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General Information 
 
Conference ID Badges 
Please wear your name badge at all times to grant you 
access to the meals, promote networking and to assist 
staff in identifying you. 
 
Scientific Sessions 
With the exception of the inaugural conference, all 
scientific sessions will take place at the Medical School 
Auditorium (check location on map on this book) starting 
at 09:00am. 
Photography, audio or video recording of the scientific 
sessions is not permitted. Please switch off your mobile 
phones during the scientific sessions. 
 
Internet Access 
Wireless Internet access will be available at the 
Conference venues. Please use the following 
information: 
SSID: ICSA-CCS 
Login: ICSA-CCS 
Password: f,NgN6np 
 
Presentations 
Please provide an electronic copy of your talk to a 
member of the AV team at the meeting room before 
your session starts. 
 
Poster Sessions 
Posters can be mounted on Monday, 20 July 2015 from 
08:30 am and should be removed on Wednesday, 22 
July by 01:30 pm. Please note that all remaining posters 
will be removed by the organizers and will not be 
recovered. 
There will be two poster sessions during lunch breaks 
on Monday 20th and Tuesday 21st. Participants with 
odd poster numbers should be in front of their posters 





during the Monday 20th session and those with even 
poster numbers during the Tuesday 21st session. 
A 200€ poster prize kindly sponsored by the FEBS 
Journal will be presented on Wednesday 22nd during 
the Closing Ceremony. 
 
Conference Meals 
Please, do not forget to wear your ID badges at all times 
to grant your access to the meals. Carry also your ID 
badge to the dinners outside of the Conference venue, 
on Monday and Tuesday. 
Monday and Tuesday lunch will be served in the 
hallways of the Medical School during the poster 
sessions. On Wednesday, lunch will be served in the 
cafeteria of the Medical School. Please, inform the 
conference staff if you are planning not to stay for lunch 
to have an accurate estimate of delegates attending 
Wednesday lunch. 
Following the inaugural conference, a cocktail dinner 
will be served at Pazo de Fonseca on Sunday 19th. 
Monday dinner will be a typical Galician Fair Style meal 
on a tent at Campus Sur (check location on map on this 
book) starting at 8:30pm. 
Tuesday we will have the Gala dinner at Pazo San 
Lourenzo (check location on map on this book) starting 
at 08:30pm. 
 
Social Event 
On Tuesday, from 05:30pm to 07:30pm we will have a 
guided tour of the old city centre. Details will be 
provided by the staff. 
 
Travel Awards 
The Company of Biologists (www.biologists.com) has 
kindly funded 10 travel awards of 500€ to assist 
covering the expenses of PhD students. 
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Conference Summary 
  
Sunday 19 July 2015 
16:00-18:00  Registration 
18:00-18:30  Welcome and introduction 
18:30:19:30  Inaugural Conference: Judith Campisi 
19:30-21:30  Reception 
  
Monday 20 July 2015 
09:00-10:30  Session 1 
10:30-11:00  Coffee Break 
11:00-12:50  Session 2 
12:50-14:30  Lunch & Posters (odd numbers) 
14:30-16:00  Session 3 
16:00-16:30  Coffee Break 
16:30-18:00  Session 4 
18:00-18:30  Coffee Break 
18:30-19:15  Panel discussion: The good and the bad sides of senescence 
19:15-20:00  ICSA General Assembly 
20:00-22:00  Dinner 
  
Tuesday 21 July 2015 
09:00-10:30  Session 5 
10:30-11:00  Coffee Break 
11:00-12:50  Session 6 
12:50-14:30  Lunch & Posters (even numbers) 
14:30-16:00  Session 7 
16:00-16:30  Coffee Break 
16:30-17:30  Session 8 
17:30-19:30  Social Event 
20:00-23:00  Gala Dinner 
  
Wednesday 22 July 2015 
09:00-11:00  Session 9 
11:00-11:30  Coffee Break 
11:30-12:30  Closing Conference: Jan van Deursen 
12:30-12:50  Closing 
12:50-14:30  Lunch & Depart 
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Final Conference Programme 

Sunday 19 July 2015 
Pazo de Fonseca 

16:00 - 18:00 Registration 

18:00 - 18:30 Welcome and Introduction 

18:30 - 19:30 Inaugural Conference 
Chair: Dot Bennett, St. George's, University of London, UK 

Cellular senescence: The big bang  
Judith Campisi  
Buck Institute for Research on Aging and Lawrence Berkeley 
National Laboratory, USA 

19:30 - 21:30 Reception 

Monday 20 July 2015 
Medical School Auditorium 

09:00 - 10:30 Session 1 
Chair: Norman Sharpless, The University of North Carolina  
School of Medicine, USA 

09:00 - Obesity and Cellular senescence: a gut microbial  
connection  
Eiji Hara 
The Cancer Institute of JFCR, Tokyo, JP 

09:30 - WWCR sponsored Lecture: From Senescence to  
sudden death: a cadiocutaneous disorder story  
Xin Lu  
Ludwig Institute for Cancer Research, Oxford, UK 

10:00 - p16-induced senescence regulates pancreatic beta  
cell function during normal maturation  
Ittai Ben-Porath 
The Hebrew University of Jerusalem, Jerusalem, ISR 

10:10 - Senescent cells communicate via intercellular protein 
transfer  
Anat Biran 
Weizmann Institute of Science. Rehovot, ISR 

10:20 - The deubiquitinase USP1 controls oncogene-
induced senescence by regulating genomic integrity  
Oliver Bischof 
Institut Pasteur, Paris, FR



10:30 - 11:00 

11:00 - 12:50 

12:30 - 12:50 

12:50 - 14:30 

14:30 - 16:00 

Coffee Break 

Session 2 
Chair: Eiji Hara, The Cancer Institute of JFCR, Tokyo, JP 

11:00 - Coordination of the genome integrity network and  
INK4A/ARF tumor suppressors in cellular senescence and  
tumorigenesis 
Jiri Bartek 
Danish Cancer Society Research Center, DK 

11:30 - A Role for Pattern Recognition Receptors in  
Oncogene Induced Senescence  
Juan Carlos Acosta  
ECRC, MRC-IGMM. University of Edinburgh, UK 

12:00 - Gene regulation during senescence  
Masashi Narita  
Cancer Research UK, Cambridge Institute, University of  
Cambridge, UK 

Poster Teasers 

Lunch & Posters (odd numbers) 

Session 3 
Chair: Jiri Bartek, Danish Cancer Society Research 
Center,  DK 

14:30 - Measuring Molecular Age  
Norman E. Sharpless 
University of North Carolina School of Medicine,  USA 

15:00 - The homeoprotein SIX1 in cellular senescence 
Ignacio Palmero  
IIB “Alberto Sols” CSIC-UAM, Madrid, SP 

15:30 - The upregulation of NKG2D ligands on senescent  
cells mediates their immune surveillance by Natural Killer  
cells  
Adi Sagiv 
Weizmann Institute of Science. Rehovot, ISR 

15:40 - mTOR controls the SASP by regulating MK2  
translation and ZFP36L1 activation  
Nicolas Herranz 
MRC Clinical Sciences Centre, London, UK 



16:00 - 16:30 

16:30 - 18:00 

18:00 - 18:30 

18:30 - 19:15 

19:15 - 20:00 

20:30 - 22:00 

15:50 - Widespread parainflammation in human cancers 
Audrey Lasri 
The Hebrew University of Jerusalem, Jerusalem, ISR 

Coffee Break 

Session 4 
Chair: Masashi Narita, Cancer Research UK, Cambridge  
Institute, University of Cambridge, UK 

16:30 - From melanocyte OIS escape to melanoma:  
mechanisms, complexity and treatment  
Daniel Peeper 
The Netherland Cancer Institute, Amsterdam, NL 

17:00 - Identification of a non-cell-autonomous network  
controlling senescence evasion and  chemoresistance in  
tumors  
Andrea Alimonti  
IOR/IOSI, Bellinzona, CH  

17:30 - Induction of ribosomal checkpoint induced  
senescence (RCIS) as a strategy to  overcome therapy  
resistance of hepatocellular carcinoma  
Lars Zender  
University Hospital Tübingen, GER 

Coffee Break 

Panel discussion: The good and the bad sides  of  
senescence 
Chair: Manuel Serrano, Spanish National Cancer 
Research  Centre, Madrid, SP 

ICSA General Assembly 

Typical Galician Fair Dinner at Campus Sur 

Tuesday 21 July 2015 
Medical School Auditorium 

09:00 - 10:30 Session 5 
Chair: Annette Melk, Hannover Medical School, GER 

09:00 - Investigating new roles for cellular senescence in  
regeneration and cancer  
Bill Keyes 
Centre for Genomic Regulation, Barcelona, SP 



10:30 - 11:00 

11:00 - 12:30 

12:30 - 12:50 

12:50 - 14:30 

09:30 - Endothelial Cell Senescence: OLD facts and NEW  
paradigms  
Jorge D. Erusalimsky  
School of Health Sciences, Cardiff Metropolitan University,  
UK 

10:00 - Role and regulation of cellular senescence during  
regeneration of complex structures  
Maximina Yun 
University College London, UK 

10:10 - Oncogene induced senescence in breast cancer 
Joaquin Arribas 
Vall d'Hebron Institute of Oncology, Barcelona, SP 

10:20 - miR-29: A molecular timer that accelerates the aging  
program  
Ayumi Nakamura 
University of North Carolina at Chapel Hill, USA 

Coffee Break 

Session 6 
Chair: James Kirkland, Mayo Clinic, Rochester, USA 

11:00 - The importance of cellular senescence for renal 
aging and disease 
Annette Melk 
Hannover Medical School, GER 

11:30 - Matricellular Signaling in Injury Repair 
Lester F. Lau 
University of Illinois at Chicago, USA 

12:00 - Novel approaches to aging: senescence  and  
reprogramming  
Manuel Serrano  
Spanish National Cancer Research Centre, Madrid, SP 

Poster Teasers 

Lunch & Posters (even numbers) 



16:00 - 16:30 

16:30 - 17:30 

Session 7 
Chair: Clemens Schmitt, MDC, Berlin, GER 

14:30 - Roles of cellular aging in lifestyle-related  disease  
Tohru Minamino 
Niigata University Graduate School of Medical and Dental  
Sciences, JP 

15:00 - Senolytics: The Path to Translation 
James Kirkland  
Mayo Clinic, Rochester, USA 

15:30 - Targeted Apoptosis of Senescent Cells (TASC)  
through FOXO4 inhibition counteracts features of aging and  
chemotoxicity in vivo  
Peter de Keizer 
Erasmus University Medical Center, NL 

15:40 - ATRX, a new regulator of senescence 
Marta Kovatcheva 
Memorial Sloan Kettering Cancer Center, USA 

15:50 - The lncRNA MIR31HG regulates p16INK4A  
expression to modulate senescence  
Marta Montes 
Biotech Research and Innovation Centre, University of  
Copenhagen, DK 

Coffee Break 

Session 8 
Chair: Bill Keyes, CRG, Barcelona, SP 

16:30 - Getting in and out: clinical ramifications of non-   
terminal senescence and post-senescence conditions in   
cancer  
Clemens Schmitt 
MDC, Berlin, GER 

17:00 - Inactivation of MYC and CDK2 Reestablish  
Senescence and Halts BRAFV600E-induced Mouse Lung  
Tumor Development  
Lars-Gunnar Larsson  
Karolinska Institutet, Stockholm, SW 

17:10 - Restoring cellular senescence in cancer through  
PAK4 inhibition  
Tania Costa 
Karolinska Institutet, Stockholm, SW  

14:30 - 16:00 



17:30 - 19:30 

20:30 - 23:00 

17:20 - Tumor suppressor activities of the MAP kinases  ERK1/2 
Gerardo Ferbeyre 
Université de Montréal, Montréal, CA 

Social Event 

Gala Dinner at Pazo San Lorenzo 

Wednesday 22 July 2015 
Medical School Auditorium 

09:00 - 11:00 

11:30 - 12:00 

Session 9 
Chair: Juan Carlos Acosta, ECRC, MRC-IGMM. University of 
Edinburgh, UK 

09:00 - EMBO YIP Lecture: DNA damage responses and  
repair activities at mammalian telomeres  
Jacqueline J. L. Jacobs 
The Netherland Cancer Institute, Amsterdam, NL 

09:30 - Pharmacological Elimination of Senescent Cells  
Valery Krizhanovsky  
Weizmann Institute of Science. Rehovot, ISR 

10:00 - Telomere dysfunction is a mediator of fibroblast  
differentiation  
Neetu Razdan 
Rutgers Biomedical and Health Sciences, USA 

10:10 - The Senescence-Associated Extracellular Matrix  
modulates cell behaviour in a non-cell autonomous fashion 
Nuria Tarrats 
ECRC, MRC-IGMM. University of Edinburgh, UK 

10:20 - A Notch1-driven secretome switch in Ras-induced  
senescence  
Matthew Hoare 
Cambridge Institute for Medical Research, UK 

11:00 - Selective Autophagy: remodeling the proteome  
through timely degradation  
Ana Maria Cuervo 
Albert Einstein College of Medicine. New York, USA 

Coffee Break 



12:30 - 12:50 

12:50 - 14:30 

Closing Conference 
Chair: Dot Bennett, St. George's, University of London, UK 
Senescence in aging and age-related disease: from  
mechanism to therapy  
Jan van Deursen 
Mayo Clinic, Rochester, USA 

Closing. Presentation of FEBS Journal Poster Award and 
Company of Biologists PhD Travel Awards 

Lunch & Depart 

11:30 - 12:30 
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Oral presentations T1

Cellular senescence: The big bang

Judith Campisi
Buck Institute for Research on Aging and Lawrence Berkeley National Laboratory, USA

SUMMARY

Cellular senescence suppresses cancer by stopping the growth of stressed cells that are at 
risk for malignant transformation.  However, the senescence response also entails wides-
pread changes in gene expression that are thought to cause or contribute to aging pheno-
types.  More recent findings show that senescent cells have important and surprising roles 
in several normal physiological processes.  I will discuss the some of the bases for the be-
neficial and deleterious effects of cellular senescence, and the challenges of targeting se-
nescent cells to optimize their physiological functions and ameliorate their ability to drive 
aging phenotypes and age-related diseases.  



Oral presentationsT2

Obesity and Cellular senescence: a gut 
microbial connection

Eiji Hara
Department of Molecular Microbiology, Research Institute for Microbial Diseases,  

Osaka University, Osaka, Japan.

Division of Cancer Biology, Cancer Institute, Japanese Foundation for Cancer Research, Tokyo, Japan.

SUMMARY

Multiple epidemiological studies have revealed that excess bodyweight, such as in people 
who are overweight or obese (defined by a body-mass index (BMI) higher than 25 kg/m2), is 
a major risk factor for not only diabetes and cardiovascular diseases but also cancer.  Effec-
tive strategies for obesity prevention are therefore needed for cancer prevention.  Howe-
ver, since the prevalence of excess bodyweight in most developed countries has been 
increasing markedly over the past several decades, with no signs of abating, alternative 
approaches are also required to conquer obesity-associated cancer.  Although several phe-
nomena have been proposed to explain how obesity increases cancer risk, the exact mo-
lecular mechanisms underlying obesity-associated cancer have remained largely obscure.  
Recently, we have traced the association between obesity and increased cancer risk to gut 
microbiota communities that produce a DNA-damaging bile acid.  The analyses also re-
vealed the role of cellular senescence in obesity-associated cancer.  In this meeting, I will 
provide an overview of our recent work on cellular senescence in obesity-associated cancer 
and discuss the next steps, focusing on the potential clinical implications of these findings.



Oral presentations T3

From Senescence to sudden death: a 
cadiocutaneous disorder story

Xin Lu
Ludwig Institute for Cancer Research, Nuffield Department of Clinical Medicine, University of Oxford, UK

SUMMARY

The p53 family is known for its ability to induce apoptosis and/or senescence in response to 
DNA damage. The ASPP family consists ASPP1, ASPP2 and iASPP and is one of the most 
conserved families of proteins that act as common regulators of the entire p53 family.  
ASPP1 and ASPP2 have been identified as common activators of p53 and tumour suppres-
sors. Our recent study of iASPP transgenic mice identified iASPP as an inhibitor of cellular 
senescence in cyclining cells and a key regulator of p63 and controls epithelium stratifica-
tion in vivo. Interestingly in post-mitotic cardiomyocytes, iASPP has a p53/p63 indepen-
dent property and acts as a regulator of desmosome.  

Components of desmosomes are frequently mutated in cardiac and cutaneous disorders 
in animals and humans. Recessive forms of ARVC are rare and often occur in conjunction 
with palmoplantar keratoderma and woolly hair, a phenotype known as “cardiocutaneous 
syndrome”. Naxos and Carvajal syndromes, caused by mutations in the gamma-catenin 
or desmoplakin genes, respectively, belong to this phenotypic triad. The causes of ARVC 
in half of all patients remain unknown. Little is known about regulators of desmosomes 
in tissue homeostasis. Our recent study identified iASPP, an inhibitor of p53 and p63, as 
one such regulator. Consistent with this iASPP-deficient mice display pathological featu-
res of ARVC and die of sudden death. In human ARVC patients, cardiomyocytes exhibit 
reduced expression of iASPP at the cell junctions, suggesting that iASPP may be critical in 
ARVC pathogenesis. Additionally iASPP deficient mice suffer from palmoplantar kerato-
derma. The ability of iASPP to inhibit keratinocyte differentiation and senescence may ex-
plain why a cytoskeletal defect can affect cell cycle progression and cellular differentiation. 
Additionally iASPP interacts with desmoplakin/desmin in cardiomyocytes and desmopla-
kin/keratin keratinocytes to regulate desmosome integrity and its interaction with inter-
mediate filaments. Together our study showed that by preventing cellular senescence in 
cyclining cells and maintaining desmosome integrity in post mitotic cells, iASPP prevents 
cardio-cutaneous disorder and is a new candidate gene for cardiocutaneous diseases. 

References
1. Notari M, Hu Y, Koch S, Lu M, Ratnayaka I, Zhong S, Baer C, Pagotto A, Salter V, Candi E, Melino 

G and Lu X (2011). iASPP prevents premature cellular senescence and is required for normal 
epithelial stratification. Proc. Nat. Acad. Sci. USA Oct 4; 108(40):16645-50. Epub 2011 Sep 19.

2. Notari M, Hu Y, Sutendra G, Dedeic Z, Lu M, Dupays L, Yavari A, Carr CA, Zhong S, Opel A, Tinker 
A, Clarke K, Watkins H, Ferguson DJP, Kelsell DP, de Noronha S, Sheppard MN, Hollinshead 
M, Mohun TJ, Lu X (2015). iASPP: a novel desmosome regulator and its deficiency causes arr-
hythmogenic right ventricular cardiomyopathy. Proc Natl Acad Sci USA Feb 17. pii: 201408111.



Oral presentationsT4

p16-induced senescence regulates pancreatic 
beta cell function during normal maturation

Ittai Ben-Porath1, Aharon Helman1, Agnes Klochendler1, Shira Anzi1, AM James 
Shapiro2, Mark Magnuson3, Yuval Dor1

1The Hebrew University of Jerusalem, Jerusalem, Israel 
2University of Alberta, Edmonton, Canada. 

3Vanderbilt University, Nashville, USA.

SUMMARY

Senescence involves dramatic changes in basic cellular phenotypes, yet how these affect 
normal cell functionality is poorly understood. p16Ink4a is activated in pancreatic beta cells 
during aging and is known to contribute to the age-related decline in the proliferative ca-
pacity of these cells; however, it is not known whether p16Ink4a activates the senescence 
program in aging beta cells, and if so, how this affects their function in glucose sensing and 
insulin secretion. To address these questions we activated p16Ink4a in beta cells of juve-
nile mice and found that its expression was sufficient to induce features of cellular senes-
cence. Surprisingly, pancreatic islets of p16Ink4a-induced mice showed enhanced secre-
tion of insulin in response to glucose stimulation, consistent with improved function. This 
functional enhancement was accompanied by elevated mitochondrial activity, increased 
beta cell size and increased mTOR signaling. Furthermore, acute activation of p16Ink4a in 
mice suffering from chronic hyperglycemia dramatically improved their glucose tolerance, 
indicating that p16Ink4a and senescence activation can be physiologically beneficial in a 
diabetic setting. We found that islets of mature wild-type mice, expressing endogenous 
p16Ink4a, displayed higher insulin secretion levels than those of juvenile mice. Conversely, 
islets of mature p16Ink4a-deficient mice displayed reduced insulin secretion and beta cell 
size. These findings reveal that p16Ink4a activation during early aging leads to enhanced 
glucose-stimulated insulin secretion by beta cells, concomitant with reduced proliferative 
capacity. Cellular senescence can thus positively regulate tissue function during organis-
mal maturation.



Oral presentations T5

Senescent cells communicate via intercellular 
protein transfer

Anat Biran1, Meirav Perelmutter1, Hilah Gal1, Dominick Burton1, Yossi Ovadya1, Ezra 
Vadai1, Tamar Geiger2, Valery Krizhanovsky1, 

The Weizmann Institute of Science1

Sackler School of Medicine2

SUMMARY

Mammalian cells mostly rely on extracellular molecules to transfer signals to other cells. 
However, in stress conditions more robust mechanisms might be necessary to facilitate 
cell-cell communications. Cellular senescence, a stress response associated with perma-
nent exit from the cell-cycle and the development of an immunogenic phenotype, limits 
both tumorigenesis and tissue damage.  Paradoxically, the long-term presence of senes-
cent cells can promote tissue damage and ageing within their microenvironment.  Soluble 
factors secreted from senescent cells mediate some of these cell non-autonomous effects. 
However, it is unknown whether senescent cells impact neighboring cells by other mecha-
nisms. Here we show that senescent cells directly transfer proteins to neighboring cells and 
that this process facilitates immune surveillance of senescent cells by NK cells. We found 
that transfer of proteins to NK and T cells is increased in murine pre-neoplastic pancreas, 
site where senescent cells are present in vivo. Proteomic analysis and functional studies of 
the transferred proteins revealed that the transfer is strictly dependent on cell-cell contact 
and CDC42-regulated actin polymerization, and is mediated, at least partially, by cytoplas-
mic bridges. These findings reveal a novel mode of intercellular communication by which 
senescent cells regulate their immune surveillance and might impact tumorigenesis and 
tissue ageing.



Oral presentationsT6

The deubiquitinase USP1 controls oncogene-
induced senescence by regulating genomic 

integrity

Oliver Bischof, Müge Ogrunc, Anne Dejean, Jean-Marc Lemaitre
Germany Institut Pasteur, Paris, France

The FIRC Institute of Molecular Oncology Foundation, Milano, Italy

Institute of Regenerative Medicine and Biotherapies (IRMB), Montpellier, France

SUMMARY

Oncogene-induced senescence (OIS) is a potent barrier for the transformation of pre-can-
cerous cells. The molecular pathways involved in the execution of OIS are still incompletely 
understood but include chronic DNA damage signaling and post-translational modifica-
tions of key factors. Here, we show that OIS-associated transcriptional down-regulation 
of deubiquitinating enzyme USP1 actively contributes to the onset of OIS by triggering 
and maintaining an atypical DNA damage checkpoint response without overt DNA lesions 
that is dependent on functional FANCD2-ATR-CHK1-p53-CDKN1A signalling. We find that 
reduced USP1 levels cause aberrant aggregation of its target FANCD2 concomitant with 
replication stress, accumulation and colocalization of ?-H2Ax and p53 binding protein 1 
(53BP1) in large DNA damage foci, an increased number of polyploid cells and cells arres-
ted in G2/M as well as a sensitization of senescence-bypassing cells to DNA interstrand 
crosslinking-mediated cell death. Taken together, our results demonstrate that DDR acti-
vation does not require overt DNA damage but can be triggered by a persistent and abe-
rrant association of DNA repair factors with chromatin. Our data suggest that the physi-
cal interaction of DNA repair factors with chromatin is a key step in the chronic activation 
of the DDR signaling cascade during oncogene-induced senescence and that this process 
may be exploitable for anti-cancer therapy.



Oral presentations T7

Coordination of the genome integrity network 
and INK4A/ARF tumor suppressors in cellular 

senescence and tumorigenesis

Jiri Bartek and Jirina Bartkova
Danish Cancer Society Research Center, Copenhagen, Denmark

SUMMARY

Biological response to DNA damage is a fundamental biological mechanism ensured 
through a complex network of DNA damage signaling and effector pathways, the latter 
including cell-cycle checkpoints, DNA repair and many other aspects of cell physiology. 
Malfunction of this network predisposes, or contributes to development of life-threate-
ning pathologies including cancer, neurodegeneration, immunodefficiency and premature 
aging. The lecture will present recent data from our laboratory on both the basic mecha-
nisms of DNA damage response (DDR) and its involvement in cellular senescence evoked 
by diverse insults, as well as in cancer pathogenesis and response to treatment. 

Besides novel mechanistic insights into the DDR machinery and its role in senescence, 
our recent results on DDR’s relationship with the p16(ink4a) CDK inhibitor and especia-
lly the ARF-p53 pathways in protection against oncogenes and loss of tumor suppressors, 
DNA replication stress and genetic instability, aneuploidy and hence tumor heterogeneity, 
will be discussed. In terms of the ARF pathway, our data on a novel function of this impor-
tant tumor suppressor in regulation of mitochondrial oxidative metabolism and the signifi-
cance of this function in cellular senescence and melanomagenesis, will be presented. The 
data will also be discussed in the context of the INK4a/ARF locus and its relevance for aging 
related pathologies and longevity.



Oral presentationsT8

A Role for Pattern Recognition Receptors in 
Oncogene Induced Senescence

Juan Carlos Acosta
ECRC, MRC-IGMM. University of Edinburgh, UK

SUMMARY

Oncogenic activation induces a failsafe mechanism in order to impair tumour progression. 
Cells insulted by oncogenic activation (i.e. RAS) initiate a cellular program (oncogene indu-
ced senescence or OIS) that impacts cellular morphology, gene expression, chromatin con-
formation, metabolism and the activation of a immunogenic phenotype, resulting in a very 
robust cell cycle arrest that ultimately impairs malignant transformation. OIS is regulated 
by the activation of the two main tumour suppressor genes (TSGs) Rb and p53. However, 
the mechanisms upstream and downstream those TSGs regulating OIS are not completely 
elucidated. Importantly, some of these tumour suppressor mechanisms are elicited in a 
non-cell autonomous fashion by the remodelling of the microenvironment and the activa-
tion of a senescent associated immune surveillance.

Previous data shown that the regulation of IL1 signalling by the inflammasome was 
essential for the activation of the Senescence Associated Secretory Phenotype (SASP) 
and the regulation of  OIS itself. Inflammasomes are molecular platforms composed 
by linked to Pattern Recognition Receptors (PRR) from the NOD like receptor family 
which regulate the activation of Caspase-1. PRR are essential regulators of the innate 
immune response which are sensors of molecular patterns from pathogens or endogenous 
molecules generated during cellular stress. We have identified other PRR family which 
regulates the onset of OIS and the activation of the SASP.
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Gene regulation during senescence

Masashi Narita
Cancer Research UK, Cambridge Institute, University of Cambridge

SUMMARY

Cellular senescence is a highly stable state of cell cycle arrest induced by various pathophy-
siological stimuli. Senescent cells typically exhibit distinct morphological changes, and a 
number of biochemical and molecular markers of senescence have been described, which 
are typically associated with the effector mechanisms of senescence. Senescence involves 
dynamic alterations in gene expression, which are regulated at various levels from trans-
cription through to post-translational. For example, we are interested in gene regulation 
through high-order chromatin structure alterations in the context of senescence. We are 
currently investigating how tissue specific gene loci behave in different cellular conditions. 
Our model is that some tissue specific genes, which are highly heterochromatic in tissues 
where they not normally expressed, can be aberrantly expressed during senescence even 
in an ectopic cell type. This effect is potentially mediated through global chromatin reposi-
tioning (poster). We are also interested in the upstream effectors of gene regulation during 
senescence. Senescent cells express diverse secretory proteins, and we have evidence that 
NOTCH signalling modulates the temporospatial balance between two distinct secretory 
composites during senescence (short talk). I will discuss how such regulation of gene ex-
pression at different levels arises and its functional relevance in senescence. 
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Measuring Molecular Age

Norman E. Sharpless
The University of North Carolina School of Medicine, USA

SUMMARY

Mammalian aging is characterized by aberrant proliferation.  For example, important rege-
nerative cells lose their capacity to divide with the passage of time, with associated tissue 
failure.  In other compartments, excess proliferation produces characteristic features of 
aging.   The mammalian INK4/ARF (CDKN2a/b) locus encoding the p15INK4b, p16INK4a and ARF 
tumor suppressor genes is a major determinant of replicative capacity in self-renewing 
cells with aging, and its activation is intimately associated with the senescence anti-can-
cer mechanism.  A replicative failure with aging in part results from the activation of the 
p16INK4a tumor suppressor mechanism in compartments such as pancreatic b-cells, Tcells 
and neural stem cells.  Correspondingly, an inability to activate the INK4/ARF locus is as-
sociated with neoplastic disease, and more recently atherosclerosis, in humans and mice.  
I will discuss work describing the INK4/ARF tumor suppressor locus and its role in mam-
malian aging.  Predictions of this work that will be discussed are:

1. That expression of p16INK4a can serve as a biomarker of physiologic, as opposed to chro-
nologic, age in humans and mice.  

2. That humans with different ‘set points’ for INK4/ARF activation will differ in their inci-
dence of cancer and atherosclerosis.

3. That molecular age can be measured in several human clinical scenarios and used for 
therapeutic decision-making.
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The homeoprotein SIX1 in cellular senescence.

Isabel Adrados1, Jose Javier Larrasa1, Camino Menéndez1, María Abad1, Antonio 
Galarreta1, Cristina de Lope1, Irene López Antona1, Jesús Gil2, Gema Moreno-Bueno1, 

Ignacio Palmero1

1Instituto de Investigaciones Biomédicas “Alberto Sols” CSIC-UAM, Madrid. Spain.  
2Imperial College, London. UK.

