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○

Invited Speakers 
*James L. Kirkland (USA) 
*John M. Sedivy (USA) 
Andrea Ablasser (Switzerland) 
Katherine M. Aird (USA) 
Arne Akbar (UK) 
Darren J. Baker (USA) 
Dmitry V. Bulavin (France) 
Judith Campisi (USA) 
Marco Demaria (Netherlands) 
Raffaella Di Micco (Italy) 
Jesus Gil (UK) 
Eric Gilson (France) 
Eiji Hara (Japan) 
Jin-Hong Kim (Korea) 
Guang-Hui Liu (China) 
Scott W. Lowe (USA) 
Tohru Minamino (Japan) 
Makoto Nakanishi (Japan) 
Masashi Narita (UK) 
Emi Nishimura (Japan) 
Naoko Ohtani (Japan) 
Paul Robbins (USA)  
Clemens Schmitt (Germany) 
Manuel Serrano (Spain) 
Sheila A. Stewart (USA) 
Yasuhiro Yamada (Japan) 
Tamotsu Yoshimori (Japan) 
 
*Keynote speakers 
 

Organizing Committee 
Eiji Hara (Osaka University, Japan) 
Tohru Minamino (Juntendo University, Japan) 
Naoko Ohtani (Osaka City University, Japan) 
Manuel Serrano (Institute for Research in Biomedicine Barcelona, Spain) 
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◆Live Streaming

Please click on the URL displayed after registration.
※※Zoom is required to install this app.

Windows
・Google Chrome
・Mozilla Firefox
・Microsoft Edge

Mac
・Safari
・Google Chrome
・Mozilla Firefox

Recommended
system requirements
※※latest version

CONTENT VIEWING METHOD

Please access the URL above and enter 
the password that we sent you in advance.1 Please click the URL to register Zoom.2

Please access the URL above and enter 
the password that we sent you in advance.1 From the video list, click on the name of the 

video you want to watch.2

3

VIDEO VIDEO VIDEO VIDEO VIDEO

Day1_oooo.oooo Day1_oooo.oooo Day1_oooo.oooo Day1_oooo.oooo Day1_oooo.oooo

Please turn off the microphone and camera for viewing.
If you have any questions, please press “Raise your 
hand” from the reaction. Then, when the chairperson 
calls your name, please turn on the camera and 
microphone and ask your questions.

4

https://program-share.com/en/X3VrWL1l84k8sVOxePZH/protect

◆ Video on Demand
■Poster Presentation
https://vimeo.com/showcase/icsa2020

■On-demand video after the event
https://vimeo.com/showcase/icsa2020-ondemand
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◆Coffee Break Room (by oVice)

Coffee Break Room (by oVice)
Information on how to participate

Please access the URL above and enter 
the password that we sent you in advance.11

Give your browser access to your microphone
and Camera🎙🎙🎙🎙🎙🎙22

33

Windows
・Google Chrome
・Mozilla Firefox
・Microsoft Edge

Mac
・Safari
・Google Chrome
・Mozilla Firefox

Recommended
system requirements
※※latest version

https://6thicsa.ovice.in/

*Please start after quitting 
the Zoom used in the lecture.

To unmute, click on the microphone icon 
from the bottom menu bar or hit 'spacebar' 
key for a shortcut.

44

The range where your voice can travel 
is governed by the faded black circle 
(When you click on your avatar and 
drag it slightly, you can check the 
voice range).

55 66

https://ovice.notion.site/Basics-Guide-5f329c4f57004bfe98e00098a3b56553
Click here for detailed usage

11
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Conference Information 
Registration Fee and Category 

 ICSA Member Non Memeber 
Standard On-site: JPY 25,000 On-site: JPY 35,000 

Online:JPY 10,000 Online:JPY 20,000 
Student On-site: JPY 15,000 On-site: JPY 20,000 

Online:JPY 5,000 Online:JPY 10,000 
Industrial On-site: JPY 35,000 On-site: JPY 45,000 

Online:JPY 15,000 Online:JPY25,000 
*All fees are in Japanese Yen 
There are two ways to participate： 

1. Online participation 
2. On-site participation 

* Both of them are required to register in advance. 
* All of the sessions will be held in English. 

The Conference Program will consist of: 
• Keynote lectures (Hybrid) 
• Invited speakers talks (Hybrid) 
• Short talks selected from the submitted abstract (Hybrid) 
• Poster sessions (Virtual only) 

Pre-recorded videos of poster presentations will be available for viewing and questions should be 
sent directly to the poster presenter via e-mail. 

• Luncheon seminar (sponsored by Japanese Society of Anti-Aging Medicine) (Hybrid) 
• Meet the Editor (Nature Metabolism) (Hybrid) 
• General assembly (Hybrid) 
 

1. Online participation 
It will be held using "zoom meeting". 
The password to enter the Zoom meeting will be sent to you by e-mail. 
See page 10 for instructions on how to connect. 
 
■Live Streaming 

https://program-share.com/X3VrWL1l84k8sVOxePZH/protect?openExternalBrowser=1 

■Poster Presentation 

https://vimeo.com/showcase/icsa2020 

■Video-on-demand 

https://vimeo.com/showcase/icsa2020-ondemand 
 

 

2. On-site participation 
We will take strict measures to prevent the outbreak in the venue. 
The number of on-site participants is limited, there is a possibility that registration will be closed earlier 
than the deadline. 
 
Rules for On-site Participation 
* All on-site (face-to-face) participants will be required to present a certificate of vaccination approved by 
the FDA, EMA, or the Japanese government, and are required to wear a mask and take other infection 
prevention measures required by the organizer at the venue. 
 
* On-site participants will also have access to live streaming. 
 
■On-Site Wi-Fi connection ID & Password 

SSID：FREE-OICC 

pass：grandcube 
 

* For both online and on-site participants, photography and audio/visual recording are 
prohibited in all talks and poster presentations at this conference. 

* All participants can access the videos of all talks and poster presentations between December 12, 2021, to 
January 5, 2022. 

* Keynote, Invited and short talks: from next day of presentation to January 5, 2022. 

* You will receive an e-mail with the password you need to view the videos. 

 
Coffee Break Room 
Both Online and On-site participants will have access to a virtual coffee break room (oVice) during coffee 
break time.  See page 11 for instructions on how to use it. 
 
Young Investigator Award 
Excellent Poster will be awarded as “ Young Investigator Award”. 
The award ceremony will be held at the General Assembly on December 15th at 16:00 (JST). 
 
Contact us  The 6th ICSA Conference Secretariat:  icsa2020japan@gmail.com  
http://www.icsa2020-osaka.jp/index.html  
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On-site Venue
The Osaka International Convention Center 
(Grand Cube Osaka)

Address:5-3-51, Nakanoshima Kita-ku, Osaka 530-0005 JAPAN
Tel：+81-6-4803-5555
Fax：+81-6-4803-5620
Location：■From Kansai International Airport

Approx.55 minutes to Osaka Station on the JR Line
Approx 60 minutes to the Osaka Station by airport limousine bus

■From Osaka International Airport(Itami Airport)
Approx 30 minutes to Osaka Station by airport bus
■From Shin-Osaka Shinkansen(Bullet Train) Station

Transfer to the JR local line at Shin-Osaka Station,and disembark at Osaka Station
(approx.5 minutes)

URL : https://www.gco.co.jp/en/
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○

Ricardo Iván 
Martínez Zamudio

José Américo Nabuco 

【Program】

Daniel Muñoz-Espin

Scientific Program 
 

Day 1. Sunday, December 12, 2021                                             
 
15:00-15:15 Opening Remarks 

Manuel Serrano (Institute for Research in Biomedicine Barcelona, Spain) 
 
Session 1:  Senescence & diseases                             
Chairs: Manuel Serrano (Institute for Research in Biomedicine Barcelona,Spain) 

Masaki Takasugi (Osaka City University Graduate School of Medicine,Japan) 
       
 
 
15:15-15:45 S1-01: Manuel Serrano 

 (Institute for Research in Biomedicine Barcelona, Spain) 
   『Interplay between senescent cells and the adaptive immune system』 
  
15:45-16:00 S1-02: Ignacio Palmero 
(Short talk)           (Instituto de Investigaciones Biomédicas,Spain) 
             『Investigating the role of senescence in developmental disorders』 
 
16:00-16:30 S1-03: Clemens Schmitt 

(Charité - Universitätsmedizin Berlin (CVK),  
and Max-Delbrück-Center for Molecular Mediciney, Germany) 

       『Virus-induced senescence connects SARS-CoV-2 to severe COVID-19』 
 
                                                                                       
 
16:30-17:00    Coffee Break 
                                                                                       
 
 
17:00-17:30 S1-04: Dmitry V. Bulavin 
                  (Institute for Research on Cancer and Aging of Nice, INSERM, Universite´ Coˆ te 

d’Azur, CNRS, France) 
            『Exploring the 3R senescence rule: Remove and Replace to Rejuvenate』 
 
17:30-17:45    S1-05: Ryan James Wallis 
(Short talk)          (Queen Mary University of London,UK)  

   『Senescence-associated morphological profiles (SAMPs): An Imaged-based phenotypic 
profiling method for evaluating the heterogeneity of senescence』 

 
17:45-18:15    S1-06: Marco Demaria 
                   (European Research Institute for the Biology of Aging, Netherlands) 
             『To die or to senesce: the role or PARP1 in determining cell fate and its implication in 

 tissue injury』 
 

                                                                               
 
18:15-18:30    Preparation time 
                                                                               
   
 
18:30-20:30    Welcome Reception at 12F Foyer Hall  
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Scientific Program 

Day 2. Monday, December 13, 2021                                               
Keynote lecture 1                 
Chair: Tohru Minamino (Juntendo University, Japan) 
 
08:30-09:15 James L. Kirkland 
               (Mayo clinic, USA) 
           『Aging, Cellular Senescence, and Senolytic Drugs: The Path to Translation』 
 
Session 2:   Senolysis          
Chairs: Judith Campisi (Buck Institute for Research on Aging, USA)  
      Tamotsu Yoshimori (Osaka University, Japan) 
 
 
09:15-09:45     S2-01: Paul Robbins 
                    (University of Minnesota Medical School , USA)  
              『Targeting cellular senescence to extend healthspan and resilience』 
 
09:45-10:00     S2-02: Koichiro Kawaguchi  
(Short talk)           (Research Institute, National Center for Geriatrics and Gerontology, Japan) 

『Senescence-dependent ectodomain shedding of E-cadherin promotes cancer 
metastasis.』 

 
                                                                                        
 
10:00-10:30    Coffee Break 
                                                                                        
 
 
10:30-11:00     S2-03: Judith Campisi 
                    (Buck Institute for Research on Aging, USA) 

『Cellular senescence: In search of a happy ending』 
 
11:00-11:15     S2-04: Yuki Saito 
(Short talk)           (Sapporo Medical University, Japan) 

『Fisetin improved depressive behavior in murine lupus by decreasing senescent neural 
cell』 

   
11:15-11:30     S2-05: Masaki Takasugi 
(Short talk)           (Osaka City University, Japan) 
             『Comparative study of aging identified novel stress response regulatory 

pathways controlled by HA and CD44』 
 
11:30-12:00     S2-06: Tohru Minamino 
                     (Juntendo University, Japan) 
              『Targeting senescent cells for the treatment of lifestyle-related disease』 
 
                                                                                  
12:00-12:45    Luncheon seminar  
 
Chair : Makoto Nakanishi (University of Tokyo, Japan) 
 

Hiroshi Ito (Keio University School of Medicine, Japan) 

『Impact of DNA damage/repair and epigenetic alterations on renal aging』 

                                                                                       
 
 

                                                                                  
 
12:45-13:30    Lunch 
                                                                                  
 
Poster viewing        
 
13:30-15:00 
 
Session 3:  Senescence & Cancer                               
Chairs: Masashi Narita (Cancer Research UK Cambridge Institute, UK) 
      Tomonori Matsumoto (Osaka University, Japan) 
 
 
15:00-15:30    S3-01: Tamotsu Yoshimori 
                    (Osaka University, Japan) 
             『Autophagy in Aging』 
 
15:30-15:45    S3-02: Valentin Estevez-Souto 
(Short talk)           ( Health Research Institute of Santiago de Compostela - Cell Senescence, Cancer 

and Aging, Spain) 
             『Dissecting the relative contribution of extracellular vesicles to paracrine senescence 

during cancer chemotherapy』 
 
15:45-16:15    S3-03: Eric Gilson 

(University Côte d'Azur, France) 
『Selective pericentromeric heterochromatin dismantling caused by TP53 activation during 

senescence』 
 
                                                                                       
 
16:15-16:45    Coffee Break 
                                                                                       
 
 
16:45-17:15    S3-04: Masashi Narita 
                    (Cancer Research UK Cambridge Institute, UK) 

『Senescence spectrum and oncogenic dosage in early tumorigenesis』 
 
17:15-17:30    S3-05: Daniel Muñoz-Espin 
(Short talk)           (University of Cambridge, UK) 

『Tumour-promoting effects of oncogene and chemotherapy-induced senescence in lung 
cancer progression: senolytic opportunities』 

 
17:30-18:00    S3-06: Jesus Gil 

(Imperial College London, UK) 
『3-deazaadenosine (3DA) alleviates senescence to promote cellular fitness and therapy 
efficiency』 

 
Meet The Editor     
 
18：00-19：00 
 

Dr. Christoph Schmitt 
 

(Editor in chief, Nature Metabolism) 
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Scientific Program 

Day 3.  Tuesday, December 14, 2021                                               
 
Session 4:  Senescence clearance & disease phenotype
Chairs: Sheila A. Stewart (Washington University School of Medicine in St. Louis, USA) 

Akiko Takahashi (Japanese Foundation for Cancer Research, Japan) 
 
08:30-09:00 S4-01: Scott W. Lowe  

(Memorial Sloan Kettering Cancer Center, USA) 
『Immune surveillance of senescent cells』 

 
09:00-09:30 S4-02: Sheila A. Stewart 

(Washington University School of Medicine in St. Louis, USA) 
『Age-related changes in the tumor microenvironment drive tumor progression』 

 
09:30-10:00    S4-03: Darren J. Baker   

(Mayo Clinic, USA) 
『Clearance of p16Ink4a-positive cells delays early-onset lung tumorigenesis』 

 
                                                                                         
  
10:00-10:30    Coffee Break 
                                                                                         
 
 
10:30-11:00    S4-04: Jin-Hong Kim 

(Seoul National University, Korea) 
  『Senescence as an underlying mechanism for cartilage loss and chronic inflammation in 

osteoarthritis』 
 
11:00-11:15    S4-05: Ricardo Iván Martínez Zamudio 
(Short talk)           (Rutgers Cancer Institute of New Jersey, USA) 

『Dynamic multiomic profiling reveals oncogene-induced senescence as a transitional cell 
fate』 

  
11:15-11:30    S4-06: Takahiro Suezawa 
(Short talk)          (Graduate School of Medicine, Kyoto University, Japan) 

『Cellular senescence in a pulmonary fibrosis model using human pluripotent stem cell-
derived alveolar organoids』 

 
11:30-12:00    S4-07: Makoto Nakanishi 

(University of Tokyo, Japan) 
『Role of stromal p16-positive cells in cancer progression』 
 
 

                                                                                  
12:00-12:45    Luncheon seminar  
Chair: Naoko Ohtani (Osaka City University, Japan) 
 
Hidekazu Yamada (Kindai University Anti-Aging Center, Japan) 

『DNAm clocks and aging clocks』 
                                                                                       
                                                                                       
 
12:45-13:30    Lunch 
                                                                                       
 

 
Poster viewing          
 
13:30-15:00 
 
Session 5:  Senescence and Immunity    
Chairs: Andrea Ablasser (Swiss Federal Institute of Technology in Lausanne, Switzerland) 

Marta Kovatcheva (Institute for Research in Biomedicine Barcelona, Spain) 
 
15:00-15:30 S5-01: Naoko Ohtani 
                    (Osaka City University, Japan) 
             『The role and the mechanism of SASP in tumor microenvironment of obesity-associated liver 

cancer』 
 
15:30-15:45    S5-02: Meriem EL OUAFY 
(Short talk)          (Faculte de Medecine, Vandoeuvre-les-Nancy, France) 

『Relationship between bone marrow mesenchymal stromal cells (MSCs)  senescence and 
clinical evolution of AML and MDS patients after hematopoietic stem cells (HSC) 
transplantation』 

 
15:45-16:15     S5-03: Raffaella Di Micco 

(San-Raffaele-Telethon Institute for Gene Therapy, Italy) 
『Cellular Senescence: an unintended twist for gene and cell therapy applications』 

                                                                                  
 
16:15-16:45    Coffee Break 
                                                                                  
 
 
16:45-17:15     S5-04: Andrea Ablasser 

(Swiss Federal Institute of Technology in Lausanne, Switzerland) 
『The cGAS-STING pathway as a driver of aberrant inflammation』 

 
17:15-17:30     S5-05: Christos Kiourtis 
(Short talk)            (CRUK Beatson Institute for Cancer Research, UK) 

『Inter-organ transmission of hepatocellular senescence via the TGFβ 
signalling pathway』 

     
17:30-18:00     S5-06: Arne Akbar  

(University College London, UK) 
『Altered cellular interactions lead to decreased immunity during ageing』 
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『DNAm clocks and aging clocks』 
                                                                                       
                                                                                       
 
12:45-13:30    Lunch 
                                                                                       
 

 
Poster viewing          
 
13:30-15:00 
 
Session 5:  Senescence and Immunity    
Chairs: Andrea Ablasser (Swiss Federal Institute of Technology in Lausanne, Switzerland) 

Marta Kovatcheva (Institute for Research in Biomedicine Barcelona, Spain) 
 
15:00-15:30 S5-01: Naoko Ohtani 
                    (Osaka City University, Japan) 
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(San-Raffaele-Telethon Institute for Gene Therapy, Italy) 
『Cellular Senescence: an unintended twist for gene and cell therapy applications』 
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16:45-17:15     S5-04: Andrea Ablasser 

(Swiss Federal Institute of Technology in Lausanne, Switzerland) 
『The cGAS-STING pathway as a driver of aberrant inflammation』 

