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Abstract
Oncogene-induced cellular senescence (OIS) is a complex program that is triggered in response to aberrant activation of oncogenic 
signaling.  Initially, OIS was thought to be a barrier to malignant transformation because of its suppression on cell proliferation.  Later 
studies showed that senescence induced by oncogenes can also promote the initiation and development of cancer.  The opposing 
effects of OIS occur through different combinations of downstream effectors as well as the interplay of senescent cells and the 

underlying OIS and the interaction between senescent cells and the microenvironment.  We propose that targeting senescent cells may 
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Introduction
Cellular senescence was discovered by Leonard HAYFLICK 
and Paul MOORHEAD

as “replicative senescence” and was demonstrated to be a con-
[1-3].  Cellular senescence 

-

-

cultured cells and tumor tissues[1]

mutations in Ras -
[3]; the 

Ras
-

in vivo[4]

-

BRAF AKT E2F1 and cyclin E
PTEN and 

NF1[5] -
-

Ras only occurred when Ras was 
[6].

-
in vitro and in vivo  which 

-
-

[7] -

that the tumor suppressors p53 and RB are two major intrin-

both proteins actively induce OIS in vitro and in vivo
-

dated .  Kinases such as p38 and its downstream substrate 
PRAK as well as PI3K/AKT/mTOR have been reported to 
mediate OIS responses
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34a has been reported to mediate B-RAF-induced cellular 
[12].  In 

-
-

senescent cells .

-

abnormal cells[15].  Senescence-associated secretory phenotype 

[16] -
-

cer therapy[17]

-

-
[18]

 or 

[13] -
[21] [22] have 

-

[23].

RB and p53 are two major regulators in OIS

[24-26].  The 

RasG12D

-

senescence

-
-

Figure 1.  Targeting cellular senescence in cancer.  Senescent cells induced by oncogenic stress exhibit proliferation arrest with metabolic 
reprogramming.  Oncogene-induced senescence (OIS) is often accompanied by the activation of signaling pathways such as BRAF/MEK/ERK and PI3K/

SASP.  The senescent phenotype could be different and is dependent on temporal, spatial and genetic contexts.  Senescent cells could be eradicated 
by the induction of apoptosis by pan-BCL inhibitors such as ABT-263 or by the immune surveillance system.  In addition, compounds such as metformin 
that are able to block SASP can eliminate the deleterious effect of cellular senescence.
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-

.

The DNA damage response is an omnipresent mechanism 
underlying OIS

-

.  OIS 

[31].  

-

[31]

senescence occurred concurrently[32]

[33].  

Autophagy is activated in senescent cells
-

-

[34].  

-

[35]

-

such stress[36]

impact on OIS.

SASP enables the communication of senescent cells 
with the microenvironment

-

[37].  The 

BRAFV600E-induced senescence 
-

BRAFV600E

[38]

while BRAFV600E -

.  Fac-
-

and paracrine .

[41] -
-

.  More-

[42].  The transcriptional activ-

-
[42]

.

[43] -

-

[22].

OIS counteracts cancer progression



1556
www.nature.com/aps

Liu XL et al

Acta Pharmacologica Sinica

arrest is essentially permanent because senescent cells cannot 

become overt cancers[27]

-
[7].  Immune cells 

RAS

-
tocytes[44]

development

wild-type p53 was detrimental to the chemotherapy response 

[46].

OIS promotes cancer development

-

-

[47].

-

[16] -

in vivo[13]

[48].  Factors such 

[42].  

-
-

.  CCL2 
secreted by senescent hepatocytes has also been reported to 

survival and early recurrence in hepatocellular carcinoma .

Targeting cellular senescence in cancer

-

apoptosis in senescent cells both in vitro and in vivo and could 
selectively eliminate senescent cells.  These inhibitors have 

-
cer

.  This strat-

Table 1.  Strategies of targeting cellular senescence.