SUMMARY

Cellular senescence is an antiproliferative response with essential functions in tumor sup-
pression and tissue homeostasis. Gene expression during senescence is under strict con-
trol, through the coordinated action of transcription factors, non-coding RNAs, and gene-
specific and global chromatin modifications. The SIX family of homeoproteins (SIX1 to 
SIX6 in vertebrates) are a distinct class within the homeobox superfamily of transcription 
factors, with critical roles in stem/progenitor populations during organogenesis and rege-
neration. Interestingly, overexpression or mutation of SIX proteins or their cofactors is as-
sociated with human tumours and developmental syndromes. We have identified a novel 
function for SIX1 as a repressor of cellular senescence via the control of p16INK4A, as well 
as development and differentiation-related genes. We will describe our progress in unders-
tanding the role of SIX1 in the regulation of the senescent transcriptome, and the general 
contribution of SIX1 to the control of cellular senescence.
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The upregulation of NKG2D ligands on 
senescent cells mediates their immune 

surveillance by Natural Killer cells

Adi Sagiv1, Dominik Burton1, Zhana Moshayev1, Félix Wensveen2, Bojan Polic2, Valery 
Krizhanovsky1 

1Weizmann Institute of Science, Rehovot, Israel 
2University of Rijeka, Rijeka, Croatia

SUMMARY:

Induction of cellular senescence commonly coincides with an immunogenic phenotype 
that promotes elimination of senescent cells by the immune system. This mechanism fa-
cilitates tumor suppression and limits excess fibrosis during wound repair. However, the 
mechanisms by which senescent cells interact with immune cells are poorly understood.  
We investigated the mechanisms by which senescent cells communicate with Natural Ki-
ller (NK) cells, a type of cytotoxic lymphocyte that is an essential component of the innate 
immune system. We demonstrate that induction of replicative senescence, oncogene-in-
duced senescence and DNA damage induced senescence in human fibroblasts all up-re-
gulate MICA, ULBP1 and ULBP2, which are the ligands NKG2D receptors on NK cells. The 
up-regulation of MICA, ULBP1 and ULBP2 is dependent upon induction of DNA damage, 
since inhibition of ATM prior to induction of senescence prevented the up-regulation of 
the ligands. Furthermore, inhibition of ERK activity in senescent cells down-regulated the 
expression of NKG2D ligands in addition to the down-regulation of chemokines known to 
facilitate NK cell attraction (e.g. CXCL10, CXCL1 and CCL2). In addition, blocking specific 
NKG2D receptor-ligand interactions impaired NK-mediated cytotoxicity towards senes-
cent fibroblasts in-vitro. Furthermore, the induction of liver fibrosis in NKG2D-/- mice by 
CCl4-treatment resulted in increase in accumulation of senescent Hepatic Stellate Cells 
(HSCs) and excessive liver fibrosis in the knockout mice comparing to the wild type. This 
accumulation occurs due to the inability of NK cells to effectively recognize and eliminate 
the senescent HSCs. Overall, these findings provide novel insights into the mechanisms 
orchestrating immune surveillance of senescent cells by NK cell
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mTOR controls the SASP by regulating MK2 
translation and ZFP36L1 activation

Nicolás Herranz1,2, Suchira Gallage1,2,3, Massimiliano Mellone4, Torsten Wuestefeld5, 
Christopher J. Hanley4, Selina Raguz1,2, Juan Carlos Acosta1,2, Andrew J Innes1,2, Ana 

Banito1,2, Alex Montoya6, Athena Georgilis1,2 , Gopuraja Dharmalingam2, Peter Faull6, 
Thomas Carroll2, Juan Pedro Martínez-Barbera7, Pedro Cutillas6,a, Richard A. Miller8, 

Dominic Withers3, Lars Zender5,  Gareth J. Thomas4, and Jesús Gil1, 2

1Cell Proliferation Group, 2Epigenetics Section, 3Metabolic Signalling Group, and 6Proteomics Facility; 
MRC Clinical Sciences Centre, Imperial College London, Hammersmith Campus, London W12 0NN, UK. 
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5Division of Molecular Oncology of Solid Tumors, Dept. of Internal Medicine I, Eberhard Karls University 
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7Birth Defects Research Centre, Neural Development Unit, UCL Institute of Child Health, London, WC1N 
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8Department of Pathology and Geriatrics Center, University of Michigan, Ann Arbor, MI 48109-2200, USA 
aCurrent address: Centre for Haemato-Oncology, Barts Cancer Institute, Queen Mary University of 
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SUMMARY

Senescent cells secrete a combination of factors collectively referred to as the senescence-
associated secretory phenotype (SASP). The SASP reinforces senescence and activates an 
immune surveillance response but also display pro-tumorigenic properties and contribute 
to age-related pathologies. In order to find novel SASP regulators, we conducted a drug 
screen that uncovered the mTOR inhibitor rapamycin as a potent SASP suppressor. Here 
we report a mechanism by which mTOR controls the SASP by differentially regulating the 
translation of the MK2/MAPKAPK2 kinase through 4EBP1. In turn, MAPKAPK2 phospho-
rylates the RNA binding protein ZFP36L1 during senescence, inhibiting its ability to de-
grade SASP mRNAs. Consequently, mTOR inhibition or constitutive activation of ZFP36L1 
impairs the non-cell-autonomous effects that senescent cells display during tumorige-
nesis. Altogether, our results place regulation of the SASP as a key mechanism by which 
mTOR could influence cancer, age-related diseases and immune responses.
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Widespread parainflammation in human 
cancers

Audrey Lasry, Dvir Aran, Adar Zinger, Eli Pikarsky, Asaf Hellman, Yinon Ben-Neriah. 
Hebrew University, Jerusalem, Israel

SUMMARY:

Inflammation is emerging as a hallmark of cancer, yet is considered a causative factor in 
only a minority of human cancers. Nevertheless, anti-inflammatory treatment has re-
markable effects in preventing tumorigenesis in many major cancer types. We identified 
in mouse models a variant low grade persistent inflammation, denoted parainflammation, 
which is associated with senescence and promotes cancer progression upon p53 inactiva-
tion. Notably, parainflammation is suppressible by non-steroidal anti-inflammatory drug 
(NSAID) treatment. Here we explore the prevalence of parainflammation in human cancer 
and identify a parainflammation gene signature in fifty percent of the major cancer types, 
irrespective of canonical inflammation. Parainflammation, unlike common inflammation, 
originates endogenously from cancer cells and is therefore commonly manifested in car-
cinoma tumors and cell lines. We reveal a tight association of parainflammation and p53 
mutations, suggesting it is a strong driver for mutating p53. Likewise, parainflammation is 
associated with worse prognosis and may therefore be a marker for tumor progression and 
a target for cancer prevention.
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From melanocyte OIS escape to melanoma: 
mechanisms, complexity and treatment

Daniel S. Peeper
Netherlands Cancer Institute, Division of Molecular Oncology, Amsterdam

SUMMARY

In response to various stress signals, such as the unscheduled activation of oncogenes, cells 
can activate tumor suppressor networks to avert the hazard of malignant transformation. 
We have shown previously that oncogene-induced senescence (OIS) acts as such a break 
in vivo, withdrawing cells from the proliferative pool virtually irreversibly, thus acting as a 
vital pathophysiologic mechanism protecting against cancer. A prime example in vivo is 
the melanocytic nevus (mole), in which the common BRAFV600E mutant oncoprotein initially 
drives expansion but subsequently causes cellular senescence. 

In spite of the established role of OIS in preventing tumorigenic expansion both in ani-
mal models and humans, we have only begun to define the underlying mechanism and 
identify the key players. Numerous phenotypic changes occur during OIS, both in the cyto-
plasm and in the nucleus. These include the activation of autophagy, a catabolic process 
operating in the cytoplasm, and downregulation of lamin B1, a component of the nuclear 
lamina. However, it is unknown whether these changes relate to each other. We studied 
the regulation of lamins in connection with autophagy and nuclear envelope integrity du-
ring OIS, the results of which will be presented.

Furthermore, we studied how melanomas that arise upon OIS escape can be managed 
clinically. Until recently, most advanced stage melanomas were refractory to the availa-
ble therapeutic options, but there are encouraging developments. For example, BRAFV600E 
can be targeted by specific inhibitors, which causes unprecedented melanoma regression. 
However, relapse eventually occurs, owing to a variety of resistance mechanisms. To iden-
tify novel targets for (combinatorial) therapy, we set out to do negative selection RNAi 
screens in vivo. The results from these screens will be discussed.
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Identification of a non-cell-autonomous 
network controlling senescence evasion and 

chemoresistance in tumors

Andrea Alimonti1

1Molecular Oncology, IOR/IOSI, Bellinzona, Switzerland

SUMMARY

Loss of the tumour suppressor gene PTEN opposes malignant transformation by trigge-
ring a cellular senescence response. This process is finely tuned by both cell-autonomous 
and non-cell-autonomous mechanisms that regulate the entry of tumour cells to senes-
cence. Here I will discuss recent findings demonstrating that at the onset of senescence, 
PTEN null prostate tumours are infiltrated by a population of CD11b+Gr-1+ myeloid cells 
that protect a fraction of proliferating tumour cells from senescence, thus sustaining tu-
mour growth. Mechanistically, we found that Gr-1+ cells antagonize senescence in a para-
crine manner by interfering with the senescence-associated secretory phenotype of the 
tumour through the secretion of interleukin-1 receptor antagonist. Strikingly, Pten-loss-
induced cellular senescence was enhanced in vivo when Il1ra knockout myeloid cells were 
adoptively transferred to PTEN null mice. Therapeutically, docetaxel-induced senescence 
and efficacy were higher in PTEN null tumours when the percentage of tumour-infiltrating 
CD11b+Gr-1+ myeloid cells was reduced using an antagonist of CXC chemokine receptor 2 
(CXCR2). Therefore we have identified a novel non-cell-autonomous network, established 
by innate immunity, that controls senescence evasion and chemoresistance in cancer. Tar-
geting this network provides novel opportunities for cancer therapy.
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Induction of ribosomal checkpoint induced 
senescence (RCIS) as a strategy to overcome 

therapy resistance of hepatocellular carcinoma

Marina Pesic, Katharina Wolter & Lars Zender
Division of Translational Gastrointestinal Oncology, University Hospital Tübingen, Tübingen, Germany

SUMMARY

Hepatocellular carcinoma (HCC) represents a particularly aggressive and therapy resistant 
tumor type, for which new treatment approaches are urgently needed. A direct in vivo 
shRNA screen identified a 60S ribosomal large subunit protein as a new therapeutic tar-
get for HCC treatment. We found that even short term inhibition of this ribosomal protein 
triggers a robust cellular senescence response, designated ribosomal checkpoint induced 
senescence (RCIS), in aggressive liver cancer cells but only a reversible cell cycle arrest in 
normal cells. ShRNA mediated suppression of the ribosomal protein in orthotopically and 
autochthonously grown aggressive murine liver carcinomas allowed for long term tumor 
control. 

To model potential side effects of inhibition of our ribosomal protein target towards 
normal tissues we generated shRNA transgenic mice, which allow for a tet-regulatable 
conditional knockdown of the identified ribosomal protein target in all tissues of the mouse 
These mice are ideally suited to mimick the action of a systemic pharmacological inhibi-
tion. Taking advantage of the shRNA transgenic mice, we applied ubiquitous shRNA ex-
pression in tumor bearing mice and already conducted preclinical treatment studies using 
maximum tolerable metronomic treatment intervals. Finally, I will present data on how 
Myc and p53 dependent pathways are involved in RCIS induction.



Oral presentationsT18

Investigating new roles for cellular senescence 
in regeneration and cancer

Bill Keyes
Centre for Genomic Regulation (CRG), Barcelona, Spain

SUMMARY

Senescence is a form of cell cycle arrest that prevents the proliferation of damaged cells. 
This state can be reached at the end of the replicative lifespan of a cell, or induced prema-
turely in response to oncogenes and chemotherapeutic drugs. Yet, even while arrested, 
senescent cells can interact extensively with their microenvironment through the secretion 
of a variety of proteins termed the senescence-associated secretory phenotype (SASP). 
This can act to reinforce the arrest, or recruit immune cells to clear the senescent popula-
tion. However, in other cases, the SASP can favor tissue growth and repair, such as during 
wound healing, or can even promote tumor growth. Recently, we identified the existence 
of senescence in a non-pathological setting for the first time, identifying the widespread 
distribution of senescent cells in the developing embryo. Interestingly, we identified senes-
cent cells in major signaling centers in the embryo that play critical roles in tissue morpho-
genesis and cell fate specification. In this setting, we identified an overlap with develop-
mental senescence and the adult SASP, suggesting a broader more complex physiological 
role for senescence and the SASP than currently understood. Here, I will discuss our on-
going studies investigating the role of cellular senescence and the SASP in tissue develo-
pment, regeneration and cancer, with a particular emphasis on the role of senescence in 
epithelial tissues.
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Endothelial Cell Senescence: OLD facts and 
NEW paradigms

Jorge D. Erusalimsky
School of Health Sciences, Cardiff Metropolitan University

SUMMARY

Vascular diseases have long been considered to be age-related in terms of their onset and 
progression. The reasons for these associations are unclear, but it is plausible that ageing 
and vascular pathologies may share common mechanisms. One such mechanism may in-
volve endothelial cell senescence. While the occurrence of senescence in the vascular en-
dothelium is now clearly established, its causes and consequences have not been entirely 
elucidated. In this presentation I will review the evidence for the occurrence of this process 
in vivo and discuss the possible involvement of oxidative stress-induced telomere damage 
as a potential underlying mechanism.  I will also show data from our recent work investiga-
ting the roles that the adipokine visfatin and the cytoprotective protein SIRT6 may play in 
the modulation of this phenomenon. Finally, I will address the potential fate of senescent 
endothelial cells.
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Role and regulation of cellular senescence 
during regeneration of complex structures

Hongorzul Davaapil1, Jeremy Brockes2, Maximina Yun2

Institute of Ophthalmology, University College London1 

University College London, Institute of Structural and Molecular Biology2

SUMMARY

In mammals, the ability to regenerate tissues declines with age, and this decline has re-
cently been linked to the loss of quiescent stem cells through senescence. In contrast, re-
generation-competent species, such as salamanders, are able to accomplish perfect rege-
neration of complex structures including their limbs through lifespan, raising the possibility 
that these organisms exhibit mechanisms to curtail cellular senescence. We have recently 
addressed this possibility by investigating the process of cellular senescence during sala-
mander regeneration. Surprisingly, we found that cellular senescence is significantly in-
duced during regeneration of complex structures such as limbs, but that this is reversed 
towards the end of regeneration by a clearance mechanism so efficient that no senescent 
cells accumulate even after several repetitive amputation rounds. This surveillance mecha-
nism also operates in normal tissues and, unlike in mammals, senescent cells do not ac-
cumulate over time. Furthermore, we identified the macrophage as a key effector of this 
efficient mechanism of senescent cell clearance. Our observations provide an explanation 
for how some species can maintain regenerative capacity in spite of ageing. In addition, 
they pave the way for addressing the outstanding question of whether transient cellular 
senescence plays a positive role during regeneration of complex structures. Here, I will pre-
sent our senescence surveillance model as well as recent studies on the functions of cellular 
senescence in regeneration.
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Oncongene induced senscence in breast cancer

Joaquín Arribas
Vall d’Hebron Institute of Oncology

SUMMARY

Cellular senescence is a terminal cell proliferation arrest that can be triggered by oncoge-
nes. One of the traits of oncogene-induced senescence (OIS) is the so-called senescence-
associated secretory phenotype (SASP) or senescence secretome. Depending on the expe-
rimental system, the non-cell autonomous effects of OIS may vary from tumor suppression 
to promotion of metastasis. Despite being such a physiological and pathologically relevant 
effector, the mechanisms of generation of the senescent secretome are not fully charac-
terized. 

Using breast cancer cells expressing p95HER2, a constitutively active fragment of the 
proto-oncogene HER2 that induces OIS, here we show that the extracellular domains of a 
variety of membrane-bound proteins form part of the senescence secretome. We deter-
mine that these proteins are regulated transcriptionally and, in addition, their shedding is 
limited by the protease ADAM17. The activity of the sheddase is constrained by, at least in 
part, the accumulation of cellular cholesterol. The blockade of ADAM17 abrogates several 
prometastatic effects of the p95HER2-induced senescence secretome, both in vitro and in 
vivo. 
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miR-29: A molecular timer that accelerates the 
aging program

Ayumi Nakamura, Vijay Swahari, Lisa Kurtz, Jeanette Baran-Gale, Cornelius Flowers, 
Janakiraman Krishnamurthy, Praveen Sethupathy, Ned Sharpless, Mohanish 

Deshmukh
University of North Carolina at Chapel Hill

SUMMARY

All across the world, people are living longer than ever before. Although aging research 
has focused on events that occur beyond development, developmentally-timed events 
that regulate lifespan remain virtually unknown. We and others have identified miR-29 as 
a microRNA that is continually induced with age.  Interestingly, miR-29 is also induced in 
a mouse model of premature aging.  To investigate whether miR-29 could be a molecular 
timer that regulates lifespan, we generated transgenic mice that overexpress miR-29 (miR-
29TG).  Induction of miR-29 at birth resulted in striking signs of premature aging, including 
alopecia, kyphosis, infertility, and reduced lifespan. miR-29TG mice also show an increase 
in senescence-associated-ß-gal staining, increased IL-6 (component of the senescence-
associated secretory profile), and decreased proliferation in the skin, intestine and spleen. 
As senescence and miR-29 have previously been associated with chronic DNA damage, we 
examined whether miR-29 promotes senescence via activation of DNA damage.  Indeed, 
we observed increased pH2AX staining as well as induction of p53-regulated genes asso-
ciated with senescence in miR-29TG mice. Finally, to evaluate the role of p53 in the aging 
phenotype of miR-29TG mice, we crossed miR-29TG mice with p53-/- mice. Strikingly, even 
a single copy deletion of p53 was sufficient to rescue aging in miR-29TG mice. Together, our 
results show that accelerating the developmental timing of miR-29 induction drives aging 
and senescence by activating the DNA damage pathway.  Although miR-29 induces wides-
pread changes, the aging phenotype is driven by a highly specific p53-dependent pathway.  
Overall, our results highlight the idea that a single miRNA can act as a developmental timer 
to regulate lifespan.
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The importance of cellular senescence for renal 
aging and disease

Anette Melk
Hannover Medical School. Hannover, Germany

SUMMARY

One of the major challenges for today’s society is the growth of the elderly population. By 2030 
the age segment over 65 years will have nearly doubled and the incidence of multiple age-as-
sociated disorders is predicted to increase in parallel. Age-associated changes of the kidney are 
important not only because normal aging alters renal function but also because of the high fre-
quency of end stage renal disease (ESRD) in the elderly. Old kidneys perform poorly when they 
experience acute kidney injury or after transplantation highlighting one of the hallmarks of re-
nal aging, which is its markedly reduced regenerative capacity. Accumulation of senescent cells 
during aging and as a result of acute and chronic diseases could be responsible for insufficient 
repair potential and functional loss.

The phenotype of renal aging consists of a loss in renal mass and function as well as not very 
specific histological changes in all renal compartments (glomeruli, tubulo-interstitium and vas-
culature). In the unchallenged kidney these aging changes go almost unnoticed. However, se-
nescence of key cells in the kidney is particularly unfortunate when the tissue receives unusual 
stresses. Injury evokes dedifferentiation, proliferation, and inflammation. If tubular epithelial 
cells can heal, injury and inflammation resolve with minimal scarring. If the epithelium has a 
high burden of senescence its normal healing is hampered, and the ensuing pro-inflammatory 
and pro-fibrotic milieu will result in scarring. Fibrosis that is triggered by senescence-associa-
ted secreted factors may thereby compensate for exhausted healing potential, putting fibrosis 
downstream of the primary senescence process.

Old kidneys show increased expression of markers of cellular senescence that goes along 
with a diminished proliferative response of tubular cells even without any preceding damage 
confirming an intrinsically reduced proliferative capacity. Severe telomere loss in Telomerase 
deficient mice leads to an increased susceptibility to renal injury and renal dysfunction. The po-
tential crucial role of p16INK4a in the development of chronic renal damage is underlined by the 
protective effect of ablating the INK4a locus. The findings in experimental models are of inter-
est in the context that markers of cellular senescence are also found in certain renal diseases, 
such as glomerulopathies, tubulointerstitial nephritis, hypertensive nephrosclerosis and trans-
plants with chronic allograft dysfunction.

Many problems in clinical nephrology of the elderly seem to involve an interaction between 
cellular senescence and disease stresses. This may contribute to the normal renal senescence phe-
notype, the acceleration of this phenotype by hypertension and heart failure, the high frequency 
of ESRD in the elderly, and the massive nephron dropout after the stresses of deceased organ 
donation. The appeal of studying mechanisms of cellular senescence in nephrology is the poten-
tial for predicting or intervening. Identifying those individuals who are at risk of ESRD could be fo-
llowed by strategies to reduce the stresses. Bypassing cell senescence mechanisms could extend 
the life of old kidneys faced with abnormal stresses such as deceased donation or renal disease.
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Matricellular Signaling in Injury Repair

Joon-Il Jun, Ki-Hyun Kim, Jacob S. Choi, Chih-Chiun Chen, and Lester F. Lau
Department of Biochemistry and Molecular Genetics,  

University of Illinois at Chicago

SUMMARY 

The extracellular matrix plays critical roles in regulating diverse biological and pathologi-
cal processes, including developmental morphogenesis, wound healing and tissue repair, 
inflammation and host defense, and progression of diseases such as cancer. We have been 
dissecting the functions of CCN1, a cysteine-rich, dynamically expressed matricellular pro-
tein that regulates a broad spectrum of cellular activities through direct binding to inte-
grin receptors. Ccn1-null mice are embryonic lethal due to defects in cardiovascular de-
velopment. In adulthood, expression of Ccn1 is closely associated with wound repair and 
pathologies related to chronic injuries. Our recent studies on the functions of CCN1 in injury 
repair in the skin, liver, and intestine have underscored its roles in the resolution of inflam-
mation, regeneration of parenchyma, and remodeling of the repaired tissue. In particular, 
CCN1 is critical for the activation of myofibroblasts to produce extracellular matrix, which 
promotes tissue integrity and parenchymal regeneration. Paradoxically, CCN1 also induces 
cellular senescence in myofibroblasts, thereby triggering the expression of an anti-fibrotic 
genetic program to dampen and restrict extracellular matrix deposition, thus limiting fi-
brosis. Moreover, CCN1 suppresses inflammation-associated carcinogenesis in several tis-
sues. These findings indicate that CCN1 regulates multiple aspects of wound healing, su-
ggesting a potential therapeutic value in tissue repair. 
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Novel approaches to aging: senescence and 
reprogramming

Manuel Serrano
Spanish National Cancer Research Centre (CNIO), Madrid

SUMMARY

Cellular senescence is a stress response that coordinates tissue renewal including the clea-
rance of senescent cells. However, upon chronic damage or in old organisms, tissue re-
newal is impaired and senescent cells accumulate and contribute to tissue dysfunction. 
Because of this, there is great interest in strategies aimed to eliminate senescent cells. I will 
present a novel strategy to deliver drugs selectively to senescent cells within living orga-
nisms. This strategy can be used to eliminate senescent cells in old organisms and improve 
healthspan.

On another topic, we are interested in combating tissue degeneration associated 
to aging. The process of reprogramming cells in vitro is known to reset some molecular 
clocks: it downregulates p16 by reloading Polycomb into its genomic locus, it elongates 
telomeres, and it resets the epigenetic clock (at least in human cells, where the epigenetic 
clock has been well defined and validated). We have generated mice where we can induce 
ubiquitous expression of the four Yamanaka reprogramming factors. These factors, when 
expressed continuously during 1 week, produce widespread de-differentiation in multiple 
tissues. Upon, switching off the reprogramming factors, de-differentiated tissues re-diffe-
rentiate and homeostasis is restored. Eventually, however, these mice develop teratomas, 
indicative of full reprogramming and improper re-differentiation. To overcome this pro-
blem, we have defined conditions of short reprogramming pulses (3 days) that do not result 
in teratomas. I will present an update of the effects of reprogramming on aging and tissue 
regeneration.
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Roles of cellular aging in lifestyle-related 
disease

Tohru Minamino 
Department of Cardiovascular Biology and Medicine 

Niigata University Graduate School of Medical and Dental Sciences

SUMMARY

Cellular senescence is a state of irreversible cell growth arrest induced by excessive rep-
lication or various stresses, including oncogenic stimuli. It is thought to be a defensive 
mechanism against malignant transformation. This response is controlled by negative reg-
ulators of the cell cycle like the p53 tumor suppressor protein. Accumulating evidence has 
suggested a role of p53 activation in various age-associated conditions, including vascular 
senescence, heart failure, and diabetes. It has also been reported that diabetes promotes 
vascular senescence and accelerates the development of cardiovascular complications. 
However, it remains unclear whether the senescence of vascular cells per se contributes to 
metabolic abnormalities and obesity in diabetic patients. We here identified a crucial role 
of endothelial p53 activation in the regulation of glucose homeostasis and obesity. Endo-
thelial expression of p53 was markedly up-regulated when mice were fed a high-calorie 
diet. Disruption of endothelial p53 activation improved dietary inactivation of endothe-
lial nitric oxide synthase that up-regulated the expression of peroxisome proliferator-acti-
vated receptor-γ coactivator-1α in skeletal muscle, thereby increasing mitochondrial bio-
genesis and oxygen consumption. Mice with endothelial cell-specific p53 deficiency fed 
a high-calorie diet showed improvement of insulin sensitivity and less fat accumulation 
compared with control littermates. Conversely, up-regulation of endothelial p53 caused 
metabolic abnormalities and increased fat accumulation. These results indicate that inhi-
bition of endothelial p53 could be a novel therapeutic target to block the vicious cycle of 
cardiovascular and metabolic abnormalities occurring in diabetic patients.
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Senolytics: The Path to Translation

James L. Kirkland, Tamara Tchkonia
Mayo Clinic Robert and Arlene Kogod Center on Aging, Rochester, MN, USA

SUMMARY

Aging is the major risk factor for the conditions that account for the bulk of morbidity, 
mortality, and health costs, including diabetes, frailty and sarcopenia, loss of resilience, 
dementias and neurodegenerative diseases, lung diseases, many cancers, bone and joint 
disease, atherosclerosis, and impaired vascular reactivity. Senescent cells are at sites of 
pathology in these conditions. Interventions that target fundamental aging processes, in-
cluding genetic or pharmacological targeting of senescent cells or their products, may de-
lay, prevent, or alleviate most of these conditions. Here we discuss the development of 
drugs that target senescent cells- senolytics – and potential paths to clinical translation.
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Targeted Apoptosis of Senescent Cells (TASC) 
through FOXO4 inhibition counteracts features 

of aging and chemotoxicity in vivo

Marjolein Baar1, Renata Brandt1, Kasper Derk1, Gert van Capellen1, Jan Hoeijmakers1, 
Judith Campisi2, Peter de Keizer1

Erasmus University Medical Center1 

The Buck Institute for Research on Aging2

Presenting author: Peter de Keizer

SUMMARY

DNA damage drives aging and promotes age-related diseases including cancer. Cellular 
senescence is a state of permanent cell cycle withdrawal closely linked to both processes. 
It can be induced within days after DNA-damaging insults as radio- and chemotherapy, or 
upon wound healing. Senescent cells are notoriously resistant to apoptosis, and inefficient 
clearance results in their accumulation with age. Given that senescence is associated with a 
chronic pro-inflammatory state termed the Senescence-Associated Secretory Phenotype 
(SASP), they are thought to negatively influence tissue homeostasis in time. Indeed, se-
nescence has been associated with numerous pathologies and clearance of senescent cells 
in a genetic fashion was shown to be beneficial in a mouse model for aging. Unfortunately 
however, therapeutic options to counter senescence are currently lacking. This is in part 
because it remains unclear how damaged cells favor senescence over apoptosis. We set 
out to identify such molecular pivots in order to develop methods to selectively target se-
nescent cells, something which we dubbed Targeted Apoptosis of Senescent Cells (TASC).  
Here, we show that senescent cells are primed to undergo apoptosis, but execution of the 
death program is restrained by a molecular brake. We observed FOXO4 to be elevated in 
senescence and show FOXO4 to be critical for maintaining senescent cell viability. Targe-
ting FOXO4 in a therapeutic fashion cleared senescence and reduced SASP in vivo. Ex-
citingly, this counteracted chronic features of aging and damage-induced organ toxicity. 
Thus, FOXO4 is a weak-spot in senescent cell viability that may be employed to improve 
the healthspan of senescence-related diseases through TASC.
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ATRX, a new regulator of senescence.