 
17:15-17:30     S5-05: Christos Kiourtis 
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『Inter-organ transmission of hepatocellular senescence via the TGFβ 
signalling pathway』 

     
17:30-18:00     S5-06: Arne Akbar  

(University College London, UK) 
『Altered cellular interactions lead to decreased immunity during ageing』 
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『EXPLORATION OF THERAPY-INDUCES SENESCENCE AND ITS 
PHARMACOLOGICAL MANIPULATION IN PRECLINICAL OVARIAN 
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(Institute of Biophysics, CAS, China) 
『Programming and Reprograming of Aging』 
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『Pericentromeric noncoding RNA induces inflammatory gene expression in  cellular 
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11:15-11:30     S6-05:Akimitsu Konishi 
(Short talk)            (Gunma University, Japan) 

『Modulation of Cellular Senescence by Branched-Chain Amino Acid Metabolism』 
 
11:30-12:00     S6-06: Yasuhiro Yamada 
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『Unveiling dynamics of p16 and p21 expression in vivo』      

 
 
 
 
                                                                                  
 
12:00-13:30    Lunch  
                                                                                  
 

Session 7:  Mechanism of Senescence                    
Chair:Tohru Ishitani (Osaka University, Japan) 
     Shimpei Kawamoto (Osaka University, Japan) 
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『The in vivo fate and dynamics of DNA-damaged stem cells in the epidermis』 
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             『Targeting senescent cells to improve tumor immunotherapies』 
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Ageing, France) 
『Metabolic Reprogramming in Cellular Senescence』 
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15:30-16:00    S7-06: Eiji Hara 
                    (Osaka University, Japan) 
             『Cellular senescence: microbial connections』 
 
                                                                   
 
16:00-17:15 General assembly and Poster Award Ceremony 
                                                                                  
 
 
17:15-18:00 Travel by bus 
 
 
18:00-18:30    Preparation for Gala Dinner 
 
 
18:30-20:30    Gala Dinner in Osaka Castle 
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Abstract – ICSA Conference 2021 

1 

 

Aging, Cellular Senescence, and Senolytic Drugs: The Path to 
Translation 

 

James L. Kirkland1 
1Robert and Arlene Kogod Center on Aging, Mayo Clinic, Rochester, MN, USA 

 

 Senescent cells (SC) accumulate in multiple tissues with aging and at sites of etiology of 

numerous diseases. Thirty to 70% of SC release pro-apoptotic, inflammatory, tissue-damaging 

factors and spread senescence to normal cells, the “senescence-associated secretory phenotype” 

(SASP). SCs are resistant to apoptosis. SC and the SASP can cause inflammation, tissue damage, 

fibrosis, spread of senescence to non-senescent cells, and stem cell/progenitor dysfunction. Adipose 

mesenchymal stem cell replication and differentiation into insulin-responsive adipocytes are 

interfered with by SASP factors. SCs interfere with cardiac and bone progenitor function and 

neurogenesis. Transplanting small numbers of SCs into younger mice causes frailty, accelerated 

onset of age-related diseases, and early mortality. Hearts transplanted from old into young mice 

function less effectively than hearts transplanted from young mice, related to the SASP and 

mitochondrial DNA release by SCs in the old transplanted organ, inducing tissue dysfunction, 

immune activation, and transplant rejection in the recipent. 

Senolytic agents promote apoptosis of SCs selectively. Intermittent senolytics alleviate 

multiple diseases and disorders in old as well as younger mice, including age-related frailty, 

metabolic diseases, complications of infections including coronaviruses, and diseases of the nervous 

system, heart, lungs, bone, skin, liver, kidneys, and others. Senolytics prevent frailty, accelerated 

chronic disease onset, and early death caused by transplanting SCs into younger mice. Senolytics 

improve function of hearts transplanted from old mice. In old mice, senolytics improve physical 

function and delay, prevent, or treat multiple age-related diseases. Early clinical trials demonstrated 

senolytics remove SCs from adipose tissue of diabetic humans and might reduce frailty in patients 

with idiopathic pulmonary fibrosis. Clinical trials of senolytics for several chronic diseases, 

geriatric syndromes, and impaired physical resilience are underway. 

 
 

How relevant is cellular senescence to understanding the biology of 
aging? 
 
John Sedivy 
Center for the Biology of Aging, Brown University, U.S.A. 
 
The genomes of virtually all organisms contain repetitive sequences that are generated by 
the activity of transposable elements (transposons). This relationship has been largely 
competitive, and transposons have earned epithets such as ‘junk DNA’ and ‘molecular 
parasites’. All organisms have evolved diverse mechanisms to repress the activity of their 
transposons. Recent evidence suggests that retrotransposable elements (retrotranposons) 
can become activated with age in somatic tissues of diverse species including 
yeast, Drosophila, some mammals. In particular, during cellular senescence of human and 
mouse cells, LINE-1 retrotransposons become transcriptionally derepressed and activate 
an interferon response. This is a characteristic of late senescence, contributes to the 
maintenance of the senescence-associated secretory phenotype, and promotes age-
associated inflammation ('inflammaging') in several tissues. It thus appears that somatic 
retrotransposition is a hitherto unappreciated aging process, and that activation of 
retrotransposons is likely to be a contributor to the progressive dysfunction of aging 
tissues. I will discuss the molecular processes that lead to the progressive derepression of 
RTEs with age, the consequences of their activation on the host, and how these processes 
might be ameliorated therapeutically. 

Keynote Lecture ①
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Aging, Cellular Senescence, and Senolytic Drugs: The Path to 
Translation 

 

James L. Kirkland1 
1Robert and Arlene Kogod Center on Aging, Mayo Clinic, Rochester, MN, USA 

 

 Senescent cells (SC) accumulate in multiple tissues with aging and at sites of etiology of 

numerous diseases. Thirty to 70% of SC release pro-apoptotic, inflammatory, tissue-damaging 

factors and spread senescence to normal cells, the “senescence-associated secretory phenotype” 

(SASP). SCs are resistant to apoptosis. SC and the SASP can cause inflammation, tissue damage, 

fibrosis, spread of senescence to non-senescent cells, and stem cell/progenitor dysfunction. Adipose 

mesenchymal stem cell replication and differentiation into insulin-responsive adipocytes are 

interfered with by SASP factors. SCs interfere with cardiac and bone progenitor function and 

neurogenesis. Transplanting small numbers of SCs into younger mice causes frailty, accelerated 

onset of age-related diseases, and early mortality. Hearts transplanted from old into young mice 

function less effectively than hearts transplanted from young mice, related to the SASP and 

mitochondrial DNA release by SCs in the old transplanted organ, inducing tissue dysfunction, 

immune activation, and transplant rejection in the recipent. 

Senolytic agents promote apoptosis of SCs selectively. Intermittent senolytics alleviate 

multiple diseases and disorders in old as well as younger mice, including age-related frailty, 

metabolic diseases, complications of infections including coronaviruses, and diseases of the nervous 

system, heart, lungs, bone, skin, liver, kidneys, and others. Senolytics prevent frailty, accelerated 

chronic disease onset, and early death caused by transplanting SCs into younger mice. Senolytics 

improve function of hearts transplanted from old mice. In old mice, senolytics improve physical 

function and delay, prevent, or treat multiple age-related diseases. Early clinical trials demonstrated 

senolytics remove SCs from adipose tissue of diabetic humans and might reduce frailty in patients 

with idiopathic pulmonary fibrosis. Clinical trials of senolytics for several chronic diseases, 

geriatric syndromes, and impaired physical resilience are underway. 

 
 

How relevant is cellular senescence to understanding the biology of 
aging? 
 
John Sedivy 
Center for the Biology of Aging, Brown University, U.S.A. 
 
The genomes of virtually all organisms contain repetitive sequences that are generated by 
the activity of transposable elements (transposons). This relationship has been largely 
competitive, and transposons have earned epithets such as ‘junk DNA’ and ‘molecular 
parasites’. All organisms have evolved diverse mechanisms to repress the activity of their 
transposons. Recent evidence suggests that retrotransposable elements (retrotranposons) 
can become activated with age in somatic tissues of diverse species including 
yeast, Drosophila, some mammals. In particular, during cellular senescence of human and 
mouse cells, LINE-1 retrotransposons become transcriptionally derepressed and activate 
an interferon response. This is a characteristic of late senescence, contributes to the 
maintenance of the senescence-associated secretory phenotype, and promotes age-
associated inflammation ('inflammaging') in several tissues. It thus appears that somatic 
retrotransposition is a hitherto unappreciated aging process, and that activation of 
retrotransposons is likely to be a contributor to the progressive dysfunction of aging 
tissues. I will discuss the molecular processes that lead to the progressive derepression of 
RTEs with age, the consequences of their activation on the host, and how these processes 
might be ameliorated therapeutically. 

Keynote Lecture ②

Abstract – ICSA Conference 2021 

1 

 

To die or to senesce: the role of PARP1 in determining cell fate and its 
implication in tissue injury 

 

Marco Demaria1  
1European Research Institute for the Biology of Ageing (ERIBA), University Medical Center 

Groningen (UMCG), University of Groningen (RUG) 

 

Cellular senescence is a state of stable growth arrest associated to the secretion of growth, 

inflammatory and tissue-remodeling factors, a feature known as the senescence associated secretory 

phenotype (SASP).  The composition of the SASP is highly heterogeneous and its biological 

functions are strictly context-dependent. Accumulation of senescent cells during aging contributes 

to frailty, chronic inflammation and tissue degeneration. However, various SASP factors positively 

regulate tissue repair and remodeling during acute injury.  

High levels of oxidative stress promote cell necrosis, a phenomenon which leads to tissue 

damage. Here, we show that genetic or pharmacologic inhibition of the enzyme PARP1 is sufficient 

to rescue cells from oxidative stress-induced death. Interestingly, rescued cells enter a state of 

premature senescence associated to production of various SASP factors. Mechanistically, we 

observe that PARP1 inhibition favors cell survival and senescence by maintaining the hexokinase 2 

localized to mitochondria and reducing mitochondrial Ca2+ overload in cells exposed to oxidative 

stress. In a mouse model of ischemia-reperfusion injury, we demonstrate that PARP1 inhibition 

protects from tissue damage by promoting senescence and reducing tissue necrosis and fibrosis.  

In summary, the understanding of mechanisms underlying the choice between cell death and 

senescence can provide new potent tools for the development of pro-senescence interventions to 

reduce tissue damage and improve tissue repair in oxidative stress-induced injuries.  
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Interplay between senescent cells and the adaptive immune system 

 

Manuel Serrano1, 2  
1Institute for Research in Biomedicine (IRB), 2Catalan Institution for Research and Advanced 

Studies (ICREA), Barcelona, Spain 

 

Cellular senescence involves dramatic changes in cellular homeostasis. These changes not only 

affect internal cellular processes but also multiple aspects of cell-to-cell communication. This is 

notably the case of the interaction and interplay of senescent cells with cells of the innate immune 

system. Over the last few years, our lab has focused on exploring possible interactions between 

senescent cells and the adaptive immune system. We have found that senescent cells simultaneously 

express immuno-stimulatory and immuno-suppressive ligands, and are even able to elicit full 

adaptive immune responses. I will present the current status of our efforts in this area.   

 

 
 

Abstract – ICSA Conference 2021 

1 

 

Virus-induced senescence connects SARS-CoV-2 to severe COVID-19 

 

Clemens A. Schmitt1-3 

 

1Charité - Universitätsmedizin Berlin, Medical Department of Hematology, Oncology and Tumor 
Immunology, and Molekulares Krebsforschungszentrum – MKFZ, Berlin, Germany 
2Max-Delbrück-Center for Molecular Medicine in the Helmholtz Association, Berlin, Germany 
3Kepler University Hospital, Department of Hematology and Oncology, Johannes Kepler University, 
Linz, Austria 
 

The SARS-CoV-2 virus causes COVID-19, but the pathogenic mechanisms that account for clinical 

severity of the disease remain largely unclear. We considered virus-induced senescence (VIS) upon 

virus entry into mucosa cells of the upper respiratory tract with its subsequent senescence-

associated secretory phenotype (SASP) to operate as pivotal trigger of an escalating 

cytokine/immune cell cascade eventually leading to progressively virus-independent 

hyperinflammatory tissue damage. Using fibroblast and epithelial cell-based models, we found 

virtually all viruses tested, among them retroviruses, adenoviruses, vesicular stomatitis virus and the 

actual SARS-CoV-2 coronavirus to evoke VIS – but not in cells being, due to a small hairpin 

against p53 or overexpressing the H3K9me3 demethylase JMJD2c, genetically incapable to launch 

senescence in response to activated oncogenes or anticancer agents. Importantly, nasopharyngeal 

and lung samples from COVID-19 patients, compared to autopsy material from patients deceased 

prior to the pandemic, unveiled strong evidence for SARS-CoV-2-related senescence in situ, and 

quantitative aspects of VIS correlated with COVID-19 severity. Utilizing a variety of models and 

test systems, we subsequently demonstrated that supernatant from VIS cells (SNVIS) but not from 

equally infected senescence-incapable cells recapitulate key pathogenic components of COVID-19. 

Specifically, SNVIS evoked a senescence-like macrophage activation program with massive SASP 

amplification, paracrine senescence of endothelial cells, endothelial damage via complement 

activation, neutrophil extracellular trap (NET) formation, activation of both platelets and the 

clotting system, collectively explaining COVID-19 hallmarks such as immune escalation, 

endothelialitis and widespread thrombosis. Based on enhanced expression of anti-apoptotic Bcl2 

S1-01
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Manuel Serrano1, 2  
1Institute for Research in Biomedicine (IRB), 2Catalan Institution for Research and Advanced 

Studies (ICREA), Barcelona, Spain 

 

Cellular senescence involves dramatic changes in cellular homeostasis. These changes not only 

affect internal cellular processes but also multiple aspects of cell-to-cell communication. This is 

notably the case of the interaction and interplay of senescent cells with cells of the innate immune 

system. Over the last few years, our lab has focused on exploring possible interactions between 

senescent cells and the adaptive immune system. We have found that senescent cells simultaneously 

express immuno-stimulatory and immuno-suppressive ligands, and are even able to elicit full 

adaptive immune responses. I will present the current status of our efforts in this area.   
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Virus-induced senescence connects SARS-CoV-2 to severe COVID-19 

 

Clemens A. Schmitt1-3 

 

1Charité - Universitätsmedizin Berlin, Medical Department of Hematology, Oncology and Tumor 
Immunology, and Molekulares Krebsforschungszentrum – MKFZ, Berlin, Germany 
2Max-Delbrück-Center for Molecular Medicine in the Helmholtz Association, Berlin, Germany 
3Kepler University Hospital, Department of Hematology and Oncology, Johannes Kepler University, 
Linz, Austria 
 

The SARS-CoV-2 virus causes COVID-19, but the pathogenic mechanisms that account for clinical 

severity of the disease remain largely unclear. We considered virus-induced senescence (VIS) upon 

virus entry into mucosa cells of the upper respiratory tract with its subsequent senescence-

associated secretory phenotype (SASP) to operate as pivotal trigger of an escalating 

cytokine/immune cell cascade eventually leading to progressively virus-independent 

hyperinflammatory tissue damage. Using fibroblast and epithelial cell-based models, we found 

virtually all viruses tested, among them retroviruses, adenoviruses, vesicular stomatitis virus and the 

actual SARS-CoV-2 coronavirus to evoke VIS – but not in cells being, due to a small hairpin 

against p53 or overexpressing the H3K9me3 demethylase JMJD2c, genetically incapable to launch 

senescence in response to activated oncogenes or anticancer agents. Importantly, nasopharyngeal 

and lung samples from COVID-19 patients, compared to autopsy material from patients deceased 

prior to the pandemic, unveiled strong evidence for SARS-CoV-2-related senescence in situ, and 

quantitative aspects of VIS correlated with COVID-19 severity. Utilizing a variety of models and 

test systems, we subsequently demonstrated that supernatant from VIS cells (SNVIS) but not from 

equally infected senescence-incapable cells recapitulate key pathogenic components of COVID-19. 

Specifically, SNVIS evoked a senescence-like macrophage activation program with massive SASP 

amplification, paracrine senescence of endothelial cells, endothelial damage via complement 

activation, neutrophil extracellular trap (NET) formation, activation of both platelets and the 

clotting system, collectively explaining COVID-19 hallmarks such as immune escalation, 

endothelialitis and widespread thrombosis. Based on enhanced expression of anti-apoptotic Bcl2 

S1-03

31



Abstract – ICSA Conference 2021 

2 

 

family members and the induction of pro-survival kinase networks in VIS cells, we reasoned 

senolytics such as navitoclax, dasatinib/quercetin or fisetin may selectively kill virus-infected 

senescence-capable cells. Indeed, we not only confirmed their activity in cell culture but found 

them to mitigate disease severity and hyperinflammation in SARS-CoV-2-driven hamster and 

mouse models of COVID-19. Strikingly, flanking randomized clinical trials evaluating quercetin as 

an early intervention against proven SARS-CoV-2 infection unveiled superior outcome of the 

patient group exposed to the senolytic. Our data add to the molecular and immunological 

understanding of severe COVID-19, provide a novel therapeutic rationale, and might be relevant in 

other infections characterized by virus-triggered hyperinflammatory tissue damage. 
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Exploring the 3R senescence rule: Remove and Replace to Rejuvenate 
Dmitry Bulavin 
Institute for Research on Cancer and Aging of Nice (IRCAN), INSERM, Université Côte d'Azur, CNRS, Nice, 

France. 

