitta 2017). In adults, many cells within tissues are quiescent, but the archetype of 

quiescent cells is undoubtedly stem cells. A controlled balance between proliferation 

and quiescence is crucial for regenerating tissues after injuries, for hematopoiesis, 

immune response, renewal of epithelia, etc… and therefore for the entire body 

maintenance (Morrison and Spradling 2008; O’Farrell 2011; Chakkalakal et al. 2012; 

Rumman et al. 2015; Matson and Cook 2017; Fiore et al. 2018). Moreover, quiescence 
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establishment and exit, through the regulation of cell proliferation, have to be tightly 

controlled to avoid pathological situations including stem cell depletion and 

tumorigenesis (Orford and Scadden 2008; O’Farrell 2011; Cheung and Rando 2013; 

Dhawan and Laxman 2015). Interestingly, more and more evidences argue that micro-

environment – both its composition and physical properties – plays a central role in 

regulating quiescence (Linde et al. 2016; Fiore et al. 2018). This is particularly true in 

the case of disseminated tumor cells that persist far from the primary tumor as 

undetectable quiescent individual cancer cells, the awakening of these malignant cells 

being thought to be the major cause of cancer recurrence (Aguirre-Ghiso et al. 2013; 

Sosa et al. 2014; Linde et al. 2016; Fiore et al. 2018). In addition to disseminated tumor 

cells, non-proliferating cancer cells - cancer stem cells - do exist within tumors and as 

such, resist to conventional anti-proliferative drug treatments (Chen et al. 2016; 

Fujimaki and Yao 2018; Vallette et al. 2018). Several strategies are currently under 

investigation to avoid cancer relapse and resistance, such as locking quiescent cancer 

cells in a non-proliferative state or forcing them to divide in the presence of 

chemotherapeutic agents (Chen et al. 2016). Thus, it urges to decrypt mechanisms 

beyond both quiescence regulation in healthy tissues and quiescence dysfunction in 

human pathologies. 

 

Quiescence establishment is not a passive arrest in G1. 

Quiescence establishment is often considered as a passive proliferation arrest at the 

restriction point in the G1 phase of the cell cycle. While the majority of quiescent cells 

do have a G1 DNA content, there are many examples of plants and animal cells that 

undergo endo-replication prior to quiescence entry and are therefore polyploidy (Sun 

and Buttitta 2017). Further, quiescent cells are not all necessarily arrested at the same 

“point” in G1 (Cooper 2003; Yao 2014) and several yeast species (Costello et al. 1986; 

Takeo et al. 1995), stem cells (Sutcu and Ricchetti 2018) and cancer cells (Drewinko 

et al. 1984; Pearl Mizrahi et al. 2016) can be found quiescent in G2. In fact, S. 

cerevisiae and S. pombe can survive in quiescence when they are artificially arrested 

in other cell cycle phase than G1 (Wei et al. 1993; Laporte et al. 2011). Nonetheless, 

several studies point to many signaling molecules acting in G1 as regulator of 

quiescence. This includes the tumor suppressor p53 and Rb, the cyclin-dependent 

kinase inhibitors p21 and p27, and several transcription factors such as FoxO (Cheung 

and Rando 2013; Rumman et al. 2015; Sun and Buttitta 2017; Matson and Cook 2017; 
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Miles and Breeden 2017). Yet, inactivation of these pathways does not necessarily 

hamper quiescence establishment (Matson and Cook 2017). Importantly, an artificial 

prolonged G1 arrest does not recapitulate quiescence establishment both in yeast and 

mammals (Coller et al. 2006; Laporte et al. 2011). In fact, accumulating evidences 

indicate that quiescence establishment involves the active repression of G1 

progression genes (Litovchick et al. 2007; Sang et al. 2008; Yao 2014; Matson and 

Cook 2017) and the expression of genes which signature vary depending on the signal 

that has triggered quiescence entry (Coller et al. 2006; Klosinska et al. 2011). Further, 

expression of particular miRNAs, the RNA interference machinery, specific histone 

marks and telomere rearrangements have been shown to regulate quiescence 

(Cheung and Rando 2013; Roche et al. 2017; Maestroni et al. 2018), suggesting that 

this cellular fate is actively established and maintained. In addition, quiescence entry 

is accompanied by many specific remodelling, including chromatin reorganization, 

protein re-localization and cytoskeletal re-arrangements (Sagot and Laporte 2018). 