Marta Kovatcheva1, Will Liao2, Mary Klein, San Singer3, Andrew Koff3

Gerstner Sloan-Kettering Graduate School of Biomedical Sciences1 

New York Genome Center2 

Memorial Sloan Kettering Cancer Center3

SUMMARY

ATRX is a member of the SWI/SNF family of ATP-dependent helicases implicated in the 
maintenance of both telomeric and pericentromeric heterochromatin, site-specific trans-
criptional regulation, and X chromosome inactivation. Loss or mutation of ATRX is fre-
quently seen in cancer cells that employ the alternative lengthening of telomeres (ALT) 
mechanism. Here we report that ATRX plays a role in senescence, independent of its ability 
to regulate telomere length.   In both primary and transformed cycling and quiescent cells 
ATRX accumulates at telomeres and a few discrete chromatin foci.  However, when cells 
are induced to enter senescence the number of foci increases substantially.  Foci form early 
after cells exit the cell cycle, well before any of the classic hallmarks of senescence (SAHF, 
SASP, SA-B-gal).  This increase is observed in both primary cells undergoing replicative 
senescence and in transformed cells treated with DNA damaging agents or other agents 
that induce senescence.   ATRX is necessary for senescence.   ATRX knockdown prevents 
transformed cells from accumulating SAHF or SA-B-gal following treatment with che-
motherapy.  Conversely, reconstituting an ATRX deficient ALT cell line (U2OS) with ATRX is 
sufficient to convert CDK4 inhibitor induced quiescence into senescence.   We are currently 
identifying the domains of ATRX required for senescence, mapping where ATRX binds in 
senescent cells via ChIP-seq and uncovering how ATRX regulates gene expression using 
RNA-seq.  Results from these analyses will be discussed. Thus, we conclude that ATRX is a 
critical regulator of senescence and the accumulation of nuclear ATRX foci is an early and 
novel marker of cells that have entered the senescence program different from cells that 
remain in quiescence.
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The lncRNA MIR31HG regulates p16INK4A 
expression to modulate senescence

Marta Montes1, Morten Nielsen2, Giulia Maglieri1, Anders Jacobsen3, Jonas Højfeldt1, 
Shuchi Agrawal-Singh1, Klaus Hansen1, Kristian Helin1, Harmen van de Werken4, 

Jakob Pedersen5, Anders Lund1

Biotech Research and Innovation Centre, University of Copenhagen1 

Århus University Hospital2 

Computational Biology Center, Memorial Sloan-Kettering Cancer Center3 

Department of Cell Biology, Erasmus MC4 

Århus University Hospital and Bioinformatics Research Center, Aarhus University5

SUMMARY

Oncogene-induced senescence (OIS) can occur in response to oncogenic insults and is 
considered an important tumor-suppressor mechanism. To identify long noncoding RNAs 
(lncRNAs) functionally impacting on OIS, we used a TIG3 human fibroblast cell line that 
undergoes oncogene-induced cell cycle arrest following the inducible expression of a cons-
titutively active form of B-RAF. We identified the lncRNA MIR31HG to be upregulated in 
senescence and we found that knockdown of MIR31HG promotes p16INK4A-dependent 
senescence as evidenced by reduced cell growth, induction of beta-galactosidase activity 
and the formation of senescence-associated heterochromatic foci (SAHFs). This senescent 
phenotype is rescued by siRNA-mediated knockdown of p16INK4A.  In normal conditions 
MIR31HG is located both in the nucleus and in the cytoplasm whereas upon B-RAF expres-
sion, MIR31HG is almost exclusively located in the cytoplasm. Interestingly, the MIR31HG 
locus is situated only 400kb from the INK4A locus. We show that MIR31HG interacts with 
both INK4A and MIR31HG genomic regions and with Polycomb group (PcG) proteins, 
being required for PcG repression of the INK4A locus. 4C-sequencing revealed that INK4A 
and MIR31HG genomic regions do not interact, excluding the hypothesis that MIR31HG 
could be mediating chromatin looping. However, we found interactions between MIR31HG 
promoter and an enhancer that is highly active upon B-RAF expression, suggesting that 
MIR31HG expression might be driven by this enhancer.  Our results show that the nuclear 
MIR31HG RNA prevents expression of the tumor-suppressor p16INK4A by facilitating PcG 
recruitment. Upon B-RAF expression MIR31HG is upregulated and relocated to the cyto-
plasm allowing  p16INK4A expression.
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Getting in and out: clinical ramifications of 
non-terminal senescence and post-senescence 

conditions in cancer

Clemens A. Schmitt and colleagues
Charité – University Medical Center, Medical Department of Hematology, Oncology and Tumor 

Immunology, and Max-Delbrück-Center for Molecular Medicine in the Helmholtz Association, Berlin

SUMMARY

Cellular senescence operates as an oncogene-evoked anti-tumor barrier in pre-malignant cells 
(i.e. oncogene-induced senescence [OIS]), or may be executed in manifest cancers in response 
to DNA-damaging chemotherapy (i.e. therapy-induced senescence [TIS]). Although senescence 
is typically referred to as a terminal cell-cycle arrest, the underlying molecular requirements of 
this ceased proliferation are far from fully understood. While many genetic scenarios have been 
described in which activation of pro-senescent oncogenes no longer results in cellular senescence, 
i.e. genetic lesions permit bypass of senescence, the formal reversibility of manifest senescence, 
i.e. whether distinct gain- or loss-of-function gene activities may enforce escape from senescence, 
is much less clear. If essential genes for senescence maintenance exist, they would probably be 
prime mutational targets, and their deregulation would have pivotal implications for full-blown 
cancer formation and relapse after therapy. Moreover, not all of the profound epigenetic changes 
linked to senescence (the senescence-associated heterochromatin foci [SAHF], for instance) may 
be converted back to a never-senescent pattern in post-senescent cells, hence potentially explain-
ing novel functionalities that become selectively evident in post-senescent cells.

The transcriptionally repressive trimethylated histone H3 lysine 9 (H3K9me3) mark has been 
shown to serve as an important relay in cellular senescence by robustly silencing S-phase-pro-
moting E2F target genes in SAHF. We explored a variety of H3K9-active histone methyltransfe-
rases (such as Suv39h1) and demethylases (such as JMJD2C and LSD1) in fibroblast and mela-
nocyte OIS and lymphoma TIS models, collectively demonstrating a senescence-essential role 
of the H3K9me3 chromatin mark. Moreover, we provide evidence that constant renewal of the 
H3K9me3 mark is required to maintain senescence, since impaired H3K9me3 writer or enhanced 
H3K9me3 demethylase activities license escape out of manifest senescence. In turn, we found a 
significant subset of human melanomas susceptible to senescence restoration by genetic or phar-
macological inhibition of H3K9 demethylase activities.

By utilizing conditional senescence-essential genetic moieties, we investigated biological pro-
perties, especially self-renewal capacity, in direct comparison of previously senescent vs. never-se-
nescent cells derived from the very same primary individual lymphoma populations. Intriguingly, 
previously senescent cells exhibit a senescence-associated and post-senescence retained stem cell 
program that enhances the tumor-initiating potential or even renders non-stem tumor cells de novo 
cancer stem cells. Consequently, senescence reversal-conferring gene activities as well as senes-
cence-associated functionalities might be exploited as novel target principles in cancer, whose inac-
tivation may restore cancer cell senescence or selectively eliminate senescent tumor cells.

In essence, our data unveil the essential and highly dynamic role of the H3K9me3 mark in se-
nescence, accounting for the potential reversibility of this otherwise very stable condition, and 
demonstrate with senescence-associated stemness a critical functional feature that is retained in 
post-senescent cells. These findings underscore H3K9-active demethylases as promising targets 
for novel anti-cancer treatment strategies. 
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Inactivation of MYC and CDK2 Reestablish 
Senescence and Halts BRAFV600E-induced 

Mouse Lung Tumor Development

Nyosha Alikhani, Matteo Bocci, Vedrana Tabor, Raoul Kuiper, Lars-Gunnar Larsson
Karolinska Institutet

SUMMARY

Cellular senescence is one of the main barriers against tumor development. We have shown 
previously that MYC plays an important role in senescence suppression during malignant 
transformation. This particular MYC activity requires CDK2 function. Here we investigated 
whether MYC/CDK2-mediated suppression of senescence plays a role in the initiation and 
progression of tumors in vivo and has relevance for pro-senescence cancer therapy. For 
this purpose we have generated a transgenic BRAF/MYC-driven mouse lung tumor model 
in which the oncogenic BRAFV600E mutant and a MYC-estrogen receptor fusion protein 
(MycER) are conditionally activated in the lungs of mice by inhalation of Ad-Cre virus. Our 
results show that activation of BRAFV600E induces benign lung adenoma limited by exten-
sive senescence induction, while simultaneous activation of MYC by tamoxifen synergisti-
cally accelerated tumor development. This was due to MYC-mediated senescence suppres-
sion as evidenced by reduced senescence-associated p16INK4A, p21CIP1, H3K9me3 and 
ß-gal staining and strongly increased Ki-67 staining. Inactivation of MycER by tamoxifen 
withdrawal reestablished senescence in tumors. To study the role of CDK2 in this process, 
we are crossing BRAFV600E/MycER mice with conditional CDK2 knockout mice. Our pre-
liminary results show that CDK2 depletion prevents tumor formation in BRAFV600E mice 
even 6 months after recombination, indicating that BRAFV600E is completely dependent 
on CDK2 for tumor initiation. Experiments with triple knockin/knockout BRAF/MycER/
CDK2 KO mice as well as with pharmacological CDK2 and MYC inhibitors are ongoing and 
will be discussed. These results suggest that pro-senescence therapy through inhibition of 
the MYC/CDK2 axis potentially could play a role in combating cancer.
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Restoring cellular senescence in cancer through 
PAK4 inhibition

Tânia Costa1, Ting Zhuang1, Miao Zhao1, Julie Lorent2, Zhilun Li1, Uta Rabenhorst1, 
Helene Olofsson1, Pablo Hernández Varas1, Staffan Strömblad1
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SUMMARY

p21-activated kinase 4 (PAK4) is overexpressed in diverse human cancers and plays a pivo-
tal role in several cancer-associated cellular events. 

To gain a comprehensive insight into networks regulated by PAK4 in cancer cells, we 
performed a global expression profiling analysis on two breast cancer cell lines upon tran-
sient PAK4 knockdown. We found that senescence-associated gene signatures are overre-
presented upon PAK4 depletion in cancer cells, suggesting that cancer cells require PAK4 
to evade senescence. 

In vitro, PAK4 depletion caused prominent changes in cell morphology, lack of EdU in-
corporation, increased senescence-associated beta-galactosidase activity and gene ex-
pression changes consistent with a senescent phenotype. Importantly, we show that PAK4 
prevents p53 and p21 accumulation and thereby senescence induction. Patient-derived 
breast cancer cells removed during surgery and manipulated ex vivo also underwent se-
nescence upon PAK4 knockdown. 

In vivo, conditional knockout of PAK4 in the mammary epithelium delays PyMT-driven 
mammary tumourigenesis. Furthermore, targeting PAK4 also inhibits tumour growth in a 
xenograft model and senescence can be detected upon intratumoural injection of a PAK4 
inhibitor in the PyMT transgenic mouse model of breast cancer. 

The novel role for PAK4 in cellular senescence suggests a potential window for develo-
pment of cancer therapy. 
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Tumor suppressor activities of the MAP kinases 
ERK1/2.

Gerardo Ferbeyre
Université de Montréal, Montréal, Canada

SUMMARY

The extracellular signal-regulated kinases ERK1 and ERK2 (ERK1/2) cascade regulates a 
variety of cellular processes by phosphorylating multiple target proteins. This pathway is 
intimately linked to cancer since several of its upstream activators are frequently mutated 
in human disease and were shown to accelerate tumorigenesis when engineered in the 
mouse genome. However, measurement of activated ERKs in human cancers or mouse 
models does not always support a role in tumorigenesis and data consistent with a role 
in tumor suppression have been reported as well. Cell senescence, a putative tumor sup-
pression mechanism, depends on high intensity ERK signals that trigger phosphorylation 
dependent protein degradation of multiple proteins required for cell cycle progression. We 
call this process senescence associated protein degradation or SAPD. To bypass ERK de-
pendent senescence during tumorigenesis tumor cells may inactivate downstream effec-
tors of the senescence response or simply attenuate ERK signalling. We will discuss how 
ERK signalling is attenuated during tumor progression in both human and mouse pancre-
atic cancer. In addition we will present data showing that ERK attenuation facilitates the 
generation of tumor initiating cells while increasing ERK activity with a phosphatase inhib-
itor inhibit self-renewal and tumorigenesis.
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DNA damage responses and repair activities at 
mammalian telomeres

Jacqueline J. L. Jacobs
Division of Molecular Oncology, The Netherlands Cancer Institute, Amsterdam 

SUMMARY

Telomeres help maintain genome integrity by protecting natural chromosome ends from 
being recognized as broken DNA. Loss of telomere protection leads to activation of a DNA 
damage-like response that causes cells to die or senesce, thereby contributing to aging 
while preventing outgrowth of potentially cancerous cells. However, deprotected chromo-
some ends are also subject to processing by DNA repair factors that lead to chromosome 
end-to-end fusions. If cells with such chromosomes fused at their telomeres escape from 
apoptosis and senescence due to insufficient DNA damage checkpoint activity, continua-
tion of cell division results in missegregation of chromosomes and unbalanced chromoso-
mal rearrangements. This can compromise cell viability but can also promote cancer deve-
lopment by causing genetic diversification and selective outgrowth of variant cell clones. 
Similarly, the inaccurate or inappropriate repair of DNA lesions can contribute to aging 
or tumorigenesis by fueling genetic alteration. The mechanisms underlying the control of 
DNA damage responses and repair activities are not completely understood. Therefore, 
our laboratory undertakes both candidate-driven and unbiased approaches to identify the 
genes and activities that play important roles in the telomere damage response and te-
lomere-driven genomic instability. We identified several factors, without a previously re-
cognized role at telomeres, that promote ligation of telomere-deprotected chromosome 
ends by non-homologous end-joining. These factors are known to participate in diverse 
activities, including posttranslational modification by ubiquitylation, histone methylation 
and DNA damage tolerance. Through mechanistic characterization we aim to uncover the 
precise roles of these factors in the cellular response to telomere dysfunction and to DNA 
damage.
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Pharmacological Elimination of Senescent Cells 

Valery Krizhanovsky
Department of Molecular Cell Biology, Weizmann Institute of Science, Rehovot, Israel. 

SUMMARY

Cellular sentence is a mechanism that limits tumor formation, aids tissue repair and em-
bryonic development.  However, senescent cells accumulate in tissues with age and can 
contribute to decrease in tissue function and to age-related diseases.  The accumulation 
of senescent cells during ageing can result from inefficient immune surveillance or the re-
sistance of these cells to pro-apoptotic stimuli.  We study both the mechanisms that regu-
late immune surveillance of senescent cells and the mechanisms underlying the resistance 
of senescent cells to apoptosis.  We have identified a molecular mechanism that provides 
to senescent cells anti-apoptotic characteristics.  The mechanism is based on the increase 
of expression of specific anti-apoptotic proteins in senescent cells.  Small molecule that 
blocks the activity of these proteins induced selective apoptosis of senescent cells.  Nota-
bly, treatment of mice with the small molecule efficiently induced apoptosis of senescent 
cells in vivo and eliminated them from tissues.  To evaluate the presence of senescent cells 
we developed quantitative method of assessment of presence of senescent cells based on 
combination of SA-beta-gal staining and molecular characterization on the cell-cell basis.    
Pharmacological elimination of senescent cells provides a possibility for the treatment of 
age-related pathologies characterized by the presence of senescent cells and provides ex-
citing possibility of extension of healthspan in man.
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Telomere dysfunction is a mediator of 
fibroblast differentiation

Neetu Razdan1, Utz Herbig2

Rutgers Biomedical and Health Sciences1; Dept of Microbiology & Molecular Genetics, Rutgers 
Biomedical and Health Sciences2

SUMMARY

Cellular senescence is a stable proliferative arrest induced by various cell extrinsic and in-
trinsic stresses. Senescent cells secrete molecules, a phenomenon called Senescence As-
sociated Secretory Phenotype (SASP). This SASP can be both beneficial and detrimental 
to the organism as it promotes tissue repair and cancer progression, respectively, albeit by 
still unknown mechanisms. Molecules secreted from senescent cells rapidly activate a DNA 
damage response (DDR) and cellular senescence in proliferating cells when added directly 
to their culture medium. We demonstrate that this DDR originates at telomeres. Surprisin-
gly, expression of hTERT suppressed formation of dysfunctional telomeres in response to 
SASP factors. Two SASP components, IL-6 and TGF-ß1, also caused telomere dysfunction 
in normal cells. Since TGF-ß1 plays a critical role in wound healing where it promotes myo-
fibroblast transdifferentiation, we tested whether formation of dysfunctional telomeres is 
required for this process. Addition of TGF-ß1 to fibroblast cultures indeed triggered telo-
mere dysfunction, induced elevated levels of a-SMA protein, a signature myofibroblastic 
gene expression profile, and enhanced contractile ability. In contrast, telomerase-expres-
sing cells were resistant to these changes and to transdifferentiation. We demonstrate that 
these effects are mediated by reactive oxygen species (ROS), as suppressing ROS produc-
tion using pharmacological and genetic tools also suppresses telomere dysfunction and 
fibroblast transdifferentiation. Significantly, even in absence of exogenous TGF-ß1, induc-
tion of telomere dysfunction by various means resulted in myofibroblast transdifferentia-
tion. Collectively, our data demonstrate a novel role for telomeres in transdifferentiation 
and wound healing.



Oral presentationsT38

The Senescence-Associated Extracellular 
Matrix modulates cell behaviour in a non-cell 

autonomous fashion.

Nuria Tarrats, Juan Carlos Acosta 
ECRC, IGMM, The University of Edinburgh

SUMMARY

Cellular senescence is a failsafe mechanism characterised by a stable cell cycle arrest tri-
ggered in response to various stresses; for instance, oncogene-induced senescence (OIS) 
constitutes a major barrier for neoplastic transformation. A hallmark of senescence is the 
activation of the Senescence-Associated Secretory Phenotype (SASP), which includes ex-
tracellular matrix (ECM) components and act in a Paracrine and Autocrine manner.  The 
ECM plays a crucial role on tumour invasion and metastasis, and it has been described that 
apart from providing scaffolding, it also provides signalling cues to cells nearby in a non-cell 
autonomous way. To characterise and define the role of a Senescence-Associated Extra-
cellular matrix (SA-ECM), 3D-ECM was generated with control and senescent fibroblasts 
and the composition of SA-ECM was characterised by Mass Spectrometry. The analysis re-
vealed a clearly different composition of the SA-ECM. While some main components of 
the ECM as Fibronectin remain similar, some other components such as Collagen type I 
was strikingly blunted in the SA-ECM. In contrast, some matricellular proteins were enri-
ched in the SA-ECM such as certain MMPs and bioactive molecules. In vivo models highly 
correlates with this in vitro data. Mechanical properties such as stiffness, elasticity or con-
tractile capability were also proved diminished in the SA-ECM. When normal and tumoral 
cells were plated on SA-ECM, the cell behaviour was modified in a non-cell autonomous 
manner. These changes were further analysed by organotypic culture, as a previous step to 
in vivo skin orthotopic xenograft experiments.  All together, our data suggest that SA-ECM 
regulates tumour cell behaviour in a non-cell autonomous fashion.
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A Notch1-driven secretome switch in Ras-
induced senescence
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SUMMARY

Oncogene-induced senescence (OIS) is an intrinsic tumour suppressor mechanism, but 
its impact on tumorigenesis is largely dependent on the senescence-associated secretory 
phenotype (SASP). Major components of the SASP include TGFß and pro-inflammatory 
cytokines such as IL1 and IL8. Here we show that Notch1 is a key modulator of SASP. 
Notch1 has been implicated in diverse processes, including tumorigenesis. Using quanti-
tative plasma membrane proteomics, coupled with transcriptomics, we found that Notch1 
signalling was significantly altered during Ras-induced senescence (RIS) in human diploid 
fibroblasts. In contrast to increased cell surface Notch1, downstream signalling is dynami-
cally regulated: the active intracellular domain of Notch1 (N1ICD) and Notch-target ge-
nes were transiently up-regulated during transition to both RIS and DNA-damage senes-
cence, but down-regulated at full senescence. We have demonstrated that Notch drives a 
TGFß rich secretome, whilst suppressing the RIS-associated pro-inflammatory secretome, 
suggesting Notch1 plays a critical role in secretome switching in RIS.  The RIS-associated 
SASP is regulated by the transcription factors CEBP/ß and NFkB; we found that Notch1-
mediated repression of RIS-associated pro-inflammatory cytokines was associated with 
reduced expression and chromatin binding of CEBP/ß, but not NFkB and could be rescued 
by ectopic CEBP/ß. Finally, Notch1 up-regulation in OIS was confirmed in several mouse 
models and was demonstrated to significantly regulate senescence surveillance. There-
fore, we propose that the transition to RIS is correlated with a switch from Notch1-driven 
TGFß-rich secretome to a Ras-driven IL-1, and -8 rich secretome, and that dynamic Notch1 
signaling modulates senescence in a non-cell-autonomous fashion.
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Selective Autophagy: remodeling the proteome 
through timely degradation

Ana Maria Cuervo
Department of Developmental and Molecular Biology and of Medicine. Institute for Aging Studies. Albert 

Einstein College of Medicine, Bronx, NY, USA

SUMMARY

Autophagy mediates the digestion of cytosolic material in lysosomes and is often the first-
front of defense against cellular stress. Under these conditions, autophagy contributes to 
eliminating damaged components from inside cells and it becomes an alternative source 
of energy during energetically-demanding conditions that associate to stress. Added to 
this “in bulk” degradation of cytosolic components, growing evidence supports that some 
forms of autophagy can also display a marked degree of selectivity in the degradation of 
cargo.

Our group is interested in this selective forms of autophagy and their role in timely re-
modeling of the proteome. In this talk, I will discuss some of the mechanisms that mediate 
selectivity during the autophagy process and provide examples of the physiological rele-
vance of selective degradation of specific proteins through autophagy. We have recently 
shown that selective degradation of key metabolic enzymes through autophagy contribu-
tes to regulate cell and organism energetics, or that timely removal of key cell cycle regu-
lators by autophagy is necessary to assure efficient DNA repair. 

Since numerous studies from our group and others have reported malfunctioning of 
the autophagic system with age, we hypothesize that failure of selective autophagy may 
contribute to several aspects of the phenotype of aging. I will also discuss our findings in 
recently generated mouse models with organ-specific compromised autophagy that are 
helping us to better understand the consequences of this age-dependent loss of selective 
autophagy.
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Senescence in aging and age-related disease: 
from mechanism to therapy

Jan van Deursen
Mayo Clinic, Rochester, USA

SUMMARY:

Cellular senescence has emerged as a potentially important contributor to aging and age-
related disease and as an attractive target for therapeutic exploitation. Direct evidence 
for the deleterious effects of senescence in aging originates from BubR1-progeroid mice 
in which inactivation of the p16Ink4a senescence pathway or the elimination of p16Ink4a-
positive senescent cells dramatically attenuates aging. Using transgenic mouse models 
that selectively kill p16Ink4a positive cells, we have investigated the role of senescence in 
health and life span of normal mice, as well as its role in common age-related diseases. The 
implications of these studies for the design and effectiveness of senotherapies to extend 
healthy lifespan will be discussed.
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Do RUNX1 and its fusion oncoprotein 
derivatives induce senescence as a barrier to 

transformation?

Gail Anderson, Kamil Wolyniec, Anna Kilbey, James Neil. 
MRC University of Glasgow Centre for Virus Research, Glasgow, United Kingdom

Presenting author: Gail Anderson

SUMMARY

The Runx genes are a family of transcription factors (Runx1-3) that function as part of a he-
terodimer to regulate cell fate in development. An oncogenic function has been revealed 
for Runx in T-cell lymphomas and in common with other oncogenes, all three Runx proteins 
have been shown to induce premature senescence in primary fibroblasts (HFs).  RUNX1 is 
required for definitive haematopoiesis and is frequently the target of leukaemogenic chro-
mosomal translocations. The RUNX1-ETO (RE) fusion (t(8;21)) is involved in 40% of acute 
myeloid leukaemia (AML) M2 subtype. RE is commonly expressed in patients along with a 
C-terminally truncated spliced variant, RE9a. While RE fails to induce leukaemia in murine 
models, RE9a induces rapid leukaemogenesis in mice. We have demonstrated that, unlike 
RE, RE9a fails to induce robust senescence HFs. This may be due to loss of two transrepres-
sor domains in the RE9a protein. We are currently testing a series of RE deletion mutants 
to determine the significance of these domains for RE-induced senescence. TEL-RUNX1 
(TR) (t(12;21) is associated with 25% of childhood acute lymphoblastic leukaemia (ALL). 
Unlike RE, TR fails to induce senescence in HFs despite retention of the full length RUNX1 
protein. We demonstrate that mutation of a SUMOylation site within the Helix-Loop-Helix 
(HLH) domain of TEL restores senescence. We are testing the function of this domain to 
determine how TR evades senescence and to establish whether senescence functions as a 
barrier to leukaemogenesis that could be exploited clinically.
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Induction of cellular senescence and hair 
follicle stem cell dysfunction upon p16INK4a 

expression in the skin
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Presenting author: Narmen Azazmeh

SUMMARY

Cellular senescence is a physiologic stress response program, in which cells cease to proli-
ferate and undergo dramatic alterations in morphology, metabolic activity and protein se-
cretion. Despite its importance in aging, tumor suppression and development, many fun-
damental aspects of cellular senescence remain poorly elucidated. Senescence is executed 
most often by the p14ARF/p53 and p16INK4a/Rb pathways, which are interconnected, yet 
their distinct contributions to the senescence program, and the consequence of their ac-
tivation on the surrounding tissue are not fully understood. We have developed mice that 
allow inducible activation of p16INK4a in the epidermis of the skin. Using this model, we 
set out to study the effects of its activation on senescence induction, on the skin structure 
and on hair follicle stem cell function. We found that p16INK4a activation induced the for-
mation of senescent cells in the epidermis, however with efficiency lower than that induced 
by p14ARF in a similar model. p16INK4a activation in the skin also induced a pronounced 
epidermal thickening, which was caused by enlargement of keratinocytes. Interestingly, 
upon long-term induction, p16INK4a altered the normal epidermal differentiation pattern, 
causing an accumulation of differentiated epidermal cell layers, changes that were distinct 
from those observed during normal aging. This was accompanied by a complete hair loss 
(alopecia) due to the disruption of hair follicle stem cell function and hair follicle destruc-
tion. Our findings indicate that long term p16INK4a activation exerts complex effects on 
skin physiology and structure, in both cell autonomous and non-autonomous manners.
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Targeting senescence-properties in melanoma 
to enhance chemosensitivity
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Presenting author: Marjolein Baar 

SUMMARY

Resistance to therapy is a major limitation towards the cure of irresectable cancer. Cellu-
lar senescence is a tumor suppressive mechanism, but senescent cells can escape growth 
arrest to give rise to malignancy. Moreover, senescent cells secrete a range of proteins that 
can alter tumor growth and influence therapy response. To improve treatment outcomes it 
is essential to develop methods that specifically target therapy-surviving subpopulations, 
for instance by targeting senescence.   Metastatic melanoma is the most lethal form of 
skin cancer and successful treatment still remains challenging. Small molecule inhibitors of 
BRAF/MEK signaling show an initial response, but resistance occurs rapidly. This in part is 
due to new genetic mutations, but also to non-genetic properties of surviving cells. Mela-
nomas typically arise from senescent nevi and can retain senescence properties while pro-
liferating. Targeting these may be beneficial against melanoma progression and develop-
ment of therapy resistance.  Here, we show that targeted therapies that are clinically used 
against melanoma, such as Vemurafenib, can boost senescence-properties in treatment-
surviving cells. We identified FOXO4 to be a prominent pivot in maintaining senescent cell 
viability and excitingly, targeting FOXO4 in a therapeutically applicable manner markedly 
enhanced the efficacy of anti-melanoma drugs in a synthetically lethal fashion. Using fresh 
patient-derived 3d organoid cultures (melanoids) we were able to identify potentially eligi-
ble candidates that could benefit from anti-FOXO4 treatment alone or in combination with 
Vemurafenib. Thus, targeting senescence properties through FOXO4 could be an attrac-
tive clinical approach to (re)sensitize resistant cells to anti-cancer treatment.
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SUMMARY

miRNAs are 20-25 nucleotides long non-coding RNAs that have been identified as novel 
regulators of gene expression. miRNAs bind to specific sequences of their mRNA target 
leading to negatively regulate mRNA translation or cause mRNA degradation. Embryonic 
stem cells (ESCs) and ESC-conditioned media (ESC-CM) have been suggested as a desira-
ble source for regenerative medicine. However, the effects of miRNA secreted from mouse 
ESCs (mESCs) on cellular senescence have been undetermined yet. We conducted miRNA 
array analysis using conditioned media (CM) prepared from mouse embryonic fibroblasts 
(MEFs) and mESCs. Based on these results, we could find out some candidate miRNAs 
which might be involved in cellular senescence. We confirmed that treatment of senescent 
human dermal fibroblasts with candidate miRNAs secreted from mESCs decreased diverse 
senescence phenotypes, which was confirmed by decreases in senescence-associated ß-
galactosidase activity and the levels of p53 and p21 expression, and an increase in cell pro-
liferation. Our results suggest that miRNAs secreted from mESCs might play an important 
role in restoring senescent cells to young cell-like phenotypes; accordingly, their use might 
emerge as a novel therapeutic strategy for age-related diseases.
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SUMMARY

Cellular senescence is a stress response triggered by different stimuli such as telomere shor-
tening, oncogene activation, or DNA damage, that initiate a signalling cascade leading to a 
stable cell cycle arrest. Due to its antiproliferative nature, the role of cell senescence in the 
context of tumour suppression has been extensively studied. Surprisingly though, little is 
known regarding the relationship between cellular senescence and viruses, although many 
of the key regulators in the senescence response are tumour suppressor genes with antivi-
ral activities, such as ARF and p53. In addition, interferon, a well-known antiviral agent, has 
been proved to induce senescence. Moreover, cellular senescence is activated in response 
to some viral proteins, and oncogenic viruses have evolved mechanisms to inhibit this pro-
cess, thus reinforcing the idea of senescence as a barrier for viral infection. We have evalua-
ted cellular senescence as a stress response triggered by viral infection and addressed the 
putative protective effect it might have limiting viral replication. Our results demonstrate 
that viruses can induce cellular senescence and that this response limits viral replication.
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SUMMARY

The MYC oncoprotein plays an important role in the regulation of many fundamental ce-
llular processes, including cell proliferation and apoptosis. MYC is also involved in the de-
velopment of multiple human cancers. We have found previously that MYC suppresses 
oncogene-induced senescence, an important barrier against tumor development. This re-
quires Cdk2-mediated phosphorylation of MYC, and ablation of CDK2 activity results in 
senescence induction in vitro. To investigate if pharmacological inhibition of CDK2 inter-
feres with MYC-driven tumor development in vivo through senescence induction, we used 
a MYC-driven acute myeloblastic leukemia (AML) model. Hematopoietic stem cells puri-
fied from mouse bone marrow were transduced with lentiviral vectors containing MYC and 
BCL-XL, then transplanted into lethally irradiated mice. Untreated mice developed mas-
sive CD11+/Gr+ AML-like leukemia after 2-3 weeks of transplantation. Upon disease onset, 
mice were treated with the CDK2 inhibitor CVT-2584 or vehicle. Analysis of isolated bone 
marrow, liver and spleen cells of mice by flow cytometry revealed a significant decrease 
of the AML population in the treated mice. CDK2 targeting significantly delayed onset of 
disease and improved mice survival by restoring senescence, as evidenced by inhibition of 
proliferation, increase in senescence-associated (SA) ß-gal activity, appearance of SA-he-
terochromatin foci, induction of p19ARF, p21CIP1 and activation of pRb. In summary, the 
selective inhibition of CDK2 in vivo delayed MYC driven AML through induction of cellular 
senescence. Our results provide a new rationale for treatment of MYC-driven neoplasia by 
exploiting CDK2 inhibition as a strategy to induce senescence in tumor cells.
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SUMMARY