 
The analysis of senescence in aging and age-related diseases has seen a significant increase in interest in 
recent years. Numerous approaches with different level of specificity and selectivity have been actively 
pursued to confirm the critical role of senescent cells in aging. In our lab, we have been following the 
expression of the p16 gene, an approach not without its own limitations, to identify novel senescent 
subtypes and to explore their role in the regulation of health-span and absolute lifespan. Using our genetic 
approach, we identified vascular endothelial cells, especially in the liver called Liver Sinusoid Endothelial 
Cells (LSECs), as an important in vivo senescent cell type. Here I will discuss the overall significance of LSEC 
senescence in the aging organism as well as potential approaches to improve healthy aging and to extend 
absolute lifespan through senescent LSEC removal and replacement.     
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them to mitigate disease severity and hyperinflammation in SARS-CoV-2-driven hamster and 

mouse models of COVID-19. Strikingly, flanking randomized clinical trials evaluating quercetin as 

an early intervention against proven SARS-CoV-2 infection unveiled superior outcome of the 

patient group exposed to the senolytic. Our data add to the molecular and immunological 

understanding of severe COVID-19, provide a novel therapeutic rationale, and might be relevant in 

other infections characterized by virus-triggered hyperinflammatory tissue damage. 
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Exploring the 3R senescence rule: Remove and Replace to Rejuvenate 
Dmitry Bulavin 
Institute for Research on Cancer and Aging of Nice (IRCAN), INSERM, Université Côte d'Azur, CNRS, Nice, 

France. 

 
The analysis of senescence in aging and age-related diseases has seen a significant increase in interest in 
recent years. Numerous approaches with different level of specificity and selectivity have been actively 
pursued to confirm the critical role of senescent cells in aging. In our lab, we have been following the 
expression of the p16 gene, an approach not without its own limitations, to identify novel senescent 
subtypes and to explore their role in the regulation of health-span and absolute lifespan. Using our genetic 
approach, we identified vascular endothelial cells, especially in the liver called Liver Sinusoid Endothelial 
Cells (LSECs), as an important in vivo senescent cell type. Here I will discuss the overall significance of LSEC 
senescence in the aging organism as well as potential approaches to improve healthy aging and to extend 
absolute lifespan through senescent LSEC removal and replacement.     
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To die or to senesce: the role of PARP1 in determining cell fate and its 
implication in tissue injury 

 

Marco Demaria1  
1European Research Institute for the Biology of Ageing (ERIBA), University Medical Center 

Groningen (UMCG), University of Groningen (RUG) 

 

Cellular senescence is a state of stable growth arrest associated to the secretion of growth, 

inflammatory and tissue-remodeling factors, a feature known as the senescence associated secretory 

phenotype (SASP).  The composition of the SASP is highly heterogeneous and its biological 

functions are strictly context-dependent. Accumulation of senescent cells during aging contributes 

to frailty, chronic inflammation and tissue degeneration. However, various SASP factors positively 

regulate tissue repair and remodeling during acute injury.  

High levels of oxidative stress promote cell necrosis, a phenomenon which leads to tissue 

damage. Here, we show that genetic or pharmacologic inhibition of the enzyme PARP1 is sufficient 

to rescue cells from oxidative stress-induced death. Interestingly, rescued cells enter a state of 

premature senescence associated to production of various SASP factors. Mechanistically, we 

observe that PARP1 inhibition favors cell survival and senescence by maintaining the hexokinase 2 

localized to mitochondria and reducing mitochondrial Ca2+ overload in cells exposed to oxidative 

stress. In a mouse model of ischemia-reperfusion injury, we demonstrate that PARP1 inhibition 

protects from tissue damage by promoting senescence and reducing tissue necrosis and fibrosis.  

In summary, the understanding of mechanisms underlying the choice between cell death and 

senescence can provide new potent tools for the development of pro-senescence interventions to 

reduce tissue damage and improve tissue repair in oxidative stress-induced injuries.  

 
 

Targeting cellular senescence to extend healthspan and resilience 
 

Paul D. Robbins1, Lei Zhang1, Matthew J. Yousefzadeh1, Yi Zhu2, Larissa G. P. Langhi Prata2, Matthew A. 
Huggins3, Ryan D. O’Kelley1, Luise Angelini1, Christina D. Camell1, Steven C. Jameson3, James L. Kirkland2, 

Theodore M. Kamenecka4, Tamara Tchkonia2, Sara Hamilton-Hart3 and Laura J. Niedernhofer1  
 

1Institute on the Biology of Aging and Metabolism, Department of Biochemistry, Molecular Biology and 
Biophysics, University of Minnesota, Minneapolis, MN 

2Robert and Arlene Kogod Center on Aging, Mayo Clinic, Rochester, MN 
3Department of Laboratory Medicine and Pathology and Center of Immunology, University of Minnesota, 

Minneapolis, MN 
4Scripps Research, Jupiter, Florida USA 

 

 
Cellular senescence is caused by the accumulation of DNA damage and/or other cellular stressors that drives 
proliferating or terminally differentiated non-dividing cells to a state characterized by replicative arrest, profound 
chromatin changes, increased expression of the cell cycle inhibitors p16Ink4a and/or p21CIP1 as well as resistance 
to apoptosis. Some senescent cells can develop a senescence-associated secretory phenotype (SASP), 
consisting of pro-inflammatory cytokines, chemokines, and extracellular matrix-degrading proteins, which have 
deleterious paracrine and systemic effect. To define the key senescent cell types that contribute to aging, Ercc1, 
which encodes a critical DNA repair protein, was selectively deleted in different cell and tissue types. Interestingly, 
increasing senescence in different tissues and cell types (e.g., ß cells, forebrain neurons, cardiomyocytes, 
podocytes) resulted in mouse models of age related diseases.  However, deletion of Ercc1 in murine 
hematopoietic cells (Vav-iCre+/-;Ercc1-/fl mice) resulted in not only progressive immunosenescence, similar to 
changes that occur with aging in wild-type mice, but also damage and senescence in non-lymphoid organs. This 
result suggests that senescent, aged immune cells can promote systemic senescence, loss of tissue 
homeostasis and aging and thus represent a key target for drug development. We also demonstrated that the 
increased senescent cell burden contributes to mortality caused by the SARS-CoV-2-related mouse β-
coronavirus mouse hepatitis virus (MHV).  MHV infected increased senescence and inflammation with nearly 
100% mortality in 2 year old C57BL/6 mice. Targeting the senescent cell burden using senolytic drugs before or 
after pathogen exposure significantly reduced mortality, cellular senescence, and inflammatory markers and 
increased anti-viral antibodies. These results suggest that reducing the senescent cell burden in the elderly will 
improve resilience to pathogens including ß-coronaviruses. To identify and optimize senotherapeutics, we 
developed and utilized a senescent cell culture-based assay. Using this assay, we identified a number of 
senotherapeutics including HSP90 inhibitors, Bcl-2 family inhibitors, fisetin, fisetin analogs and the combination 
of dasatinib/quercetin as senolytics and IKK/NF-κB inhibitors, mitochondrial targeted free radical scavengers 
and young stem cell-derived extracellular vesicles as senomorphics. Progress towards identifying and optimizing 
novel senotherapeutics also will be presented.   
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functions are strictly context-dependent. Accumulation of senescent cells during aging contributes 

to frailty, chronic inflammation and tissue degeneration. However, various SASP factors positively 

regulate tissue repair and remodeling during acute injury.  

High levels of oxidative stress promote cell necrosis, a phenomenon which leads to tissue 

damage. Here, we show that genetic or pharmacologic inhibition of the enzyme PARP1 is sufficient 

to rescue cells from oxidative stress-induced death. Interestingly, rescued cells enter a state of 

premature senescence associated to production of various SASP factors. Mechanistically, we 

observe that PARP1 inhibition favors cell survival and senescence by maintaining the hexokinase 2 

localized to mitochondria and reducing mitochondrial Ca2+ overload in cells exposed to oxidative 

stress. In a mouse model of ischemia-reperfusion injury, we demonstrate that PARP1 inhibition 

protects from tissue damage by promoting senescence and reducing tissue necrosis and fibrosis.  

In summary, the understanding of mechanisms underlying the choice between cell death and 

senescence can provide new potent tools for the development of pro-senescence interventions to 

reduce tissue damage and improve tissue repair in oxidative stress-induced injuries.  
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Cellular senescence is caused by the accumulation of DNA damage and/or other cellular stressors that drives 
proliferating or terminally differentiated non-dividing cells to a state characterized by replicative arrest, profound 
chromatin changes, increased expression of the cell cycle inhibitors p16Ink4a and/or p21CIP1 as well as resistance 
to apoptosis. Some senescent cells can develop a senescence-associated secretory phenotype (SASP), 
consisting of pro-inflammatory cytokines, chemokines, and extracellular matrix-degrading proteins, which have 
deleterious paracrine and systemic effect. To define the key senescent cell types that contribute to aging, Ercc1, 
which encodes a critical DNA repair protein, was selectively deleted in different cell and tissue types. Interestingly, 
increasing senescence in different tissues and cell types (e.g., ß cells, forebrain neurons, cardiomyocytes, 
podocytes) resulted in mouse models of age related diseases.  However, deletion of Ercc1 in murine 
hematopoietic cells (Vav-iCre+/-;Ercc1-/fl mice) resulted in not only progressive immunosenescence, similar to 
changes that occur with aging in wild-type mice, but also damage and senescence in non-lymphoid organs. This 
result suggests that senescent, aged immune cells can promote systemic senescence, loss of tissue 
homeostasis and aging and thus represent a key target for drug development. We also demonstrated that the 
increased senescent cell burden contributes to mortality caused by the SARS-CoV-2-related mouse β-
coronavirus mouse hepatitis virus (MHV).  MHV infected increased senescence and inflammation with nearly 
100% mortality in 2 year old C57BL/6 mice. Targeting the senescent cell burden using senolytic drugs before or 
after pathogen exposure significantly reduced mortality, cellular senescence, and inflammatory markers and 
increased anti-viral antibodies. These results suggest that reducing the senescent cell burden in the elderly will 
improve resilience to pathogens including ß-coronaviruses. To identify and optimize senotherapeutics, we 
developed and utilized a senescent cell culture-based assay. Using this assay, we identified a number of 
senotherapeutics including HSP90 inhibitors, Bcl-2 family inhibitors, fisetin, fisetin analogs and the combination 
of dasatinib/quercetin as senolytics and IKK/NF-κB inhibitors, mitochondrial targeted free radical scavengers 
and young stem cell-derived extracellular vesicles as senomorphics. Progress towards identifying and optimizing 
novel senotherapeutics also will be presented.   
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Cellular senescence is a state of stable growth arrest associated to the secretion of growth, 

inflammatory and tissue-remodeling factors, a feature known as the senescence associated secretory 

phenotype (SASP).  The composition of the SASP is highly heterogeneous and its biological 

functions are strictly context-dependent. Accumulation of senescent cells during aging contributes 

to frailty, chronic inflammation and tissue degeneration. However, various SASP factors positively 

regulate tissue repair and remodeling during acute injury.  

High levels of oxidative stress promote cell necrosis, a phenomenon which leads to tissue 

damage. Here, we show that genetic or pharmacologic inhibition of the enzyme PARP1 is sufficient 

to rescue cells from oxidative stress-induced death. Interestingly, rescued cells enter a state of 

premature senescence associated to production of various SASP factors. Mechanistically, we 

observe that PARP1 inhibition favors cell survival and senescence by maintaining the hexokinase 2 

localized to mitochondria and reducing mitochondrial Ca2+ overload in cells exposed to oxidative 

stress. In a mouse model of ischemia-reperfusion injury, we demonstrate that PARP1 inhibition 

protects from tissue damage by promoting senescence and reducing tissue necrosis and fibrosis.  

In summary, the understanding of mechanisms underlying the choice between cell death and 

senescence can provide new potent tools for the development of pro-senescence interventions to 

reduce tissue damage and improve tissue repair in oxidative stress-induced injuries.  
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Cellular senescence: In search of a happy ending 
  
Judith Campisi1,2  
1Buck Institute for Research on Aging, Novato, California, USA; 2Lawrence Berkeley 
National Laboratory, Berkeley, California, USA  
 
Cellular senescence is now recognized as a multifaceted cell fate that has both beneficial 
and deleterious effects in mice and, most likely, humans. Senescent cells permanently 
arrest growth, resist cell death and develop a complex senescence-associated secretory 
phenotype (SASP). Among their beneficial effects, senescent cells, largely through the 
SASP, can promote tissue repair and certain aspects of embryogenesis and parturition. 
However, many deleterious effects of senescent cells also appear due to the SASP. The 
SASP can include numerous proteins, proteases, lipids and metabolites, some of which 
are pro-inflammatory and many of which can drive diverse aging phenotypes and 
pathologies. A major challenge in aging research, then, is to develop strategies that can 
eliminate senescent cells that are deleterious, but preserve those -- or those functions -- 
that are beneficial. This task is complicated by the fact that senescent cells are surprisingly 
heterogeneous, certainly in culture but also in vivo, However, large-scale and single cell 
phenotyping technologies are developing rapidly and providing important clues into 
heterogeneous senescent states, including tissue-specificity and new targets for senolytics 
(agents that selectively kill senescent cells) and senomorphics (agents that selectively 
suppress SASP modules). I will review our recent work on these aspects of cellular 
senescence, and describe concerted efforts to modulate senescent cells in order to improve 
the health span of humans. 
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Targeting senescent cells for the treatment of lifestyle-related disease 
 
Department of Cardiovascular Biology and Medicine 
Juntendo University Graduate School of Medicine 
Tohru Minamino 
 
Epidemiological studies have shown that age is the dominant risk factor for lifestyle-related 
diseases. The incidence and the prevalence of diabetes, heart failure, coronary heart disease and 
hypertension increase with advancing age. However, the molecular mechanisms underlying the 
increased risk of such diseases that is conferred by aging remain unclear. Cellular senescence is 
originally described as the finite replicative lifespan of human somatic cells in culture. Cellular 
senescence is accompanied by a specific set of phenotypic changes in morphology and gene 
expression including negative regulators of the cell cycle such as p53. Primary cultured cells from 
patients with premature aging syndromes are known to have a shorter lifespan than cells from age-
matched healthy persons. It is also reported that the number of senescent cells increases in various 
tissues with advancing age. Interestingly, such accumulation of senescent cells in aged animals is 
attenuated by caloric restriction that regulates the lifespan regulatory system and delays age-
associate phenotypes. I therefore hypothesize that cellular senescence in vivo contributes to the 
pathogenesis of age-associated disease and have shown a critical role of cellular senescence in 
age-related pathologies. However, a direct inhibition of cellular aging signaling would lead to the 
increased incidence of cancer, so we need to develop anti-senescent therapy without cancer 
development. Here I will show our recent data on a novel strategy of anti-senescent therapy for 
lifestyle-related disease by targeting cellular senescence (Seno-antigens, Seno-metabolites, SASP), 
which would not promote tumorigenesis. 
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Cellular senescence is a state of stable growth arrest associated to the secretion of growth, 

inflammatory and tissue-remodeling factors, a feature known as the senescence associated secretory 

phenotype (SASP).  The composition of the SASP is highly heterogeneous and its biological 

functions are strictly context-dependent. Accumulation of senescent cells during aging contributes 

to frailty, chronic inflammation and tissue degeneration. However, various SASP factors positively 

regulate tissue repair and remodeling during acute injury.  

High levels of oxidative stress promote cell necrosis, a phenomenon which leads to tissue 

damage. Here, we show that genetic or pharmacologic inhibition of the enzyme PARP1 is sufficient 

to rescue cells from oxidative stress-induced death. Interestingly, rescued cells enter a state of 

premature senescence associated to production of various SASP factors. Mechanistically, we 

observe that PARP1 inhibition favors cell survival and senescence by maintaining the hexokinase 2 

localized to mitochondria and reducing mitochondrial Ca2+ overload in cells exposed to oxidative 

stress. In a mouse model of ischemia-reperfusion injury, we demonstrate that PARP1 inhibition 

protects from tissue damage by promoting senescence and reducing tissue necrosis and fibrosis.  

In summary, the understanding of mechanisms underlying the choice between cell death and 

senescence can provide new potent tools for the development of pro-senescence interventions to 

reduce tissue damage and improve tissue repair in oxidative stress-induced injuries.  
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Cellular senescence is now recognized as a multifaceted cell fate that has both beneficial 
and deleterious effects in mice and, most likely, humans. Senescent cells permanently 
arrest growth, resist cell death and develop a complex senescence-associated secretory 
phenotype (SASP). Among their beneficial effects, senescent cells, largely through the 
SASP, can promote tissue repair and certain aspects of embryogenesis and parturition. 
However, many deleterious effects of senescent cells also appear due to the SASP. The 
SASP can include numerous proteins, proteases, lipids and metabolites, some of which 
are pro-inflammatory and many of which can drive diverse aging phenotypes and 
pathologies. A major challenge in aging research, then, is to develop strategies that can 
eliminate senescent cells that are deleterious, but preserve those -- or those functions -- 
that are beneficial. This task is complicated by the fact that senescent cells are surprisingly 
heterogeneous, certainly in culture but also in vivo, However, large-scale and single cell 
phenotyping technologies are developing rapidly and providing important clues into 
heterogeneous senescent states, including tissue-specificity and new targets for senolytics 
(agents that selectively kill senescent cells) and senomorphics (agents that selectively 
suppress SASP modules). I will review our recent work on these aspects of cellular 
senescence, and describe concerted efforts to modulate senescent cells in order to improve 
the health span of humans. 
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Epidemiological studies have shown that age is the dominant risk factor for lifestyle-related 
diseases. The incidence and the prevalence of diabetes, heart failure, coronary heart disease and 
hypertension increase with advancing age. However, the molecular mechanisms underlying the 
increased risk of such diseases that is conferred by aging remain unclear. Cellular senescence is 
originally described as the finite replicative lifespan of human somatic cells in culture. Cellular 
senescence is accompanied by a specific set of phenotypic changes in morphology and gene 
expression including negative regulators of the cell cycle such as p53. Primary cultured cells from 
patients with premature aging syndromes are known to have a shorter lifespan than cells from age-
matched healthy persons. It is also reported that the number of senescent cells increases in various 
tissues with advancing age. Interestingly, such accumulation of senescent cells in aged animals is 
attenuated by caloric restriction that regulates the lifespan regulatory system and delays age-
associate phenotypes. I therefore hypothesize that cellular senescence in vivo contributes to the 
pathogenesis of age-associated disease and have shown a critical role of cellular senescence in 
age-related pathologies. However, a direct inhibition of cellular aging signaling would lead to the 
increased incidence of cancer, so we need to develop anti-senescent therapy without cancer 
development. Here I will show our recent data on a novel strategy of anti-senescent therapy for 
lifestyle-related disease by targeting cellular senescence (Seno-antigens, Seno-metabolites, SASP), 
which would not promote tumorigenesis. 
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Cellular senescence is a state of stable growth arrest associated to the secretion of growth, 

inflammatory and tissue-remodeling factors, a feature known as the senescence associated secretory 

phenotype (SASP).  The composition of the SASP is highly heterogeneous and its biological 

functions are strictly context-dependent. Accumulation of senescent cells during aging contributes 

to frailty, chronic inflammation and tissue degeneration. However, various SASP factors positively 

regulate tissue repair and remodeling during acute injury.  