These large-scale cellular manoeuvres may be a way to avoid the damaging effects of 

age or to improve the fitness of quiescence exit. 

Finally, studies in mammals suggest that the decision to enter quiescence is taken 

prior to the proliferation arrest in G1, in the G2 phase of the previous cell cycle. This 

forecast cell fate involves a bifurcation in the levels of Cdk2 activity and a Rb-E2F bi-

stable switch (Hitomi and Stacey 1999; Chassot et al. 2008; Spencer et al. 2013; 

Naetar et al. 2014; Dhawan and Laxman 2015; Sun and Buttitta 2017; Matson and 

Cook 2017). Interestingly, in yeast, the decision seems to be made several cell cycles 

before proliferation cessation (Lillie and Pringle 1980; Zhang and Cao 2017; Argüello-

Miranda et al. 2018). Therefore, quiescence establishment is a multifaceted anticipated 

process for which a G1 arrest is not mandatory, thereby questioning the use of the 

term “G0”. 

 

Quiescence is not a “frozen” cellular state 

Are all quiescent cells “frozen”? As stated above, depending on the cell type, quiescent 

cells metabolic activities drastically vary. Although it may be slowed down, a minimal 

rate of protein synthesis is required for survival in quiescence. Besides, an increased 

mRNA stability has been observed in many quiescent cell types (Gray et al. 2004; 

Valcourt et al. 2012; Rittershaus et al. 2013). Quiescent cells also preserve both 

membrane potentials and energy production, the maintenance of ATP synthesis, either 
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by respiration or fermentation, being essential to avoid cell death (Rittershaus et al. 

2013). Further, quiescence is not necessarily associated to a general slowdown of all 

metabolic fluxes (Sauer et al. 1999; Lemons et al. 2010; Klosinska et al. 2011; Valcourt 

et al. 2012; Rittershaus et al. 2013), some specific pathways being more active in 

quiescent cells than in their proliferating counterpart (Lemons et al. 2010; Chen et al. 

2012). Hence, quiescent cells are not all asleep.  

In fact, many quiescent cells seem to be poised, ready to re-enter the cell cycle the 

more efficiently as possible (Cheung and Rando 2013). In quiescent S. cerevisiae, the 

RNA polymerase II is stalled onto specific promoters, ready to fire genes required for 

the early steps of G1/S progression (Radonjic et al. 2005). A similar mechanism may 

exist in stem cells, in which epigenetic histone marks could be functionally important 

for cell cycle re-entry (Cheung and Rando 2013). Moreover, some transcription factors 

and several quiescence specific cellular reorganization such as the formation of 

proteasome storage granules and stable microtubule bundles are critical for 

quiescence exit (Sagot and Laporte 2018; Kuang et al. 2018). More generally, cellular 

machineries essential for proliferation such as cytoskeletons or macromolecular 

complexes may be stored in quiescent cells as immediately mobilizable reservoir 

(Sagot and Laporte 2018). Further, difference in responsiveness have been observed 

in both yeast and several mammalians quiescent cells, including stem cells. Indeed, 

within a clonal cell population, individual quiescent cells can exhibit significantly 

different swiftness in re-entering proliferation (Rodgers et al. 2014; Dhawan and 

Laxman 2015; Tierney and Sacco 2016; Wang et al. 2017; Laporte et al. 2017). Finally 

and importantly, it has been proposed that quiescence duration influences individual 

quiescent cell properties and that young quiescent cells do not have the same features 

and abilities that cells that have been quiescent for longer period. In yeast and 

fibroblast, this “deepening” of quiescence has been shown to negatively influence 

quiescence exit efficiency (Yao 2014; Wang et al. 2017; Kwon et al. 2017; Laporte et 

al. 2017). Thus, quiescent cell properties change with time.  