In response to oncogenic stresses cells activate two main tumor suppressor mechanisms: 
Oncogene-induced senescence (OIS), a terminal cell proliferation arrest, or Oncogene-
induced apoptosis (OIA). We have shown that the oncogene p95HER2/100-115kDa leads 
cells to OIS and that these senescent cells increase the ability of proliferating breast can-
cer cells to metastatize. In contrast, available evidence indicates that OIA does not have 
this undesirable side effect. The mechanisms by which an oncogenic insult results in OIS or 
OIA remains poorly characterized.  In this work, we address the functional characterization 
and the mechanism of activation of another previously described, but uncharacterized, 
p95HER2 fragment, the 90-100kDa. We show that the expression of p95HER2/90-100kDa 
does not lead to senescence but to apoptosis. In vivo data shows that p95HER2/100-
115kDa-induced senescent cells favor the metastatic capability of MDA-MB-231 cells. 
p95HER2/90-100kDa-induced apoptotic cells do not have this effect.  We observe that cells 
bearing p95HER2/100-115kDa seem to be protected from apoptosis. Consistently cells ex-
pressing p95HER2/100-115kDa show increased levels of p21, a well-known cell cycle re-
gulator, also described as an apoptotic repressor. Knockdown of p21 in these cells shows 
increased apoptosis indicating that p21 is protecting senescent cells against apoptosis.  We 
conclude that the expression of different active p95HER2 can lead to either apoptosis or 
senescence, indicating that HER2 signaling can induce both cellular responses depending 
on the activated pathways. Elucidating the complete mechanism by which these pathways 
are activated could help to find a way to promote apoptosis on senescent cells, in order to 
avoid their pro-metastatic effect.
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SUMMARY

Title: Resveralogues: their synthesis, cytotoxicity and effects on cytokines.   Authors: Birar 
V, Brown J, Faragher RGA, Cox LS, Kipling D, and Ostler EL.  Small molecule dietary com-
ponents can act as mediators of beneficial health effects in later life.  The best known of 
these is probably resveratrol (trans-3,5,4’, trihydroxystilbene) a phytoalexin found in high 
concentrations in a variety of plants consumed as part of the normal human diet.  Although 
consistent evidence of lifespan extension by resveratrol supplementation has so far failed 
to emerge; the molecule has been reported to produce a variety of physiological effects 
that are potentially relevant to extended healthspan.  These include the suppression of in-
flammatory processes, cardio and neuro-protection, tumour suppression and protection 
from the effects of high calorie and high lipid diets.  The molecular mechanisms by which 
these are proposed to occur are diverse but include the induction of enzymes involved in 
xenobiotic metabolism, the activation of SIRT1, the inhibition of NF-?B and interaction 
with members of the oestrogen receptor family. The accumulation of senescent cells is 
now known to play a causal role in the ageing process and accordingly we have proposed 
that resveratrol exerts a significant component of its beneficial effects on healthy lifespan 
through modulation of aspects of their phenotype.   We report our development of a novel, 
simple and convenient synthetic method that has generated a wide range of known and 
novel reseveratrol analogues together with our initial results on the cytotoxicity and cyto-
kines effects of these compounds on normal and transformed human cells.
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SUMMARY

H2O2-induced senescence of human endometrial stem cells (hMESC) was shown to be 
accompanied by a rapid activation of ?-H2AX, 53BP1, and ATM kinase with the following 
irreversible growth arrest via the p53/p21/Rb pathway. To reveal a possible role of ATM in 
the regulation of hMESC senescence, we applied a specific inhibitor Ku55993 (Ku). Cell 
pretreatment with 10 µM Ku had no significant effect on cell viability but effectively bloc-
ked ATM phosphorylation. ATM inhibition had no influence on senescent phenotype of 
H2O2-treated cells, which was characterized by cell hypertrophy and enhanced SA-ß-Gal 
staining. The inhibitor affected the p53/p21/Rb pathway in H2O2-treated hMESC, resul-
ting in the decrease of p53 phosphorylation, down-regulation of p21 expression and slight 
increase in Rb phosphorylation. Nevertheless, despite the observed Rb prosphorylation, 
hMESC could not resume proliferation. At the same time, analysis of the cell cycle phase 
distribution revealed a prolonged accumulation of H2O2-treated cells in G2/M phase in-
duced by Ku, whereas in absence of the inhibitor H2O2-treated cells displayed the expec-
ted G1/S arrest. Based on these facts, we can assume that ATM inhibition may (1) cancel 
H2O2-induced G1/S block allowing damaged cells to reach G2/M phase and (2) impede the 
mitosis progression. Moreover, ATM inhibition caused tetraploidization of H2O2-treated 
hMESC, resulting in 8n DNA content. The tetraploid cell fraction increased from 6% to 
15% within 7d after oxidative stress. In conclusion, ATM inhibition allowed H2O2-treated 
hMESC to escape permanent cell cycle arrest due to loss of the functional ATM/p53/p21/Rb 
pathway however it caused the emergence of the tetraploid cells, what subsequently may 
lead to the genomic instability and tumorogenesis.
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SUMMARY

Rationale. - Cellular senescence is now recognized as a critical player in the pathogene-
sis of chronic lung diseases such as COPD. One mechanism underlying premature cell se-
nescence in COPD is oxidative stress. JunD, the most broadly expressed member of the 
AP-1 family of transcription factor, protects cells from oxidative stress by up-regulating 
the expression of antioxidant enzymes. Here, we questioned whether deletion of JunD in 
mice could alter lung parenchyma and vasculature by causing oxidative stress and cellular 
senescence.

Methods. - Mouse lacking JunD were studied at various ages, while being continuously 
treated with vehicle or the antioxidant N-acetylcystein (NAC, 40mg/kg). A subset of mice 
was exposed to chronic hypoxia.

Results. - We found that lung junD expression as assessed by JunD mRNA and protein in-
creased with age in WT mice and was undetectable in JunD-/- mice. JunD-/- mice compa-
red to WT mice exhibited increased lung oxidative stress as assessed by a 2 fold increased 
amount of lung p-H2AX protein which was suppressed in NAC treated mice. Cultured pul-
monary artery smooth muscle cells (PA-SMC) derived from JunD-/- mice versus controls also 
exhibited increased ROS production which was suppressed by NAC treatment (1 mM, as-
sessed by DCFH-DA fluorescence, 1.75 fold increase comparing JunD-/- PA-SMC to control).

At the age of 24 months, JunD-/- mice developed lung emphysema as shown by an in-
crease in mean linear intercept of alveoli septa, and exhibited multiple sites of inflamma-
tory infiltrates. Treatment with NAC did not protect JunD-/- mice from lung alterations and 
at the opposite, aggravated the inflammatory score and induced the development of lung 
adenocarcinoma. Mechanisms by which NAC treatment induced cancer development in 
JunD-/- mice did not appear to be due to protection of cells from ROS-induced cellular se-
nescence. Indeed, the number of p16 and p21 positive vascular cells measured during chro-
nic hypoxia was higher in JunD-/- mice treated with NAC than in those treated with vehicle 
although they were exposed to similar hypoxic conditions. 

Conclusion. - These results indicate that JunD exerts a protective role against age-related 
emphysema, lung inflammation and cancer in mice. Antioxidants aggravate the lung alte-
rations caused by JunD deficiency. 
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SUMMARY

Oncogenic H-RAS-V12-induced senescence (RIS) is a highly dynamic process, which by ac-
companied global alterations in gene/protein expression levels. To gain a comprehensive 
understanding of gene regulation, we set out to generate expression profiles at different 
steps of gene regulation in senescent and quiescent human diploid fibroblasts. We first 
generated total RNA-seq and ribosome-protected RNA-seq datasets, the latter represents 
actively translating mRNA. Although largely consistent between the two datasets, our 
preliminary data analyses detected some non-linear regulation of gene expression, exem-
plified by TOP motif-mRNAs, which are downregulated primarily through translation effi-
ciency in quiescence, but not in senescence cells. In addition to genomic information, we 
have developed a cost-effective quantitative proteomics approach to measure ‘newly syn-
thesised’ proteins through combining SILAC and TMT labelling methods. We are currently 
developing a quantitative method to integrate these genomic and proteomic datasets. 
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SUMMARY

Human ovarian cancer (OvCa) is the deadliest gynecologic malignancy and existing sur-
gical/chemotherapeutic treatment options have been relatively static for decades.  We 
propose that understanding OvCa cell fate decisions taken in response to chemotherapy 
could guide new therapeutic opportunities. Damage-induced cellular senescence is often 
associated with TP53 activity, which is heavily mutated in high grade serous (HGS) OvCa, 
the most common form of this disease. Here, using patient-derived tissues, we show that 
primary HGS-OvCa cultures predominantly trigger CDKN2A-associated (p16INK4a) se-
nescence following exposure to stress or chemotherapy. Key senescence hallmarks inclu-
ding altered morphology, SA-B-Gal, DNA damage, cell cycle arrest and the senescence-
associated secretory phenotype (SASP) were evaluated and detected in damaged cells. 
Using tissue microarrays (TMAs) built from pre- and post-treatment human HGS-OvCa 
tissue samples with accompanying clinical data, we quantified post-treatment hallmarks 
of senescence including reduced cell proliferation weeks after chemotherapy. Importantly, 
p16INK4a expression in pre-treatment OvCa samples correlated with a delayed progres-
sion of the disease, suggesting for the first time that senescence-competence in human 
cancer cells may have a beneficial impact on treatment outcomes for patients. The impact 
of resident senescent cells after cancer therapy still remains controversial and is probably 
context-dependent.  In order to guide the potential improvement of existing human thera-
pies via pharmacological senescence manipulation, our results suggests that it is important 
to determine for many types of human cancer whether treatment-induced senescence po-
sitively or negatively impacts disease progression and patient survival.
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SUMMARY

Screening for small molecules modulating Oncogene-Induced Senescence  Cellular senes-
cence is defined as a stable cell cycle arrest, triggered by stresses. Senescent cells undergo 
morphological changes, chromatin rearrangements, and modifications of their transcrip-
tome, with the repression of cell-cycle genes and derepression of cell cycle inhibitors and 
inflammatory genes (leading to the appearance of the senescence-associated secretory 
phenotype or SASP).  There is increasing evidence that cellular senescence can limit tissue 
maintenance and cellular reprogrammation but also that senescence induced by oncoge-
nes (OIS) is an important tumor-suppressor mechanism. Recent works have shown that 
eliminating senescent cells delayed the appearance of ageing-related phenotypes in mice 
models of accelerated ageing, and conversely that hindering elimination of senescent cells 
by the immune system increased the incidence of cancer in mice. On the other hand, it is 
not yet fully understood how a stress or the expression of an oncogene leads to the senes-
cent stable cell-cycle arrest. Efforts are therefore being made to identify small molecules 
modulating or eliminating cellular senescence: in a landmark paper in 2012, Laberge et al. 
identified glucocorticoids as modulators of the SASP. In order to identify molecules bypa.
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SUMMARY

In mammalian cells, cellular senescence has been defined as a stress response. It is cha-
racterized by a stable cell cycle arrest, morphological transformation, a secretion of pro-
inflammatory factors termed the SASP (senescence associated secretory phenotype) and 
the alteration of the chromatin structure. This phenotype can be induced by various sti-
muli. Originally, telomere loss or dysfunction was shown to trigger the onset of senescence. 
However, the senescence state can also result from inadequate culture conditions, onco-
gene induction or genotoxic stresses. Work in the lab focuses on mechanisms governing 
the onset and maintenance of senescence and on the search for new markers of senes-
cence. Recent results identified chromatin modifications and epigenetic regulations during 
cellular senescence, such as post-translational modifications of histones and changes in 
the histone variants composition of nucleosomes. Mass spectrometry revealed the accu-
mulation of a specific histone variant in DNA-damage induced senescence. This variant, 
H2A.J, makes up to 1% of the H2A histone content during proliferation, but reaches 20% 
of H2A species during deep senescence. The goal of my thesis work is to determine the 
function of this histone variant, the mechanism leading to its accumulation and its mode 
of action.  We produced stable human fibroblast cell lines expressing shRNAs silencing the 
H2A.J gene. Microarray and RNA-sequencing analyses have shown that H2AJ-depleted fi-
broblasts have an altered transcriptome. In particular, such cells show a greatly delayed 
derepression in senescence of several SASP genes coding for some key cytokines and che-
mokines. This result indicates that accumulation of H2A.J in senescence is important for 
efficient expression of the SASP.
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SUMMARY

Protein adduction by lipid peroxidation (LP) products is an important source of molecu-
lar damage in the brain. Although LP has been linked to neurodegeneration, for first time 
redox proteomics was employed to explore protein neuroketal (NKT) adduction resulting 
of LP on human brain aging. Differences in NKT adducted proteins between middle and 
old-aged groups of healthy subjects were explored in parietal cortex (PC), frontal cortex 
(FC) and cingulate gyrus (CG) by two-dimensional electrophoresis. Results showed that 
in old ages a group of proteins with increased vulnerability to NKT adduction exist in the 
brain. Twenty-five of them were identified by mass-spectrometry and validated by Wes-
tern-blot; their characterization indicated that vulnerability to lipoxidation could be rela-
ted to particular structures and cellular locations. Pathway analysis prompted that they 
have functions in basic cellular process like energy metabolism, structural organization and 
folding. Further of specific proteins, total NKT levels were compared between age groups 
evidencing that increased total lipoxidation accompany aging in PC and FC but no in CG, 
pointing the existence of brain regional differences in age changes. Moreover, the relation 
between total NKT and soluble oligomers (SO) levels was scanned by slot-blot showing 
increased SO levels with age in PC and FC but not FC, coincidentally with positive correla-
tions between SO and NKT levels in each one of the brain regions. These data links several 
molecular events to human brain aging: LP causes NKT adduction of vulnerable proteins 
which could degenerate into cytotoxic SO but also turn into dysfunctional ones in a regio-
nal specific way; over time damage accumulation hamper vital functions leading to struc-
tural and functional decline.
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SUMMARY

The MAPK pathway is implicated in a number of human cancers. Specifically, oncogenic 
mutations in RAS GTPase and BRAF protein kinase are common. While activating muta-
tions in these proteins result in proliferative signals, these mutations alone are insufficient 
for transformation of many primary and immortalized cell types. Instead these signals eli-
cit a state of stable growth arrest, termed Oncogene Induced Senescence (OIS). OIS is a 
tumour suppressive mechanism and is associated with expression of known tumour sup-
pressor genes such as p16INK4A, p21 and p53. Despite a clear importance of these tumour 
suppressive pathways in OIS, the mechanisms by which stable growth arrest is elicited, 
maintained and bypassed remain elusive.  To identify genes capable of bypassing BRAF 
induced senescence  we conducted an activated kinase screen in immortalized human fi-
broblasts using a retroviral library of 192 myristolation tagged human kinases and kinase-
related open reading frames. We employed cells expressing a conditionally activated form 
of BRaf, ?BRAF:ER whose kinase activity is dependent upon addition of exogenous 4-Hy-
droxytamoxifen (4-HT) Following 4-HT treatment, the MAPK pathway is activated and a 
rapid stable and irreversible proliferative arrest ensues. Retrovirus encoding each of the 
myristolated ORFs was transduced into ?BRAF:ER expressing cells followed by activation 
of ?BRAF:ER by 4-HT. By screening each clone, we found that a single clone 2C7, encoding 
a kinase associated protein hMOB3A appeared to be capable of bypassing BRaf induced 
growth arrest. We have validated that myristolated hMOB3A and family member hMOB3C 
is capable of attenuating BRaf induced senescence and show here preliminary data, which 
aims to elucidate its role in bypass of the OIS program.
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SUMMARY

Cellular senescence halts the proliferation of mutated cells by inducing an irreversible 
cell cycle arrest. However, the significance of cellular senescence varies depending on the 
context. Indeed, beyond its strong tumor suppressor activity, the senescence secretome 
(SASP) is a double-edged sword, which profoundly influences the surroundings, promoting 
also detrimental effects. Indeed, the development of malignant disease might be seen as a 
failure of immune surveillance against senescent cells. Senescence immune surveillance is 
not only restricted to cancer or premalignant cells but also plays an important role in non-
cancer pathologies, such as liver fibrosis. The mechanisms through which senescent cells 
modulate the surroundings cells, including immune cells, and trigger their own clearance 
are incompletely elucidated, considering that very distinct immune responses might be 
involved in different disease settings.

Studying the Mdr2-/- mouse (in which liver disease, fibrosis and hepatocarcinogene-
sis, develop in the context of chronic inflammation) on the Rag-/- background, we found 
that attenuation of the fibrogenic machinery is associated with a dramatic increase in the 
frequency of SA-β-gal positive senescent cells around the portal space. Decreased fibrosis 
also correlated with a significantly diminished tissue expression of TLR4 and TGF-β signa-
ling. Our preliminary findings suggest that in addition to senescence immune surveillance, 
T and/or B cells themselves might have a crucial role in the initiation of the senescence 
program, and therefore in the progression of hepatic fibrosis.
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SUMMARY

The energy homeostasis is the balance between energy intake and expenditure. The brain 
acts as a master. Signals from the periphery inform it about energy stores and CNS ensures 
appropriate behavioral and metabolic responses. p107, a member of Rb family, is known 
in cancer development but new evidences shows that are implicated in adipogenesis and 
regulation of energy metabolism Some publications had showed that mice lacking p107 
(Rbl1) exhibit white adipose deficiency but don´t manifest metabolic changes typical for li-
podystrophy (metabolic syndrome) and exhibit normal liver Even on a high fat diet,p107KO 
mice still didnt accumulate fat in the liver, and display elevated energy expenditure. The 
lean metabolic phenotype of p107KO mice, resistance to weight gain, indicates a key role 
for p107 in the control of whole body fat metabolism Despite the important metabolic 
effects that p107 null mice show, it remains unknown the functional relevance of endo-
genous p107 in each individual tissue Our principal aim is to find the mechanism whereby 
p107 exerts its metabolic effect in different tissues, and how could p107 be regulated cen-
trally We studied the effect of p107 lacking or sobreexpression (adenorival and lentiviral 
vectors) in the different nuclei of the brain: arcuate and ventromedial in hypothalamus, 
implicated in the regulation of energy homeostasis and in liver We studied the fat metabo-
lism in WAT and liver by protein expression.  The results shows as the alteration of p107 at 
central level produce changes in body weight and regulate some of the proteins implicate 
in fat metabolism as ACC and LPL also insulin signaling (AKT) The data could suggest cen-
tral p107 could be regulating at least partially energy homeostasis and this effect is tissue 
and nucleo-specific
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SUMMARY

Senescence is a highly efficient mechanism that provides an irreversible barrier to the cell 
cycle, preventing undesired proliferation. In liver context, senescence has proved to be an 
essential mechanism in the beginning and development of cholangiopathies like Primary 
Biliary Cirrhosis (PBC) and Primary Sclerosing Cholangitis (PSC). Analysis of senescence 
markers in our human samples of PBC and PSC, show an important correlation between the 
development of the disease and the presence of senescence.  However, no animal model 
completely reproduces the onset of these cholangiopathies.  Our model propose a condi-
tional deletion of MDM2 in cholangiocytes, enabling p53 accumulation, p21 activation and 
spreading of senescence from the initial point of damage to the surrounding cells through 
a mechanism dependent on TGFß. Wit our new model, we hypothesize that injury-induced 
senescence is able to spread from the bile ducts to the liver parenchyma, diminishing the 
capacity of regeneration of the liver.  Our preliminary results propose a highly efficient mo-
del for inducing senescence in cholangiocytes, mimicking the clinical outcomes of cholan-
giopathies. Furthermore, this model will allow us to study the underlying mechanisms of 
senescence, to understand how it disseminates through the tissue and to find therapeutic 
options for future treatments.
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SUMMARY

During early stages of tumorigenic transformation cells are exposed to various types of 
stress. In response, cells can undergo senescence in order to avoid tumor development. 
Senescent cells are thought to be non-dividing, yet their presence in the tumor lesion may 
influence neighboring cells through cytokine secretion or other means, and thereby exert 
either tumor-promoting or tumor-suppressing effects. Here, I aim to uncover the impact of 
senescent cells on their environment and on surrounding cells within breast cancer lesions. 
To do this, I generated transgenic mice that allow the induction of p14ARF or p16Ink4A, 
two main activators of the senescence program, within developing breast tumors, and also 
within mammary stroma components. Soon after p16 activation within growing carcino-
mas, large numbers of p16-positive cells are detected in the lesions, yet at late time-points 
few transgene expressing cells are detected, suggesting that there is either active removal 
or rapid dilution of the cells. Cells in which p14 was activated were less abundant upon tu-
mor growth, likely due to p53-mediated apoptosis. To test the effects of senescence in tu-
mor stroma on tumor growth, I induced p16 in blood vessels cells. Prolonged activation of 
the transgene at an early stage of tumor growth resulted in a significant decrease in blood 
vessel numbers indicating p16 block of tumor vessel development. In contrast, p16 induc-
tion in advanced tumors did not affect vessel numbers, yet led to decreased number of 
proliferating cells in the lesions, suggesting decreased endothelial function. These findings 
lay the ground for detailed analysis of the fate and effects of senescent breast cancer cells, 
and of senescent tumor endothelial cells, on tumor growth and progression.
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SUMMARY

The placenta is an essential organ for feeding and oxygenating the fetus during intraute-
rine life. Syncytiotrophoblast formed by cell-cell fusion is an essential part the placenta, 
providing the interface between the maternal and fetal compartment. We have recently 
demonstrated that cell-cell fusion by ERVWE1, an endogenous fusion-mediating protein 
which drives the formation of the syncytiotrophoblast, can induce cellular senescence. 
These findings suggest that the senescence program may be utilized for the formation and 
functioning of the multinuclear syncytiotrophoblast layer within the developing placenta. 
To gain further understanding on the role of senescence in the syncytiotrophoblast, we 
cultured human primary trophoblasts, for a period of 7 days and found a concomitant ele-
vation in fusion rate and biomarkers of cellular senescence. To determine the functional 
role of senescence in the placenta, we performed Dynamic Contrast Enhanced (DCE) MRI 
in-utero on pregnant female mice with placentas knockout for the molecular regulators of 
senescence; Cdkn1a, p16/Arf, p53 and a combination p16/Arf;p53. DCE-MRI showed alte-
rations in the functionality of the placenta as reflected by changes in contrast agent dyna-
mics, compared to WT placenta. p16/Arf-/-;p53-/-  placentas had the most dramatic chan-
ges compared to single knockout littermates as well as wild type placentas of the same 
embryonic age. Histological examination showed abnormal morphology in the labyrinth 
zone of the p16/Arf-/-, p53-/- and especially p16/Arf-/-;p53-/- placentas, compared to hete-
rozygous placentas from the same litter, Cdkn1a-/- and WT placentas. Overall, we suggest 
a functional role of molecular mediators of senescence in placental function during embr-
yonic development.
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SUMMARY

Mesenchymal stromal cells (MSCs) differentiate in mesodermal derivatives, contribute to 
the homeostasis of tissues and modulate inflammatory response. All these activities are 
accomplished mainly by secretion of a plethora of cytokines and growth factors, whose 
expression is affected by senescence phenomena.  We showed that secretome of repli-
cative senescent MSCs induced senescence in young MSCs. We characterized the factors 
secreted by replicative senescent MSCs identifying IGFBP4 and IGFBP7 as key components 
needed for triggering senescence in young MSCs. The pro-senescent effects of IGFBP4 and 
IGFBP7 were reversed by single or simultaneous immunodepletion of either proteins from 
senescent secretomes.  Secretome of senescent cells contributes in preventing cancer pro-
gression. Cancer cells, however, can misuse secreted factors for their growth and survi-
val. In this setting, we decided to analyze the effect of the senescent MSC secretome on 
the biology on ARH-77 myeloma cells. In detail, we incubated cancer cells with secretome 
from replicative senescent MSCs or with secretomes from MSCs treated with genotoxic 
stressors (acute senescence). The different secretomes induced senescence or apoptosis 
of ARH-77 cells with an increase of persistent DNA damage foci.  In another set of experi-
ments, we grew replicative or acute senescent MSCs with ARH-77 before collecting MSC 
conditioned media. The secretomes of cancer-primed senescent MSCs showed a reduced 
ability in inducing senescence or apoptosis of ARH-77 cells. Of, interest, cancer-primed se-
nescent MSCs showed a weakened ability to induce senescence also in young MSCs. For 
the first time, we evidenced that naïve senescent MSCs may have different effect on tumor 
progression compared with cancer-primed MSCs.
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SUMMARY

Recent published evidence links the pathogenesis of idiopathic pulmonary fibrosis (IPF) 
with increased alveolar senescence and premature lung ageing 1,2. Senescent cells accu-
mulation alters neighboring cell behavior, favors degradation of the extracellular matrix, 
decreases the pool of mitotic-competent cells, and stimulates cancer. Along these lines, 
recent works supported the concept that elimination/reprogramming of senescent cells 
can be therapeutic. Thus, strategies to detect/remove/reprogramme senescent cells are of 
fundamental interest both for basic research and clinical applications. 

In this context we have recently reported gated mesoporous silica nanoparticles (MSNs) 
capable to selectively release their payload in senescent cells with high specificity and lack of 
toxicity. The strategy involved the use of MSN capped with a galactoligosaccharide (GOS) and 
the specific presence of senescence-associated β-galactosidase (SA-β-gal) in senescent cells 3. 

Given the urgent need to develop new therapeutic ways of preventing the appearance 
of senescence-related diseases like IPF, our main goal has been to validate in a cellular mo-
del of senescence the ability of GOS-capped MSNs to selectively release fluorescent dyes 
(diagnosis) and cytotoxic compounds (removal) in presence of SA-b-gal in senescent cells. 

Successful completion of these objectives might open up new avenues for developing innova-
tive therapeutic applications to diagnose/treat IPF, via the selective targeting of senescent cells.
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SUMMARY

The maintenance of endothelial cell (EC) integrity is critical to the well being of the vascu-
lature and the organism as a whole. Age is the greatest risk factor of disease, and  EC dys-
function is a hallmark of age-associated disease.  ECs are major regulators of inflammation 
and the ageing process is epidemiologically and causally linked to ongoing inflammation. 
We have identified a  novel senescent phenotype in ECs, an anti-inflammatory senescent 
cell as defined by their resistance to inflammatory stimuli. These cells do not express ad-
hesion molecules, nor secrete inflammatory cytokines, they fail to support leucocyte ad-
hesion and they form an impermeable barrier. The mechanism of induction of the anti-
inflammatory senescent EC is mediated through up-regulation of caveolae, suppression 
of NFkB, and linked to microtubules. The anti-inflammatory senescent phenotype is also 
induced by 3 of the major stresses of age: hypoxia, disturbed flow and oxidative stress as 
well as by the gene, ARHGAP18 (SENEX). ARHGAP18 expression is also essential to other 
functions of the vasculature.  It is a flow responsive gene, and its depletion in mice or in vi-
tro in ECs, results in a failure to respond to the protective mechano-transduction mediated 
through laminar flow and a failure to maintain junctional stability. ARHGAP18 knockout 
mice are rendered susceptible to enhanced atherosclerosis with development at sites nor-
mally considered athero-protected. They also show enhanced tumour growth with increa-
sed angiogenesis. Thus we show that endothelial cells become stably anti-inflammatory 
with senescence. One gene involved in this process, ARHGAP18, acts as a dual guardian of 
vascular integrity through senescence and through flow responsiveness.
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SUMMARY

Lung cancer is the leading type of cancer-related death worldwide. Adenocarcinoma, is 
a form of non-small cell lung cancer (NSCLC) that accounts for ~45% of all lung cancers. 
Given the wide range of genetic mutations that can cause a single cancer case, a thorough 
understanding of the molecular and genetic basis for cancer is essential to devising thera-
peutic strategies. Many activating mutations in the canonical MAPK cascade have been 
identified as driving forces behind human cancers, yet direct activation of this pathway 
through BRafV600E expression results only in the development of benign adenomas in the 
lung. The inability of tumours to progress to adenocarcinoma is due to oncogene-induced 
senescence (OIS). Concomitant tumour suppressor gene (TSG) knockout, such as p53 loss, 
can override OIS and permit progression to adenocarcinoma. However in human cancers 
both mutations do not occur simultaneously. We have developed a lung cancer model in 
which genetic mutations can be independently controlled. We created a Flp-Activated 
BRaf allele (BRafFA), which expresses BrafV600E at physiological levels upon Adenovirus-
Flp infection of mouse lungs, leading to adenomas. p53 was inducibly deleted through the 
coupled use of p53lox/lox alleles and a CAGG-CreER transgene. CAGG-CreER is expressed 
ubiquitously and is activated upon injection with tamoxifen leading to p53 ablation. P53 
ablation was induced at varying times relative to OIS onset. Interestingly, progression to 
adenocarcinoma after p53 loss is greatly reduced at later time-points after the onset of 
OIS. Additionally, tumour progression and proliferation is dependent on tumour density, 
potentially implicating the Senescence Associated Secretory Pathway (SASP) in the onset 
and maintenance of senescence in our model.
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SUMMARY

Caloric restriction (CR) without malnutrition is one of the most consistent strategies for 
increasing mean and maximal lifespan and delaying the onset of age-associated diseases. 
Stress resistance is a common trait of many long-lived mutants and life-extending inter-
ventions, including CR. Indeed, better protection against heat shock and other genotoxic 
insults have helped explain the pro-survival properties of CR. In this study, both in vitro and 
in vivo responses to heat shock were investigated using two different models of CR. Murine 
B16F10 melanoma cells treated with serum from CR-fed rats showed lower proliferation, 
increased tolerance to heat shock and enhanced HSP-70 expression, compared to serum 
from ad libitum-fed animals. Similar effects were observed in B16F10 cells implanted sub-
cutaneously in male C57BL/6 mice subjected to CR. Microarray analysis identified a number 
of genes and pathways whose expression profile were similar in both models. These results 
suggest that the use of an in vitro model could be a good alternative to study the mecha-
nisms by which CR exerts its anti-tumorigenic effects.
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SUMMARY

Cellular senescence is a stable cell-cycle arrest induced by ageing or stress. Senescent cells 
secrete a mixture of factors collectively termed the senescence-associated secretory phe-
notype (SASP). The SASP signals to the immune system to clear incipient cancer cells but 
also reinforces senescence itself. On the other hand, the SASP can cause age-associated 
systemic inflammation, disrupt tissue architecture and promote malignancy of nearby 
cells. It has been suggested that the SASP is a therapeutic target in cancer and other di-
seases with an inflammatory phenotype. However, a better understanding of the mole-
cular pathways regulating the senescence secretome is necessary considering the hete-
rogeneity of its outcomes on cell proliferation.  In order to identify novel SASP regulators 
in oncogene-induced senescence, we targeted 8,352 genes with pools of two siRNAs and 
used Interleukin-8 (IL8) and -6 (IL6) as readouts. 125 targets significantly suppressed and 
96 targets significantly reinforced the induction of both IL8 and IL6. In a secondary screen, 
we confirmed IL8 and IL6 suppression in 95 out of 125 candidate genes using multiple siR-
NAs. To understand whether the effect is specific to the SASP or an indirect consequence of 
a bypass of senescence, we further defined the senescence phenotype of this gene group. 
To this end, we assessed the upreguation of the tumour suppresors p16INK4a and p21Cip1 
and loss of BrdU. The genes fell into four clusters. We are currently interested in the cluster 
regulating the SASP but not other senescence features. Here we will show our progress on 
validation of a few of these genes. The data so far suggest the feasibility of targeting the 
SASP while maintaining the functionality of the molecular pathways responsible for cell 
cycle arrest.
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SUMMARY

Nanotechnology has proved to be an innovative approach to drug-delivery therapies. Drug 
delivery systems able to release active molecules to certain cells in a controlled manner 
have recently gained much attention. 