High levels of oxidative stress promote cell necrosis, a phenomenon which leads to tissue 

damage. Here, we show that genetic or pharmacologic inhibition of the enzyme PARP1 is sufficient 

to rescue cells from oxidative stress-induced death. Interestingly, rescued cells enter a state of 

premature senescence associated to production of various SASP factors. Mechanistically, we 

observe that PARP1 inhibition favors cell survival and senescence by maintaining the hexokinase 2 

localized to mitochondria and reducing mitochondrial Ca2+ overload in cells exposed to oxidative 

stress. In a mouse model of ischemia-reperfusion injury, we demonstrate that PARP1 inhibition 

protects from tissue damage by promoting senescence and reducing tissue necrosis and fibrosis.  

In summary, the understanding of mechanisms underlying the choice between cell death and 

senescence can provide new potent tools for the development of pro-senescence interventions to 

reduce tissue damage and improve tissue repair in oxidative stress-induced injuries.  
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Cellular senescence is a state of stable growth arrest associated to the secretion of growth, 

inflammatory and tissue-remodeling factors, a feature known as the senescence associated secretory 

phenotype (SASP).  The composition of the SASP is highly heterogeneous and its biological 

functions are strictly context-dependent. Accumulation of senescent cells during aging contributes 

to frailty, chronic inflammation and tissue degeneration. However, various SASP factors positively 

regulate tissue repair and remodeling during acute injury.  

High levels of oxidative stress promote cell necrosis, a phenomenon which leads to tissue 

damage. Here, we show that genetic or pharmacologic inhibition of the enzyme PARP1 is sufficient 

to rescue cells from oxidative stress-induced death. Interestingly, rescued cells enter a state of 

premature senescence associated to production of various SASP factors. Mechanistically, we 

observe that PARP1 inhibition favors cell survival and senescence by maintaining the hexokinase 2 

localized to mitochondria and reducing mitochondrial Ca2+ overload in cells exposed to oxidative 

stress. In a mouse model of ischemia-reperfusion injury, we demonstrate that PARP1 inhibition 

protects from tissue damage by promoting senescence and reducing tissue necrosis and fibrosis.  

In summary, the understanding of mechanisms underlying the choice between cell death and 

senescence can provide new potent tools for the development of pro-senescence interventions to 

reduce tissue damage and improve tissue repair in oxidative stress-induced injuries.  
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Autophagy in Aging 
 

Tamotsu Yoshimori1, 2  
1Department of Intracellular Membrane Dynamics, Graduate School of Frontier Biosciences, 
2Department of Genetics, Graduate School of Medicine,, Osaka University, Japan 

 

Autophagy is an evolutionarily conserved membrane trafficking from the cytoplasm to lysosomes. 

Most of our understanding of the process has come after identification of yeast autophagy-related 

(ATG) genes in 1993 by Yoshinori Ohsumi. This break through brought a dramatic expansion of the 

field and Ohsumi received the Nobel Prize in Physiology or Medicine in 2016. I started to expand his 

achievement in yeast to mammalian by joining his lab in 1996 and have been devoting my effort to 

understand mechanisms and physiological relevance of mammalian autophagy for the last 25 years. 

We could visualize autophagosome in living cells for the first time by identifying an autophagosome-

binding protein and the protein LC3 has been mostly used as a golden marker in autophagy studies 

until now. This single paper has been cited in over 6,000 papers.  

During last two decades, genetic studies using model organisms lead to the discovery of different 

longevity pathways. Interestingly, these lifespan-extending intervention activates autophagy, and the 

activated autophagy is required for these animals to live long. On the other hands, autophagic activity 

is known to decline with age. We found that the amount of a negative regulator of autophagy, Rubicon, 

which we identified previously increased in various tissues of aged animals thereby causing age-

dependent suppression of autophagy. We demonstrated that KD/KO of Rubicon extends lifespan and 

ameliorates several age-associated phenotypes including Parkinson's disease. The results suggest that 

suppression of autophagic activity by Rubicon is one of signatures of aging. However, in contrast, 

Rubicon disappears in aged adipocytes. Adipose Rubicon KO causes reduction of hormones 

expression in the tissue. We suggest that Age-dependent loss of adipose Rubicon promotes metabolic 

disorders via excess autophagy. 
 

Selective pericentromeric heterochromatin dismantling caused by TP53 
activation during senescence 

 
Aaron Mendez-Bermudez1,2, Sarantis Gagos3, Jing Ye1, Eric Gilson1,2,4 

1 International laboratory in Hematology, Cancer and Aging, Pôle Sino-Français de 
Recherches en Sciences du Vivant et Génomique, Rui Jin Hospital, Shanghai Jiao 
Tong University School of Medicine, Shanghai, China/CNRS/INSERM/University Côte 
d’Azur. 
2 Université Côte d'Azur, CNRS, INSERM, IRCAN, Faculty of Medicine Nice, France 
3 Laboratory of Genetics, Center of Experimental Medicine and Translational 
Research, Biomedical Research Foundation of the Academy of Athens, Greece 
4 Department of medical genetics, CHU, Nice, France 
 

Cellular senescence triggers various types of heterochromatin remodeling that 
contribute to aging. However, the age-related mechanisms that lead to these 
epigenetic alterations remain elusive. Here, we asked how two key aging hallmarks, 
telomere shortening and constitutive heterochromatin loss, are mechanistically 
connected during senescence. We show that, at the onset of senescence, 
pericentromeric heterochromatin is specifically dismantled consisting of chromatin 
decondensation, accumulation of DNA breakages, illegitimate recombination and loss 
of DNA. This process is caused by telomere shortening or genotoxic stress by a 
sequence of events starting from  p53-dependent downregulation of the telomere 
protective protein TRF2. The resulting loss of TRF2 at pericentromeres triggers DNA 
breaks activating ATM, which in turn leads to heterochromatin decondensation by 
releasing Kap1 and Lamin B1, recombination and satellite DNA excision found in the 
cytosol associated to cGAS. This TP53-TRF2 axis activates the interferon response 
and the formation of chromosome rearrangements when the cells escape the 
senescent growth arrest. Overall, these results reveal the role of p53 as 
pericentromeric disassembler and define the basic principles of how a TP53-
dependent senescence inducer hierarchically leads to selective pericentromeric 
dismantling through the downregulation of TRF2. 
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is known to decline with age. We found that the amount of a negative regulator of autophagy, Rubicon, 

which we identified previously increased in various tissues of aged animals thereby causing age-

dependent suppression of autophagy. We demonstrated that KD/KO of Rubicon extends lifespan and 
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Cellular senescence triggers various types of heterochromatin remodeling that 
contribute to aging. However, the age-related mechanisms that lead to these 
epigenetic alterations remain elusive. Here, we asked how two key aging hallmarks, 
telomere shortening and constitutive heterochromatin loss, are mechanistically 
connected during senescence. We show that, at the onset of senescence, 
pericentromeric heterochromatin is specifically dismantled consisting of chromatin 
decondensation, accumulation of DNA breakages, illegitimate recombination and loss 
of DNA. This process is caused by telomere shortening or genotoxic stress by a 
sequence of events starting from  p53-dependent downregulation of the telomere 
protective protein TRF2. The resulting loss of TRF2 at pericentromeres triggers DNA 
breaks activating ATM, which in turn leads to heterochromatin decondensation by 
releasing Kap1 and Lamin B1, recombination and satellite DNA excision found in the 
cytosol associated to cGAS. This TP53-TRF2 axis activates the interferon response 
and the formation of chromosome rearrangements when the cells escape the 
senescent growth arrest. Overall, these results reveal the role of p53 as 
pericentromeric disassembler and define the basic principles of how a TP53-
dependent senescence inducer hierarchically leads to selective pericentromeric 
dismantling through the downregulation of TRF2. 
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To die or to senesce: the role of PARP1 in determining cell fate and its 
implication in tissue injury 

 

Marco Demaria1  
1European Research Institute for the Biology of Ageing (ERIBA), University Medical Center 

Groningen (UMCG), University of Groningen (RUG) 

 

Cellular senescence is a state of stable growth arrest associated to the secretion of growth, 

inflammatory and tissue-remodeling factors, a feature known as the senescence associated secretory 

phenotype (SASP).  The composition of the SASP is highly heterogeneous and its biological 

functions are strictly context-dependent. Accumulation of senescent cells during aging contributes 

to frailty, chronic inflammation and tissue degeneration. However, various SASP factors positively 

regulate tissue repair and remodeling during acute injury.  

High levels of oxidative stress promote cell necrosis, a phenomenon which leads to tissue 

damage. Here, we show that genetic or pharmacologic inhibition of the enzyme PARP1 is sufficient 

to rescue cells from oxidative stress-induced death. Interestingly, rescued cells enter a state of 

premature senescence associated to production of various SASP factors. Mechanistically, we 

observe that PARP1 inhibition favors cell survival and senescence by maintaining the hexokinase 2 

localized to mitochondria and reducing mitochondrial Ca2+ overload in cells exposed to oxidative 

stress. In a mouse model of ischemia-reperfusion injury, we demonstrate that PARP1 inhibition 

protects from tissue damage by promoting senescence and reducing tissue necrosis and fibrosis.  

In summary, the understanding of mechanisms underlying the choice between cell death and 

senescence can provide new potent tools for the development of pro-senescence interventions to 

reduce tissue damage and improve tissue repair in oxidative stress-induced injuries.  
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Senescence spectrum and oncogenic dosage in early tumorigenesis 

 

Masashi Narita1, 2  
1Cancer Research UK Cambridge Institute, University of Cambridge, Cambridge, UK 
2Tokyo Tech World Research Hub Initiative and Cell Biology Center, Institute of Innovative 

Research, Tokyo Institute of Technology, Yokohama, Japan 

 

Oncogene-induced senescence (OIS) is a stable state of proliferative arrest in response to aberrant 

oncogene activation. First described in response to oncogenic RAS mutants, instead of transforming 

these cells underwent a stable cell cycle arrest similar to the previously described phenomenon of 

replicative senescence. However, subsequent observations have demonstrated that entry into 

senescence is not a default response to the expression of an oncogene, but instead, entry into 

senescence is context-dependent, determined by the strength of the oncogene signalling for 

instance. While classical models of OIS in culture typically involve overexpression of an oncogene 

to what is perceived as supra-physiological levels, it has been suggested that physiological levels of 

oncogenic RAS fail to induce OIS. Nevertheless, even if the level of somatic oncogenic RAS 

mutant expression is inevitably low (at least initially), in vivo studies have established the 

physiological relevance of OIS in tumour suppression, particularly in the context of premalignant 

lesions. Notably, it has also been suggested that a high dose of oncogenic RAS is critical for 

malignant transformation in vivo. Therefore, the level of oncogenic RAS is dynamic during 

tumorigenesis and it is conceivable that the ‘dose’ of oncogene signalling plays an important role in 

the decision making in either senescence or malignant transformation. Here, we show our new data 

addressing this long-standing question concerning, highlighting highly distinct phenotypes 

depending on the RAS dosage, often in a non-linear fashion. This involves both cell-autonomous 

and non-autonomous activities, thus the oncogenic RAS dosage can be a critical factor for the 

microenvironment during early tumorigenesis. 
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3-deazaadenosine (3DA) alleviates senescence to promote cellular 
fitness and therapy efficiency  
 

Jesus Gil1, 2 
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2Institute of Clinical Sciences (ICS), Faculty of Medicine, Imperial College London, Du Cane 

Road, London W12 0NN, UK. 

 

Cellular senescence is a stable type of cell cycle arrest triggered by different stresses. As such, 

senescence drives age-related diseases and curbs cellular replicative potential. Here, we show that 3-

deazaadenosine (3DA), an S-adenosyl homocysteinase (AHCY) inhibitor, alleviates replicative and 

oncogene-induced senescence. 3DA-treated senescent cells showed reduced global Histone H3 

Lysine 36 trimethylation (H3K36me3), an epigenetic modification that marks the bodies of actively 

transcribed genes. By integrating transcriptome and epigenome data, we demonstrate that 3DA 

treatment affects key factors of the senescence transcriptional program. Remarkably, 3DA treatment 

alleviated senescence and increased the proliferative and regenerative potential of muscle stem cells 

from very old mice in vitro and in vivo. Moreover, ex vivo 3DA treatment was sufficient to enhance 

the engraftment of human umbilical cord blood (UCB) cells in immunocompromised mice. Together, 

our results identify 3DA as a promising drug enhancing the efficiency of cellular therapies by 

restraining senescence.  
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Research, Tokyo Institute of Technology, Yokohama, Japan 

 

Oncogene-induced senescence (OIS) is a stable state of proliferative arrest in response to aberrant 

oncogene activation. First described in response to oncogenic RAS mutants, instead of transforming 

these cells underwent a stable cell cycle arrest similar to the previously described phenomenon of 

replicative senescence. However, subsequent observations have demonstrated that entry into 

senescence is not a default response to the expression of an oncogene, but instead, entry into 

senescence is context-dependent, determined by the strength of the oncogene signalling for 

instance. While classical models of OIS in culture typically involve overexpression of an oncogene 

to what is perceived as supra-physiological levels, it has been suggested that physiological levels of 

oncogenic RAS fail to induce OIS. Nevertheless, even if the level of somatic oncogenic RAS 

mutant expression is inevitably low (at least initially), in vivo studies have established the 

physiological relevance of OIS in tumour suppression, particularly in the context of premalignant 

lesions. Notably, it has also been suggested that a high dose of oncogenic RAS is critical for 

malignant transformation in vivo. Therefore, the level of oncogenic RAS is dynamic during 

tumorigenesis and it is conceivable that the ‘dose’ of oncogene signalling plays an important role in 

the decision making in either senescence or malignant transformation. Here, we show our new data 

addressing this long-standing question concerning, highlighting highly distinct phenotypes 

depending on the RAS dosage, often in a non-linear fashion. This involves both cell-autonomous 

and non-autonomous activities, thus the oncogenic RAS dosage can be a critical factor for the 

microenvironment during early tumorigenesis. 
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3-deazaadenosine (3DA) alleviates senescence to promote cellular 
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Jesus Gil1, 2 
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2Institute of Clinical Sciences (ICS), Faculty of Medicine, Imperial College London, Du Cane 

Road, London W12 0NN, UK. 

 

Cellular senescence is a stable type of cell cycle arrest triggered by different stresses. As such, 

senescence drives age-related diseases and curbs cellular replicative potential. Here, we show that 3-

deazaadenosine (3DA), an S-adenosyl homocysteinase (AHCY) inhibitor, alleviates replicative and 

oncogene-induced senescence. 3DA-treated senescent cells showed reduced global Histone H3 

Lysine 36 trimethylation (H3K36me3), an epigenetic modification that marks the bodies of actively 

transcribed genes. By integrating transcriptome and epigenome data, we demonstrate that 3DA 

treatment affects key factors of the senescence transcriptional program. Remarkably, 3DA treatment 

alleviated senescence and increased the proliferative and regenerative potential of muscle stem cells 

from very old mice in vitro and in vivo. Moreover, ex vivo 3DA treatment was sufficient to enhance 

the engraftment of human umbilical cord blood (UCB) cells in immunocompromised mice. Together, 

our results identify 3DA as a promising drug enhancing the efficiency of cellular therapies by 

restraining senescence.  
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Immune surveillance of senescent cells 
 
Scott W. Lowe1, 2 
1Howard Hughes Medical Institute; 2Cancer Biology & Genetics Program, Sloan Kettering 
Institute, Memorial Sloan Kettering Cancer Center, New York, NY USA 
 
Cellular senescence has emerged as an important process in human health and disease. The 
senescence program involves coordination between a stable cell cycle arrest and the secretion 
of factors known as the senescence-associated secretory phenotype (SASP). SASP factors 
modulate the tissue environment, including stimulating immune cell recognition and clearance 
in some settings and tissue dysfunction in others. In cancer, senescence provides a barrier to 
oncogene-initiated tumorigenesis and, indeed, tumor suppressor genes that promote 
senescence are frequently inactivated in malignant tumors. Conversely, the aberrant 
accumulation of senescent cells and a pro-inflammatory SASP can promote tumor progression 
and metastasis.  It has been suggested that one factor that dictates whether senescence prevents 
or promotes pathology is the propensity of senescent cells to become targeted by the immune 
system. Work from our laboratory and others suggests whether and how senescent cells are 
surveilled by the immune system is highly context dependent and can be modulated 
therapeutically.  In my presentation, I will discuss recent work that reveals one way in which 
disruption of senescence regulators immune evasion during tumor progression and, conversely, 
how senescence induction in cancer cells can trigger immune mediated tumor regressions. 
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Age-related changes in the tumor microenvironment drive tumor progression 

 

Sheila A. Stewart 
1Department of Cell Biology and Physiology, Department of Medicine, Siteman Cancer Center, 

ICCE Institute, Washington University School of Medicine, St. Louis, MO 63110, USA. 