 

As a conclusion, quiescent cells properties are very different depending on the cell 

type, its environment, and the time spend in this non-proliferating state. Even clonal 

cell population in a given niche should be considered as a sum of heterogeneous 

individualities. It may be unrealistic to believe that universal properties shared by all 

quiescent cells could exist and that the molecular mechanisms beyond quiescence 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



8 
 

regulation are all evolutionary conserved. Yet, quiescence in its biological significance, 

its diversity and its complexity is a fascinating cellular state, and we have just 

uncovered the very tip of the iceberg. Many more is to come…     

  

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



9 
 

Acknowledgments  

We express our profound gratitude to B. Daignan-Fornier for precious discussions 

and comments on this manuscript. DL and IS are supported by the University of 

Bordeaux and the Centre National de la Recherche Scientifique.  

  

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



10 
 

References  

Aguirre-Ghiso JA, Bragado P, Sosa MS (2013) Metastasis awakening: targeting 
dormant cancer. Nat Med 19:276–277. doi: 10.1038/nm.3120 

Argüello-Miranda O, Liu Y, Wood NE, et al (2018) Integration of Multiple Metabolic 
Signals Determines Cell Fate Prior to Commitment. Mol Cell 71:733-744.e11. 
doi: 10.1016/j.molcel.2018.07.041 

Bojsen R, Regenberg B, Folkesson A (2017) Persistence and drug tolerance in 
pathogenic yeast. Curr Genet 63:19–22. doi: 10.1007/s00294-016-0613-3 

Chakkalakal JV, Jones KM, Basson MA, Brack AS (2012) The aged niche disrupts 
muscle stem cell quiescence. Nature 490:355–360. doi: 10.1038/nature11438 

Chassot A-A, Lossaint G, Turchi L, et al (2008) Confluence-induced cell cycle exit 
involves pre-mitotic CDK inhibition by p27(Kip1) and cyclin D1 downregulation. 
Cell Cycle Georget Tex 7:2038–2046. doi: 10.4161/cc.7.13.6233 

Chen B-R, Cheng H-H, Lin W-C, et al (2012) Quiescent fibroblasts are more active in 
mounting robust inflammatory responses than proliferative fibroblasts. PloS 
One 7:e49232. doi: 10.1371/journal.pone.0049232 

Chen W, Dong J, Haiech J, et al (2016) Cancer Stem Cell Quiescence and Plasticity 
as Major Challenges in Cancer Therapy. Stem Cells Int 2016:1740936. doi: 
10.1155/2016/1740936 

Cheung TH, Rando TA (2013) Molecular regulation of stem cell quiescence. Nat Rev 
Mol Cell Biol 14:329–340. doi: 10.1038/nrm3591 

Coller HA, Sang L, Roberts JM (2006) A new description of cellular quiescence. PLoS 
Biol 4:e83. doi: 10.1371/journal.pbio.0040083 

Considine MJ, Considine JA (2016) On the language and physiology of dormancy and 
quiescence in plants. J Exp Bot 67:3189–3203. doi: 10.1093/jxb/erw138 

Cooper S (2003) Reappraisal of serum starvation, the restriction point, G0, and G1 
phase arrest points. FASEB J Off Publ Fed Am Soc Exp Biol 17:333–340. doi: 
10.1096/fj.02-0352rev 

Corper HJ, Cohn ML (1933) The viability and virulence of old cultures of tuercule bacilli. 
Am Rev Tuberc 856–874 

Costello G, Rodgers L, Beach D (1986) Fission yeast enters the stationary G0 state 
from either mitotic G1 or G2. Curr Genet 11:119–125 