Mesoporous silica nanoparticles (MSN) have been widely used in the past years as re-
servoirs for drug storage, due to their unique mesoporous structure, large specific volume 
and easy functionalization. Moreover MSN are biocompatible, non-toxic and have been 
reported to undergo cellular uptake via endocytosis. Additionally MSN can be functionali-
zed with molecular/supramolecular ensembles on their external surface in order to develop 
gated-SMS showing “zero delivery” and capable to control the on-command release of 
their cargo in response to external stimuli. 

In this context we have reported gated mesoporous silica nanoparticles (MSNs) capa-
ble to selectively release their payload in senescent cells1 with high specificity and lack of 
toxicity. Our strategy involved the use of MSN capped with a galactoligosaccharide (GOS) 
and the specific presence of senescence-associated β-galactosidase (SA-β-gal) in senes-
cent cells. 

Moreover, we are implementing the in vivo use of mesoporous silica nanoparticles 
to target specifically senescent cells (SSNs) in murine lung adenomas and fibrotic lungs. 
These nanoparticles can be used both as novel diagnostic tool (when loaded with a fluo-
rophore or a contrast imaging agent) and as novel therapeutic tool (when loaded with a 
cytotoxic drug).
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SUMMARY

Activation of mechanisms of cellular senescence and autophagic and necrotic death in Bcl-
2-expressing cells can be perspective approach to therapy of resistant tumors. The study 
was performed on resistant to apoptosis bcl-2-overexpressing, E1A + cHa-Ras transformed 
rat fibroblasts.  As inducers of autophagy we used inhibitor of complex mTORC1 - rapa-
mycin and an inhibitor of the mTOR kinase activity - pp242. Senescence was induced by 
HDACi - sodium butyrate.  We showed that Bcl-2 inhibits activation of tumor-suppressor 
senescence program, since major markers of senescence is not expressed and proliferation 
is not inhibited. Suppression of mTOR activity by pp242 in ERasBcl cells causes transient 
autophagy (as judged by LC3-I in LC3-II conversion) at the early stages, but not at later 
time points. Simultaneously activated caspase-3 and apoptosis-like DNA fragmentation 
are observed at later time points (1-5 days). However, the total death of ERasBcl is not ob-
served, in contrast to the parental ERas cells, that response to pp242 in the same manner 
- activation of autophagy, followed by DNA fragmentation. Moreover, the population of 
ERas cells completely dies after 1 day of mTOR suppression by pp242. DNA fragmentation 
is not accompanied by morphological features: apoptotic bodies and chromatin compacti-
sation. Bcl-2 can participate in switching autophagy to apoptosis program. Thus oncogenic 
Ras can indirectly phosphorylate Bcl-2 through the MAP-kinase cascade at early stages of 
pp242 treatment, whereas after 4 hours, phosphorylation disappears, allowing Bcl-2 to in-
teract with Beclin1. Thus Bcl-2 is completely blocks senescence program in resistant cells, 
but does not prevent the activation of mTOR-dependent autophagy, which can switch on 
apoptotic death.
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SUMMARY

10–15% of invasive breast cancers are triple negative (negative for the expression of oes-
trogen/progesterone receptors and lack HER2 over-expression). They are innately hypoxic, 
a tumour microenvironment (TME) that is inducive of cellular fates that are resistant to 
apoptosis such as senescence and autophagy. TNBC tumours are routinely treated with 
chemotherapeutics such as Paclitaxel. Although these drugs kill many of the cancer cells, 
some may survive by entering senescence. These cells are no longer replicative, but re-
main metabolically active, and are able to communicate with other cells. Our hypothesis is 
that following tumour surgical resection and chemotherapeutic treatment, residual cancer 
cells in the TME have the potential to undergo cellular senescence and release exosomes 
which propagate a chemoresistance signature. Culturing MDA-MB-231 cells in hypoxia (1% 
O2) for 0–96hrs resulted in the induction of p21 and LC3, markers of cellular senescence 
and autophagy. Cells treated with 100nm and 1000nm of Paclitaxel for 48hrs and allowed 
to recover for 5 days showed senescence markers such as increased p21 and ß-gal stai-
ning. This result indicates that hypoxia and chemotherapeutic challenge can cause cells 
to enter senescence, and be potentially resistant to cancer therapeutics that target acti-
vely dividing cells. Using Nanoparticle Tracking Analysis, hypoxic exposure and Paclitaxel 
treatment resulted in an increase in the number of exosomes released from MDA-MB-231 
cells. Lehmann et. al. (2008) also report a similar phenomenon where irradiation of human 
prostate cancer cells resulted in an increase in the release of exosome-like microvesicles. 
This could potentially act as an avenue for inter-cellular communication and the transfer of 
senescence signals in the TME.
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SUMMARY

Cellular senescence used to be defined as a tumour suppressor mechanism with detrimen-
tal effects in ageing. However, recent findings point towards a role of senescence not only 
in disease, but also in a physiological context. At this point, and to find strategies to ma-
nipulate senescence, we decided to screen for new modulators of this irreversible state of 
cell growth arrest.  Taking advantage of a high-content analysis system, we studied the 
effect of more than 2.000 commercially available drugs in a well-known model of onco-
gene-induced senescence, IMR90 ER:RAS. As a first approach, we assessed the rate of pro-
liferating cells (by BrdU incorporation) and p16 levels four days after the induction of se-
nescence. After a thorough analysis of the results, we managed to identify a considerable 
amount of compounds affecting the senescence response. Then, we sorted these drugs in 
two different subsets taking into account their effect, either bypassing or reinforcing the 
senescence response. Moreover, we confirmed our results in an inducible system of repli-
cative senescence, IMR90 tet-TRF2????.  In summary, we have successfully performed a 
high-content screening to identify new modulators of cellular senescence. Our preliminary 
data suggests drug screenings are a useful tool to learn about the mechanisms controlling 
senescence and to find new pathways involved, and this has great relevance due to our 
broaden understanding of the roles of senescence in cancer, ageing, and development. 
Additional experiments are being conducted not only to gain further insight into the biolo-
gical effects of the drugs, but also to validate these results in different settings.
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SUMMARY

Senescent cells have been shown to elicit numerous effects on their surrounding microen-
vironment during development, aging and cancer, yet there is little known about the pro-
cesses by which these functions are regulated. Gene set enrichment analysis of senescent 
cells indicate a potential role for pattern recognition receptors (PRR) and other inflamma-
tory modulators in oncogene-induced senescence (OIS). BrdU incorporation, as measure 
of senescence associated loss of proliferation, was used as a primary assay to screen for 
siRNAs able to bypass RAS-induced senescence in human fibroblast cells. Depletion of 
some members of a family of PRR reduces the induction of p53, p21 and p16 and thereby 
prevents the concomitant cell cycle arrest associated with OIS. Senescence associated ß-
galactosidase activity is also reduced following knockdown of these PRR and we show that 
they are involved in the regulation of IL-6, IL-8, IL-1a, IL-1ß, CCL20 and VEGFC, which form 
key components of the senescence-associated secretory phenotype. On the other hand, 
overexpression of the PRRs in the human fibroblast cells slows proliferation and induced 
senescence. PRRs play an integral role in the human innate immune system, which has 
been associated with senescence. Our results provide evidence on a signalling pathway 
connecting the innate immune system with OIS.
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SUMMARY

Telomeres are essential for maintaining chromosomal stability by preventing unwanted 
chromosome fusions and DNA damage response activation. These events are mediated 
by a series of factors that interact with telomeres such as the TRF2 protein. TRF2 ChIP-seq 
studies from our lab have shown that TRF2 can also bind outside telomeres (Simonet et al., 
2011) and that it is required to protect a stretch of telomeric sequences artificially inserted 
in the interior of chromosome 4 against replicative DNA damage (Ye et al, 2010). In this 
work, we investigate whether TRF2 could be involved in the protection of naturally occu-
rring extratelomeric sequences and since the levels of TRF2 reduce upon senescence, we 
also ask whether TRF2 maintains the integrity of such sequences during senescence. 

First, ChIP-seq analysis revealed that, in addition to telomeric sequences, a reduced ex-
pression of TRF2 triggers γ-H2AX accumulation at pericentromeric SatIII regions. In addi-
tion, we showed by immunofluorescence that cells suffering from topological stress caused 
by topoisomerase downregulation exhibit an increased binding of TRF2 to the pericentro-
meric SatIII region of chromosome 9 and also an increased in DNA damage. Conversely, in 
cells treated with TSA or compromised for the histone methyltransferase responsible for 
H3K9me3, Suv39H1 or G9a, the binding of TRF2 to pericentromeres is reduced. In support 
of a role for TRF2 in the protection of pericentromeric chromatin against replicative DNA 
damage, the binding of TRF2 to pericentromeres increase during S phase as well as in cells 
treated with replication stress compounds. In addition, TRF2 inhibition causes a delay in 
the replication timing of SatIII repeats. Interestingly, we found that at the onset of senes-
cence, there is increase of DNA breaks and damage at those regions. 

Together these results suggest that TRF2 is recruited to heterochromatic pericentro-
meric regions to alleviate the topological problems occurring during replication and to 
maintain pericentromere integrity during senescence. 
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SUMMARY

Background: Telomere dysfunction and exaggerated lung cell senescence now appear as 
major pathological processes leading to lung alterations in COPD. Pulmonary vascular en-
dothelial cells (P-ECs) and smooth muscle cells (PA-SMCs) derived from lungs of patients 
with COPD exhibit increased susceptibility to replicative senescence compared to controls. 
However, the mechanisms underlying lung cell senescence in COPD remain poorly unders-
tood. Recent studies suggest that cell senescence and aging occur in response to overacti-
vation of the mTOR (mammalian target of rapamycin) signaling pathway.

Methods: To investigate whether lung cell senescence is related to overactivation of the 
mTOR signaling pathway in COPD, we studied lung specimens and derived cultured P-ECs 
and PA-SMCs from patients with COPD and age- and sex-matched control smokers.

Results: Marked activation of the mTOR-Akt signaling pathway was found in lungs from 
patients with COPD compared to controls, with a marked PTEN decrease and activation 
of mTOR complex 1 (mTORC1) substrates S6K and 4EBP and of mTORC2 substrates P-
Akt473 and GSK3, together with an increase in p21 protein levels. In-situ analysis of lung 
specimens revealed prominent P-Akt473, P-S6K, and P-GSK3 staining in P-ECs and PA-SMCs 
from patients with COPD compared to controls, most notably the cells exhibiting staining 
for p16 and p21. In cultured P-ECs from patients and controls that were subjected to re-
peated passages, the onset of replicative cell senescence was associated with similar al-
terations, including decreased PTEN and activation of mTORC1 and mTORC2 substrates. 
Cell exposure to low-dose rapamycin, which selectively inhibits mTORC1 but not mTORC2, 
delayed the early onset of senescence, increasing the cell-population doublings and decre-
asing the percentage of beta-galactosidase-positive cells; and suppressed the senescence-
associated secretory phenotype associated with COPD. 

Conclusion: These results show that the increased propensity of lung vascular cells to enter 
senescence in COPD is related to overactivation of the mTOR/Akt signaling pathway and 
can be suppressed by rapamycin treatment.
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SUMMARY

Tumour cellular senescence induced by genotoxic treatments was typically considered a 
terminal cell fate, however recently it was shown to be to some extent reversible, while 
the mechanisms of reversion, in particular in cancer stem cells are unclear. Previously we 
found on embryonal teratocarcinoma PA1 cells serving as a model of cancer stem cells 
that the induced by etoposide treatment senescence was intimately associated with self-
renewal - most cells simultaneously accumulated in their nuclei the opposite regulators 
– self-renewal master transcription factors OCT4A and inhibitor of cell cycle and media-
tor of senescence P21CIP1, being both depend on activation of TP53 (Jackson et al., 2013). 
Here we report further on the relationship between these and other critical components 
of self-renewal and senescence in this system. PA-1 cells treated with ETO display highly 
heterogenous increases in OCT4A and p21CIP1 indicative of dis-adaptation catastrophe. 
SOX2 and Nanog expression did not change post treatment indicating a dissociation of 
OCT4A from its pluripotency function. By siRNA silencing, OCT4A was found to suppress 
p21Cip1 and restrict entrance to senescence. Interestingly, ETO-induced OCT4 was found 
to be coincident with activated AMPK, a key component of metabolic stress responses and 
regulator of autophagy. These findings have direct relevance for the design of more effec-
tive treatments for cancer.  References:  Jackson TR, et al J DNA damage causes TP53-de-
pendent coupling of self-renewal and senescence pathways in embryonal carcinoma cells.- 
Cell Cycle 12 (3), 430 – 441.
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SUMMARY

Cellular senescence is a stable growth arrest considered to be a mechanism of tumor sup-
pression. We have recently described a senescence associated protein degradation (SAPD) 
process that targets many proteins required for tumor progression. The Signal transducer 
and activator of transcription 3 (STAT3) is one of the targets of SAPD and its downregula-
tion by RNAi is sufficient to trigger senescence. In the last decade several different func-
tions of STAT3 have been described. Beyond its canonical role as a transcription factor, 
it has been shown that STAT3 is imported into mitochondria and regulate the activity of 
the electron transport chain. In this study we want to clarify which function of STAT3 is re-
quired to prevent senescence.  In order to answer this question we have made several mu-
tants of STAT3 affecting different domains of the protein and tested their ability to rescue 
the senescence response to an anti-Stat3 shRNA.  shSTAT3 induced senescence is char-
acterized by an increase in ROS, DNA damage foci and activation of the  p53 and p16/RB 
tumor suppression pathways.   Since many compounds targeting STAT3 are under investi-
gation for cancer treatment, our work is relevant to understand the mechanisms of action 
of these drugs.
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SUMMARY

Cellular senescence is the state of essentially irreversible cell cycle arrest that can be indu-
ced by a variety of potentially oncogenic stimuli and is therefore considered to act as an 
important tumor suppression mechanism.  However, the imposition of cellular senescence 
is also associated with the increasing expression and secretion of inflammatory and pro-
proliferative factors.  This phenotype, termed the senescence-associated secretory pheno-
type (SASP) or the senescence messaging secretome (SMS), contributes positively and ne-
gatively to cancer development depending on the biological context.  We have previously 
reported that SASP/SMS is induced by DNA damage-associated degradation of G9a/GLP 
epigenetic silencers.  Here, we show that degradation of G9a/GLP also provokes epigenetic 
de-repression of various non-coding RNAs including satellite RNAs in senescent cells.  In 
proliferating cells, ectopic expression of satellite RNAs provokes chromosomal instability, 
which is known to be tumorigenic.  It is therefore quite possible that the overexpression of 
satellite RNAs in senescent cells may eventually causes tumorigenesis, especially in case 
of accidental re-initiation of cell proliferation in senescent cells.  These results indicate that 
senescence-associated epigenetic dysregulation is likely to contribute to tumour develop-
ment not only through SASP/SMS but also by satellite RNAs expression.  Greater unders-
tanding of the molecular mechanisms underlying the senescence-associated epigenetic 
dysregulation will therefore provide valuable new insights into the development of cancer 
and open up new possibility for its control.
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SUMMARY

Histone modification H4K20me3 has been associated with ageing and tumor suppres-
sion together with its methyltransferase SUV420H2. H4K20me3 promotes the formation 
of compacted, transcriptionally silent heterochromatin; however, how it enforces tumor 
suppression is unclear. It is the histone modification that increases most in cellular senes-
cence, a stable proliferation arrest and tumor suppressor process. To better understand the 
function of H4K20me3 in senescence and tumor suppression, we mapped its distribution 
across the genome of proliferating and senescent cells. In senescent cells H4K20me3 is 
enriched at specific families of gene repeats (eg. zinc finger proteins) and DNA sequen-
ces contained within senescence associated heterochromatin foci (SAHF). Furthermore, 
in senescent cells, but not proliferating cells, repressive H4K20me3 is markedly enriched 
at bodies of silenced genes, including proliferation promoting genes. At SAHF and gene 
bodies, altered H4K20me3 in senescence is tightly linked to concerted change in H4K16ac 
and DNA methylation, indicating an integrated program of chromatin control in senes-
cent cells. Ectopic expression of SUV420H2 upregulates H4K20me3 and reinforces onco-
gene-induced senescence-associated proliferation arrest, and it slows the proliferation of 
transformed cells, increases telomere erosion and reduces tumorigenesis in vivo. These re-
sults contribute to the understanding of H4K20me3 functions in cellular senescence and 
tumor suppression and corroborate the emerging view of chromatin in senescent cells as 
a specialized landscape that underpins the stability of the senescence phenotype. Specifi-
cally, these results implicate SUV420H2 and H4K20me3 in stable oncogene-induced senes-
cence-associated proliferation arrest and tumor suppression.
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SUMMARY

Human telomerase reverse transcriptase (hTERT) is a specialized cellular reverse trans-
criptase that can compensate for the erosion of telomeres. In contrast to cells transfor-
med with oncogenes hTERT immortalized cells have normal cell cycle controls. hTERT im-
mortalization thus allows the study of cells from rare genetic diseases at “nearly youthful” 
conditions. We present two examples showing the advantages of hTERT immortalization 
for studies: the familial HDL deficiency syndrome Tangier disease (TD) and the premature 
aging syndrome Hutchinson Gilford progeria (HGP). TD is a genetic disorder associated 
with defective lipid efflux, increased atherosclerotic susceptibility, and ABCA1 mutations. 
hTERT expression extended the life span of fibroblasts, and (in contrast to oncogenes) did 
not impair lipid efflux. The lipid efflux in TD cells was significantly improved after immorta-
lization. Our findings indicate the existence of an ABCA1-independent cholesterol removal 
pathway that may help to prevent early atherosclerosis in Tangier disease but may also 
be sensitive to aging phenomena. These studies may help to understand the differential 
atherosclerotic susceptibility in TD. HGP is a model for studying replicative aging, in which 
premature aging and telomere attrition occur secondary to a genetic defect in laminA. Pa-
tients with this mutation have a very short life span due to early onset of aging processes 
and premature atherosclerosis. By comparison of the expression of telomeric genes in HGP 
fibroblasts before and after immortalization several candidate genes for a telomere po-
sition over long distances have been identified. Some of these genes influence cell cycle 
regulation or cholesterol efflux and may help to understand the severe atherosclerosis in 
this disease.
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SUMMARY

Senescent fibroblasts are implicated in several age related pathologies, as well as condi-
tions such as fibrosis.  However we have a limited knowledge of how the various pheno-
typic changes cells undergo in senescence (such as the production of the senescence as-
sociated secretory phenotype, or SASP), which are key to the role of senescent cells in 
these conditions, are regulated.   One aspect of the senescent phenotype we believe to be 
particularly important is the altered metabolic profile. However, there is still much more 
to understand about what these changes actually are, what causes them, and how they 
relate to other features of senescence.  We have taken an untargeted metabolomics scree-
ning approach using mass spectrometry to detect the metabolic component of the SASP 
of oral and lung fibroblasts induced to senesce by both irreparable DNA double strand 
breaks and proliferative exhaustion. We observed an accumulation of extracellular citrate 
and lactate in both situations and evidence of a shift in metabolism away from the TCA 
cycle towards glycolysis and the pentose phosphate pathway indicative of attenuated p53 
activity.  In support of these data; qPCR of a panel of transcripts relating to glucose meta-
bolism showed an increase in transcription of enzymes involved in glycolysis compared to 
enzymes involved in the TCA cycle.   To investigate the regulation of this glycolytic pheno-
type and specifically the regulation of citrate and lactate secretion we used isogenic knock 
out of p53 and p21WAF in lung fibroblasts and determined that both citrate and lactate are 
restrained by p53, but not via its downstream effector p21.    We are currently investigating 
the mechanism of citrate production and release in senescent fibroblasts and the role that 
p53 plays in this.
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SUMMARY

Cellular senescence is a stress-response phenomenon that is induced by telomere attrition 
and dysfunction, activation of oncogenes and tumor suppressor genes, oxidative stress, 
inflammation, chemotherapeutic agents, and exposure to UV irradiation and ionizing ra-
diation. Previously we reported that the levels of CD9 mRNA and protein, a member of the 
tetraspanin family, were up-regulated during cellular senescence. However, the role of CD9 
in cellular senescence has yet to be identified. Knockdown of CD9 in senescent cells partia-
lly reversed diverse senescent phenotypes, including young cell-like changes in cell mor-
phology, increased cell proliferation, and decreased senescence-associated ß–galactosi-
dase (SA-ß-gal) activity. In contrast, ectopic expression of CD9 in young cells accelerated 
cellular senescence, as indicated by growth arrest and increases in the levels of p53 and p21 
and SA-ß-gal staining. Cellular senescence induced by CD9 upregulation in young cells was 
rescued by knockdown of PI3K or p53 and by treatment with LY294002 or rapamycin, but 
not by knockdown of p16, or ATM. These results suggest that CD9 plays an important role 
in the regulation of cellular senescence through the PI3K-AKT-mTOR-p53 pathway without 
DNA damage response and might contribute to aging-associated diseases.
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SUMMARY

CDK4 is an essential G1 cell cycle kinase that phosphorylates Rb and drives cells through 
the restriction point and into the mitotic cycle.  Inhibiting CDK4 activity in cycling cells can 
induce quiescence, senescence, or apoptosis depending on the cell type. However, how a 
cell chooses one fate over another and whether this decision affects the clinical efficacy of 
CDK4 inhibitors is not clear.   In cell lines derived from well-differentiated/dedifferentiated 
liposarcoma, we have begun to unravel the molecular basis of the choice between quies-
cence and senescence. We have shown that senescence is driven by the post-translational 
degradation of MDM2. PDLIM7 and the deubiquitinase HAUSP control MDM2 turnover. 
Sequestration of PDLIM7 might be the difference in whether cells degrade MDM2 or not 
following CDK4 inhibitor induced arrest.   MDM2 downregulation is associated with a posi-
tive clinical response in a subset of patients treated with CDK4 inhibitors, suggesting that 
this may account for the clinical efficacy of these compounds.   Furthermore, we show that 
CDK4 inhibition induced arrest is not a branch point from G1 to either fate (quiescence or 
senescence), but rather MDM2 degradation is a key molecular event in the transition from 
quiescence to senescence, now called geroconversion.  We are using this new insight to un-
cover additional modulators of geroconversion in high throughput screens.
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SUMMARY

Melanoma is a deadly form of skin cancer which originates from the neoplastic transfor-
mation of melanocytes; cells responsible for synthesis of the pigment melanin to protect 
against UV irradiation.  Multiple primary melanoma (MPM) defines the gain of at least 
another independent melanoma and arises in approximately 1-10% of melanoma patients 
although reasons for developing MPM are not yet clear.  p16, a tumour suppressor invol-
ved in cell senescence in melanocytes, is frequently mutated in cases of MPM.  Therefore, 
we hypothesised that MPM arises owing to senescence dysfunction.  To test this we have 
grown normal melanocytes from patients wild-type for p16 and CDK4 and with MPM or 
single primary melanoma (SPM) in vitro to reach senescence.  Melanocytes from MPM pa-
tients showed wide heterogeneity in their culture lifespan but this was found to show a 
statistically significant inverse correlation with donor age.  We are currently growing our 
melanocyte lines from SPM patients to senescence, but lifespans of those that have se-
nesced so far also correlate with donor age. We provisionally conclude that MPM does not 
arise in p16-wild-type patients through defects in senescence and melanocytes undergo 
cellular aging in vivo, although further testing is required.
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SUMMARY

Cellular senescence is characterized by a proliferation arrest due to a maximal round of 
replications (Replicative Senescence, RS) or to the exposition to diverse stimuli that can 
prematurely induce this state, such as oxidative-stress (Stress-Induced Premature Senes-
cence, SIPS) or proteasome inhibition (Proteasome Inhibition Induced Premature Senes-
cence, PIIPS). Senescent cells secrete diverse cytokines in the Senescence Associated Se-
cretory Phenotype (SASP). SASP has been well characterized in RS and SIPS but not in 
PIIPS.  Our aim was to determine the SASP components in PIIPS and compare them to RS 
and SIPS to evaluate the effect of the different SASPs on cellular migration, proliferation 
and senescence on L929 cell line. Senescence was induced in primary lung fibroblasts ob-
tained from CD-1 mice in three ways: 1) RS, by allowing the cells to proliferate, 2) SIPS, with 
H2O2 and 3) Inhibiting the proteasome with epoxomicin. SASP was analyzed using a com-
mercial cytokine array (RayBiotech). The SASP from RS, SIPS and PIIPS was recovered at 
days 9, 15 and 21, and added to L929 cells. Cellular proliferation, migration and senescence 
were determined. Our results showed important differences in the 62 cytokines analyzed. 
SIPS and RS showed an increase in the secretion of most cytokines, but PIIPS only 13 cyto-
kines were incremented. Interestingly, SASP pro-inflammatory profile was conserved. 
SASP from PIIPS also affected differently L929 cell line, suggesting that the pathway of 
senescent induction might involve diverse responses in adjacent cells and promote diffe-
rent outcomes.    We thank MVZ Rocío González for animal care. CONACYT grant CB-2012-
1-178349; “Red Temática de Investigación en Salud y Desarrollo Social”. Maciel-Barón is a 
CONACYT scholarship holder.
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SUMMARY

It is currently only partially understood how cell decide between different cell fate options - 
including apoptosis and senescence - in response to DNA damage. We used different doses 
of ionizing radiation (IR) to trigger DNA damage in MCF10A cells. Low dose IR treatment 
resulted in a transient G2 cell cycle block and transient occurrence of DNA damage mar-
kers such as gamma-H2AX, indicating that the cells repaired the damage and re-entered 
the cell cycle. High dose IR treatment resulted in a split cellular response: a proportion of 
the cells was eliminated by induction of apoptosis a few day post treatment. Interestingly, 
a substantial part of high dose-irradiated cells survived the treatment and committed a ce-
llular senescence response, as indicated by changed cell morphology, high SA-beta galac-
tosidase expression and persistant DNA damage foci. We used this cellular model system 
to identify differentially expressed genes by using RNA Seq analysis of cells with an activa-
ted DNA repair checkpoint, apoptosis checkpoint and senescent cells. Bioinformatic analy-
sis identified a number of genes to be specifically upregulated in senescent cells including 
established markers of DNA damage-induced senescence such as PML and IL-8. Our analy-
sis also identified potential novel markers of senescence, which include central epigenetic 
regulators, regulators of reactive oxygen species (ROS) homeostasis, kinase signaling and 
the ubiquitin-proteasome system, suggesting that epigenetic remodeling, proper handling 
of ROS and protein quality control is critical in senescent cells. The candidates are currently 
further analyzed by using RT-qPCR, immunoblotting and immunofluorescence staining.
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SUMMARY

Cellular senescence is a stress response triggered by different stimuli such as telomere shor-
tening, oncogene activation, or DNA damage, that initiate a signalling cascade leading to a 
stable cell cycle arrest. Due to its antiproliferative nature, the role of cell senescence in the 
context of tumour suppression has been extensively studied. Surprisingly though, little is 
known regarding the relationship between cellular senescence and viruses, although many 
of the key regulators in the senescence response are tumour suppressor genes with antivi-
ral activities, such as ARF and p53. In addition, interferon, a well-known antiviral agent, has 
been proved to induce senescence. Moreover, cellular senescence is activated in response 
to some viral proteins, and oncogenic viruses have evolved mechanisms to inhibit this pro-
cess, thus reinforcing the idea of senescence as a barrier for viral infection. We have evalua-
ted cellular senescence as a stress response triggered by viral infection and addressed the 
putative protective effect it might have limiting viral replication. Our results demonstrate 
that viruses can induce cellular senescence and that this response limits viral replication.
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SUMMARY

The automatic quantification of gammaH2AX foci on fluorescent images of cells after DNA 
damage is widely used for estimation of the number of double-strand breaks in DNA of 
single cells. In this study, we present a graphical user interface FoCo, which was develo-
ped in Matlab together with ImageJ for individual gammaH2AX foci count using image 
analysis. The main advantage of FoCo are: •  the ability to analyse low resolution images 
of cells subjected to radiation doses up to 10 Gy. Indeed, FoCo was able to deliver almost 
indistinguishable quantification results for image sets, which were obtained on wide-field 
and confocal laser-scanning microscopes, respectively. Both image sets contained images 
of non-irradiated and exposed up to 10 Gy radiation MRC-5 cells.  • the simplicity. FoCo 
requires only 5 parameters. • the ability to perform batch-processing, • the ability to relate 
quantification results to the respective nucleus. Finally, we formed a test set with images 
of MRC-5 cells and subjected it to manual quantification by three operators and automa-
tic quantification using FoCo, CellProfiler and ImageJ. The statistical analysis of obtained 
quantifications revealed a high correlation between FoCo and two of three manual quanti-
fications, which is the best result for considered automatic methods.  Lapytsko A, Kollaro-
vic G, Ivanova L, Schaber J (2015) Simple automatic quantification of gammaH2AX foci for 
low resolution images. Submitted
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SUMMARY