Multiply factors, including the metastatic stroma, play a pivotal role in tumor progression. 
Based on our findings in primary tumors, we focused on how changes in the stromal 
p38MAPK-MK2 pathway contribute to metastatic progression. We found that inhibition of 
either stromal p38MAPK or MK2 limits tumor progression as well as cancer and therapy-
induced bone loss. To determine which stromal cells are targeted by p38MAPK and MK2 
inhibitors, we carried out single cell RNA-sequencing (scRNA-Seq) in the presence or 
absence of inhibitors and found numerous changes in the stromal compartment including 
CD45+ and CD45- cell types.  The various alterations identified will be discussed.  Finally, 
our ultimate goal is to increase the efficacy of the p38MAPK/MK2 inhibitors in the metastatic 
setting and given the central role this pathway plays in immune cell function, we tested the 
functional importance of T cells in our clinically relevant model.  Interestingly, we found that 
p38MAPKαα’s ability to limit tumor growth within the bone is dependent on CD4 T cells.  Our 
data underscore the vital role stromal-derived factors play in tumor progression and identify 
the p38MAPK-MK2 pathway as a promising therapeutic target for metastatic disease and 
prevention of tumor-induced bone loss. 
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To die or to senesce: the role of PARP1 in determining cell fate and its 
implication in tissue injury 

 

Marco Demaria1  
1European Research Institute for the Biology of Ageing (ERIBA), University Medical Center 

Groningen (UMCG), University of Groningen (RUG) 

 

Cellular senescence is a state of stable growth arrest associated to the secretion of growth, 

inflammatory and tissue-remodeling factors, a feature known as the senescence associated secretory 

phenotype (SASP).  The composition of the SASP is highly heterogeneous and its biological 

functions are strictly context-dependent. Accumulation of senescent cells during aging contributes 

to frailty, chronic inflammation and tissue degeneration. However, various SASP factors positively 

regulate tissue repair and remodeling during acute injury.  

High levels of oxidative stress promote cell necrosis, a phenomenon which leads to tissue 

damage. Here, we show that genetic or pharmacologic inhibition of the enzyme PARP1 is sufficient 

to rescue cells from oxidative stress-induced death. Interestingly, rescued cells enter a state of 

premature senescence associated to production of various SASP factors. Mechanistically, we 

observe that PARP1 inhibition favors cell survival and senescence by maintaining the hexokinase 2 

localized to mitochondria and reducing mitochondrial Ca2+ overload in cells exposed to oxidative 

stress. In a mouse model of ischemia-reperfusion injury, we demonstrate that PARP1 inhibition 

protects from tissue damage by promoting senescence and reducing tissue necrosis and fibrosis.  

In summary, the understanding of mechanisms underlying the choice between cell death and 

senescence can provide new potent tools for the development of pro-senescence interventions to 

reduce tissue damage and improve tissue repair in oxidative stress-induced injuries.  
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Cellular senescence has emerged as an important process in human health and disease. The 
senescence program involves coordination between a stable cell cycle arrest and the secretion 
of factors known as the senescence-associated secretory phenotype (SASP). SASP factors 
modulate the tissue environment, including stimulating immune cell recognition and clearance 
in some settings and tissue dysfunction in others. In cancer, senescence provides a barrier to 
oncogene-initiated tumorigenesis and, indeed, tumor suppressor genes that promote 
senescence are frequently inactivated in malignant tumors. Conversely, the aberrant 
accumulation of senescent cells and a pro-inflammatory SASP can promote tumor progression 
and metastasis.  It has been suggested that one factor that dictates whether senescence prevents 
or promotes pathology is the propensity of senescent cells to become targeted by the immune 
system. Work from our laboratory and others suggests whether and how senescent cells are 
surveilled by the immune system is highly context dependent and can be modulated 
therapeutically.  In my presentation, I will discuss recent work that reveals one way in which 
disruption of senescence regulators immune evasion during tumor progression and, conversely, 
how senescence induction in cancer cells can trigger immune mediated tumor regressions. 
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Age-related changes in the tumor microenvironment drive tumor progression 

 

Sheila A. Stewart 
1Department of Cell Biology and Physiology, Department of Medicine, Siteman Cancer Center, 

ICCE Institute, Washington University School of Medicine, St. Louis, MO 63110, USA. 

Multiply factors, including the metastatic stroma, play a pivotal role in tumor progression. 
Based on our findings in primary tumors, we focused on how changes in the stromal 
p38MAPK-MK2 pathway contribute to metastatic progression. We found that inhibition of 
either stromal p38MAPK or MK2 limits tumor progression as well as cancer and therapy-
induced bone loss. To determine which stromal cells are targeted by p38MAPK and MK2 
inhibitors, we carried out single cell RNA-sequencing (scRNA-Seq) in the presence or 
absence of inhibitors and found numerous changes in the stromal compartment including 
CD45+ and CD45- cell types.  The various alterations identified will be discussed.  Finally, 
our ultimate goal is to increase the efficacy of the p38MAPK/MK2 inhibitors in the metastatic 
setting and given the central role this pathway plays in immune cell function, we tested the 
functional importance of T cells in our clinically relevant model.  Interestingly, we found that 
p38MAPKαα’s ability to limit tumor growth within the bone is dependent on CD4 T cells.  Our 
data underscore the vital role stromal-derived factors play in tumor progression and identify 
the p38MAPK-MK2 pathway as a promising therapeutic target for metastatic disease and 
prevention of tumor-induced bone loss. 
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Cellular senescence is a state of stable growth arrest associated to the secretion of growth, 

inflammatory and tissue-remodeling factors, a feature known as the senescence associated secretory 

phenotype (SASP).  The composition of the SASP is highly heterogeneous and its biological 

functions are strictly context-dependent. Accumulation of senescent cells during aging contributes 

to frailty, chronic inflammation and tissue degeneration. However, various SASP factors positively 

regulate tissue repair and remodeling during acute injury.  

High levels of oxidative stress promote cell necrosis, a phenomenon which leads to tissue 

damage. Here, we show that genetic or pharmacologic inhibition of the enzyme PARP1 is sufficient 

to rescue cells from oxidative stress-induced death. Interestingly, rescued cells enter a state of 

premature senescence associated to production of various SASP factors. Mechanistically, we 

observe that PARP1 inhibition favors cell survival and senescence by maintaining the hexokinase 2 

localized to mitochondria and reducing mitochondrial Ca2+ overload in cells exposed to oxidative 

stress. In a mouse model of ischemia-reperfusion injury, we demonstrate that PARP1 inhibition 

protects from tissue damage by promoting senescence and reducing tissue necrosis and fibrosis.  

In summary, the understanding of mechanisms underlying the choice between cell death and 

senescence can provide new potent tools for the development of pro-senescence interventions to 

reduce tissue damage and improve tissue repair in oxidative stress-induced injuries.  
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Clearance of p16Ink4a-positive cells delays early-onset lung tumorigenesis 
 

Darren J. Baker, Ph.D. 

 

Abstract  

Over recent years, compelling evidence supports the narrative that senescent cell accumulation 

negatively influences healthy lifespan by driving age-related conditions, including cancer. We 

have previously demonstrated that clearance of naturally occurring p16Ink4a-positive senescent 

cells delays tumor formation, however, the mechanistic underpinnings for how senescent cells 

influence tumorigenesis remains unclear. Here, we implicate an impaired and highly 

active p16Ink4a-expressing subset of innate immune cells with signatures of cellular senescence 

that fuels lung tumorigenesis. Using mice predisposed to lung adenoma formation after the 

spontaneous somatic activation of the oncogene Kras, We found that both genetic and 

pharmacological interventions to ablate senescent cells suppresses tumor burden. Using single-

cell transcriptomics, we uncover a subset of p16-expressing alveolar macrophages exhibiting 

alterations reminiscent of cellular senescence in response to oncogene activation and are 

responsible for driving adenoma formation. These findings suggest that targeting senescent 

cells in the early stages of cancer may be a novel therapeutic approach to delay tumor 

formation. 
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Senescence as an underlying mechanism for cartilage loss and chronic 
inflammation in osteoarthritis 

 

Jin-Hong Kim1, 2  
1Department of Biological Sciences, College of Natural Sciences, Seoul National University, 08826 

Seoul, South Korea 
2Center for RNA Research, Institute for Basic Science, 08826 Seoul, South Korea 

 

A progressive loss of cartilage matrix, appearing with aging and post-traumatic events, leads 

to the development of osteoarthritis (OA), the main cause of joint disability worldwide. A growing 

body of evidence indicates that accumulation of reactive oxygen species (ROS) leading to oxidative 

stress in chondrocytes is a crucial event that disrupts cartilage homeostasis during OA development. 

We identified miR-204 as one of the markedly up-regulated microRNA in response to chronic 

oxidative stress in chondrocytes. Up-regulated miR-204 simultaneously targets multiple 

components of the sulfated proteoglycan biosynthesis pathway, effectively shutting down cartilage 

matrix anabolism in OA cartilage. We revealed a mechanistic link of this oxidative stress to the 

onset of senescent phenotypes of chondrocytes that promote OA pathogenesis. We further provide 

evidence that dysregulation of the selenium metabolic pathway underlies a shift in redox 

homeostasis in chondrocytes. The impairment in the selenium pathway compromises the capacity to 

synthesize a class of stress-related selenoproteins with oxidoreductase functions, thereby 

persistently elevating the level of ROS in chondrocytes. Chronic DNA damage caused by the 

accumulated free radicals facilitated the entry of chondrocytes into a state of cellular senescence, 

driving the pathological transition of chondrocytes at both the phenotypic and whole-transcriptome 

levels. Collectively, our study demonstrates that the therapeutic targeting of senescent chondrocytes 

may serve as a future paradigm to modify the disease progression of the most common aging-

associated disease, OA. 
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implication in tissue injury 
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Cellular senescence is a state of stable growth arrest associated to the secretion of growth, 

inflammatory and tissue-remodeling factors, a feature known as the senescence associated secretory 

phenotype (SASP).  The composition of the SASP is highly heterogeneous and its biological 

functions are strictly context-dependent. Accumulation of senescent cells during aging contributes 

to frailty, chronic inflammation and tissue degeneration. However, various SASP factors positively 

regulate tissue repair and remodeling during acute injury.  

High levels of oxidative stress promote cell necrosis, a phenomenon which leads to tissue 

damage. Here, we show that genetic or pharmacologic inhibition of the enzyme PARP1 is sufficient 

to rescue cells from oxidative stress-induced death. Interestingly, rescued cells enter a state of 

premature senescence associated to production of various SASP factors. Mechanistically, we 

observe that PARP1 inhibition favors cell survival and senescence by maintaining the hexokinase 2 

localized to mitochondria and reducing mitochondrial Ca2+ overload in cells exposed to oxidative 

stress. In a mouse model of ischemia-reperfusion injury, we demonstrate that PARP1 inhibition 

protects from tissue damage by promoting senescence and reducing tissue necrosis and fibrosis.  

In summary, the understanding of mechanisms underlying the choice between cell death and 

senescence can provide new potent tools for the development of pro-senescence interventions to 

reduce tissue damage and improve tissue repair in oxidative stress-induced injuries.  
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Abstract  

Over recent years, compelling evidence supports the narrative that senescent cell accumulation 

negatively influences healthy lifespan by driving age-related conditions, including cancer. We 

have previously demonstrated that clearance of naturally occurring p16Ink4a-positive senescent 

cells delays tumor formation, however, the mechanistic underpinnings for how senescent cells 

influence tumorigenesis remains unclear. Here, we implicate an impaired and highly 

active p16Ink4a-expressing subset of innate immune cells with signatures of cellular senescence 

that fuels lung tumorigenesis. Using mice predisposed to lung adenoma formation after the 

spontaneous somatic activation of the oncogene Kras, We found that both genetic and 

pharmacological interventions to ablate senescent cells suppresses tumor burden. Using single-

cell transcriptomics, we uncover a subset of p16-expressing alveolar macrophages exhibiting 

alterations reminiscent of cellular senescence in response to oncogene activation and are 

responsible for driving adenoma formation. These findings suggest that targeting senescent 

cells in the early stages of cancer may be a novel therapeutic approach to delay tumor 

formation. 
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A progressive loss of cartilage matrix, appearing with aging and post-traumatic events, leads 

to the development of osteoarthritis (OA), the main cause of joint disability worldwide. A growing 

body of evidence indicates that accumulation of reactive oxygen species (ROS) leading to oxidative 

stress in chondrocytes is a crucial event that disrupts cartilage homeostasis during OA development. 

We identified miR-204 as one of the markedly up-regulated microRNA in response to chronic 

oxidative stress in chondrocytes. Up-regulated miR-204 simultaneously targets multiple 

components of the sulfated proteoglycan biosynthesis pathway, effectively shutting down cartilage 

matrix anabolism in OA cartilage. We revealed a mechanistic link of this oxidative stress to the 

onset of senescent phenotypes of chondrocytes that promote OA pathogenesis. We further provide 

evidence that dysregulation of the selenium metabolic pathway underlies a shift in redox 

homeostasis in chondrocytes. The impairment in the selenium pathway compromises the capacity to 

synthesize a class of stress-related selenoproteins with oxidoreductase functions, thereby 

persistently elevating the level of ROS in chondrocytes. Chronic DNA damage caused by the 

accumulated free radicals facilitated the entry of chondrocytes into a state of cellular senescence, 

driving the pathological transition of chondrocytes at both the phenotypic and whole-transcriptome 

levels. Collectively, our study demonstrates that the therapeutic targeting of senescent chondrocytes 

may serve as a future paradigm to modify the disease progression of the most common aging-

associated disease, OA. 
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Cellular senescence is a state of stable growth arrest associated to the secretion of growth, 

inflammatory and tissue-remodeling factors, a feature known as the senescence associated secretory 

phenotype (SASP).  The composition of the SASP is highly heterogeneous and its biological 

functions are strictly context-dependent. Accumulation of senescent cells during aging contributes 

to frailty, chronic inflammation and tissue degeneration. However, various SASP factors positively 

regulate tissue repair and remodeling during acute injury.  

High levels of oxidative stress promote cell necrosis, a phenomenon which leads to tissue 

damage. Here, we show that genetic or pharmacologic inhibition of the enzyme PARP1 is sufficient 

to rescue cells from oxidative stress-induced death. Interestingly, rescued cells enter a state of 

premature senescence associated to production of various SASP factors. Mechanistically, we 

observe that PARP1 inhibition favors cell survival and senescence by maintaining the hexokinase 2 

localized to mitochondria and reducing mitochondrial Ca2+ overload in cells exposed to oxidative 

stress. In a mouse model of ischemia-reperfusion injury, we demonstrate that PARP1 inhibition 

protects from tissue damage by promoting senescence and reducing tissue necrosis and fibrosis.  

In summary, the understanding of mechanisms underlying the choice between cell death and 

senescence can provide new potent tools for the development of pro-senescence interventions to 

reduce tissue damage and improve tissue repair in oxidative stress-induced injuries.  
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(Example) 
Role of stromal p16-positive cells in cancer progression  
 

Makoto Nakanishi1 
1Division of Cancer Cell Biology, Institute of Medical Science, University of Tokyo 

 

The tumor microenvironment comprises a mass of heterogenous cell types, such as fibroblasts, 

vascular endothelial cells, and immune cells.  These cells create stromal niche that supports the 

continued growth, invasion, and metastasis of cancer cells as well as the promotion of angiogenesis. 

The tumor stromal cells also contribute to the maintenance of cancer stemness. However, molecular 

basis of how stromal cells support these deleterious cancer promoting effects is largely unknown.  

Cellular senescence is a phenomenon characterized by a permanent cessation of cell proliferation 

even in the presence of all known growth stimuli. It also exhibits secreting phenotypes of various 

inflammatory cytokines and growth factors called SASP. SASP likely affects tissue 

microenvironment, promoting tissue remodeling and regeneration. Therefore, we speculate that this 

is also the case with tumor microenvironment. A recent generation of mouse models in which p16 

positive cells can be visualized, characterized at a single cell level, and selectively eliminated 

allows us to analyze the role of tumor p16-positive stromal cells in tumor progression, invasion, 

angiogenesis, and metastasis in vivo. With the use of these mouse models and a single cell 

transcriptomics of p16-positive cells, we found that the stromal p16-positive cells were 

characterized as promoting angiogenesis and extracellular remodeling in tumor tissues. Thus, a 

better understanding of the stromal p16-positive cells might provide an important cue to generate 

innovative strategies for cancer therapies. 
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The role and the mechanism of SASP in tumor microenvironment of 
obesity-associated liver cancer 
 

Naoko Ohtani  

Department of Department of Pathophysiology, Graduate School of Medicine, Osaka City 

University 

 

Obesity is known to be a risk factor for several types of cancer including hepatocellular carcinoma 

(HCC). We previously identified that the enterohepatic circulation of the obesity-induced gut 

microbial metabolite, deoxycholic acid (DCA) induce the cellular senescence and senescence-

associated secretory phenotype (SASP) of hepatic stellate cells, a phenotype that senescent cells 

secrete inflammatory cytokines, chemokines, growth factors, proteases and so on.  The SASP factors 

are associated with creating a cancer promoting tumor microenvironment, suggesting that DCA is 

one of the crucial factors to accelerate obesity associated liver cancer. We found that the hepatic 

accumulation of bacterial component, lipoteichoic acid (LTA) derived from obesity-increased gram-

positive gut microbiota, promoted HCC development by enhancing SASP factor expression in hepatic 

stellate cells through Toll like receptor 2. Recently, we uncovered the novel release mechanism of 

SASP factors triggered by LTA. Our results suggest that the mechanism of SASP could be distinct 

depending on each biological context in vivo. 
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(Example) 
Role of stromal p16-positive cells in cancer progression  
 

Makoto Nakanishi1 
1Division of Cancer Cell Biology, Institute of Medical Science, University of Tokyo 

 

The tumor microenvironment comprises a mass of heterogenous cell types, such as fibroblasts, 

vascular endothelial cells, and immune cells.  These cells create stromal niche that supports the 

continued growth, invasion, and metastasis of cancer cells as well as the promotion of angiogenesis. 

The tumor stromal cells also contribute to the maintenance of cancer stemness. However, molecular 

basis of how stromal cells support these deleterious cancer promoting effects is largely unknown.  