Strategy Approach Example Ref

Elimination of  Apoptosis inducer ABT-263, dasatinib [51-54]

  mTOR inhibitors Rapamycin [42]
 Blocking activity of SASP Inhibitors of secretory factors Anti-IL-6 receptor antibody, IL-6 inhibitor [58]
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-

could induce a direct immune response to eliminate senescent 
[55].  

senescent cells[56].
-

-

-

-
[57]

-
[57].  Due to the complicated role 

communication between senescent cells and their microenvi-

senescence in cancer therapy.

Concluding remarks

-

between senescent cells and the microenvironment should be 

-

interplay between senescent cells and the microenvironment 

Acknowledgements
-

References
1 Saretzki G.  Cellular senescence in the development and treatment of 

cancer.  Curr Pharm Des 2010; 16: 79–100.
2 Collado M, Serrano M.  Senescence in tumours: evidence from mice 

and humans.  Nat Rev Cancer 2010; 10: 51–7.
3 Serrano M, Lin AW, McCurrach ME, Beach D, Lowe SW.  Oncogenic ras 

provokes premature cell senescence associated with accumulation of 
p53 and p16INK4a.  Cell 1997; 88: 593–602.

4 Sarkisian CJ, Keister BA, Stairs DB, Boxer RB, Moody SE, Chodosh 
LA.  Dose-dependent oncogene-induced senescence in vivo and its 
evasion during mammary tumorigenesis.  Nat Cell Biol 2007; 9: 493–
505.

5 Courtois-Cox S, Jones SL, Cichowski K.  Many roads lead to oncogene-
induced senescence.  Oncogene 2008; 27: 2801–9.

6 Guerra C, Mijimolle N, Dhawahir A, Dubus P, Barradas M, Serrano M, 
et al.  Tumor induction by an endogenous K-ras oncogene is highly 
dependent on cellular context.  Cancer Cell 2003; 4: 111–20.

7 Acosta JC, Banito A, Wuestefeld T, Georgilis A, Janich P, Morton JP, et 
al
controls paracrine senescence.  Nat Cell Biol 2013; 15: 978–90.

8 Rufini A, Tucci P, Celardo I, Melino G.  Senescence and aging: the 
critical roles of p53.  Oncogene 2013; 32: 5129–43.

suppressor gene p16.  Int J Cancer 2012; 130: 1715–25.
10 Xu YX, Li N, Xiang R, Sun PQ.  Emerging roles of the p38 MAPK and 

PI3K/AKT/mTOR pathways in oncogene-induced senescence.  Trends 
Biochem Sci 2014; 39: 268–76.

11 Sun PQ, Yoshizuka N, New L, Moser BA, Li YL, Liao R, et al.  PRAK is 
essential for ras-induced senescence and tumor suppression.  Cell 
2007; 128: 295–308.

12 Christoffersen NR, Shalgi R, Frankel LB, Leucci E, Lees M, Klausen M, 
et al.  p53-independent upregulation of miR-34a during oncogene-
induced senescence represses MYC.  Cell Death Differ 2010; 17: 
236–45.

, et 
al.  The senescence-associated secretory phenotype induces cellular 
plasticity and tissue regeneration.  Genes Dev 2017; 31: 172–83.

14 Kuilman T, Peeper DS.  Senescence-messaging secretome: SMS-ing 
cellular stress.  Nat Rev Cancer 2009; 9: 81–94.

15 Terzi MY, Izmirli M, Gogebakan B.  The cell fate: senescence or 
quiescence.  Mol Biol Rep 2016; 43: 1213–20.

16 Rao SG, Jackson JG.  SASP: Tumor suppressor or promoter? Yes! 
Trends Cancer 2016; 2: 676–87.

17 Munoz-Espin D, Serrano M.  Cellular senescence: from physiology to 
pathology.  Nat Rev Mol Cell Biol 2014; 15: 482–96.