Idiopathic pulmonary fibrosis (IPF) is a devastating lung disease with poor prognosis and 
limited therapeutic options. Aging-related mechanisms such as cellular senescence have 
been proposed to contribute to IPF. Proteins of the CCN family have been associated with 
aging and fibrosis. In particular, we have shown that the Wnt1-inducible signaling protein 1 
(WISP1/CCN4) is upregulated in and a key regulator of pulmonary fibrosis. Its involvement 
in aging and cellular senescence, however, remains unknown. In this study, we aim to in-
vestigate the effect of WISP1 on cellular senescence and age–related IPF.  Gene set enrich-
ment analysis of microarrays of different lung cells derived from experimental lung fibrosis 
revealed significant enrichment of senescence associated genes in primary lung epithelial 
cells. Primary fibrotic epithelial cells exhibited increased senescence-associated ß-Galac-
tosidase staining and increased gene expression of senescence associated p16, p21 and 
MMP2 along with increased WISP1 secretion, as analysed by qPCR and ELISA. Moreover, 
induction of senescence by bleomycin or H2O2 resulted in an increased WISP1 secretion in 
a lung epithelial cell line as well as in primary human fibroblasts. Importantly, we further 
show that also primary human fibroblasts in replicative senescence show increased WISP1 
secretion.  In summary, fibrotic ATII cells exhibit increased senescence, which is accompa-
nied with increased WISP1 expression. Moreover, induction of replicative or stress induced 
senescence increased WISP1 secretion. We thus hypothesize that senescent ATII cells are a 
major source of WISP1 in IPF. They thus represent a potential target for therapeutic inter-
vention in IPF.
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SUMMARY

Although cellular senescence has been is recognized as a tumor suppressor mechanism, 
senescent cells secrete several molecules that modify their microenvironment (senescence 
associated secretory phenotype, SASP) and might induce malignization. One of the main 
components of SASP is the interleukine 6 (IL-6). Our aim was to determine the effect of 
serum obtained from elderly patients (Elderly Patients Serum, EPS) on the proliferation of 
the breast cancer cell line MCF-7. Serum was obtained from 64 elderly patients (63-83 years 
of age) and added to MCF-7 for 96 h. Our results showed that EPS increased MCF-7 prolife-
ration, but that increment did not correlate with age or gender of elderly patients. There-
fore, the different EPS were classified depending on their capacity to induce proliferation 
in comparison with FBS 5%: EPS-IP (Induced proliferation), EPS-UP (unmodified prolifera-
tion) and EPS-DP (decreased proliferation). When IL-6 content was evaluated EPS-IP pre-
sented the highest IL-6 concentration (60 pg/ml) in comparison with the other groups (49 
pg/ml EPS-SP and 51 pg/ml EPS-DP). To evaluate IL-6 contribution to cellular prolifera-
tion, IL-6 (60 and 80 pg/mL) was added to EPS and proliferation increased 175% and 150%. 
This increment was abrogated when IL-6-antibody was added. However the addition of 
different IL-6 concentrations to cellular cultures without ESP-IP, did not have any effect on 
MCF-7 proliferation. This suggests that IL-6 is an important component of SASP that might 
participate in cellular transformation, but this interleukin needs the participation of other 
factors to induce its effects.  CONACYT grant CB-2012-1-178349; “Red Temática de Inves-
tigación en Salud y Desarrollo Social” Barajas-Gómez is a CONACYT scholarship holder.
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SUMMARY

INTRODUCTION: Patients with chronic kidney disease present hyperphosphatemia (HP) 
as a common complication, which could be related with endothelial dysfunction or pre-
mature aging of these patients. During cell senescence also exist mechanisms of vascular 
dysfunction. A role for oxidative stress (ROS) has been described in the pathogenic effects 
of HP and cell senescence, but the link between HP, senescence and endothelin-1 (ET-1) 
synthesis is still unknown. We hypothesize that HP could induce ET-1 production and cell 
senescence promoting endothelial dysfunction. For this purpose, we assess the effect of 
HP on cell senescence and ET-1 synthesis in endothelial cells (EA). RESULTS: A phosphate 
donor, ß-glycerophosphate (BGP) increased ECE-1 expression and ET-1 production in EA. 
BGP was able to increase the ROS production at 16h, which was blocked with the antioxi-
dant N-Acetylcystein (NAC). In addition, BGP increased endothelial senescence measured 
as higher beta-GAL activity and senescence gene p16 expression, and lower levels of Sir-
tuin-1. NAC abolished the effect of BGP on ECE-1/p16 expression and beta-GAL activity, 
suggesting that ROS production was involved in those effects. BGP effects on EA were also 
blocked when cells were pretreated with phosphonoformic acid (PFA), an inhibitor of the 
Na-Pi co-transporter termed Pit-1, indicating that effects were specific of phosphate up-
take by Pit-1. CONCLUSION: These results suggest the important role of BGP in the regu-
lation of endothelial function, because, apart from increasing ET-1 and ECE-1 expression, 
also induces senescence in these cells. First, BGP increases ROS production, which will be 
responsible of inducing ET-1 production and also cell senescence, thus aging endothelial 
cells could induce endothelial dysfunction.
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SUMMARY

Bruton’s Tyrosine Kinase (BTK) is a non-receptor tyrosine kinase that is part of the B-cell 
Receptor signalling pathway. We found that BTK is up-regulated in response to p53-indu-
ced senescence. BTK is involved in DNA damage pathways through the induction of his-
tone H2AX, ATM and p53 phosphorylation, which leads to an increase in p53 protein levels 
and suggests a positive feedback loop to enhance p53 stabilisation. This is supported by the 
fact that BTK can bind and phosphorylate p53 at the N terminal region. Inhibition of BTK 
expression blocked p53-induced senescence, underscoring its important role as a mediator 
of this pathway. BTK inhibitors were capable of reducing the accumulation of senescent 
cells in vivo in Drosophila, which resulted in increased mobility and weight as well as lifes-
pan extension. We conclude that, despite its role as a driver of B cell malignancies, BTK 
may also have tumour suppressor functions and that its inhibition blocks p53-induced se-
nescence and thus prolongs lifespan in vivo. We propose that BTK inhibitors could be useful 
to prevent age-related pathologiesand as adjuvant therapies in cancer.



PostersP52

Long non-coding RNAs in oncogene-induced 
senescence and cancer

Giulia Maglieri1, Marta Montes1, Anders H. Lund1, Morten Nielsen2, Jakob Pedersen2

BRIC, University of Copenhagen1 

Århus University Hospital2

Presenting author: Giulia Maglieri

SUMMARY

LncRNAs are non-coding RNAs longer than 200 nt, which can modulate gene expression 
at transcriptional or post transcriptional level. Multiple studies have shown that lncRNAs 
are regulated in important processes such as proliferation, differentiation, and are asso-
ciated with human diseases including cancer. We aim to study lncRNAs with an impact on 
oncogene-induced senescence (OIS), a state of growth arrest induced by oncogenic stimuli 
as a barrier against cancer.   For this purpose, we use a TIG3 human fibroblast cell line that 
undergoes oncogene-induced cell cycle arrest following the inducible expression of a cons-
titutively active form of B-RAF. Using data from a RNA-seq analysis, we have identified a 
set of lncRNAs to be deregulated in OIS. After knock down by siRNAs, we have evaluated 
the cellular phenotype and found that some lncRNAs affect the cell proliferation or senes-
cence.  As a future perspective we will further characterize selected transcripts and inves-
tigate the mechanism involved in order to uncover novel functions of lncRNAs in cancer-
protective cellular pathways.
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SUMMARY

Senescence-specific gene expression fingerprints could be important to understand com-
mon mechanisms that regulate this process. We provide evidence that Zn homeostasis 
is an important molecular process in endothelial cell senescence by analysing biological 
clusters of gene expression data that characterize replicative senescence of Human Coro-
nary Endothelial Cells (HCAEC) and comparing these data with already available dataset of 
gene expression obtained from Human Umbilical Vein Endothelial Cells (HUVEC). Under-
standing the critical targets of Zn signalling in senescent cells could provide new tools to 
develop senolytic drugs.
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SUMMARY

The Ras oncogene is frequently mutated in pancreatic cancers and contributes to carcino-
genesis. In normal cells, activation of Ras leads to a senescence signal portrayed by an irre-
versible cell cycle arrest. This response is accompanied by a downregulation of the lysine 
demethylase KDM4A, which contributes to the establishment of senescence. However, 
the molecular mechanisms underlying the modulation of KDM4A during senescence re-
mains to be elucidated. We found that microRNA-137 targets KDM4A during Ras-induced 
senescence. In normal cells, miR-137 modulates KDM4A expression and is sufficient to lead 
a senescence response engaging tumor suppressing pathways. Moreover, restoration of 
KDM4A can partially bypass miR-137-induced senescence. miR-137 levels are found redu-
ced in pancreatic tumor tissues and its expression positively correlates with CHD5 mRNA 
levels, a tumor suppressor negatively regulated by KDM4A. Finally, miR-137 expression in-
hibits proliferation in pancreatic cancer cells by inducing cellular senescence. These results 
suggest that signaling from miR-137 to CHD5 might be intact in cancer cells and could ex-
pose a possible treatment avenue for pancreatic malignancies.
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SUMMARY

Background: Senescent pulmonary artery smooth muscle cells (PASMC) may contribute 
to the pathogenesis of pulmonary hypertension (PH) through the synthesis of secreted 
factors.   Objective: To explore the role of extracellular matrix proteins released by senes-
cent PASMC on experimental and human PH.  Methods and results: Microarray analysis 
of human PASMC undergoing replicative senescence revealed upregulation of osteopon-
tin (OPN), which mediated the stimulated PASMC growth and migration induced by se-
nescent PASMC media and matrix. One year old mice compared to younger counterparts 
displayed elevated lung OPN levels, right ventricular systolic pressure, pulmonary vessel 
muscularization, and p16 and p21 stained PASMC number also stained for OPN. No such 
changes with age were observed in OPN-/- mice which developed attenuated PH during 
hypoxia. Compared to cultured young mice PASMC, PASMC from 1 year old WT mice grew 
faster, and similarly as PASMC from young mice stimulated by media or matrix from old 
PASMC WT mice, both effects suppressed by OPN antibodies. OPN-/- PASMC grew slower 
than WT PASMC, but were stimulated by WT PASMC media and matrix, and more from 
old vs young mice. In patients with COPD, lung OPN was elevated in proportion to age and 
pulmonary vascular remodeling, predominating in PASMC at sites of vascular hypertrophy. 
Cultured PASMC from COPD patients displaying early replicative senescence overexpres-
sed OPN. Lung OPN levels were markedly elevated in idiopathic PH patients in proportion 
to age. Conclusion: These results underscore the importance of OPN as key mediator of the 
interplay between senescent and non senescent PASMC during PH progression.
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SUMMARY

Myelodysplastic syndrome (MDS) is a heterogenous group of hematological diseases. 
They are characterized by impaired differentiation capability of hematopoietic progeni-
tor cells, which results in various peripheral cytopenias, and by a variable amount of dys-
plastic blast cells. Most patients succumb to bone marrow failure and around 20% of MDS 
patients develop leukemia. The most accredited molecular hypothesis underlying these 
observation says the hematopoietic progenitor cells undergo apoptosis at some point du-
ring differentiation. As of today, there are numerous contrasting reports addressing the 
apoptotis-based hypothesis. In recent years, it has been speculated that there might be 
different processes involved in the pathogenesis of MDS, such as senescence. There have 
been reports supporting the senescence-based hypothesis, mainly through the detection 
of molecular markers of senescence, such as TP53, P16INK4a and P21CIP1/WAF1. Interes-
tingly, it has been shown that also stromal cells present over-expression of some senescent 
markers. We have stained bone marrow trephines of 31 MDS patients and 27 healthy con-
trols for P16INK4a. The positivity was calculated as positive cells per powerfield, norma-
lized for cellularity. We found a significant (P=0,01) increase of P16INK4a positive cells in 
MDS patients compared to healthy controls. Also, the spread of the positivity score among 
the patients was very pronounced, suggesting P16INK4A to be over-expressed in a specific 
subset of patients. The positive cells were very heterogenous, but mainly adipocytes and 
stromal cells. In order to establish a possible link to senescence, we quantified the levels 
of SASPs in bone marrow aspirates of the same patient cohort and found an increased 
amount of IL-6 and IL-8.
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SUMMARY

Certain oncogenes trigger senescence, a response to severe DNA damage limiting the divi-
sion of cells at risk of transformation. Additionally to the growth arrest, senescent cells dis-
play widespread changes in chromatin organization and gene expression leading among 
others, to the secretion of numerous factors collectively known as SASP (Secretory-As-
sociated Senescent Phenotype). The role of SASP is controversial, as both beneficial and 
detrimental effects have been demonstrated. Identification of components in a given se-
cretome and the signaling pathways driving both their induction and regulation will permit 
to finely tune SASP composition to avoid non-cell autonomous tumor promoting effects 
of senescent cells and/or enhance anti-tumorigenic responses.  In this work, we compared 
the senescence program induced by two different oncogenes in epithelial breast cancer 
cells, focusing in SASP composition. The oncogenes selected were p95HER2, a constituti-
vely active fragment of tyrosine kinase receptor HER2, and BRAF serine/threonine-kinase 
mutated in codon V600E. p95HER2 and BRAFV600E senescent cells displayed equivalent 
senescence markers including arrest in cell proliferation, SA-ß-galactosidase reactivity and 
activation of the DNA-damage response. However, important differences were evidenced 
when analyzing the SASP by label-free quantitative mass-spectrometry and proteome 
arrays. These differences are determined by the level and activity of metalloproteinases, 
PI3K activation status and STAT signaling pathways engaged differentially by oncogenes. 
Modification of some of these pathways in an in vivo setting of orthotopic injection of 
breast cancer cells and oncogene induction led to a modification of the pro-tumorigenic 
effect of cells undergoing senescence.
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SUMMARY

Cellular senescence is a cellular mechanism that arises in response to a variety of stimuli 
that may lead to genomic or epigenomic insults and has been shown to play an important 
roles in the prevention/delay of oncogenesis and promotion of age-related pathologies. 
The onset and maintenance of senescence is orchestrated by a dynamic interplay between 
transcription factors and chromatin regulators that drives the senescent gene expression 
programme. Using a dynamic transcriptional profiling approach we identified the trans-
cription factor TFAP2C as a regulator of oncogene-induced senescence (OIS) in primary 
human fibroblasts. Downregulation of TFAP2C in proliferating fibroblasts leads to a senes-
cence-like phenotype characterized by expression of type-I interferon genes. In cells un-
dergoing OIS, TFAP2C may be involved in the early repression of cell cycle genes during 
the onset stage of OIS, while it may contribute to the expression of senescence-associated 
secretory phenotype (SASP)-related genes at the maintenance stage.
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SUMMARY

Endothelial Colony-Forming Cells (ECFCs) are an endothelial progenitor subtype with the-
rapeutic potential for vascular repair. Although ECFCs have high proliferative potential, 
they ultimately undergo replicative senescence. Here, we characterised their senescence-
associated secretome and examined the role of IL8. ECFCs were expanded until they re-
ached their Hayflick limit and arrested in G0/G1 phase of cell cycle. These cells displayed 
increased ß-galactosidase activity and accumulated ?-H2AX foci. In addition, cells showed 
a significant decrease in telomerase activity coupled with telomere shortening. Late pas-
sage ECFCs characterised as senescent, demonstrated impaired migratory and tubulo-
genic capacity. Transcriptome analysis identified 654 transcripts that were significantly 
upregulated in senescent ECFCs. Ingenuity pathway software highlighted ‘inflammatory 
response’ as the top biofunction in senescent ECFCs. REVIGO software showed ‘regula-
tion of cytokine production’ at the centre of the semantic space. Upregulation of IL8, IL1A 
and IL1B in senescent ECFCs was further confirmed by RT-qPCR. IL8, IL1B, IL6, CXCL1 and 
sICAM1 were also significantly increased at the protein level. ELISA demonstrated a signifi-
cant increase in the IL8 amount per cell in the conditioned medium of senescent ECFCs. To 
test the relevance of IL8, its expression was knocked down using shRNA. IL8 knock-down 
resulted in a significant extension of the ECFC ex-vivo lifespan and delayed senescence. 
In addition, IL8 knock-down in ECFCs improved clonogenic, migratory, and tube forming 
capacities. In summary, we show evidence to propose inflammatory signalling pathways 
as major components of the ECFC senescence programme, and IL8 as an important senes-
cence facilitator.
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SUMMARY

Senescence bypass is an essential step on the path towards carcinogenesis. As such, re-
activating senescence in cancer is an attractive therapeutic strategy and one that has pre-
viously been overlooked.   p16-positive basal-like breast cancer (p16+BLBC) is a highly ag-
gressive disease subtype and is often associated with a poor prognosis due to the lack of 
targeted treatments available. In order to tackle this and identify the genes that govern 
senescence evasion in p16+BLBC (senescence evaders), a genome-wide siRNA screen and 
two subsequent validation screens in the p16+BLBC cell line, MDA-MB-468, were perfor-
med. Genes were targeted by pools of three siRNAs and the data generated was compared 
to a previously published screen in primary human mammary epithelial cells (HMECs) (Bis-
hop et al., 2010). A significant reduction in cell number, together with a significant increase 
in cell area was used to define senescence induction. Using these phenotypic criteria, the 
screens revealed 25 siRNAs that re-activated senescence in MDA-MB-468 cells but had no 
effect on the proliferation or morphology of HMECs.   Strikingly, 11 of the 25 siRNAs iden-
tified target ribosomal proteins (RPs) implicating dysregulated ribosomal biosynthesis in 
senescence re-activation in cancer. In addition, Kaplan-Meier analysis revealed that ele-
vated expression of six of the 11 RPs correlates with a reduced overall survival in BLBC 
patients, further supporting a role for these RPs as drivers of disease in this breast cancer 
subtype. Current work aims to investigate the p16-dependency and long-term nature of 
the senescence phenotype, as well as examining the impact of senescence induction on 
the ribosome as a whole.
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SUMMARY

Senescent cells develop a pro-inflammatory response termed the senescence-associated 
secretory phenotype (SASP). SASP affects to the surrounding cells and induces chronic 
inflammation and tissue dysfunction. Therefore, it has been thought that SASP may be 
a key phenomenon in linking cellular senescence with individual aging, frailty, chronic di-
seases. SIRT1 is an NAD+-dependent protein deacetylase, which regulates a diverse set 
of biological processes by deacetylating transcription factors, histones, repair enzymes, 
and other cellular proteins. SIRT1 plays a pivotal role in protection against various age-
related diseases. We showed that SIRT1 suppressed the expression of SASP factors such 
as IL-6, IL-8, GRO-a, and IL- 1ß. SIRT1 bound to the promoter regions of IL-8 and IL-6, but 
dissociated from them during cellular senescence. The acetylation of Histone H3 (K9) and 
H4 (K16) of the IL-8 and IL-6 promoter regions gradually increased during cellular senes-
cence. In SIRT1-depleted cells, the acetylation levels of these regions were already higher 
than those in control cells in the pre-senescent stage. Moreover, these acetylation levels 
in SIRT1-depleted cells were significantly higher than those in control cells during cellu-
lar senescence. These results suggest that SIRT1 repressed the expression of SASP factors 
through the deacetylation of histones in their promoter regions. Additionally, we found 
that SIRT1 depletion repressed p21 expression at basal level and during senescence induc-
tion. Moreover, depletion of p21 also induced the enhancement of the expression of SASP 
factors. These results indicate that SIRT1 regulates the expression of SASP components by 
regulating histone acetylation and p21 expression.
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SUMMARY

Megakaryoblastic Leukemia 1 and 2 (MKL1/2) are coactivators of the transcription factor 
Serum Response Factor (SRF) with an essential role for hepatocellular carcinoma (HCC) 
growth. We recently demonstrated that depletion of MKL1 and 2 abolished  HCC xenograft 
growth by inducing oncogene-induced senescence. In order to identify the MKL target ge-
nes mediating the effect on HCC growth and the senescence response, we have performed 
microarray experiments in HCC cells depleted of MKL1 and 2 and verified the novel target 
genes in vivo in HCC-xenografts. This approach revealed Myoferlin as a novel MKL- and 
SRF-dependent target gene that is required for HCC cell proliferation and anchorage-in-
dependent cell growth. Importantly, Myoferlin was strongly upregulated in HCCs triggered 
by conditional activation of constitutively active SRF-VP16 in hepatocytes. Myoferlin plays 
a critical role in controlling degradation of phosphorylated EGFR. Herein, we show that 
depletion of MKL1 and 2 induces phosphorylation of the EGFR via downregulating Myofer-
lin expression. Myoferlin depletion activated downstream MAPK-, p16-/Rb pathways, cul-
minating in oncogene-induced senescence.  These findings identify Myoferlin as the long 
sought for link between MKL1/2 depletion and oncogene-induced senescence.
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SUMMARY

Cellular senescence is a state of irreversible growth arrest wherein cells remain viable but 
are refractory to growth factors. It has been shown that DNA damage and ROS are major 
triggers which causes cells to undergo senescence.  Rationale: Senescence has been pri-
marily studied as a terminal event in which cells are in a growth arrested state. We spec-
ulated that senescence have two distinct stages, first initiation phase, where cells detect 
and quantify the DNA damage to trigger various cell fate responses which include senes-
cence and second maintenance phase, where cells, which have entered the senescence 
fate maintains their growth arrested but viable state. Our study aimed to identify the reg-
ulators in these two distinct states.   Approach: Towards deciphering the molecular mech-
anisms involved in the two stages of senescence, we used genotoxic stress to trigger aging 
on cells. Given that the chemical agent can get directly incorporated into DNA to trigger 
damage and halt replication, only dividing cells undergo senescence. We characterized the 
treated cells extensively using multiple senescence-associated markers and determined 
that senescence can be achieved within two days of treatment. The arrested cells maintain 
their status for months, allowing us to characterize the two stages of senescence.  Find-
ings: We determined that ATM kinase acts as an honest DNA damage dose detector. In 
presence of genotoxic stress, ATM kinase activity is proportional to the quanta of damage 
encountered by the cell to decide its fate. While low levels of DNA damage is tolerated, 
higher levels triggers cell death. It is the intermediate level which trigger robust DDR and 
induces senescence. We show that presence of active ATM kinase is absolutely critical in 
both stages.



PostersP64

Perforin-deficient mice accumulate senescent 
cells and display reduced lifespan

Yossi Ovadya, Ezra Vadai, Valery Krizhanovsky
Weizmann institute of science

Presenting author: Yossi Ovadya

SUMMARY

Senescent cells accumulate in organism with age and impose deleterious effects on their 
microenvironment.  The accumulation of senescent cells might result from increase in their 
formation and decrease in their immune surveillance.  NK cells play a significant role in 
immune surveillance of senescent cells during tumorigenesis and tissue damage.  We have 
previously shown the pivotal role of Perforin pathway in the elimination of senescent cells 
by NK cells.  Perforin mediated function of NK cells decreases with age. However, the im-
pact of impaired immune surveillance on persistence of tissue-resident senescent cells du-
ring ageing and age-related diseases was not studied.  Here we report that Perforin defi-
cient mice display significant reduction in their life span compared to wild type animals.  
This reduction was accompanied by increase in the prevalence of age-related physiological 
aberrations. Histological analysis revealed that senescent cells are more abundant in tis-
sues of Perforin-deficient mice. Furthermore, Perforin deficient mice that were subjected 
to caerulein-induced pancreatitis exhibited persistence of senescent cells in the pancreas 
compared to control animals. Therefore, accumulation of senescent cells due to lack in 
their immune surveillance can promote ageing, age-related pathologies and led to a de-
crease in lifespan. Our findings suggest that enforcement of the immune surveillance of se-
nescent cells, for example using Perforin pathway, could serve as a prominent anti-ageing 
strategy by elimination of senescent cells.
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SUMMARY

Ribosome biogenesis represents a highly conserved series of reactions from the transcrip-
tion of ribosomal DNA in the nucleolus to the final maturation steps in the cytoplasm. This 
process is tightly regulated and associated with cell growth, oncogenic and tumour sup-
pressive pathways. The late maturation of the large (60S) ribosomal subunit in the cyto-
plasm is a critical step, required for the correct assembly of the translationally active 80S 
complex. Among the factors involved, two GTPases have been identified to participate in 
sequential 60s maturation reactions. Notably, defects in the first reaction cause Shwach-
man Diamond Syndrome (SDS), a ribosomopathy that manifests with severe growth ab-
normalities. Our research aims to address the cellular stress responses that arise due to the 
perturbation of the ribosome maturation under two lines of investigation: the evaluation 
of possible application of this approach in cancer therapeutics and the elucidation of the 
pathophysiology of SDS. Our data demonstrate that impairment of the 60S maturation 
reactions leads to the induction of senescence in a number of non-transformed, as well 
as transformed cell lines. These findings indicate a potential role for the inhibition of ribo-
some maturation as a mechanism for halting tumourigenesis through growth arrest and 
activation of the senescence programme. Ongoing studies using 3D mammary acinar mo-
dels will reveal therapeutic efficacy in a more physiological context, while in vivo studies 
are also under preparation. Finally, the implication of senescence in the pathology of SDS 
is being evaluated, with a view to revealing possible targets for the treatment of SDS.
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SUMMARY

Visfatin, a multifaceted adipokine displaying nicotinamide phosphorybosyltransferase 
(Nampt) activity, exhibits elevated circulating levels in metabolic diseases. Visfatin/Nampt 
can exert direct deleterious effects on vascular cells, but no evidence exists on its ability to 
induce cell senescence, a phenomenon associated with the development of atheroscle-
rosis and other vascular pathologies. This study explored whether visfatin/Nampt induces 
endothelial cell senescence and if so, by which mechanism. Cell senescence was detected 
in cultured human umbilical vein endothelial cells (HUVEC) by cytochemical staining for se-
nescence associated-ß-galactosidase (SA-ß-gal). DNA damage and telomere dysfunction-
induced foci (TIFs) were identified by indirect immunofluorescence microscopy. NADPH 
oxidase activity and p53 levels were determined by lucigenin-derived chemiluminiscence 
and Western blotting, respectively. Recombinant visfatin/Nampt (25 to 100 ng/ml; 24 h) 
increased cell senescence in a concentration-dependent manner. Hydrogen peroxide (50 
µmol/l) mimicked the pro-senescence effect of visfatin/Nampt, while NADPH oxidase inhi-
bition with apocynin (30 µmol/l) prevented visfatin/Nampt-induced senescence. Consistent 
with the activation of a pro-senescence response, visfatin/Nampt increased DNA damage, 
the formation of TIFs and p53 levels. The selective Nampt inhibitor FK866 (10 µmol/l) pre-
vented all the above effects of visfatin/Nampt, whereas the Nampt reaction product, nico-
tinamide mononucleotide (100 µmol/l), did reproduce them. In summary, visfatin/Nampt 
induces human endothelial cell senescence by a mechanism relaying on its Nampt activity. 
Through this action, visfatin/Nampt may contribute to vascular aging and atherosclerosis 
in the context of metabolic diseases.
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SUMMARY

The incidence of carcinoma increases greatly with aging. Today, most data point the in-
flammatory components of the senescence-associated secretory phenotype (SASP) as 
possible contributors to the process of age-related cancer.  We recently showed that nor-
mal primary human epidermal keratinocytes (NHEKs, exposed throughout their culture to 
the SASP of autologous senescent dermal fibroblasts (NHDFs), undergo post-senescence 
neoplastic emergence (PSNE) of transformed cells with enhanced EMT and migratory cha-
racteristics. Active MMP-1 and MMP-2 matrix metalloproteinases, present in the SASP of 
senescent NHDFs, trigger PSNE-NHEK cells migration by activating the protease-activated 
receptor-1 (PAR-1), whose synthesis is remarkably upregulated in PSNE-NHEKs. Hence, 
the intrinsic transforming molecular changes enabling NHEKs to evade senescence are en-
hanced by the senescing stromal microenvironment and include acquisition of the ability 
to respond to the pro-EMT and pro-migratory influence of this latter (Malaquin N, et al. ; 
2013; PLoSONE 8(5):e63607).  Using a comparative proteomic analysis of the secretomes 
of growing and senescent NHDFs, we now show that beside common features with secre-
tomes from fibroblasts from other organs, the SASP of senescent NHDFs presents a severe 
reduction of SPARC detection (Secreted Protein Acidic and Rich in Cystein), recorded both 
in culture and in aged human skin biopsy samples. We demonstrate that secretion rather 
than expression of SPARC was altered in senescent NHDF cells. This was associated to an 
altered trafficking of SPARC in senescent fibroblasts as a possible consequence of an endo-
plasmic reticulum stress. ER stress response may then influence the SASP composition and 
therefore modulate pro-tumoral effects of this latter
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SUMMARY

Transcription is regulated by coordinated action of transcription factors, cofactors and 
chromatin-associated complexes. Recently we identified a novel co-repressor complex 
consisting of TBX3 and CAPERa (Coactivator of AP1 and Estrogen Receptor){Kumar, 2014 
#11037} required to prevent premature senescence of primary cells and regulate the acti-
vity of core senescence pathways in mouse embryos. Prior to our study, CAPERa had been 
shown to function as a transcriptional co-activator to regulate hormone responsive gene 
expression and alternative splicing but the precise molecular mechanisms underlying its 
co-activator function remain unknown. We hypothesize that  repressor or activator acti-
vity of CAPERa is determined by cell type and the interacting protein(s) present in a given 
context. Here we assessed the transcriptional activity of CAPERa in breast cancer cells and 
determined how it regulates gene expression in this context. . The MLL1 methyltransferase 
complex catalyzes methylation of H3K4 to activate promoters and enhancers and recruit 
transcriptional activators. We show that CAPERa  associates with H3K4me3 and is requi-
red to recruit the MLL1 complex to key cell cycle target genes in breast cancer cells. The 
association of CAPERa -MLL1 with chromatin is in turn dependent on ERa. CAPERa  loss of 
function diminishes global histone H3K4 trimethylation, resulting in markedly decreased 
transcription of multiple CAPERa -MLL co-regulated transcriptional targets. Occupancy of 
MLL and H3K4me3 with promoter regions was decreased in CAPERa knockdown in T47D 
cells. Furthermore, T47D xenografts in nude mice revealed that loss of CAPERa  drama-
tically reduces tumor formation and growth. These findings suggest that CAPERa merits 
investigation as a therapeutic target.
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SUMMARY

Excess oxidative stress (OS) adversely impacts endothelial cell function and plays an im-
portant role in vascular disease and aging. While many studies have provided evidence im-
plicating OS in endothelial disease pathologies, the mechanistic control of cell fate (i.e. 
apoptosis and senescence) by OS has not yet been fully elucidated. In order to understand 
the cellular response to OS, we explore phenotypes and transcriptional changes that follow 
hydrogen peroxide (HP) treatment in HUVECs. We first characterized cell viability, toxicity, 
apoptosis, and redox status after 0.1-1mM HP treatment. Next, we treated HUVECs with 
0.5mM HP and collected mRNA samples (from 1-16hrs) for RNA-seq analysis. After diffe-
rential expression analysis, Systems Biology approaches were used to identify early and 
late-responses in cellular activity. The dose-dependent analysis confirms previously iden-
tified positive correlations between OS and apoptosis and OS and cytotoxicity. We also re-
port a temporal transcriptomic signature of OS induced premature senescence (SIPS) that 
captures the effect of OS on key signaling pathways (p53, TGFb, etc) and cellular processes. 
We observed transcriptional markers of stable cell cycle arrest, impaired DNA replication/
repair, and increased resistance to apoptosis. Induction of p21 and CyclinD1 are consis-
tent with previously reported markers of SIPS. We also report in vitro markers of SIPS such 
as increases in heterochromatin foci and changes in cell morphology in treated HUVECs. 
While p53/p21 activity has been well characterized as a central regulator of SIPS, the rela-
tive impact of OS, genotoxic stress, and autophagy on p53/p21 activity should be explored 
through knockdown studies.
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SUMMARY

Abstract:
Restoration of p53 in tumors has been suggested as a possible therapeutic approach, based 
on preclinical in vivo and in vitro evidence of possible efficacy. However, the relationship 
between the timing of p53 restoration and its efficacy is still unclear. We now show that 
restoration of p53 in murine pre-malignant proliferating pineal lesions results in effective 
cell cycle exit and induction of cellular senescence, while p53 reactivation in established 
malignant pineal tumors does not impact cell proliferation, unless paired with DNA dam-
aging therapies. This differential effect was not related to levels of p19Arf expression, as 
its expression was more pronounced in malignant tumors, nor to MAPK pathway activity. 
Interestingly, in premalignant lesions induced to senesce by p53 restoration, inactivation 
of p53 after senescence resulted in re-entry into the cell cycle, and rapid tumor progres-
sion. These findings were also validated in cell culture models of Cyclin D1-induced and 
RasV12-induced senescence in murine pineal cells and mouse embryo fibroblasts, respec-
tively. Evaluation of a panel of human supratentorial primitive neuroectodermal tumors 
(sPNET), of which pineoblastoma is a subtype, showed low activity of the p53 pathway, 
while only one of 6 tumors had p53 deletion or mutation. Together, this data shows that 
restoration of the p53 pathway has different effects in premalignant versus invasive pineal 
tumors, where it may need to be paired with DNA damaging agents, to engage it in tumor 
suppression. Furthermore, p53 activation needs to be continually sustained for effective 
tumor suppression in such lesions undergoing senescence as a tumor suppressor mech-
anism. Finally, p53 restoration approaches may be worth exploring in sPNET, where the 
p53 gene seems to be intact but the pathway inactive in the majority of examined tumors.