Cellular senescence is a phenomenon characterized by a permanent cessation of cell proliferation 

even in the presence of all known growth stimuli. It also exhibits secreting phenotypes of various 

inflammatory cytokines and growth factors called SASP. SASP likely affects tissue 

microenvironment, promoting tissue remodeling and regeneration. Therefore, we speculate that this 

is also the case with tumor microenvironment. A recent generation of mouse models in which p16 

positive cells can be visualized, characterized at a single cell level, and selectively eliminated 

allows us to analyze the role of tumor p16-positive stromal cells in tumor progression, invasion, 

angiogenesis, and metastasis in vivo. With the use of these mouse models and a single cell 

transcriptomics of p16-positive cells, we found that the stromal p16-positive cells were 

characterized as promoting angiogenesis and extracellular remodeling in tumor tissues. Thus, a 

better understanding of the stromal p16-positive cells might provide an important cue to generate 

innovative strategies for cancer therapies. 
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The role and the mechanism of SASP in tumor microenvironment of 
obesity-associated liver cancer 
 

Naoko Ohtani  

Department of Department of Pathophysiology, Graduate School of Medicine, Osaka City 

University 

 

Obesity is known to be a risk factor for several types of cancer including hepatocellular carcinoma 

(HCC). We previously identified that the enterohepatic circulation of the obesity-induced gut 

microbial metabolite, deoxycholic acid (DCA) induce the cellular senescence and senescence-

associated secretory phenotype (SASP) of hepatic stellate cells, a phenotype that senescent cells 

secrete inflammatory cytokines, chemokines, growth factors, proteases and so on.  The SASP factors 

are associated with creating a cancer promoting tumor microenvironment, suggesting that DCA is 

one of the crucial factors to accelerate obesity associated liver cancer. We found that the hepatic 

accumulation of bacterial component, lipoteichoic acid (LTA) derived from obesity-increased gram-

positive gut microbiota, promoted HCC development by enhancing SASP factor expression in hepatic 

stellate cells through Toll like receptor 2. Recently, we uncovered the novel release mechanism of 

SASP factors triggered by LTA. Our results suggest that the mechanism of SASP could be distinct 

depending on each biological context in vivo. 
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Cellular Senescence: an unintended twist for gene and cell therapy 
applications 
 
Raffaella Di Micco 
 
San Raffaele Telethon Institute for Gene Therapy, 20132, Milan, Italy 
New York Stem Cell Foundation Robertson Investigator 
 

 
The success of Hematopoietic Stem and Progenitor Cell (HSPC) gene 
therapies critically depends on the capacity to genetically engineer HSPCs 
without compromising their functional properties. Emerging evidence, 
including our own, indicates that HSPC exposure to currently available 
gene transfer and gene editing technologies –which require prolonged ex-
vivo culture, high viral vector doses and nuclease-induced DNA double 
strand breaks– unexpectedly converge on the DNA damage response 
(DDR), a signaling cascade leading to cell cycle arrest. Protracted DDR 
impairs the hematopoietic reconstitution of gene-modified cells upon 
transplantation; instead, its transient inhibition significantly improves their 
functionality. This experimental evidence uncovers a previously 
unappreciated interplay between viral vector sensing and the host cell DDR 
machinery in human HSPCs. Yet, we have just scratched the surface of a 
plethora of still unexplored cellular programs potentially hampering the 
clonal composition and the dynamics of reconstitution upon transplantation 
of this primitive cell compartment. We build on the innovative concept that 
current gene engineering protocols may inadvertently trigger the activation 
of a cellular senescence program in HSPCs with both cell-autonomous and 
paracrine short- and long-term consequences on engineered human 
hematopoiesis. By employing quantitative imaging and cutting-edge 
genomic technologies and taking advantage of uniquely available gene 
therapy platforms and primary patient samples, we will identify the 
molecular determinants that promote senescence in HSPCs and design 
innovative hypothesis-driven strategies to mitigate senescence barriers for 
more effective, safer and clinically broader gene therapy applications. Our 
findings will unveil a new set of mechanisms controlling the biology of 
gene-engineered HSPCs and open novel scientific horizons for the 
development of innovative gene and cell therapies. 
 

TThhee  ccGGAASS--SSTTIINNGG  ppaatthhwwaayy  aass  aa  ddrriivveerr  ooff  aabbeerrrraanntt  iinnffllaammmmaattiioonn  

  

Andrea Ablasser1,2 
1 Global Health Institute, Swiss Federal Institute of Technology Lausanne (EPFL), Switzerland 
2 Swiss Institute for Experimental Cancer Research, Swiss Federal Institute of Technology (EPFL), Switzerland 

 

The life of any organism depends on the ability of cells to detect and to respond to pathogens. In order to 

detect the immense variety of pathogenic entities, the innate immune system of mammals has evolved a range 

of distinct sensing strategies. One major mechanism is based on the recognition of microbial DNA - an 

invariant and highly immunogenic pathogen-associated molecular pattern. Host cells, however, contain 

abundant sources of self-DNA. In the context of cellular damage or metabolic derangement, “out-of-the-

context” self-DNA can elicit potentially damaging inflammatory responses. Our research focuses on the so-

called cGAS-STING system - an evolutionary highly conserved innate DNA sensing system. On DNA binding, 

cGAS is activated to produce a second messenger cyclic dinucleotide (cyclic GMP-AMP), which stimulates 

the adaptor protein STING to induce innate immune responses. While this process was originally discovered 

as a crucial component of the immune defense against pathogens, recent work has elucidated a pathogenic 

role for innate DNA sensing in a variety of sterile inflammatory diseases. In this talk I will discuss recent 

findings on cellular mechanisms that regulate cGAS activity and present work on the pharmacological 

manipulation of aberrant cGAS-STING signaling in the context of inflammatory diseases. 
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To die or to senesce: the role of PARP1 in determining cell fate and its 
implication in tissue injury 

 

Marco Demaria1  
1European Research Institute for the Biology of Ageing (ERIBA), University Medical Center 

Groningen (UMCG), University of Groningen (RUG) 

 

Cellular senescence is a state of stable growth arrest associated to the secretion of growth, 

inflammatory and tissue-remodeling factors, a feature known as the senescence associated secretory 

phenotype (SASP).  The composition of the SASP is highly heterogeneous and its biological 

functions are strictly context-dependent. Accumulation of senescent cells during aging contributes 

to frailty, chronic inflammation and tissue degeneration. However, various SASP factors positively 

regulate tissue repair and remodeling during acute injury.  

High levels of oxidative stress promote cell necrosis, a phenomenon which leads to tissue 

damage. Here, we show that genetic or pharmacologic inhibition of the enzyme PARP1 is sufficient 

to rescue cells from oxidative stress-induced death. Interestingly, rescued cells enter a state of 

premature senescence associated to production of various SASP factors. Mechanistically, we 

observe that PARP1 inhibition favors cell survival and senescence by maintaining the hexokinase 2 

localized to mitochondria and reducing mitochondrial Ca2+ overload in cells exposed to oxidative 

stress. In a mouse model of ischemia-reperfusion injury, we demonstrate that PARP1 inhibition 

protects from tissue damage by promoting senescence and reducing tissue necrosis and fibrosis.  

In summary, the understanding of mechanisms underlying the choice between cell death and 

senescence can provide new potent tools for the development of pro-senescence interventions to 

reduce tissue damage and improve tissue repair in oxidative stress-induced injuries.  
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The success of Hematopoietic Stem and Progenitor Cell (HSPC) gene 
therapies critically depends on the capacity to genetically engineer HSPCs 
without compromising their functional properties. Emerging evidence, 
including our own, indicates that HSPC exposure to currently available 
gene transfer and gene editing technologies –which require prolonged ex-
vivo culture, high viral vector doses and nuclease-induced DNA double 
strand breaks– unexpectedly converge on the DNA damage response 
(DDR), a signaling cascade leading to cell cycle arrest. Protracted DDR 
impairs the hematopoietic reconstitution of gene-modified cells upon 
transplantation; instead, its transient inhibition significantly improves their 
functionality. This experimental evidence uncovers a previously 
unappreciated interplay between viral vector sensing and the host cell DDR 
machinery in human HSPCs. Yet, we have just scratched the surface of a 
plethora of still unexplored cellular programs potentially hampering the 
clonal composition and the dynamics of reconstitution upon transplantation 
of this primitive cell compartment. We build on the innovative concept that 
current gene engineering protocols may inadvertently trigger the activation 
of a cellular senescence program in HSPCs with both cell-autonomous and 
paracrine short- and long-term consequences on engineered human 
hematopoiesis. By employing quantitative imaging and cutting-edge 
genomic technologies and taking advantage of uniquely available gene 
therapy platforms and primary patient samples, we will identify the 
molecular determinants that promote senescence in HSPCs and design 
innovative hypothesis-driven strategies to mitigate senescence barriers for 
more effective, safer and clinically broader gene therapy applications. Our 
findings will unveil a new set of mechanisms controlling the biology of 
gene-engineered HSPCs and open novel scientific horizons for the 
development of innovative gene and cell therapies. 
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The life of any organism depends on the ability of cells to detect and to respond to pathogens. In order to 

detect the immense variety of pathogenic entities, the innate immune system of mammals has evolved a range 

of distinct sensing strategies. One major mechanism is based on the recognition of microbial DNA - an 

invariant and highly immunogenic pathogen-associated molecular pattern. Host cells, however, contain 

abundant sources of self-DNA. In the context of cellular damage or metabolic derangement, “out-of-the-

context” self-DNA can elicit potentially damaging inflammatory responses. Our research focuses on the so-

called cGAS-STING system - an evolutionary highly conserved innate DNA sensing system. On DNA binding, 

cGAS is activated to produce a second messenger cyclic dinucleotide (cyclic GMP-AMP), which stimulates 

the adaptor protein STING to induce innate immune responses. While this process was originally discovered 

as a crucial component of the immune defense against pathogens, recent work has elucidated a pathogenic 

role for innate DNA sensing in a variety of sterile inflammatory diseases. In this talk I will discuss recent 

findings on cellular mechanisms that regulate cGAS activity and present work on the pharmacological 

manipulation of aberrant cGAS-STING signaling in the context of inflammatory diseases. 
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To die or to senesce: the role of PARP1 in determining cell fate and its 
implication in tissue injury 

 

Marco Demaria1  
1European Research Institute for the Biology of Ageing (ERIBA), University Medical Center 

Groningen (UMCG), University of Groningen (RUG) 

 

Cellular senescence is a state of stable growth arrest associated to the secretion of growth, 

inflammatory and tissue-remodeling factors, a feature known as the senescence associated secretory 

phenotype (SASP).  The composition of the SASP is highly heterogeneous and its biological 

functions are strictly context-dependent. Accumulation of senescent cells during aging contributes 

to frailty, chronic inflammation and tissue degeneration. However, various SASP factors positively 

regulate tissue repair and remodeling during acute injury.  

High levels of oxidative stress promote cell necrosis, a phenomenon which leads to tissue 

damage. Here, we show that genetic or pharmacologic inhibition of the enzyme PARP1 is sufficient 

to rescue cells from oxidative stress-induced death. Interestingly, rescued cells enter a state of 

premature senescence associated to production of various SASP factors. Mechanistically, we 

observe that PARP1 inhibition favors cell survival and senescence by maintaining the hexokinase 2 

localized to mitochondria and reducing mitochondrial Ca2+ overload in cells exposed to oxidative 

stress. In a mouse model of ischemia-reperfusion injury, we demonstrate that PARP1 inhibition 

protects from tissue damage by promoting senescence and reducing tissue necrosis and fibrosis.  

In summary, the understanding of mechanisms underlying the choice between cell death and 

senescence can provide new potent tools for the development of pro-senescence interventions to 

reduce tissue damage and improve tissue repair in oxidative stress-induced injuries.  
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Cellular senescence is a state of stable growth arrest associated to the secretion of growth, 

inflammatory and tissue-remodeling factors, a feature known as the senescence associated secretory 

phenotype (SASP).  The composition of the SASP is highly heterogeneous and its biological 

functions are strictly context-dependent. Accumulation of senescent cells during aging contributes 

to frailty, chronic inflammation and tissue degeneration. However, various SASP factors positively 

regulate tissue repair and remodeling during acute injury.  

High levels of oxidative stress promote cell necrosis, a phenomenon which leads to tissue 

damage. Here, we show that genetic or pharmacologic inhibition of the enzyme PARP1 is sufficient 

to rescue cells from oxidative stress-induced death. Interestingly, rescued cells enter a state of 

premature senescence associated to production of various SASP factors. Mechanistically, we 

observe that PARP1 inhibition favors cell survival and senescence by maintaining the hexokinase 2 

localized to mitochondria and reducing mitochondrial Ca2+ overload in cells exposed to oxidative 

stress. In a mouse model of ischemia-reperfusion injury, we demonstrate that PARP1 inhibition 

protects from tissue damage by promoting senescence and reducing tissue necrosis and fibrosis.  

In summary, the understanding of mechanisms underlying the choice between cell death and 

senescence can provide new potent tools for the development of pro-senescence interventions to 

reduce tissue damage and improve tissue repair in oxidative stress-induced injuries.  
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Altered cellular interactions lead to decreased immunity during ageing 

 

Arne Akbar 

Experimental & Translational Medicine, Div. of Medicine, University College London, UK 
 

Akbar has identified multiple novel mechanisms that induce immune decline during ageing. 
He discovered a new inhibitory protein complex in aged T cells that is regulated by sestrins, 
which can be blocked to enhance vaccine responsiveness in vivo. He identified defective 
immunity to viruses in the skin of old humans arises from excessive inflammation. This could 
be reversed by treatment with an anti-inflammatory p38 MAPkinase inhibitor, showing 
unequivocally that immune decline can be reversed in older humans in vivo. This has 
considerable implications for strategies to enhance immunity after severe infections and 
vaccination that are reduced during ageing. He is President of the British Society for 
Immunology (2018-2-2022). 

Recent References 
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(2017) A sestrin-dependent Erk-Jnk-p38 MAPK activation complex inhibits immunity during aging. Nat. Immunol. 18:354-
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Turner CT, Larbi A, Birault V, Noursadeghi M, Mabbott NA, Rustin MHA, Krueger JG, Akbar AN, (2018) Enhancement 
of cutaneous immunity during aging by blocking p38 mitogen-activated protein (MAP) kinase-induced inflammation. J. 
Allergy Clin Immunol 142: 844-856.  
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evade immune clearance via HLA-E-mediated NK and CD8+ T cell inhibition. Nat Commun. 10(1):2387. doi: 
10.1038/s41467-019-10335-5.  

 
 
 

Non-canonical roles of p16 in senescence and cancer 

Katherine M. Aird1 

1Department of Pharmacology & Chemical Biology and UPMC Hillman Cancer Center, University 

of Pittsburgh School of Medicine, Pittsburgh, PA, USA 

 

p16 (encoded by CDKN2A) is a tumor suppressor that is upregulated in senescent cells and lost 

in ~50% of all human cancers. While traditionally thought of only as a cell cycle regulator, our 

work has discovered that loss of p16 has non-canonical roles in reprogramming both pro-

tumorigenic metabolism and the tumor microenvironment. We found that suppression of p16 

increases nucleotide synthesis in an mTORC1-dependent manner to bypass senescence, and 

inhibition of this axis is a novel metabolic vulnerability for p16-null cancers by promoting 

senescence. Our more recent studies have identified multiple other metabolic pathways that are 

enhanced by loss of p16, providing a growth and proliferation advantage to these cells. p16 loss 

also abrogates the senescence-associated secretory phenotype (SASP), thereby affecting the 

tumor microenvironment. Ongoing work is aimed at discovering the mechanisms underlying these 

changes in the tumor microenvironment and determining whether metabolic changes observed in 

p16-low cells affect the SASP. These discoveries not only provide new fundamental information 

on a critical tumor suppressive pathway, but also lay the foundation for the identification of novel 

therapeutics to treat the large subset of cancer patients with low p16 expression. 
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implication in tissue injury 
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Cellular senescence is a state of stable growth arrest associated to the secretion of growth, 

inflammatory and tissue-remodeling factors, a feature known as the senescence associated secretory 

phenotype (SASP).  The composition of the SASP is highly heterogeneous and its biological 

functions are strictly context-dependent. Accumulation of senescent cells during aging contributes 

to frailty, chronic inflammation and tissue degeneration. However, various SASP factors positively 

regulate tissue repair and remodeling during acute injury.  

High levels of oxidative stress promote cell necrosis, a phenomenon which leads to tissue 

damage. Here, we show that genetic or pharmacologic inhibition of the enzyme PARP1 is sufficient 

to rescue cells from oxidative stress-induced death. Interestingly, rescued cells enter a state of 

premature senescence associated to production of various SASP factors. Mechanistically, we 

observe that PARP1 inhibition favors cell survival and senescence by maintaining the hexokinase 2 

localized to mitochondria and reducing mitochondrial Ca2+ overload in cells exposed to oxidative 

stress. In a mouse model of ischemia-reperfusion injury, we demonstrate that PARP1 inhibition 

protects from tissue damage by promoting senescence and reducing tissue necrosis and fibrosis.  

In summary, the understanding of mechanisms underlying the choice between cell death and 

senescence can provide new potent tools for the development of pro-senescence interventions to 

reduce tissue damage and improve tissue repair in oxidative stress-induced injuries.  
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Akbar has identified multiple novel mechanisms that induce immune decline during ageing. 
He discovered a new inhibitory protein complex in aged T cells that is regulated by sestrins, 
which can be blocked to enhance vaccine responsiveness in vivo. He identified defective 
immunity to viruses in the skin of old humans arises from excessive inflammation. This could 
be reversed by treatment with an anti-inflammatory p38 MAPkinase inhibitor, showing 
unequivocally that immune decline can be reversed in older humans in vivo. This has 
considerable implications for strategies to enhance immunity after severe infections and 
vaccination that are reduced during ageing. He is President of the British Society for 
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p16 (encoded by CDKN2A) is a tumor suppressor that is upregulated in senescent cells and lost 

in ~50% of all human cancers. While traditionally thought of only as a cell cycle regulator, our 

work has discovered that loss of p16 has non-canonical roles in reprogramming both pro-

tumorigenic metabolism and the tumor microenvironment. We found that suppression of p16 

increases nucleotide synthesis in an mTORC1-dependent manner to bypass senescence, and 

inhibition of this axis is a novel metabolic vulnerability for p16-null cancers by promoting 

senescence. Our more recent studies have identified multiple other metabolic pathways that are 

enhanced by loss of p16, providing a growth and proliferation advantage to these cells. p16 loss 

also abrogates the senescence-associated secretory phenotype (SASP), thereby affecting the 

tumor microenvironment. Ongoing work is aimed at discovering the mechanisms underlying these 

changes in the tumor microenvironment and determining whether metabolic changes observed in 

p16-low cells affect the SASP. These discoveries not only provide new fundamental information 

on a critical tumor suppressive pathway, but also lay the foundation for the identification of novel 

therapeutics to treat the large subset of cancer patients with low p16 expression. 
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implication in tissue injury 
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Cellular senescence is a state of stable growth arrest associated to the secretion of growth, 

inflammatory and tissue-remodeling factors, a feature known as the senescence associated secretory 

phenotype (SASP).  The composition of the SASP is highly heterogeneous and its biological 

functions are strictly context-dependent. Accumulation of senescent cells during aging contributes 

to frailty, chronic inflammation and tissue degeneration. However, various SASP factors positively 

regulate tissue repair and remodeling during acute injury.  