Dhawan J, Laxman S (2015) Decoding the stem cell quiescence cycle--lessons from 
yeast for regenerative biology. J Cell Sci 128:4467–4474. doi: 
10.1242/jcs.177758 

Drewinko B, Yang LY, Barlogie B, Trujillo JM (1984) Cultured human tumour cells may 
be arrested in all stages of the cycle during stationary phase: demonstration of 
quiescent cells in G1, S and G2 phase. Cell Tissue Kinet 17:453–463 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



11 
 

Fiore APZP, Ribeiro P de F, Bruni-Cardoso A (2018) Sleeping Beauty and the 
Microenvironment Enchantment: Microenvironmental Regulation of the 
Proliferation-Quiescence Decision in Normal Tissues and in Cancer 
Development. Front Cell Dev Biol 6:59. doi: 10.3389/fcell.2018.00059 

Fujimaki K, Yao G (2018) Crack the state of silence: Tune the depth of cellular 
quiescence for cancer therapy. Mol Cell Oncol 5:e1403531. doi: 
10.1080/23723556.2017.1403531 

Gray JV, Petsko GA, Johnston GC, et al (2004) “Sleeping beauty”: quiescence in 
Saccharomyces cerevisiae. Microbiol Mol Biol Rev MMBR 68:187–206. doi: 
10.1128/MMBR.68.2.187-206.2004 

Hitomi M, Stacey DW (1999) Cyclin D1 production in cycling cells depends on ras in a 
cell-cycle-specific manner. Curr Biol CB 9:1075–1084 

Huang M, Hull CM (2017) Sporulation: how to survive on planet Earth (and beyond). 
Curr Genet 63:831–838. doi: 10.1007/s00294-017-0694-7 

Jones SE, Lennon JT (2010) Dormancy contributes to the maintenance of microbial 
diversity. Proc Natl Acad Sci U S A 107:5881–5886. doi: 
10.1073/pnas.0912765107 

Klosinska MM, Crutchfield CA, Bradley PH, et al (2011) Yeast cells can access distinct 
quiescent states. Genes Dev 25:336–349. doi: 10.1101/gad.2011311 

Kuang Z, Ji H, Boeke JD (2018) Stress response factors drive regrowth of quiescent 
cells. Curr Genet 64:807–810. doi: 10.1007/s00294-018-0813-0 

Kwon JS, Everetts NJ, Wang X, et al (2017) Controlling Depth of Cellular Quiescence 
by an Rb-E2F Network Switch. Cell Rep 20:3223–3235. doi: 
10.1016/j.celrep.2017.09.007 

Laporte D, Jimenez L, Gouleme L, Sagot I (2017) Yeast quiescence exit swiftness is 
influenced by cell volume and chronological age. Microb Cell Graz Austria 
5:104–111. doi: 10.15698/mic2018.02.615 

Laporte D, Lebaudy A, Sahin A, et al (2011) Metabolic status rather than cell cycle 
signals control quiescence entry and exit. J Cell Biol 192:949–957. doi: 
10.1083/jcb.201009028 

Lemons JMS, Feng X-J, Bennett BD, et al (2010) Quiescent fibroblasts exhibit high 
metabolic activity. PLoS Biol 8:e1000514. doi: 10.1371/journal.pbio.1000514 

Lewis K (2007) Persister cells, dormancy and infectious disease. Nat Rev Microbiol 
5:48–56. doi: 10.1038/nrmicro1557 

Lillie SH, Pringle JR (1980) Reserve carbohydrate metabolism in Saccharomyces 
cerevisiae: responses to nutrient limitation. J Bacteriol 143:1384–1394 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



12 
 

Linde N, Fluegen G, Aguirre-Ghiso JA (2016) The Relationship Between Dormant 
Cancer Cells and Their Microenvironment. Adv Cancer Res 132:45–71. doi: 
10.1016/bs.acr.2016.07.002 