Posters P71

Expression of the genetic suppressor element 
24.2 (GSE24.2) restores viability and decreases 
DNA damage, oxidative stress and senescence-

associated

Rosario Perona1, Laura Pintado Berniches1, Jaime Carrillo1, Cristina Manguan-García1, 
Almudena Serrano-Benítez2, Susana Egusquiaguirre3, Laura Iarriccio1, José Luis Pe-

draz3, Rosa M. Hernández3, Manuela Igartua3, Felipe Cortés-Ledesma2, Cristina Jimé-
nez-Morales4, José Ramón Murguía4, Ramón Martínez-Mañez4, Guillermo Guenechea5, 

Juan Antonio Bueren5, Leandro Sastre1

1Instituto de Investigaciones Biomedicas CSIC/UAM, Madrid, Spain 
2Centro Andaluz de Biologia Molecular y Medicina regenerativa (CABIMER) – CSIC, Sevilla, Spain. 

3NanoBioCel Group, Laboratory of Pharmaceutics, University of the Basque Country, School of 
Pharmacy, Vitoria, Spain. 

4Centro de Reconocimiento Molecular y Desarrollo Tecnológico (IDM), Unidad Mixta Universitat 
Politécnica de Valencia-Universitat de Valéncia. CIBER de Bioingeniería, Biomateriales y Nanomedicina 

(CIBER-BBN), Valencia, Spain. 
5Division of innovative therapies in hematopoietic system. CIEMAT, Madrid, Spain.

Presenting author: Rosario Perona

SUMMARY

A-T (ataxia telangiectasia) is a genetic disease caused by mutations in the atm gene (A-T 
mutated) but the mechanisms underlying A-T disease are still incompletely understood. 
A key function of the ATM protein is to sense and regulate cellular redox status, using a 
complex network of downstream signaling pathways. ATM protein is also a key transducer 
of DNA damage signals to downstream effectors. ATM deficient cells show increased ROS 
accumulation, activation of the p38 protein kinase and increased basal levels of DNA dam-
age. GSE24.2 a peptide corresponding to an internal domain of Dyskerin has proved to in-
duce telomerase activity, decrease oxidative stress and protect from DNA damage dysker-
atosis congenita cells. We here found that expression of GSE24.2 in human A-T fibroblast 
is able to protect from DNA damage detected by decreased H2AX and 53BP1 induced foci 
and CHK2 phosphorylation. Further we have found that double-strand brake ends gener-
ated by ATM mutations are not repaired by GSE24.2 but the levels of 8-oxoguanine de-
creases together with the levels of reactive oxygen species when GSE24.2 is expressed in 
A-T cells.  Treatment of A-T cells with GSE24.2 lentivirus also decrease the levels of senes-
cence-associated inflammatory cytokines, such as IL6 and IL8 and this correlates with a de-
crease on senescence and increased ability of the cells to divide for longer times. Addition-
ally, in these cells activation of p38 is decreased and cells are more resistant to treatment 
with the radiomimetic drug bleomycin. Finally two types of nanoparticles loaded with ei-
ther GSE24.2 or a derived active smaller peptide GSE4, also have the same activity that 
the peptide expressed from lentiviral vectors. These observations suggest that GSE24.2 or 
GSE4 could be used as a new therapy fo
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SUMMARY

SOCS1 (Suppressor of Cytokine Signaling 1) is a protein classically known to act as a nega-
tive regulator of the cytokine response pathways, but our laboratory has discovered novel 
functions for this protein. Indeed, we show that SOCS1 is necessary for the induction of 
STAT5-induced senescence by interacting with p53 and promoting its activation. We deter-
mined precisely which domains and residues were involved in the interaction between p53 
and SOCS1 by using many punctual mutants. This led us to identify a precise region of the 
SH2 domain of SOCS1 as key for interacting with p53. This region is conserved in the whole 
SOCS family of proteins, which might suggest a larger role for this family. SOCS1 mutants 
that interact less with p53 are incapable of arresting the proliferation of cancer cells such as 
the wildtype protein does. Our principal aim is to identify the role of phosphorylation in the 
regulation of the SOCS1-p53 interaction. Indeed, one of the residues we identified as im-
portant for the interaction is a tyrosine. We showed by mass spectrometry that this residue 
is phosphorylated and think its phosphorylation will regulate the function of SOCS1. Fi-
nally, SOCS1 is a tumor suppressor frequently downregulated in cancers. However, in some 
types of cancers, the protein is, on the contrary, upregulated. Obviously, SOCS1 cannot ac-
complish its tumor suppressor activities in these cases. Phosphorylation could induce loss 
of function of SOCS1’s tumor suppressor activities and explain this phenomena, as well as 
become a diagnostic marker in some types of cancers.
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SUMMARY

Angiotensin (Ang)-(1-7) is a peptide of the renin angiotensin system (RAS) acting on the G 
protein-coupled receptor Mas, and considered as a physiological antagonist of Ang II. Here, 
we tested whether Ang-(1-7) exhibits vascular anti-inflammatory and anti-senescence ac-
tions. In cultured vascular smooth muscle cells (HASMC), the inflammatory markers used 
were the levels of inducible nitric oxide synthase (iNOS) and the release of NO. Pre-in-
cubation with Ang-(1-7) (1 nM - 1 µM) reduced in a concentration-dependent manner the 
iNOS induction and the NO release stimulated by Ang II (100 nM; 18 h) but also by the RAS-
independent pro-inflammatory cytokine interleukin (IL)-1ß (2,5 and 10 ng/ml; 18 h). The 
anti-inflammatory effects of Ang-(1-7) were totally prevented by the Mas receptor anta-
gonists A779 (1 µM) and D-Pro-Ang (1-7) (1 µM). By using apocynin (30 µM) and pyrrolidine 
dithiocarbamate (100 µM), we established that the anti-inflammatory actions of Ang-(1-7) 
relied on a sequential inhibition of NADPH oxidase and nuclear factor-?B activation stimu-
lated by Ang II or IL-1ß. In human umbilical vein endothelial cells (HUVEC), the inflamma-
tory markers used were the expression of ICAM-1 and VCAM-1 and the in vitro adhesion 
of HL60 leukocytes to a HUVEC monolayer, while senescence was determined by positive 
senescence-associated ß-galactosidase (SA-ß-gal) cell staining and by the degree of DNA 
damage through indirect immunofluorescence. In HUVEC, Ang-(1-7) markedly attenuated 
the inflammation and the senescence induced by Ang II or IL-1ß, through a mechanism 
sensitive to the Mas receptor antagonist A779. In conclusion, the Ang-(1-7)/Mas receptor 
axis arises as a potential therapeutic target for modulating inflammation and senescence 
in the context of vascular diseases.
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SUMMARY

We present the first parameterized mechanistic model for DNA-damage regulated G1-S 
transition in normal human fibroblast. The model well recapitulates DNA-damage dyna-
mics for different treatments with ionizing radiation. Moreover, the model is able to explain 
the dynamics of several key proteins involved in the G1-S checkpoint. The model supports 
our data indicating that DNA-damage induced G1-S arrest in normal human fibroblasts is 
not regulated at the level of Cyclin abundance, but rather by the level of Cyclin-dependent-
kinase (Cdk) activity, which in turn is controlled by p21. Despite its simplicity, the model is 
able to quantitatively predict a range of experiments that were corroborated in dedicated 
follow-up experiments. The model predicted that G1-S transition is regulated by a bi-stable 
switch with respect to Cdk-activity. We confirmed the resulting prediction, that in order to 
induce a permanent G1-S arrest, i.e. senescence, both high initial and elevated background 
or permanent DNA damage are required. We also corroborated experimentally the predic-
tion that the ratio between p21 and Cdk abundance determines the cell fate after DNA da-
mage. Accordingly, the model suggests that noise in protein abundances accounts for the 
fact that some cell can overcome the G1-S arrest and go to S phase even with substantial 
DNA damage.
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SUMMARY

One of the important ageing mechanisms is cellular senescence, as the number of senes-
cent cells is higher in older organisms and removal of senescent cells in mice can improve 
the health span. Senescent cells in vitro secrete various bioactive molecules, summarized 
as the senescence associated secretory phenotype (SASP). Amongst these factors are 
cytokines, including Interleukin six (IL-6), which is associated with  ageing and age-associa-
ted diseases. Previously we observed that in vitro, fibroblasts from old donors show more 
senescence and less apoptosis compared to fibroblasts from young donors.  In this study 
we address non-stressed, rotenone and lipopolysaccharide exposed IL-6 secretion of skin 
fibroblasts obtained from 100 donors with an age range of 21-91 years dependent on do-
nor age and senescence state measured by the percentage of p16INK4a and Telomere-
Associated Foci (TAF) positive cells.   IL-6 levels of fibroblasts of older donors were signifi-
cantly higher compared to younger donors in both non-stressed and stressed conditions. 
IL-6 levels were significantly associated with the percentage of p16INK4a and TAF positive 
cells, both in non-stressed and stressed conditions, independent of chronological age.    In 
conclusion, we found that IL-6 levels of cultured fibroblasts are significantly associated 
with the chronological age of the donor and senescence state, indicating the importance 
of SASP in human ageing.
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SUMMARY

The term cellular senescence refers to the stable growth arrest of proliferating cells. Cell 
senescence is observed both in vitro and in vivo and recently has been linked to ageing and 
age-related diseases, including neurodegenerative ones. However,  the role of  senescence 
of post-mitotic neurons in ageing brain and its pathology is just beginning to be explored. 
We asked the question whether neural cells senesce in vitro. To this end we used rat cortex 
for the source of neural and glial cells. In culture they were distinguished accordingly with 
their specific markers. We observed that both neurons and glial cells gradually senesce and 
that above 90% of neurons with SA-ß-gal activity were present in 32 day in vitro (DIV).  In-
terestingly,  neural cell senescence appeared to proceed faster than glial senescence. The 
amount of DNA damage foci (53BP1) stayed in neural cells on the very low level during the 
entire culture. Cyclin-dependent inhibitor, p27 decreased during culture. The level of  RE1-
silencing transcription factor (REST) was observed only in  neurons at late stage of culture 
(25DIV). We were also interested whether induced DNA damage can accelerate neuronal 
senescence. To this end,  at 14DIV we treated cells with sub toxic concentration of a DNA 
damaging agent, doxorubicin. We observed DNA damage foci (?H2AX, 53BP1) and  activa-
tion of DNA damage response key proteins (p-CHK2 and p-ATM) in neurons, however, no 
increase in the number of  either senescent or apoptotic cells was observed. The characte-
ristics of neural cells in vitro, in the context of their senescence, could prepare the ground 
for future research on the age-associated decline in neuronal function and an increased risk 
of neurodegeneration. Supported by grant no. 2012/07/B/NZ3/02180 from NCN.
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SUMMARY

Microenvironment of solid tumors is characterized by hypoxia as a result of malformed 
vasculature and inadequate perfusion. Tumor cells, however, developed various strategies 
to adapt to hypoxic microenvironment. Numerous studies reported link between severe 
hypoxia and cancer progression. Nevertheless, recent studies have shown that hypoxia 
can affect the effectiveness of chemotherapy as well.  Wedelolactone is a plant polyphe-
nolic coumestan with in vitro and in vivo anti-cancer properties. Many proteins and signa-
ling pathways were identified as wedelolactone targets including NFkB, steroid receptors, 
MAPK kinases and topoisomerase II. We have demonstrated that induction of oxidative 
stress represent another mechanism of its cytotoxicity. This study was designed to analyze 
the modulatory effect of hypoxia to cytotoxicity of wedelolactone to MDA-MB-231 and 
T47D breast cancer cells. We observed that hypoxia significantly enhanced pro-apoptotic 
effect of wedelolactone in both cell lines as documented by analysis of nuclear morphology, 
PARP cleavage and phosphatidylserine externalization. The enhancing effect of hypoxia 
was associated with altered ROS kinetics, efflux of lactic acid and stress signaling response. 
We believe that cytotoxicity of newly developed/tested chemotherapeutics in conditions 
of specific tumor microenvironment has to be considered in their pre-clinical studies.  This 
work was funded by the Center of Experimental Biomedicine (CZ.1.07/2.3.00/20.0183) and 
the NT 13441-4/2012 grant of the Internal Grant Agency of Ministry of Health of the Czech 
Republic.
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SUMMARY

The p53 tumor suppressor is a transcription factor. The p53 gene is often mutated gene in 
cancer. We analyzed the p53 status in tumor tissues of 125 patients with diffuse large B-cell 
lymphoma (DLBCL) and 56 patients with mantle cell lymphoma (MCL). Several methodical 
approaches have been adopted for detection of the p53 aberrations: (1) immunohistoche-
mical or immunoblotting analyses detecting accumulation of the p53 protein, (2) functio-
nal assay in yeast (FASAY) targeting transcription competency of the p53 proteins derived 
from tumor tissues, (3) sequencing of the p53 cDNA, (4) interphase FISH using the p53 lo-
cus-specific probe that can detect loss of heterozygosity of the p53 gene. We detected 27 
p53 mutations in 25 cases (20.0 %) of DLBCL and 13 mutations (23.2%) in MCL. Thirty-three 
(82.5%) mutations were missense mutations. From couple of non-sense mutations we de-
tected, one (in codon 331) caused production of truncated version of the p53 protein and 
the other (in codon 196) activated the non-sense-mediated mRNA decay (NMD) pathway. 
In addition, two short insertions and three short deletions in the p53 gene were detected. 
One insertion and two deletions resulted in the reading frame shifts and formation of pre-
mature termination codon. In two cases (stop codons in positions 228 and 345) the trun-
cated p53 protein was expressed. Termination codon in position 169 induced NMD. In two 
DLBCL cases, two independent missense mutations were detected on separate alleles. The 
presence of p53 mutations was shown to be a negative prognostic marker in MCL that is 
associated with considerably shorter survival. In DLBCL, mutations of p53 had negative im-
pact on progression-free survival. This work was supported by grant No. NT/13784-4/2012 
IGA MZ CR.
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SUMMARY

We present the first parameterized mechanistic model for DNA-damage regulated G1-S 
transition in normal human fibroblast. The model well recapitulates DNA-damage dyna-
mics for different treatments with ionizing radiation. Moreover, the model is able to explain 
the dynamics of several key proteins involved in the G1-S checkpoint. The model supports 
our data indicating that DNA-damage induced G1-S arrest in normal human fibroblasts is 
not regulated at the level of Cyclin abundance, but rather by the level of Cyclin-dependent-
kinase (Cdk) activity, which in turn is controlled by p21. Despite its simplicity, the model is 
able to quantitatively predict a range of experiments that were corroborated in dedicated 
follow-up experiments. The model predicted that G1-S transition is regulated by a bi-stable 
switch with respect to Cdk-activity. We confirmed the resulting prediction, that in order to 
induce a permanent G1-S arrest, i.e. senescence, both high initial and elevated background 
or permanent DNA damage are required. We also corroborated experimentally the predic-
tion that the ratio between p21 and Cdk abundance determines the cell fate after DNA da-
mage. Accordingly, the model suggests that noise in protein abundances accounts for the 
fact that some cell can overcome the G1-S arrest and go to S phase even with substantial 
DNA damage.
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SUMMARY

Cancer cells, despite being immortal, can undergo stress-induced premature senescence, 
which is considered as a desirable outcome of anticancer treatment. There are many re-
ports showing that inducing senescence of cancer cells is connected with their negativity 
for proliferation marker, namely Ki-67, which is believed to mark cells, which are in the 
cell cycle. On the other hand, we believe that senescent cells are arrested in the G1 or G2 
phase of cell cycle, thus should be positive for Ki-67. Accordingly, we wanted to clarify this 
issue by visualizing HCT 116 cells induced to senescence with doxorubicin and by using 
co-immunostaining methods and confocal microscopy. We documented that cells became 
giant, SA- ß-Gal-positive, polyploid and with many nuclear abnormalities, such as multinu-
cleation, lobulation and blebbing. Cell staining with Hoechst, phalloidin, and anti-Ki67 re-
vealed that  practically all untreated cells were Ki-67-positive. After doxorubicin treatment 
some giant cells were Ki-67-positive. Moreover, inside the same cell, we found some nu-
clei, which were Ki-67-positive, but some which were Ki-67-negative. Using anti-p21 and 
anti-Ki-67 together revealed some nuclei positive for Ki-67 and others for p21 in the same 
cell. Generally, multinucleated cells showed different level of p21 protein in various nuclei. 
Moreover, some  ß-Gal-positive HCT 116 cells were also positive for Ki-67. We can conclude 
that, indeed, the lack of Ki-67 protein is not a good marker for cell senescence even used 
together with other hallmarks. Different protein expression in various nuclei belonging to 
the same cell, especially in the context of their fate, is awaiting elucidation.
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SUMMARY

The use of mesenchymal stem cells (MSC) in cell therapy is in full boom but MSC senes-
cence alters their therapeutic potential. It is thus important to study the effect of in vitro 
amplification and donor age on cells quality. To study the influence of cell source and do-
nor age on MSC senescence, expansion, in vitro differentiation potential and ß-galactosi-
dase (ß-Gal) expression of fetal MSCs (Wharton Jelly-WJ) or adult (bone marrow-BM) from 
young and aged donors were investigated. Experiments were performed at early or late 
passages. Results showed that aged BM-MSC displayed reduced proliferation and meso-
dermal differentiation potential compared to young donors or WJ-MSC. This was associa-
ted with significantly increased ß-Gal activity assayed using a cytochemical method. ß-Gal 
activity increased from early to late passages, but decreased from aged BM-MSC to young 
BM-MSC and WJ-MSC regardless of culture time. To improve quantification of senescence, 
we assayed ß-Gal activity by flow cytometry. We compared WJ-MSC and BM-MSC but also 
replicative induced (RS) and stress-induced senescence (SIS). A combination of mean fluo-
rescence intensity (MFI) reflecting ß-Gal activity and side scatter (SSC) or forward scatter 
(FSC) as indicators of cellular granularity and size respectively was used. Results showed 
that MFI increased with cell culture time but decreased from aged BM-MSC to young BM-
MSC and WJ-MSC. An increase in MFI was correlated with FSC for RS cells whereas it was 
correlated with SSC for SIS cells. In conclusion, flow cytometry can discriminate levels of 
ß-Gal activity on MSC associated with aging, replicative senescence or stress induced se-
nescence. Moreover, a combination between FSC or SSC and MFI allows discriminating 
replicative and stress induced senescence.
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SUMMARY

Cellular senescence is recognized as a central mechanism blocking tumor initiation and 
progression.  Despite the importance of the senescence in tumor suppression, aging and 
other pathologies, there is limited understanding of the function and the fate of the senes-
cent cells in the living tissue. The molecular machinery determining the cellular choice to 
enter senescence is also not well understood. In order to study in vivo the characteristics 
of senescent cells, their eventual fate, and their effect on different cellular compartments, 
we developed mice that allow activation of a central mediator of the senescence response 
– the human p14ARF gene – in the epidermis. We found that p14ARF activation rapidly 
induces proliferation arrest and apoptosis of epidermal cells, while other epidermal cells 
undergo p53-dependent cellular senescence, which appears after several days of induc-
tion. Commitment of cells to senescence required continued p14ARF expression, and se-
nescence was reversible prior to its full acquisition. Importantly, we found that senescent 
cells remain in the tissue for periods of weeks, even when the initiating signal is turned 
off. Induction of skin inflammation and hyperplasia prevented entry of cells to senescence. 
In order to understand the molecular programs underlying the senescent phenotype, we 
isolated p14ARF expressing cells directly from the living tissue at different time points fo-
llowing activation and profiled their gene expression. This analysis revealed several impor-
tant biological gene groups activated in p14ARF-activated cells, and lays the ground for 
the dissection of the manner by which the senescence program is implemented and of its 
potential functional consequences at the level of the cell and tissue.
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SUMMARY

Cellular senescence is a state of stable cell cycle arrest in response to pathophysiological 
stress, which typically involves the p53 pathway. We recently characterized phenotype-
associated p53 targets in human diploid fibroblast (HDF) using genomic approaches. The 
putative “senescence-specific p53-targets” include some isoforms of the Late Cornified 
Envelope (LCE) 2 genes, encompassed within the region, called epidermal differentiation 
complex (EDC). The EDC is a tissue (skin) specific gene complex, and consistently, it was 
highly heterochromatic in fibroblasts, where the genes in this locus are silenced. We found 
that some LCE2 genes are specifically up-regulated in HDFs during oncogenic HRAS-in-
duced senescence (RIS) in a p53-dependent manner. FISH experiments revealed that the 
EDC region, which is condensed often at the nuclear periphery in a proliferative condition, 
is de-condensed at inter-SAHF regions during RIS. These data suggest that tissue specific 
genes can be activated in ectopic cells/tissues in a senescent context. Functionally, our pre-
liminary data suggest that an increased level of LCE2 proteins in senescent fibroblasts is 
associated with reduced colony formation activity. Since LCE proteins are involved in corni-
fication, we are currently testing a hypothesis that p53 and LCE2 dependent cornification-
like protein crosslinking might contribute senescence phenotype.
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SUMMARY

Senescence is an important tumour suppressor mechanism. To identify genes regulating 
cell senescence that are biologically relevant in cancer, we performed a bypass of senes-
cence screen in fibroblasts using an shRNA library targeting genes frequently deleted in 
human hepatocellular carcinoma. The SWI/SNF subunit ARID1b was identified as top hit. 
SWI/SNF is a complex that remodels chromatin and regulates gene transcription. Loss-of-
function mutations in SWI/SNF genes are highly frequent in cancer, suggesting a tumour 
suppressor role for the complex. However a role for ARID1b in senescence has not been 
previously identified. We show that ARID1b and other SWI/SNF proteins are post transcrip-
tionally induced during both replicative and Oncogene Induced Senescence (OIS). Knoc-
kdown (KD) of ARID1b results in bypass of senescence in both mouse and human cells. 
Transcriptome analysis of RAS-transformed cells with or without shRNA-mediated ARID1b 
KD confirms that ARID1b KD prevents the induction of senescence genes, as well as SWI/
SWF target genes. Ectopic expression of ARID1b induces premature senescence associated 
with an increase in p53, p21 and p16 levels. To identify the genes that mediate ARID1b-in-
duced senescence, we performed a second shRNA screen targeting ARID1b-induced genes 
in OIS. Two of the top hits identified from this screen are genes potentially linked with the 
regulation of oxidative stress. Knocking down their expression prevents RAS- or ARID1b-
induced growth arrest. Cancer sequencing data show that they are targets of inactivating 
mutations or are downregulated in cancer. Altogether the present evidence suggests that 
regulation of senescence by ARID1b-mediated transcription contributes to explain the tu-
mour suppressive properties of the SWI/SNF complex.
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SUMMARY

Senescence is defined in the literature as an irreversible arrest of cell proliferation. Senes-
cent cells are present in sites of age-related diseases such as liver cirrhosis and osteoarthri-
tis. Genome-wide association studies repeatedly link the INK/ARF locus to prevalent age-
related diseases such as coronary heart disease and type 2 diabetes. Recently, a landmark 
paper demonstrated that removal of p16 positive senescent cells in mice prolonged healthy 
lifespan, suggesting a direct link between senescence and age-related dysfunction. There-
fore, the removal of senescent cells in humans could present a unique therapy to prolong 
healthy lifespan and treat age-related disorders.   Previous work in our group investigated 
whether siRNA transfection could reverse deep cellular senescence in p16 positive primary 
adult human epithelial cells (DS-HMECs). p16 siRNA knockdown in DS-HMECs was found 
to reverse senescence, as defined by the loss of a panel of senescence markers. We then 
asked if siRNA transfection can reverse deep replicative senescence in fibroblasts. We dis-
covered that p16 and p21 siRNA knockdown reverses deep senescence in primary human 
adult fibroblasts, which provided the opportunity to screen for novel siRNAs that induce re-
versal in both cell types. Using gene expression arrays, we identified 200 genes with increa-
sed expression in DS-HMECs compared to early proliferating or reversed HMECs. siRNA 
screening in DS-HMECs identified 28 siRNAs which strongly induced the reversal pheno-
type. A siRNA screen was then performed in fibroblasts examining these 28 hits as well as 
known interactors. The results of this will be presented. The hits that emerge from these 
screens may represent novel drivers of senescence.
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SUMMARY

The aging process can be thought of as the net result of an accumulation of damage: un-
repaired DNA damage can compromise the viability and function of cells and tissues they 
reside in. DNA damage is more prevalent in chronologically older compared to young or-
ganisms. Little evidence is available on DNA damage in human aging, but lymphocytes de-
rived from older donors have more DNA damage foci and micronuclei compared to young. 
We aim to further explore the association between in vitro DNA damage markers and the 
age of the donor. Therefore numbers of 53BP1 foci, telomere-associated foci (TAF) and 
micronuclei were measured within cultured fibroblasts obtained from 100 donors of diffe-
rent ages (range 21-91 years). The middle-aged donors are part of the Leiden Longevity 
Study consisting of offspring of nonagenarian siblings with a familial propensity for lon-
gevity and their partners to study the relation with familial propensity for longevity and 
with the presence of cardiovascular disease. Fibroblasts were cultured for 3 days without a 
stressor, and also stressed with 0.6 µM rotenone for 3 days. We found that 53BP1 foci and 
TAF were more frequently present in fibroblasts of older donors compared to middle-aged 
and young donors. No association between the numbers of micronuclei and chronological 
age was found. Additionally, within the cultured fibroblasts of the middle-aged donors we 
did not find associations between 53BP1 foci, TAF and micronuclei with either longevity 
propensity or with cardiovascular disease. Results did not change when fibroblasts were 
stressed in vitro with rotenone. In conclusion, we found that DNA damage foci within cul-
tured fibroblasts are significantly associated with the age of the donor, highlighting the 
importance of DNA damage in human aging.
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SUMMARY