High levels of oxidative stress promote cell necrosis, a phenomenon which leads to tissue 

damage. Here, we show that genetic or pharmacologic inhibition of the enzyme PARP1 is sufficient 

to rescue cells from oxidative stress-induced death. Interestingly, rescued cells enter a state of 

premature senescence associated to production of various SASP factors. Mechanistically, we 

observe that PARP1 inhibition favors cell survival and senescence by maintaining the hexokinase 2 

localized to mitochondria and reducing mitochondrial Ca2+ overload in cells exposed to oxidative 

stress. In a mouse model of ischemia-reperfusion injury, we demonstrate that PARP1 inhibition 

protects from tissue damage by promoting senescence and reducing tissue necrosis and fibrosis.  

In summary, the understanding of mechanisms underlying the choice between cell death and 

senescence can provide new potent tools for the development of pro-senescence interventions to 

reduce tissue damage and improve tissue repair in oxidative stress-induced injuries.  
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Cellular senescence is a state of stable growth arrest associated to the secretion of growth, 

inflammatory and tissue-remodeling factors, a feature known as the senescence associated secretory 

phenotype (SASP).  The composition of the SASP is highly heterogeneous and its biological 

functions are strictly context-dependent. Accumulation of senescent cells during aging contributes 

to frailty, chronic inflammation and tissue degeneration. However, various SASP factors positively 

regulate tissue repair and remodeling during acute injury.  

High levels of oxidative stress promote cell necrosis, a phenomenon which leads to tissue 

damage. Here, we show that genetic or pharmacologic inhibition of the enzyme PARP1 is sufficient 

to rescue cells from oxidative stress-induced death. Interestingly, rescued cells enter a state of 

premature senescence associated to production of various SASP factors. Mechanistically, we 

observe that PARP1 inhibition favors cell survival and senescence by maintaining the hexokinase 2 

localized to mitochondria and reducing mitochondrial Ca2+ overload in cells exposed to oxidative 

stress. In a mouse model of ischemia-reperfusion injury, we demonstrate that PARP1 inhibition 

protects from tissue damage by promoting senescence and reducing tissue necrosis and fibrosis.  

In summary, the understanding of mechanisms underlying the choice between cell death and 

senescence can provide new potent tools for the development of pro-senescence interventions to 

reduce tissue damage and improve tissue repair in oxidative stress-induced injuries.  
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Programming and Reprograming of Aging 
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Age is a primary risk factor for most chronic human diseases, such as cardiovascular 
disease, neurodegenerative diseases, and diabetes. As a consequence, scientists are 
pursuing geroprotective strategies to prevent and treat age-related disorders.  
As we age, stem cells undergo functional decay and exhaustion. This functional decline 
leads to impaired metabolism and compromised tissue regeneration, which in turn 
promotes organismal aging. Therefore, therapeutic approaches promoting tissue 
regeneration could potentially mitigate aging and its deleterious effects.  
Currently, there are three major approaches to promote tissue regeneration. 
      1. Transplantation of exogenous stem/progenitor cells;  
      2. Chemically stimulate in-situ stem cell expansion, differentiation, and somatic 
cell transdifferentiation by metabolic intervention;  
      3. Rejuvenate endogenous stem cell pools with specific biological factors.  
These methods have been applied to animal models and alleviated diverse aging 
syndromes, including neurodegeneration, vascular degeneration, myocardial infarction 
and osteoarthritis. Along with technological development, we can improve these 
strategies further to repair degenerating organs. For example, genetically enhanced 
stem cells and vascular cells exhibited improved functions and avoided safety concerns, 
since these stem cells were generated by editing longevity genes and tumor resistant. In 
addition, activating tissue regeneration could be optimized by targeting cellular 
senescence, regeneration, and metabolic regulation pathways. Overall, engineering 
tissues and organs that resist aging would transform regenerative medicine, providing 
a potential “silver bullet” against chronic disease. 

 

 

Unveiling dynamics of p16 and p21 expression in vivo 
 

Yasuhiro Yamada1, 2 
1Division of Stem Cell Pathology, Center for Experimental Medicine and Systems 
Biology, Institute of Medical Science, University of Tokyo, Minoto-ku, Tokyo 108-8639, 
Japan, 2AMED-CREST, AMED 1-7-1 Otemachi, Chiyodaku, Tokyo 100-0004, Japan. 
 
Cellular senescence is a state of permanent cell cycle arrest induced by various stresses 
such as DNA damages, replication stresses, and oncogenic signal activations. Previous 
studies suggest that accumulation of senescent cells promotes age-associated phenotypes 
and diseases. However, the cell type that undergoes senescence in vivo, as well as the 
precise localization, remains poorly understood. 

The cyclin-dependent kinase inhibitors p16 and p21 are upregulated during cellular 
senescence in vitro, and thus considered as a senescent cell marker. Here, we generated 
reporter mice for p16 and p21 to visualize the p16 and p21 transcriptional activity through 
Cre-mediated recombination. Mouse embryonic fibroblasts (MEFs) derived from these 
reporter mouse lines successfully depicted increased expression of either p16 or p21 
transcription in MEFs after treatment with doxorubicin, a DNA damage-inducing agent, 
which induces cellular senescence in vitro. We then investigated p16 or p21 expression at 
the organismal levels. As the expression of p16 increases with age, the reporter-labelled 
cells emerged in aged p16 reporter mice, albeit in a cell type-specific manner. Notably, 
doxorubicin treatment did not induce p16 Cre-mediated recombination in tissues despite 
widespread induction of p21 expression.  

We also established a novel mouse reporter line (p16-HA) that harbors a HA-tag at 
the N-terminus of p16 protein to elucidate the in vivo dynamics of p16 protein expression. 
We first showed that widely used antibodies against p16 (clones JC8 and E6H4) hardly 
recognize mouse p16 protein. By contrast, p16 protein can be detected in p16-HA MEFs 
with a HA antibody in vitro. However, we failed to detect p16 protein expression in p16-
HA mice in vivo, even those receiving various stresses including DNA damages and 
oncogenic signal activations, indicating that levels of p16 protein expression are subtle if 
any. Our results highlight the need for caution in evaluating senescent cell markers in vivo. 
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Age is a primary risk factor for most chronic human diseases, such as cardiovascular 
disease, neurodegenerative diseases, and diabetes. As a consequence, scientists are 
pursuing geroprotective strategies to prevent and treat age-related disorders.  
As we age, stem cells undergo functional decay and exhaustion. This functional decline 
leads to impaired metabolism and compromised tissue regeneration, which in turn 
promotes organismal aging. Therefore, therapeutic approaches promoting tissue 
regeneration could potentially mitigate aging and its deleterious effects.  
Currently, there are three major approaches to promote tissue regeneration. 
      1. Transplantation of exogenous stem/progenitor cells;  
      2. Chemically stimulate in-situ stem cell expansion, differentiation, and somatic 
cell transdifferentiation by metabolic intervention;  
      3. Rejuvenate endogenous stem cell pools with specific biological factors.  
These methods have been applied to animal models and alleviated diverse aging 
syndromes, including neurodegeneration, vascular degeneration, myocardial infarction 
and osteoarthritis. Along with technological development, we can improve these 
strategies further to repair degenerating organs. For example, genetically enhanced 
stem cells and vascular cells exhibited improved functions and avoided safety concerns, 
since these stem cells were generated by editing longevity genes and tumor resistant. In 
addition, activating tissue regeneration could be optimized by targeting cellular 
senescence, regeneration, and metabolic regulation pathways. Overall, engineering 
tissues and organs that resist aging would transform regenerative medicine, providing 
a potential “silver bullet” against chronic disease. 
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Cellular senescence is a state of permanent cell cycle arrest induced by various stresses 
such as DNA damages, replication stresses, and oncogenic signal activations. Previous 
studies suggest that accumulation of senescent cells promotes age-associated phenotypes 
and diseases. However, the cell type that undergoes senescence in vivo, as well as the 
precise localization, remains poorly understood. 

The cyclin-dependent kinase inhibitors p16 and p21 are upregulated during cellular 
senescence in vitro, and thus considered as a senescent cell marker. Here, we generated 
reporter mice for p16 and p21 to visualize the p16 and p21 transcriptional activity through 
Cre-mediated recombination. Mouse embryonic fibroblasts (MEFs) derived from these 
reporter mouse lines successfully depicted increased expression of either p16 or p21 
transcription in MEFs after treatment with doxorubicin, a DNA damage-inducing agent, 
which induces cellular senescence in vitro. We then investigated p16 or p21 expression at 
the organismal levels. As the expression of p16 increases with age, the reporter-labelled 
cells emerged in aged p16 reporter mice, albeit in a cell type-specific manner. Notably, 
doxorubicin treatment did not induce p16 Cre-mediated recombination in tissues despite 
widespread induction of p21 expression.  

We also established a novel mouse reporter line (p16-HA) that harbors a HA-tag at 
the N-terminus of p16 protein to elucidate the in vivo dynamics of p16 protein expression. 
We first showed that widely used antibodies against p16 (clones JC8 and E6H4) hardly 
recognize mouse p16 protein. By contrast, p16 protein can be detected in p16-HA MEFs 
with a HA antibody in vitro. However, we failed to detect p16 protein expression in p16-
HA mice in vivo, even those receiving various stresses including DNA damages and 
oncogenic signal activations, indicating that levels of p16 protein expression are subtle if 
any. Our results highlight the need for caution in evaluating senescent cell markers in vivo. 
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To die or to senesce: the role of PARP1 in determining cell fate and its 
implication in tissue injury 

 

Marco Demaria1  
1European Research Institute for the Biology of Ageing (ERIBA), University Medical Center 

Groningen (UMCG), University of Groningen (RUG) 

 

Cellular senescence is a state of stable growth arrest associated to the secretion of growth, 

inflammatory and tissue-remodeling factors, a feature known as the senescence associated secretory 

phenotype (SASP).  The composition of the SASP is highly heterogeneous and its biological 

functions are strictly context-dependent. Accumulation of senescent cells during aging contributes 

to frailty, chronic inflammation and tissue degeneration. However, various SASP factors positively 

regulate tissue repair and remodeling during acute injury.  

High levels of oxidative stress promote cell necrosis, a phenomenon which leads to tissue 

damage. Here, we show that genetic or pharmacologic inhibition of the enzyme PARP1 is sufficient 

to rescue cells from oxidative stress-induced death. Interestingly, rescued cells enter a state of 

premature senescence associated to production of various SASP factors. Mechanistically, we 

observe that PARP1 inhibition favors cell survival and senescence by maintaining the hexokinase 2 

localized to mitochondria and reducing mitochondrial Ca2+ overload in cells exposed to oxidative 

stress. In a mouse model of ischemia-reperfusion injury, we demonstrate that PARP1 inhibition 

protects from tissue damage by promoting senescence and reducing tissue necrosis and fibrosis.  

In summary, the understanding of mechanisms underlying the choice between cell death and 

senescence can provide new potent tools for the development of pro-senescence interventions to 

reduce tissue damage and improve tissue repair in oxidative stress-induced injuries.  
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The in vivo fate and dynamics of DNA-damaged stem cells in the epidermis 
 

Emi Nishimura 
The Institute of Medical Science, The University of Tokyo 

Medical Research Institute, Tokyo Medical and Dental University 
 

Genomic integrity and stability are crucial in stem cells yet they gradually deteriorate with aging. Cells 

suffer continuous endogenous and exogenous genomic insults from development until death. Our 

previous studies with fate tracing of aged stem cells in vivo have revealed that elimination of aged 

stem cells causes tissue atrophy and functional decline in the skin. To further study the cellular fate 

and dynamics of DNA-damaged stem cells in the skin, we devised an in vivo fate tracing system for 

epidermal stem cells (EpiSCs) that acquired DNA double-strand breaks (DSBs) and found that EpiSCs 

with DSBs are highly selectively eliminated from the skin through their differentiation and 

desquamation through the DNA damage response (DDR)-p53-Notch axis with the downregulation of 

ITGB1. Moreover, concomitant enhancement of symmetric cell divisions of surrounding stem cells 

indicates that the selective elimination of cells with DSBs is coupled with the augmented clonal 

expansion of intact stem cells. These data collectively demonstrate that the dynamic coupling of cell-

autonomous and non-cell-autonomous elimination mechanisms coordinately maintains the genomic 

quality of the epidermis yet deteriorates by aging. 
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Cellular senescence: microbial connections 

 

Eiji Hara1, 2, 3  
1Research Institute for Microbial Diseases (RIMD), 2Immunology Frontier Research Center 

(IFReC), 3Center for Infectious Disease and Education and Research (CiDER), Osaka University, 

Japan 

 

Over the last few decades, it has become apparent that oncogenic proliferative signals are coupled 

to a variety of growth inhibitory responses, such as the induction of apoptotic cell death or 

irreversible cell cycle arrest known as “cellular senescence”. Thus, both apoptosis and cellular 

senescence are thought to act as important tumor suppression mechanisms.  Unlike apoptotic cells, 

however, senescent cells remain viable for long periods of time and accumulate with age in various 

organs and tissues in vivo.  Moreover, recent studies have revealed that although cellular senescence 

initially functions as a tumor suppressive process through induction of stable cell cycle arrest, it 

may eventually promote chronic inflammation through secretion of various pro-inflammatory 

factors called “senescence associated secretory phenotype (SASP)”.   It is therefore quite possible 

that accumulation of senescent cells in vivo may contribute to inflammatory disorders, such as 

cancer.  However, it remains unclear how cellular senescence is actually induced in vivo.   

The human commensal microbiome provides a variety of benefits that contribute to proper 

functional activity in the host through the modulation of functional processes such as signal 

transduction, immunity and metabolism.  The unbalance of this microbial profile, or dysbiosis, has 

been correlated with the development of several diseases such as cancers.  Here, we introduce our 

recent work on identification and characterization of gut bacteria provoking cellular senescence, 

focusing on positive and negative roles of cellular senescence in cancer development.  We believe 

that a better understanding of the molecular mechanisms involved will lead to new strategies for the 

prevention of cancer. 
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To die or to senesce: the role of PARP1 in determining cell fate and its 
implication in tissue injury 

 

Marco Demaria1  
1European Research Institute for the Biology of Ageing (ERIBA), University Medical Center 

Groningen (UMCG), University of Groningen (RUG) 

 

Cellular senescence is a state of stable growth arrest associated to the secretion of growth, 

inflammatory and tissue-remodeling factors, a feature known as the senescence associated secretory 

phenotype (SASP).  The composition of the SASP is highly heterogeneous and its biological 

functions are strictly context-dependent. Accumulation of senescent cells during aging contributes 

to frailty, chronic inflammation and tissue degeneration. However, various SASP factors positively 

regulate tissue repair and remodeling during acute injury.  

High levels of oxidative stress promote cell necrosis, a phenomenon which leads to tissue 

damage. Here, we show that genetic or pharmacologic inhibition of the enzyme PARP1 is sufficient 

to rescue cells from oxidative stress-induced death. Interestingly, rescued cells enter a state of 

premature senescence associated to production of various SASP factors. Mechanistically, we 

observe that PARP1 inhibition favors cell survival and senescence by maintaining the hexokinase 2 

localized to mitochondria and reducing mitochondrial Ca2+ overload in cells exposed to oxidative 

stress. In a mouse model of ischemia-reperfusion injury, we demonstrate that PARP1 inhibition 

protects from tissue damage by promoting senescence and reducing tissue necrosis and fibrosis.  

In summary, the understanding of mechanisms underlying the choice between cell death and 

senescence can provide new potent tools for the development of pro-senescence interventions to 

reduce tissue damage and improve tissue repair in oxidative stress-induced injuries.  
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The in vivo fate and dynamics of DNA-damaged stem cells in the epidermis 
 

Emi Nishimura 
The Institute of Medical Science, The University of Tokyo 

Medical Research Institute, Tokyo Medical and Dental University 
 

Genomic integrity and stability are crucial in stem cells yet they gradually deteriorate with aging. Cells 

suffer continuous endogenous and exogenous genomic insults from development until death. Our 

previous studies with fate tracing of aged stem cells in vivo have revealed that elimination of aged 

stem cells causes tissue atrophy and functional decline in the skin. To further study the cellular fate 

and dynamics of DNA-damaged stem cells in the skin, we devised an in vivo fate tracing system for 

epidermal stem cells (EpiSCs) that acquired DNA double-strand breaks (DSBs) and found that EpiSCs 

with DSBs are highly selectively eliminated from the skin through their differentiation and 

desquamation through the DNA damage response (DDR)-p53-Notch axis with the downregulation of 

ITGB1. Moreover, concomitant enhancement of symmetric cell divisions of surrounding stem cells 

indicates that the selective elimination of cells with DSBs is coupled with the augmented clonal 

expansion of intact stem cells. These data collectively demonstrate that the dynamic coupling of cell-

autonomous and non-cell-autonomous elimination mechanisms coordinately maintains the genomic 

quality of the epidermis yet deteriorates by aging. 
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Cellular senescence: microbial connections 
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(IFReC), 3Center for Infectious Disease and Education and Research (CiDER), Osaka University, 

Japan 

 

Over the last few decades, it has become apparent that oncogenic proliferative signals are coupled 

to a variety of growth inhibitory responses, such as the induction of apoptotic cell death or 

irreversible cell cycle arrest known as “cellular senescence”. Thus, both apoptosis and cellular 

senescence are thought to act as important tumor suppression mechanisms.  Unlike apoptotic cells, 

however, senescent cells remain viable for long periods of time and accumulate with age in various 

organs and tissues in vivo.  Moreover, recent studies have revealed that although cellular senescence 

initially functions as a tumor suppressive process through induction of stable cell cycle arrest, it 

may eventually promote chronic inflammation through secretion of various pro-inflammatory 

factors called “senescence associated secretory phenotype (SASP)”.   It is therefore quite possible 

that accumulation of senescent cells in vivo may contribute to inflammatory disorders, such as 

cancer.  However, it remains unclear how cellular senescence is actually induced in vivo.   