Litovchick L, Sadasivam S, Florens L, et al (2007) Evolutionarily conserved 
multisubunit RBL2/p130 and E2F4 protein complex represses human cell cycle-
dependent genes in quiescence. Mol Cell 26:539–551. doi: 
10.1016/j.molcel.2007.04.015 

Maestroni L, Géli V, Coulon S (2018) STEEx, a boundary between the world of 
quiescence and the vegetative cycle. Curr Genet 64:901–905. doi: 
10.1007/s00294-018-0808-x 

Marthandan S, Priebe S, Hemmerich P, et al (2014) Long-term quiescent fibroblast 
cells transit into senescence. PloS One 9:e115597. doi: 
10.1371/journal.pone.0115597 

Matson JP, Cook JG (2017) Cell cycle proliferation decisions: the impact of single cell 
analyses. FEBS J 284:362–375. doi: 10.1111/febs.13898 

Miles S, Breeden L (2017) A common strategy for initiating the transition from 
proliferation to quiescence. Curr Genet 63:179–186. doi: 10.1007/s00294-016-
0640-0 

Morrison SJ, Spradling AC (2008) Stem cells and niches: mechanisms that promote 
stem cell maintenance throughout life. Cell 132:598–611. doi: 
10.1016/j.cell.2008.01.038 

Naetar N, Soundarapandian V, Litovchick L, et al (2014) PP2A-mediated regulation of 
Ras signaling in G2 is essential for stable quiescence and normal G1 length. 
Mol Cell 54:932–945. doi: 10.1016/j.molcel.2014.04.023 

O’Farrell PH (2011) Quiescence: early evolutionary origins and universality do not 
imply uniformity. Philos Trans R Soc Lond B Biol Sci 366:3498–3507. doi: 
10.1098/rstb.2011.0079 

Oliver JD (2005) The viable but nonculturable state in bacteria. J Microbiol Seoul Korea 
43 Spec No:93–100 

Orford KW, Scadden DT (2008) Deconstructing stem cell self-renewal: genetic insights 
into cell-cycle regulation. Nat Rev Genet 9:115–128. doi: 10.1038/nrg2269 

Pearl Mizrahi S, Gefen O, Simon I, Balaban NQ (2016) Persistence to anti-cancer 
treatments in the stationary to proliferating transition. Cell Cycle Georget Tex 
15:3442–3453. doi: 10.1080/15384101.2016.1248006 

Radonjic M, Andrau J-C, Lijnzaad P, et al (2005) Genome-wide analyses reveal RNA 
polymerase II located upstream of genes poised for rapid response upon S. 
cerevisiae stationary phase exit. Mol Cell 18:171–183. doi: 
10.1016/j.molcel.2005.03.010 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



13 
 

Rittershaus ESC, Baek S-H, Sassetti CM (2013) The normalcy of dormancy: common 
themes in microbial quiescence. Cell Host Microbe 13:643–651. doi: 
10.1016/j.chom.2013.05.012 

Roche B, Arcangioli B, Martienssen R (2017) Transcriptional reprogramming in cellular 
quiescence. RNA Biol 14:843–853. doi: 10.1080/15476286.2017.1327510 

Rocheteau P, Vinet M, Chretien F (2015) Dormancy and quiescence of skeletal muscle 
stem cells. Results Probl Cell Differ 56:215–235. doi: 10.1007/978-3-662-
44608-9_10 

Rodgers JT, King KY, Brett JO, et al (2014) mTORC1 controls the adaptive transition 
of quiescent stem cells from G0 to G(Alert). Nature 510:393–396. doi: 
10.1038/nature13255 

Rumman M, Dhawan J, Kassem M (2015) Concise Review: Quiescence in Adult Stem 
Cells: Biological Significance and Relevance to Tissue Regeneration. Stem 
Cells Dayt Ohio 33:2903–2912. doi: 10.1002/stem.2056 