18 Coppe JP, Kauser K, Campisi J, Beausejour CM.  Secretion of vascular 

J Biol Chem 2006; 281: 29568–74.
19 Sparmann A, Bar-Sagi D.  Ras-induced interleukin-8 expression plays 

a critical role in tumor growth and angiogenesis.  Cancer Cell 2004; 6: 
447–58.

cooperation with an epidermal growth factor receptor autocrine loop, 
increases migration of T47D breast cancer cells.  Cancer Res 2001; 
61: 383–91.

21 Lesina M, Wormann SM, Morton J, Diakopoulos KN, Korneeva O, 
Wimmer M, et al.  RelA regulates CXCL1/CXCR2-dependent oncogene-
induced senescence in murine Kras-driven pancreatic carcinogenesis.  
J Clin Invest 2016; 126: 2919–32.

22 Pazolli E, Alspach E, Milczarek A, Prior J, Piwnica-Worms D, Stewart 
SA.  Chromatin remodeling underlies the senescence-associated 

progression.  Cancer Res 2012; 72: 2251–61.
23 Tchkonia T, Zhu Y, van Deursen J, Campisi J, Kirkland JL.  Cellular 

senescence and the senescent secretory phenotype: therapeutic 



1558
www.nature.com/aps

Liu XL et al

Acta Pharmacologica Sinica

opportunities.  J Clin Invest 2013; 123: 966–72.
24 Brookes S, Rowe J, Ruas M, Llanos S, Clark PA, Lomax M, et al.  

INK4a-deficient human diploid fibroblasts are resistant to RAS-
induced senescence.  EMBO J 2002; 21: 2936–45.

25 Roninson IB.  Oncogenic functions of tumour suppressor p21 (Waf1/
Cip1/Sdi1): association with cell senescence and tumour-promoting 

26 Lin AW, Barradas M, Stone JC, van Aelst L, Serrano M, Lowe SW.  
Premature senescence involving p53 and p16 is activated in response 
to constitutive MEK/MAPK mitogenic signaling.  Genes Dev 1998; 12: 
3008–19.

the road to cancer.  N Engl J Med 2006; 355: 1037–46.
28 Bieging KT, Mello SS, Attardi LD.  Unravelling mechanisms of p53-

mediated tumour suppression.  Nat Rev Cancer 2014; 14: 359–70.
29 Chicas A, Wang XW, Zhang CL, McCurrach M, Zhao Z, Mert O, et al.  

Dissecting the unique role of the retinoblastoma tumor suppressor 
during cellular senescence.  Cancer Cell 2010; 17: 376–87.

30 Di Micco R, Fumagalli M, Cicalese A, Piccinin S, Gasparini P, Luise 
C, et al.  Oncogene-induced senescence is a DNA damage response 
triggered by DNA hyper-replication.  Nature 2006; 444: 638–42.

, et al .  WSB1 
overcomes oncogene-induced senescence by targeting ATM for 
degradation.  Cell Res 2017; 27: 274–93.

32 Bartkova J, Rezaei N, Liontos M, Karakaidos P, Kletsas D, Issaeva N, 
et al.  Oncogene-induced senescence is part of the tumorigenesis 
barrier imposed by DNA damage checkpoints.  Nature 2006; 444: 
633–7.

33 Kang C, Xu QK, Martin TD, Li MZ, Demaria M, Aron L, et al.  The DNA 

autophagy of GATA4.  Science 2015; 349: aaa5612.
34 Rubinsztein DC, Marino G, Kroemer G.  Autophagy and aging.  Cell 

2011; 146: 682–95.
35 Young ARJ, Narita M, Ferreira M, Kirschner K, Sadaie M, Darot JFJ, et 

al.  Autophagy mediates the mitotic senescence transition.  Genes 
Dev 2009; 23: 798–803.

and eating it.  Semin Cancer Biol 2011; 21: 397–404.
37 Perez-Mancera PA, Young ARJ, Narita M.  Inside and out: the activities 

of senescence in cancer.  Nat Rev Cancer 2014; 14: 547–58.
38 Wajapeyee N, Serra RW, Zhu X, Mahalingam M, Green MR.  Oncogenic 

BRAF induces senescence and apoptosis through pathways mediated 
by the secreted protein IGFBP7.  Cell 2008; 132: 363–74.