Cancer cells preserve the capacity to undergo therapy-induced senescence (TIS). Howe-
ver, recently it has been shown that presence of senescent cancer cells decreases survival 
rate of patients treated with chemotherapy (Wu et al. 2012). To address the question, why 
senescent cancer cells may reinforce tumor development, we exposed human colon can-
cer HCT116 cells to repeated cycles of doxorubicin. Indeed, in response to the treatment, 
cells exhibited morphological and biochemical hallmarks of TIS. Interestingly, it was co-
rrelated with decreased numbers of CD133+ and CD44+ cells as well as reduced activity of 
aldehyde dehydrogenase (ALDH). Moreover, E-cadherin was upregulated, whereas Snail 
was downregulated, suggesting that cells underwent mesenchymal to epithelial transition 
(MET). Importantly, shortly after drug removal colonies of small and highly proliferative 
cells appeared. They were positive for CD44, CD133, Snail and exhibited high ALDH activity. 
Surprisingly, time-lapse technique revealed that some polyploid, senescent cells carring 
abnormal divisions could be also source of descendants. Outgrowth of progeny correlated 
with upregulation of another stem cell marker Nanog and an increase in CD24+ cells and 
side population. Finally, inhibition of autophagy, the process that could be important for 
cell remodeling, led to accumulation of colon cancer cells in the senescent state and dela-
yed their divisions. Altogether, we conclude that removal of chemotherapeutics results in 
outgrowth of highly proliferative progeny, what is associated with appearance of stem-cell 
like features in senescent cancer cells. Inhibition of autophagy delays their divisions. Sup-
ported by grants no. IP2012 062172 and INTER/ Skills.
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SUMMARY

Global loss of DNA methylation has been implicated in chronological aging and cell se-
nescence, implying the involvement of overall decreased DNA methyltransferase (DNMT) 
activities. DNA methylation occurs mainly at the C5 position of CpG dinucleotides and is 
carried out by two distinct enzymatic activities: maintenance methylation by DNMT1 and 
de novo methylation by DNMT3a and 3b. However, it is not clearly understood how the 
activities of DNMTs are regulated in cell senescence. In this study, we investigated expres-
sion profiles of DNMTs and DNMT1-interacting proteins and their effects on DNMT1 ex-
pression. In the progress of replicative senescence of human diploid fibroblast, DNMT1 
expression specifically decreased from the earlier stage before gain of SA-ß-gal activity, 
a typical senescence marker, whereas DNMT3 expression did not change. Similar results 
were obtained in the stress-induced senescence triggered by exogenous treatment of 
subcytotoxic dose of H2O2. When we examined expression patterns of 53 known DNMT1-
interacting proteins, 19 genes were commonly down-expressed. Among 19 genes, CBX5, 
SUV39H1, EZH2, PARP1, UHRF1, and HELLS were down-expressed at the same time as 
DNMT1 suppression, suggesting that these genes may cooperate with DNMT1 to regu-
late DNA methylation pattern in the progress of senescence. Further detailed studies to 
elucidate the mechanistic link of those genes and their contribution to cell senescence are 
currently under investigation.
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SUMMARY

Background. Oncogene-induced senescence (OIS) is a tumor suppressor mechanism that 
impedes the expansion of early neoplastic cells. However, senescent cells remain viable 
and display a senescence secretome (also known as senescence-associated secretory phe-
notype, SASP, or senescence messaging secretome, SMS) that, paradoxically, includes 
pro-tumorigenic factors. OIS can be triggered by ectopic overexpression of HER2, a recep-
tor tyrosine kinase and the driving oncogene in a subtype of human breast cancer. Howe-
ver, it is not known if senescent cells occur in naturally occurring HER2-positive tumors. 
Methods. Using an approach based on their inability to proliferate, we isolated naturally 
occurring senescent cells from a variety of tumor models including HER2-positive cells, 
transgenic mice and patient-derived xenografts (PDXs). Using different biochemical and 
cell biological techniques, we characterized the secretome of these senescent cells. All P 
values are two-sided. Results. We found that senescent cells are constantly generated in 
different models of advanced breast cancers naturally overexpressing HER2. In these mo-
dels, IL-6 and other cytokines are expressed mainly, if not exclusively, by the naturally oc-
curring senescent cells. Inhibition of IL-6 impairs the growth of HER2-driven tumors. Con-
clusions. Senescent cells can contribute to the growth of tumors by providing cytokines not 
expressed by proliferating cells, but required by these to thrive.
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SUMMARY

Human respiratory syncytial virus (HRSV) accounts for the majority of lower respiratory 
tract infections during infancy and childhood and is associated with significant morbidity 
and mortality. HRSV is a fusogenic virus that induces proliferation arrest and characteristic 
syncytia in cellular systems such as immortalized epithelial cells. We show that HRSV in-
duces DNA damage in cultured cells secondary to the production of mitochondrial reactive 
oxygen species (ROS). The DNA damage foci contained ?H2FAX and TP53BP1, markers of 
double-strand breaks (DSBs). The damage observed is associated with the accumulation of 
senescent cells, displaying canonical senescent phenotype in both monocelular cells and 
syncytia. In addition, we show signs of DNA damage and aging in the respiratory epithelia 
of infected mice. The senescent program and the DNA damage inflicted by HRSV may con-
tribute to the physiopathology of the infection, tissue remodelling and aging. Moreover, it 
might also be responsible for the oncolytic and tumour suppressor activity of cells infected 
by HRSV (7) (8) and influence subsequent morbidity after primary severe infections.



Posters P91

Posttranslational regulation of p14ARF in 
oncogene induced cellular senescence

Aram Ko, Suyeon Han, Jaewhan Song
Yonsei university

Presenting author: Aram Ko

SUMMARY

p14ARF is transcriptionally activated by oncogenic signaling and accelerates cellular senes-
cence via activation of p53 pathway and p53 independent pathway. Transcriptional regula-
tion of p14ARF is well known but its post translational regulation is largely unknown. Re-
cently we reported that p14ARF could be regulated in protein level through ubiquitination 
dependent proteasomal degradation. Here, we identified that p14ARF could be deubiqui-
tinated and stabilized by ubiquitin specific protease. Inhibition of proteasomal degradatio 
of p14ARF by deubiquitination accelerated premature cellular senescence in human fibro-
blast cells, HFF. Furthermore, transcriptionally induced p14ARF by c-myc, which is known 
to induce oncogene induced senescence (OIS), was rapidly degraded when deubiquitina-
tion is blocked. Moreover, c-myc induced cellular senescence were inhibited by prevention 
of p14ARF deubiquitination. Our study suggests that deubiquitination might be crucial in 
OIS by keeping the stability of p14ARF, key regulator of cellular senescence.
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SUMMARY

Deregulation of the RAS/RAF/MAPK pathway is a frequent event during cancer develop-
ment. For instance, about 50% of melanoma harbor activating mutations in BRAF, while 
KRAS mutations occur in approximately 25% of all lung adenocarcinomas. BRAF and KRAS 
mutants are known to cooperate with the oncogene MYC, which is amplified in around 
30 % of lung adenocarcinomas and is often overexpressed in melanoma. Due to the acti-
vation of KRAS/BRAF in these cancers, the BRAFV600E mutant inhibitor vemurafenib as 
well as selumetinib (AZD6244), which inhibits the downstream effector MEK, has recently 
been introduced as novel treatments for these cancers.  The objective of this study was 
to explore whether combined inhibition of MEK or BRAFV600E and MYC could improve 
treatment of lung cancer and melanoma. Our results show that the inhibitors of MYC: MAX 
interactions, 10058-F4 and ToM (Terminator of MYC, a new substance developed by us), 
as well as the BRD4 inhibitor JQ-1, which downregulates MYC transcription, induced pro-
liferation arrest, cell death and senescence to different degrees in a panel of melanoma 
and lung cancer cell lines. Combined treatment with MYC and BRAF/MEK inhibitors led to 
synergistic inhibition of growth in these cell lines. This was preferentially linked to induc-
tion of cellular senescence, characterized by cell cycle arrest and increased expression of 
senescence-associated beta-galactosidase activity, while apoptosis was observed in some 
but not all cell lines depending on drug concentration.  These findings may contribute to 
improved treatment strategies for these cancers in the future.
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SUMMARY

Aims Prostate cancer (PCa) is the second most common cancer in men worldwide. The 
lack of markers stratifying low and high risk PCa patients results in frequent overtreatment 
leading to severe side effects such as incontinence and impotence. Our objective is to in-
vestigate whether cJun acts as tumor suppressor or oncogene in the Pten-deficient PCa 
mouse model. Methods We generated a transgenic PCa mouse model by crossing Pb-Cre4 
mice with mice carrying floxed alleles of Pten and/or cJun (Ptenpc-/-c-Junpc-/-). We analy-
sed PCa development in Ptenpc-/-c-Junpc-/- mice and compared them to Ptenpc-/- and 
wild type mice. We characterized the tumors of the transgenic mice on morphological and 
molocular levels. To prove human relevance of our findings, we analysed cJun expression 
in a large cohort of human patient samples.  Results Concomitant loss of c-Jun and Pten 
leads to early lethality due to unexpected and significantly increased PCa tumor growth 
compared to Ptenpc-/- controls. Ptenpc-/-c-Junpc-/- deficient tumors show increased proli-
feration and decreased apoptosis rates. Furthermore, Ptenpc-/-c-Junpc-/- tumors revealed 
a complete bypass of the senescence response with significantly reduced levels of p16, 
p19ARF and p53. Finally, we show that loss of c-Jun mRNA and protein expression correla-
tes with poor clinical outcome in large cohorts of human PCa patient samples. Conclusion 
We identified c-Jun as an important tumor suppressor in mouse PCa. Ptenpc-/-c-Junpc-/- 
mice showed an early lethality phenotype accompanied by increased proliferation rates 
and loss of apoptosis and senescence. Loss of cJun  expression correlates with poor prog-
nosis in large cohorts of human PCa patients. cJun therefore represents a novel marker to 
stratify high and low-risk PCa patients.
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SUMMARY

Post-mitotic cells have been shown to display senescent-like characteristics. Specifically, 
neurons exhibit elevated SA-?-Gal activity and increased production of pro-inflammatory 
cytokines, in response to persistent DNA damage. Our group showed that a persistent 
DDR can occur at telomeres irrespective of length. We investigated the possibility of te-
lomere dysfunction being associated with senescence in a non-rapidly dividing cell type, 
which is not subject to repeated end-replication problem-associated telomere shortening.  
Whole-body X-irradiation in mice showed induction of a persistent DDR in cardiomyocyte 
telomeres. Live cell imaging revealed that persistent DDR foci could be induced in embr-
yonic cardiomyocytes, which are associated with an increase in SA-?-Gal activity. In vivo, 
both murine and human cardiomyocytes are susceptible to telomeric damage occurring 
irrespective of telomere length. Murine cardiomyocytes show an age-dependent increase 
in: SASP components, p16 and p21, which correlate with telomere dysfunction irrespec-
tive of length. We observed clustering of senescent markers, suggesting the possibility of 
a bystander effect in cardiac tissue. EdU pulse injections in mice showed negligible car-
diomyocyte proliferation, suggesting that cardiomyocyte mitosis is unlikely to lead to te-
lomere dysfunction. We then tested if ROS could drive telomere damage, by increasing 
cardiac levels of hydrogen peroxide, via transgenically overexpressing MAO-A. We show 
that ROS can drive an increase in telomeric damage, which correlates with a decrease in 
heart function, both of which can be rescued with anti-oxidant supplementation.  Our data 
provide evidence that telomere shortening is not the only important molecular phenome-
non pertaining to telomere-related ageing.
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SUMMARY

PML is a tumor suppressor that plays a role in the senescence response of normal cells to 
oncogenes and high cytokines. PML also mediates therapy-induced senescence in acute 
promyelocitic leukemia cells after treatment with retinoic acid. However, many tumor cell 
lines fail to engage a complete senescence response to PML activation. Here, we show that 
the cyclin-dependent kinases CDK4 and CDK6 block PML-induced senescence. Decreasing 
CDK functions by CDK inhibitors (CKI) such as p16INK4 and p21 or with drugs (palboci-
clib or flavopiridol) restored a complete and irreversible senescence response in tumor cell 
lines and abrogated their tumorigenicity in mice. Complete senescence correlated both in 
vitro and in vivo with an increase in autophagy markers. Gene expression analysis of cells 
expressing PML and treated with Palbociclib highlighted further the senescence response 
to PML and CDK inhibition at the level of cell cycle and hormone metabolism but also un-
covered the contribution of reduced DNA methylation. These results provide the basis to 
use CDK4/6 inhibitors and PML as a novel therapeutic strategy to inhibit tumor progression 
via cellular senescence and highlight the importance of engaging epigenetic changes for a 
lounger lasting arrest.
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SUMMARY

Aging is characterized by an inevitable decline of health, a progressive increase in chronic 
diseases, and ultimately death. A key hallmark of aging is the accumulation of senescent 
cells, which are damaged cells that have lost the ability to divide. The genetic elimination 
of senescent cells in an experimental model of progeria attenuated the progression of age-
related disorders, indicating that cellular senescence directly contributes to organismal 
aging. However, why senescent cells accumulate in aged tissues and organs is still unclear. 
Our central hypothesis is that the accumulation of senescent cells in aged tissues is due to 
a defective clearance. This reduced ability to clear senescent cells could be due to the pro-
duction of an altered SASP that is incapable of triggering the elimination of senescent cells 
in aged tissues and/or the reduced fitness of aged immune cells. By combining established 
in vitro and in vivo systems optimized for the study of senescent cell clearance, transcrip-
tional and proteomic profiling, RNA interference technology, and human samples, we will 
determine the contribution of SASP and the immune system to the accumulation of se-
nescent cells in aged organisms. Results from these studies will provide a translational and 
mechanistic framework for better understanding aging, and may generate strategies to 
modulate senescent cell clearance with anti-aging purposes that could be translated into 
other settings, such as liver fibrosis and cancer prevention.
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SUMMARY

Cellular senescence resulting from multiple rounds of cell proliferation (replicative senes-
cence) provides an important anti-cancer mechanism. However, as senescent cells cannot 
undergo proliferation they are unable to contribute to tissue maintenance and repair. Mo-
reover, accumulation of senescent cells over time without efficient immune clearance can 
lead to problems including loss of tissue integrity through secretion of matrix remodelling 
enzymes, and a state of chronic inflammation through production of immumodulatory sig-
nals including IL-6 and TNF-alpha. This senescence-associated secretory phenotype may 
have evolved to function in physiological tissue remodelling but in older individuals is likely 
to lead to dysfunction and frailty.   We have conducted a longitudinal quantitative SILAC 
proteomics study to identify factors that may act as drivers of senescence. As well as prote-
ins implicated in cell cycle proliferation control and DNA replication, we find that cytoske-
letal remodelling factors are markedly changed as cells become senescent.   In addition, we 
have investigated the impact of inhibition of mTOR signalling on cell senescence at the cell 
and molecular level. We find that chronic inhibition of mTORC1 markedly extends the re-
plicative lifespan of primary human diploid fibroblasts; accumulation of markers of senes-
cence is concomitantly postponed. Thus we have delayed the onset of cellular senescence 
using pharmacological agents.   Excitingly, acute administration of one pharmacological 
agent results in marked phenotypic changes suggestive of a shift back to a ‘younger’ cell 
morphology and biochemistry. Thus we conclude that factors acting on the TOR signalling 
pathway can both delay the onset of and partially reverse cellular senescence.
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SUMMARY

Cardiovascular diseases (CVD) are the leading cause of death worldwide. An important 
hallmark and prognostic factor of CVD is cardiac fibrosis leading to mechanical stiffness, 
electrical uncoupling and cardiac ischemia. Recent studies have demonstrated a key role 
for premature senescence in liver and skin fibrosis and identified Cystein-rich 61 protein 
(CCN1) as important mediator of senescence.  To investigate the pathophysiological role of 
CCN1-mediated premature senescence in cardiac fibrosis, two established murine models 
of cardiac fibrosis, transaortic constriction (TAC) and cardiomyocyte-specific beta1 adre-
nergic receptor transgenic mice (beta1-TG), were analyzed. Senescence marker p16INK4a, 
p21CIP1/WAF1 and senescence associated-ß-galactosidase were increased 15-, 2-and 
4-fold, respectively, in the fibrotic areas six weeks after TAC (n=5-7; p<0.01). Immunofluo-
rescence and reatime PCR analysis identified 95% of senescent cells positive for fibroblast 
marker vimentin and PDGFR (n=3-9; p<0.001). Similar results were observed in the beta1-
TG model. AAV9-mediated heart-specific overexpression of CCN1, but not a dominant ne-
gative CCN1-DM, resulted in a 4-fold increase of premature senescence (n=3-9; p<0.05) 
and 50% reduction of perivascular cardiac fibrosis after TAC (20% vs. 10%; n=3-9; p<0.01). 
Of note, cardiac function was significantly improved in mice with CCN1-induced senes-
cence when compared to CCN1-DM or mock controls (ejection fraction: 35% vs. 29% vs. 
20%, n=7-10, p<0.05).  Our results demonstrate a critical role of CCN1-mediated premature 
senescence in cardiac fibrogenesis. Pharmacological modulation of senescence mecha-
nisms might provide a novel therapeutic target for the treatment of CVD.
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SUMMARY

FOXM1 has been implicated in taxane-resistance but the molecular mechanism involved 
remains elusive. In here, we show that FOXM1-depletion can sensitize breast cancer cells 
and MEFs into entering paclitaxel-induced senescence, with the loss of clonogenic ability, 
and the induction of senescence-associated ß-galactosidase activity and flat-cell morpho-
logy. We also demonstrate that FOXM1 regulates the expression of the microtubulin-as-
sociated kinesin KIF20A at the transcriptional level directly through a Forkhead response 
element (FHRE) in its promoter. Similar to FOXM1, KIF20A expression is downregulated 
by paclitaxel in the sensitive MCF-7 breast cancer cells and deregulated in the paclitaxel-
resistant MCF-7TaxR cells. KIF20A depletion also renders MCF-7 and MCF-7TaxR cells 
more sensitive to paclitaxel-induced cellular senescence. Crucially, resembling paclitaxel 
treatment, silencing of FOXM1 and KIF20A similarly promotes abnormal mitotic spindle 
morphology and chromosome alignment, which have been shown to induce mitotic catas-
trophe-dependent senescence. The physiological relevance of the regulation of KIF20A by 
FOXM1 is further highlighted by the strong and significant correlations between FOXM1 
and KIF20A expression in breast cancer patient samples.  Statistical analysis reveals that 
both FOXM1 and KIF20A protein and mRNA expression significantly associates with poor 
survival, consistent with a role of FOXM1 and KIF20A in paclitaxel action and resistance. 
Collectively, our findings suggest that paclitaxel targets the FOXM1-KIF20A axis to drive 
abnormal mitotic spindle formation and mitotic catastrophe and that deregulated FOXM1 
and KIF20A expression confers paclitaxel resistance. These findings provide insights into 
the underlying mechanisms of paclitaxel resistance.
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SUMMARY

While the human genome encodes genetic information in its linear sequence, precise spa-
tio-temporal execution of gene expression programs is heavily influenced by its 3D orga-
nization. Cellular senescence is the physiological outcome of primary cell expansion, both 
in vitro and in vivo, and is accompanied by marked gene expression changes. However, the 
structure-to-function relationship of chromatin in senescence remains poorly characteri-
zed. Until now focus was mostly kept on replicative arrest, but we argue that there exist 
additional gene expression features that underscore senescence and 3D chromatin reorga-
nization. To affirm this we drove human endothelial cells to replicative senescence, perfor-
med ultra-deep RNA sequencing to assess transcriptional changes, while also using high-
density arrays to identify genome-wide changes in DNA methylation. Analysis returned (i) 
a set of novel differentially-regulated DNA-binding factors that may affect chromatin con-
formation and suppress transcription, and (ii) a list of hypomethylated intergenic regions 
that carry regulatory potential, based on histone mark profiles. We also used a genome-
wide variant of the chromosome conformation capture technology, “Hi-C”, to identify 
global changes in 3D chromatin organization. We generated and analyzed >5 billion reads 
from proliferating and senescent endothelial cells; the gain/loss of spatial interactions and 
the shift in topological domain boundaries correlated with loci exhibiting gene expression 
and methylation changes. Results differ to those obtained using oncogene-induced senes-
cence, especially as endothelial cells do not form senescence-associated foci. Finally, this 
genomics approach was repeated in IMR90 fibroblasts, and results confirmed observations 
from endothelial cells.
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SUMMARY

Among damage-induced cell fates, cancer therapies can trigger cellular senescence in nor-
mal and tumor cells. The subsequent senescence-associated (SA) phenotypes like growth 
arrest and inflammatory secretions impact tissue homeostasis in a context-dependent 
manners. Identifying SA signaling pathways could help optimize beneficial SA effects while 
negating detrimental ones, thereby improving cancer therapies. Following genotoxic can-
cer therapies, the SA secretory phenotype (SASP) is normally triggered and maintained by 
chromatin alterations to persistent DNA double-strand breaks termed DNA-SCARS. Inter-
estingly, chemotherapeutic drugs like histone deacetylase inhibitors (HDACi) that cause 
chromatin stress but not necessarily DNA damage can also trigger SA growth arrest and 
SASP-like cytokine secretion (IL-6 and IL-8). Here we show that HDACi rapidly trigger an 
ATM-dependent SASP without DNA-SCARS, demonstrating that chromatin stress can sti-
mulate the DNA damage response (DDR) independently of direct DNA damage. The SASP 
induced by HDACi treatment occurred rapidly within hours, compared to that induced 
using direct DNA damage, which needed several days to take place. In both cases, binding 
of the DDR MRN and NuA4-like histone acetyltransferase KAT5/TRRAP complexes on the 
chromatin were required, connecting them with SA chromatin stress DDR. Finally, HDACi 
triggered a full chromatin stress induced senescent phenotype in human normal and can-
cer cells, illustrating that cancer cells are also susceptible to this type of senescence. Since 
HDACi are used to treat multiple human cancers, we propose that chromatin stress indu-
ced DDR-mediated SASP may contribute to the clinical outcomes of cancer therapy and 
may provide another pharmaceutical target to regulate SA phenotypes.
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SUMMARY

Prostate cancer (PCa) is the most prevalent cancer in men. Hyperactive STAT3 is thought 
to be oncogenic in PCa. However, targeting of the IL-6/STAT3 axis in PCa patients failed to 
provide therapeutic benefit. Here, we show that genetic inactivation of IL-6 or Stat3 signa-
ling in a Pten-deficient PCa mouse model accelerates cancer progression leading to me-
tastasis. Mechanistically, we identify p19ARF as a novel direct Stat3 target. Loss of Stat3 
signaling disrupts the ARF-Mdm2-p53 tumor suppressor axis bypassing senescence. Stri-
kingly, we also identified novel STAT3 (2.5%) and CDKN2A (2.3%) mutations in primary hu-
man PCa. STAT3 and CDKN2A deletions co-occurred with high frequency in PCa metasta-
ses. In accordance,loss of STAT3 and p14ARF expression in patient tumors correlates with 
increased risk of disease recurrence and metastatic PCa.Thus, STAT3 and ARF are sensitive 
prognostic markers to stratify high from low risk PCa patients. Our findings challenge the 
current discussion on therapeutic benefit or risk of IL-6/STAT3 inhibition.
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SUMMARY

The main characteristic of senescence is its stability relying on the persistence of DNA da-
mage. We show here that unlike fibroblasts, epithelial cells such as keratinocytes and mam-
mary cells do not activate at senescence an ATM/ATR-dependent DNA Damage Response 
(DDR), but accumulate oxidative-stress induced DNA Single-Strand Breaks (SSBs). These 
breaks remain unrepaired because of a decrease in PARP1 expression and activity. This 
leads to the persistence of XRCC1 foci which engage a signalization involving the p38MAPK 
and leading to p16INK4A up-regulation and cell cycle arrest. This accumulation of SSBs is 
in addition responsible for the systematic emergence of post-senescent precancerous cells 
which are transformed and mutated. In skin, XRCC1 foci accumulate with age in epidermal 
keratinocytes in correlation with a loss of PARP1, whereas DDR foci accumulate mainly in 
dermal fibroblasts. These findings point SSBs as a DNA damage encountered by epithelial 
cells with aging which could fuel the very first steps of carcinogenesis.



PostersP104

Immunesurveillance of senescent cells - why do 
senescent cells accumulate with age?

Branca Isabel Pereira, Arne Akbar
University College London

Presenting author: Branca Isabel Pereira

SUMMARY

Recent studies indicate that senescent cells may be targeted and cleared by the immune 
system, in particular by NK cells. However, the immunesurveillance of senescent cells is 
not totally efficient and senescent cells may reside in tissues for decades without stimula-
ting an immune response, as in human melanocytic nevi (Michaloglou et al., 2005). In this 
study we investigate possible inhibitory mechanisms to explain how senescent cells evade 
the immune system. To study the immunesurveillance of senescent cells we developed an 
autologous co-culture system using primary human fibroblasts derived from skin and T/
NK cells isolated from the blood of healthy donors. To induce senescence, fibroblasts were 
treated with ionizing radiation as previously described. Senescent fibroblasts up-regulate 
the expression of stress-induced ligands like MICA/B that activate NKG2D in NK and also 
CD8+ T cells, inducing cytotoxicity. However senescent fibroblasts also up-regulate HLA-E, 
a non-classical MHC-I molecule, which is the ligand for the inhibitory receptor NKG2A pre-
sent on NK cells and highly differentiated CD8+ T cells, inhibiting cell killing. The expression 
of HLA-E on senescent fibroblasts is regulated by the p38 MAPK signaling and mediated 
by soluble SASP factors. Using the co-culture system we observed that lysis of senescent 
cells is enhanced after HLA- E/NKG2A blockade.  This work extends earlier observations 
from other groups indicating that senescent cells can be targeted by the immune system, 
demonstrating for the first time that not only the NK cells but also CD8+ T cells play an im-
portant role in the immunesurveillance of senescent cells. We suggest that the up-regula-
tion of HLA-E on senescent fibroblasts may represent an important mechanism of immune 
evasion.
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SUMMARY

Studies from our group revealed that the primary reason why oncogene expressing cells 
in culture and in a number of human cancer precursor lesions undergo senescence, is be-
cause their telomeres had become dysfunctional due to oncogene-induced replication 
stress (OIRS). In cultured cells, oncogene-induced senescence was destabilized by ecto-
pic expression of hTERT, the catalytic subunit of telomerase. High hTERT activity is also 
observed in cells of over 90% of human cancers, but not in early and senescent neoplastic 
lesions, raising the possibility that hTERT reactivation also facilitates senescence bypass in 
vivo. Here we will demonstrate that senescence, caused due to oncogenic Ras, BRaf, and 
Cdc6, is stabilized by telomere dysfunction. Following a prolonged period in senescence, 
however, HRas and BRaf expressing cells continued to proliferate while retaining functional 
DNA damage responses. Surprisingly, we discovered high levels of endogenous hTERT ac-
tivity in senescence bypassers that was sufficient to allow malignant transformation in the 
presence of viral oncoproteins. High hTERT activity was a consequence of c-Myc media-
ted hTERT transcription. Inhibiting c-Myc or the telomeric function of endogenous hTERT, 
rapidly induced telomere dysfunction and led to growth arrest in senescence bypassers. 
hTERT inhibition in cancer cell lines specifically harboring Ras and BRaf mutations also led 
to telomere dysfunction and proliferative defects. Overall, our data demonstrates that, 
while initially triggering senescence, persistent MAP kinase signaling eventually leads to 
senescence bypass due to hTERT reactivation. Our data reveal important insights into the 
mechanisms that mediate hTERT reactivation during human cancer progression.
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SUMMARY

 Cellular senescence is a process closely linked to ageing, loss of tissue homeostasis and or-
gan degeneration. We aimed to identify miRNAs which counteract replicative senescence 
at the cellular level and might revert aging phenotypes in vivo. A genome library of 879 
human miRNA mimics was used for a high throughput screen using high content micros-
copy to search for miRNAs able to restore a high replicative phenotype in WI-38 human 
diploid fibroblasts approaching senescence. Screening endpoints were the simultaneous 
analysis of the nucleotide analogue EdU incorporation as a measure of cell proliferation, 
and the cell cycle kinase inhibitor p21 as an indicator of G1 cell cycle arrest. We identified 20 
miRNAs which exert a strong replicative effect on senescent cells (up to 40% EdU-positive 
cells compared to a basal incorporation of <10%) while markedly reducing p21 levels. Cells 
treated with these miRNAs were less enlarged, had decreased expression of p16 and re-
verted their senescence-associated secretory phenotype. Accumulation of lipofuscin and 
expression of senescence-associated beta galactosidase was also reduced. Remarkably, all 
of the identified miRNAs were capable of exerting their pro-proliferative action even in the 
absence of serum. Current work focuses on the identification of the mRNA targets for the 
most potent miRNAs identified. In addition, there is an ongoing assessment of the effect of 
miRNA expression in vivo in mouse models of muscle ageing and wound healing. Besides 
providing important information on the molecular mechanisms underlying cellular senes-
cence, these miRNAs might constitute a new class of nucleic acid therapeutics to combat 
tissue degeneration in ageing.
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SUMMARY

Hyperphosphatemia has been related with chronic kidney disease (CDK) and with aging. A 
pathology linked to CDK and aging is sarcopenia characterized by loss of mass and muscu-
lar force. Senescent cells can show impaired protein homeostasis. We analyze whether high 
extracellular phosphate concentration induces cellular senescence in skeletal muscle cells 
and whether senescent cells show impaired protein homeostasis.    Cultured murine myo-
blast C2C12 cells were treated with 10mM beta-glycero-phosphate (BGP) as phosphate do-
nor for 24, 48 or 72h. Results showed that BGP treatment increased the expression of p53, 
p21 and p16, assessed by western blot, and augmented the percentage of senescent cells, 
identified by the senescence associated-beta-galactosidase activity measured by confocal 
microscopy,  using  a fluorogenic  substrate. This effect was abolished when cells were trea-
ted with BGP in presence of phosphonoformic acid, an inhibitor of the Na-Pi transporter,  
indicating that senescence was dependent of the BGP uptake. BGP also  down-regulated  
the proteosoma activity, evaluated by using a specific fluorogenic substrate, and autopha-
gia showed by a increase in p62 expression and the increased expression of LC3I respect 
to LC3II expression, both analyzed by western blot. Regarding to calpain activity, assessed 
by using a specific fluorogenic substrate, BGP increased total calpain activity and calpain 
3, 2 and 1 expression, analyzed by western blot. In conclusion, hyperphosphatemia indu-
ces cellular senescence in cultured skeletal muscle cells. Senescent cells show a fall in the 
proteolitic activity of proteosoma and autophagia and an increase in the calpain activity. 
This impaired protein homeostasis could be involved in the progression of aging related 
sarcopenia.
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