Sagot I, Laporte D (2018) The cell biology of quiescent yeast: a diversity of individual 
scenario. J Cell Sci in press: 

Sang L, Coller HA, Roberts JM (2008) Control of the reversibility of cellular quiescence 
by the transcriptional repressor HES1. Science 321:1095–1100. doi: 
10.1126/science.1155998 

Sauer U, Lasko DR, Fiaux J, et al (1999) Metabolic flux ratio analysis of genetic and 
environmental modulations of Escherichia coli central carbon metabolism. J 
Bacteriol 181:6679–6688 

Shoemaker WR, Lennon JT (2018) Evolution with a seed bank: The population genetic 
consequences of microbial dormancy. Evol Appl 11:60–75. doi: 
10.1111/eva.12557 

Sosa MS, Bragado P, Aguirre-Ghiso JA (2014) Mechanisms of disseminated cancer 
cell dormancy: an awakening field. Nat Rev Cancer 14:611–622. doi: 
10.1038/nrc3793 

Spencer SL, Cappell SD, Tsai F-C, et al (2013) The proliferation-quiescence decision 
is controlled by a bifurcation in CDK2 activity at mitotic exit. Cell 155:369–383. 
doi: 10.1016/j.cell.2013.08.062 

Sun D, Buttitta L (2017) States of G0 and the proliferation-quiescence decision in cells, 
tissues and during development. Int J Dev Biol 61:357–366. doi: 
10.1387/ijdb.160343LB 

Sutcu HH, Ricchetti M (2018) Loss of heterogeneity, quiescence, and differentiation in 
muscle stem cells. Stem Cell Investig 5:9. doi: 10.21037/sci.2018.03.02 

Takeo K, Tanaka R, Miyaji M, Nishimura K (1995) Unbudded G2 as well as G1 arrest 
in the stationary phase of the basidiomycetous yeast Cryptococcus neoformans. 
FEMS Microbiol Lett 129:231–235 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



14 
 

Terzi MY, Izmirli M, Gogebakan B (2016) The cell fate: senescence or quiescence. Mol 
Biol Rep 43:1213–1220. doi: 10.1007/s11033-016-4065-0 

Tierney MT, Sacco A (2016) Satellite Cell Heterogeneity in Skeletal Muscle 
Homeostasis. Trends Cell Biol 26:434–444. doi: 10.1016/j.tcb.2016.02.004 

Valcourt JR, Lemons JMS, Haley EM, et al (2012) Staying alive: metabolic adaptations 
to quiescence. Cell Cycle Georget Tex 11:1680–1696. doi: 10.4161/cc.19879 

Vallette FM, Olivier C, Lézot F, et al (2018) Dormant, quiescent, tolerant and persister 
cells: four synonyms for the same target in cancer. Biochem Pharmacol. doi: 
10.1016/j.bcp.2018.11.004 

Velappan Y, Signorelli S, Considine MJ (2017) Cell cycle arrest in plants: what 
distinguishes quiescence, dormancy and differentiated G1? Ann Bot 120:495–
509. doi: 10.1093/aob/mcx082 

Wang X, Fujimaki K, Mitchell GC, et al (2017) Exit from quiescence displays a memory 
of cell growth and division. Nat Commun 8:321. doi: 10.1038/s41467-017-
00367-0 

Wei W, Nurse P, Broek D (1993) Yeast cells can enter a quiescent state through G1, 
S, G2, or M phase of the cell cycle. Cancer Res 53:1867–1870 

Yao G (2014) Modelling mammalian cellular quiescence. Interface Focus 4:20130074. 
doi: 10.1098/rsfs.2013.0074 

Zhang N, Cao L (2017) Starvation signals in yeast are integrated to coordinate 
metabolic reprogramming and stress response to ensure longevity. Curr Genet 
63:839–843. doi: 10.1007/s00294-017-0697-4 

 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 