39 Kuilman T, Michaloglou C, Vredeveld LCW, Douma S, van Doom R, 
Desmet CJ, et al.  Oncogene-induced senescence relayed by an 

31.
40 Acosta JC, O'Loghlen A, Banito A, Guijarro MV, Augert A, Raguz S, et al.  

Chemokine signaling via the CXCR2 receptor reinforces senescence.  
Cell 2008; 133: 1006–18.

41 Tasdemir N, Banito A, Roe JS, Alonso-Curbelo D, Camiolo M, 
Tschaharganeh DF, et al.  BRD4 connects enhancer remodeling to 
senescence immune surveillance.  Cancer Discov 2016; 6: 612–29.

42 Laberge RM, Sun Y, Orjalo AV, Patil CK, Freund A, Zhou L, et al.  MTOR 

regulates the pro-tumorigenic senescence-associated secretory 
phenotype by promoting IL1A translation.  Nat Cell Biol 2015; 17: 
1049–61.

signaling, oxidative stress and DNA damage response are shared 
features of replicative, oncogene-induced, and drug-induced paracrine 
'bystander senescence'.  Aging 2012; 4: 932–51.

, et 
al.  Senescence surveillance of pre-malignant hepatocytes limits liver 
cancer development.  Nature 2011; 479: 547–51.

dependent chemokine production by senescent tumor cells supports 
NKG2D-dependent tumor elimination by natural killer cells.  J Exp 
Med 2013; 210: 2057–69.

46 Tonnessen-Murray CA, Lozano G, Jackson JG.  The regulation of 
cellular functions by the p53 protein: cellular senescence.  Cold 

47 Lopez-Otin C, Blasco MA, Partridge L, Serrano M, Kroemer G.  The 
hallmarks of aging.  Cell 2013; 153: 1194–217.

48 Malaquin N, Vercamer C, Bouali F, Martien S, Deruy E, Wernert N, et 
al
a paracrine MMP-PAR-1 axis.  PLoS One 2013; 8: e63607.

micro-environment in tumor progression: the role of tumor-associated 

50 Eggert T, Wolter K, Ji J, Ma C, Yevsa T, Klotz S, et al.  Distinct 
functions of senescence-associated immune responses in liver tumor 
surveillance and tumor progression.  Cancer Cell 2016; 30: 533–47.

Camidge DR, et al.  Phase II study of single-agent navitoclax (ABT-263) 
and biomarker correlates in patients with relapsed small cell lung 
cancer.  Clin Cancer Res 2012; 18: 3163–9.

52 Yosef R, Pilpel N, Tokarsky-Amiel R, Biran A, Ovadya Y, Cohen S, et 
al.  Directed elimination of senescent cells by inhibition of BCL-W and 
BCL-XL.  Nat Commun 2016; 7: 11190.

, et 
al.  Dasatinib in imatinib-resistant Philadelphia chromosome-positive 
leukemias.  N Engl J Med 2006; 354: 2531–41.

, 
et al.  The Achilles' heel of senescent cells: from transcriptome to 
senolytic drugs.  Aging Cell 2015; 14: 644–58.

, et al.  Site-

therapeutic index.  Nat Biotechnol 2008; 26: 925–32.
, et al.  

Identification of senescent cell surface targetable protein DPP4.  
Genes Dev 2017; 31: 1529–34.

57 Soto-Gamez A, Demaria M.  Therapeutic interventions for aging: the 
case of cellular senescence.  Drug Discov Today 2017; 22: 786–95.

associated secretory phenotype and its potential as a therapeutic 
target for senescence-associated diseases.  Cancer Sci 2017; 108: 
563–9.


		2018-09-29T13:39:51+0530
	Certified PDF 2 Signature