The human commensal microbiome provides a variety of benefits that contribute to proper 

functional activity in the host through the modulation of functional processes such as signal 

transduction, immunity and metabolism.  The unbalance of this microbial profile, or dysbiosis, has 

been correlated with the development of several diseases such as cancers.  Here, we introduce our 

recent work on identification and characterization of gut bacteria provoking cellular senescence, 

focusing on positive and negative roles of cellular senescence in cancer development.  We believe 

that a better understanding of the molecular mechanisms involved will lead to new strategies for the 

prevention of cancer. 
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To die or to senesce: the role of PARP1 in determining cell fate and its 
implication in tissue injury 

 

Marco Demaria1  
1European Research Institute for the Biology of Ageing (ERIBA), University Medical Center 

Groningen (UMCG), University of Groningen (RUG) 

 

Cellular senescence is a state of stable growth arrest associated to the secretion of growth, 

inflammatory and tissue-remodeling factors, a feature known as the senescence associated secretory 

phenotype (SASP).  The composition of the SASP is highly heterogeneous and its biological 

functions are strictly context-dependent. Accumulation of senescent cells during aging contributes 

to frailty, chronic inflammation and tissue degeneration. However, various SASP factors positively 

regulate tissue repair and remodeling during acute injury.  

High levels of oxidative stress promote cell necrosis, a phenomenon which leads to tissue 

damage. Here, we show that genetic or pharmacologic inhibition of the enzyme PARP1 is sufficient 

to rescue cells from oxidative stress-induced death. Interestingly, rescued cells enter a state of 

premature senescence associated to production of various SASP factors. Mechanistically, we 

observe that PARP1 inhibition favors cell survival and senescence by maintaining the hexokinase 2 

localized to mitochondria and reducing mitochondrial Ca2+ overload in cells exposed to oxidative 

stress. In a mouse model of ischemia-reperfusion injury, we demonstrate that PARP1 inhibition 

protects from tissue damage by promoting senescence and reducing tissue necrosis and fibrosis.  

In summary, the understanding of mechanisms underlying the choice between cell death and 

senescence can provide new potent tools for the development of pro-senescence interventions to 

reduce tissue damage and improve tissue repair in oxidative stress-induced injuries.  
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implication in tissue injury 

 

Marco Demaria1  
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Cellular senescence is a state of stable growth arrest associated to the secretion of growth, 

inflammatory and tissue-remodeling factors, a feature known as the senescence associated secretory 

phenotype (SASP).  The composition of the SASP is highly heterogeneous and its biological 

functions are strictly context-dependent. Accumulation of senescent cells during aging contributes 

to frailty, chronic inflammation and tissue degeneration. However, various SASP factors positively 

regulate tissue repair and remodeling during acute injury.  

High levels of oxidative stress promote cell necrosis, a phenomenon which leads to tissue 

damage. Here, we show that genetic or pharmacologic inhibition of the enzyme PARP1 is sufficient 

to rescue cells from oxidative stress-induced death. Interestingly, rescued cells enter a state of 

premature senescence associated to production of various SASP factors. Mechanistically, we 

observe that PARP1 inhibition favors cell survival and senescence by maintaining the hexokinase 2 

localized to mitochondria and reducing mitochondrial Ca2+ overload in cells exposed to oxidative 

stress. In a mouse model of ischemia-reperfusion injury, we demonstrate that PARP1 inhibition 

protects from tissue damage by promoting senescence and reducing tissue necrosis and fibrosis.  

In summary, the understanding of mechanisms underlying the choice between cell death and 

senescence can provide new potent tools for the development of pro-senescence interventions to 

reduce tissue damage and improve tissue repair in oxidative stress-induced injuries.  
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Impact of DNA damage/repair and epigenetic alterations on renal 
aging  
 
Hiroshi Itoh1 and Kaori Hayashi1  
1Department of Nephrology, Endocrinology and Metabolism, Keio University School of Medicine, 
Tokyo, Japan 
 
DNA damage /repair system plays an essential role in maintaining genome integrity, and it has been 

investigated in aging and tumorigenesis. During aging process, it is speculated that errors in DNA 
repair cause epigenetic changes. However, the association of DNA damage/repair with aberrant 
epigenetic states remains fully elucidated, especially under in vivo conditions. 
In proliferative cells, epigenetic changes usually occur in DNA replication errors at cell division. 

The kidney consists of various types of cells with slowly-proliferative or non-proliferative features; 
therefore, the stress of DNA damage/repair is expected to have a pivotal role on epigenetic alterations. 
We have investigated the significance of epigenetic changes of several genes required for renal 
integrity, including nephrin gene in podocytes, non-proliferative and terminally differentiated cells 
(J Clin Invest 2014, Kidney Int 2015), focusing on the transcription factor, KLF4 (Krüppel-like factor 
4). We further reported the role of DNA repair factor KAT5 (lysine-acetyl transferase 5) in podocytes, 
which binds to KLF4, for renal injury caused by hyperglycemic state through acceleration of DNA 
damage and epigenetic alteration (Cell Rep 2019, Sci Rep 2020, Sci Rep 2020). On the other hands, 
KAT5 in renal proximal tubular cells prevents acute kidney injury via glomerular filtration regulation 
by an epigenetic mechanism as well as promotion of DNA repair (iScience in press). In addition, we 
examined a mouse model of continuous non-mutagenic DNA damage in podocytes caused by over-
expression of homing endonuclease I-PpoI. The mice exhibited activated inflammatory response and 
accelerated kidney aging.  
In humans, we observed the association of DNA damage or methylation state of the glomeruli 

obtained by renal biopsy with further renal function decline (Sci Rep 2020). We also reported  
augmented DNA damage in podocytes found in the urine of diabetic patients (Sci Rep 2020). Recent 
epigenome-wide studies suggest the association of DNA methylation in blood cells with kidney 
function. We are now investigating in humans the association of DNA methylation in blood cells, as 
well as nephrin gene methylation of podocytes in the urine, with kidney DNA damage. We believe 
that a better understanding of the association of DNA damage/repair with epigenetic alterations in 
the kidney and blood cells will lead to new strategies against renal aging, which determined whole 
body aging, in the aging society with increasing CKD (chronic kidney disease) population. 

Luncheon Seminar ①

DNAm clocks and aging clocks 
 
Hidekazu Yamada M.D.& Ph.D 
Kindai University Anti-Aging Center 
 

It is becoming increasingly clear that aging may be controllable, and since it meets 
the six WHO definitions of disease, aging is a disease. Therefore, the subcode XT9T, 
aging-related, can be used in ICD-11 starting in 2022, and it will be necessary to 
prepare now foraging to be adopted as the primary code when ICD-12 is written in 30 
years. If aging is a disease, it can be formally treated through clinical trials. For this 
purpose, quantitative measurement of aging is essential. In addition to chronological 
age, biological age needs to be considered. Robust biomarkers are essential to assess 
biological age, rate of aging, and health status.  

Since 2013, biological age estimates have been made by measuring DNA methylation 
by Horvath et al. DNA methylation (DNAm) has been shown to correlate with aging 
and age-related diseases. In some studies, age-related changes in DNAm at specific 
CpG sites can be used to predict chronological age. During this time, many studies have 
attempted to quantify the rate of biological aging and the effects of longevity and anti-
aging interventions. In addition to analysis with DNA methylation, the purpose of 
measuring aging, telomere length, proteomics prediction, transcriptomics prediction, 
metabolomics prediction, complex biomarker prediction, etc., have been reported. In 
reality, the biological time may differ among organs, tissues, and cells. 

Clinically, aging clocks are being developed that assess the DNAm clock alone and 
other biomarkers. The goal is to quantify it in a purposeful, multifactorial manner. The 
epigenetic clock is now in its third generation of development. The Dunedin Study, 
which began in the 1970s, has produced its biological aging index (Dunedin PACE) in a 
prospective cohort. 
From a clinical standpoint, the concept of Aging Clocks may be appropriate. Since 
exercise, nutrition, mental health, and environment are all involved in aging, it may be 
practical to evaluate these factors. The problem is that statistical methods, sample sizes, 
and tissue types are different in the currently reported aging clocks. In addition, there is 
essentially no conclusive evidence to support a causal relationship between DNA 
methylation age and aging. Further research is needed before it can become an 
assessment method for clinical trials. 
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DNA damage /repair system plays an essential role in maintaining genome integrity, and it has been 

investigated in aging and tumorigenesis. During aging process, it is speculated that errors in DNA 
repair cause epigenetic changes. However, the association of DNA damage/repair with aberrant 
epigenetic states remains fully elucidated, especially under in vivo conditions. 
In proliferative cells, epigenetic changes usually occur in DNA replication errors at cell division. 

The kidney consists of various types of cells with slowly-proliferative or non-proliferative features; 
therefore, the stress of DNA damage/repair is expected to have a pivotal role on epigenetic alterations. 
We have investigated the significance of epigenetic changes of several genes required for renal 
integrity, including nephrin gene in podocytes, non-proliferative and terminally differentiated cells 
(J Clin Invest 2014, Kidney Int 2015), focusing on the transcription factor, KLF4 (Krüppel-like factor 
4). We further reported the role of DNA repair factor KAT5 (lysine-acetyl transferase 5) in podocytes, 
which binds to KLF4, for renal injury caused by hyperglycemic state through acceleration of DNA 
damage and epigenetic alteration (Cell Rep 2019, Sci Rep 2020, Sci Rep 2020). On the other hands, 
KAT5 in renal proximal tubular cells prevents acute kidney injury via glomerular filtration regulation 
by an epigenetic mechanism as well as promotion of DNA repair (iScience in press). In addition, we 
examined a mouse model of continuous non-mutagenic DNA damage in podocytes caused by over-
expression of homing endonuclease I-PpoI. The mice exhibited activated inflammatory response and 
accelerated kidney aging.  
In humans, we observed the association of DNA damage or methylation state of the glomeruli 

obtained by renal biopsy with further renal function decline (Sci Rep 2020). We also reported  
augmented DNA damage in podocytes found in the urine of diabetic patients (Sci Rep 2020). Recent 
epigenome-wide studies suggest the association of DNA methylation in blood cells with kidney 
function. We are now investigating in humans the association of DNA methylation in blood cells, as 
well as nephrin gene methylation of podocytes in the urine, with kidney DNA damage. We believe 
that a better understanding of the association of DNA damage/repair with epigenetic alterations in 
the kidney and blood cells will lead to new strategies against renal aging, which determined whole 
body aging, in the aging society with increasing CKD (chronic kidney disease) population. 

DNAm clocks and aging clocks 
 
Hidekazu Yamada M.D.& Ph.D 
Kindai University Anti-Aging Center 
 

It is becoming increasingly clear that aging may be controllable, and since it meets 
the six WHO definitions of disease, aging is a disease. Therefore, the subcode XT9T, 
aging-related, can be used in ICD-11 starting in 2022, and it will be necessary to 
prepare now foraging to be adopted as the primary code when ICD-12 is written in 30 
years. If aging is a disease, it can be formally treated through clinical trials. For this 
purpose, quantitative measurement of aging is essential. In addition to chronological 
age, biological age needs to be considered. Robust biomarkers are essential to assess 
biological age, rate of aging, and health status.  

Since 2013, biological age estimates have been made by measuring DNA methylation 
by Horvath et al. DNA methylation (DNAm) has been shown to correlate with aging 
and age-related diseases. In some studies, age-related changes in DNAm at specific 
CpG sites can be used to predict chronological age. During this time, many studies have 
attempted to quantify the rate of biological aging and the effects of longevity and anti-
aging interventions. In addition to analysis with DNA methylation, the purpose of 
measuring aging, telomere length, proteomics prediction, transcriptomics prediction, 
metabolomics prediction, complex biomarker prediction, etc., have been reported. In 
reality, the biological time may differ among organs, tissues, and cells. 

Clinically, aging clocks are being developed that assess the DNAm clock alone and 
other biomarkers. The goal is to quantify it in a purposeful, multifactorial manner. The 
epigenetic clock is now in its third generation of development. The Dunedin Study, 
which began in the 1970s, has produced its biological aging index (Dunedin PACE) in a 
prospective cohort. 
From a clinical standpoint, the concept of Aging Clocks may be appropriate. Since 
exercise, nutrition, mental health, and environment are all involved in aging, it may be 
practical to evaluate these factors. The problem is that statistical methods, sample sizes, 
and tissue types are different in the currently reported aging clocks. In addition, there is 
essentially no conclusive evidence to support a causal relationship between DNA 
methylation age and aging. Further research is needed before it can become an 
assessment method for clinical trials. 
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Cellular senescence is a state of stable growth arrest associated to the secretion of growth, 

inflammatory and tissue-remodeling factors, a feature known as the senescence associated secretory 

phenotype (SASP).  The composition of the SASP is highly heterogeneous and its biological 

functions are strictly context-dependent. Accumulation of senescent cells during aging contributes 

to frailty, chronic inflammation and tissue degeneration. However, various SASP factors positively 

regulate tissue repair and remodeling during acute injury.  

High levels of oxidative stress promote cell necrosis, a phenomenon which leads to tissue 

damage. Here, we show that genetic or pharmacologic inhibition of the enzyme PARP1 is sufficient 

to rescue cells from oxidative stress-induced death. Interestingly, rescued cells enter a state of 

premature senescence associated to production of various SASP factors. Mechanistically, we 

observe that PARP1 inhibition favors cell survival and senescence by maintaining the hexokinase 2 

localized to mitochondria and reducing mitochondrial Ca2+ overload in cells exposed to oxidative 

stress. In a mouse model of ischemia-reperfusion injury, we demonstrate that PARP1 inhibition 

protects from tissue damage by promoting senescence and reducing tissue necrosis and fibrosis.  

In summary, the understanding of mechanisms underlying the choice between cell death and 

senescence can provide new potent tools for the development of pro-senescence interventions to 

reduce tissue damage and improve tissue repair in oxidative stress-induced injuries.  
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Cellular Senescence and Neuroinflammation Following Controlled Cortical Impact Traumatic 
Brain Injury in Juvenile Mice 

○Zahra F. Al-Khateeb1, Shenel Shekerzade1, 2, Hasna A. Boumenar1, 2, Sian Henson1, 2, 3, Jordi Lopez-
Tremoleda1, 2, Adina T Michael-titus1, 2

1 Queen Mary University of London, 2 Blizard Institute, 3 The William Harvey Research Institute, UK

Traumatic brain injury (TBI) is the leading cause of disability and death in young adults, and also increases 
the risk of neurodegeneration. The mechanisms linking moderate to severe TBI to neurodegeneration are 
not known. It has been proposed that cellular senescence induction post-injury could amplify neuroinflam-
mation and induce long-term changes. The impact of these processes after injury to an immature brain has 
not been characterised. We carried out a controlled cortical impact injury (CCI) in juvenile 1 month-old 
male CD1 mice. Animals were anesthetised and received a unilateral CCI injury. The sham group received 
anaesthesia and had a craniotomy. A naive group had no intervention. The brain tissue was analysed at 5 
days and 35 days post-injury using immunohistochemistry and markers for microglia, astrocytes and 
senescence. Compared to naive animals, injured mice showed an increased microglial and astrocytic reac-
tion early post-injury, as reflected in P2Y12 and GFAP markers, respectively; the GFAP increase persisted 
in the later phase. The senescence analysis showed a significant increase in γH2AX-53BP1 nuclear foci and 
p16INK4a expression in naive vs. sham groups and naive  vs. CCI groups, at 5 dpi. At 35 days, the differ-
ence was no longer statistically significant. The injury induced a decrease p21 expression vs. the naive 
group, at 35 dpi. These results indicate the induction of a complex senescence response after immature 
brain injury. Some changes occur early and may reflect the activation/proliferation of non-neuronal cells 
post-injury, whereas changes such as p21 downregulation, may reflect a delayed response and pro-repair 
processes.

○
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Sesamin metabolites suppress the induction of cellular senescence

○Chie Araki1, Daisuke Takemoto1, Yoshinori Kitagawa1, Norifumi Tateishi1, Tomohiro Rogi1, Shimpei 
Kawamoto2, Hiroshi Shibata1, Eiji Hara2, Masaaki Nakai1

1 Institute for Health Care Science, Suntory Wellness Limited, Japan, 2 Department of Molecular Microbiology, Research 
Institute for Microbial Diseases, Osaka University, Japan

Cellular senescence induced by DNA damage has been assumed to serve as an anticancer mechanism. 
However, it has become clear that senescent cells accumulate with age and induce inflammation, suggesting 
that cellular senescence is one of the causes of aging. A decline in mitochondrial function with age causes 
DNA damage due to the increase of reactive oxygen species. Therefore, in order to prevent the accumula-
tion of senescent cells, it is important to suppress the increase of oxidative stress during aging by main-
taining mitochondrial function.Sesamin, known as lignans in sesame seeds, and its isomer, episesamin, are 
metabolized in the liver, and their metabolites have been reported to show antioxidative effects. Moreover, 
it has been reported that sesamin has anti-aging effects, such as improving mitochondrial function and 
extending life span in vivo. However, it is unclear whether sesamin affects cellular senescence or not.
We evaluated the effect of sesamin, episesamin and their metabolites on replicative senescence using TIG-3 
(human lung fibroblasts). The compounds were constantly treated from population doubling level 40 to 
growth arrest. As a result, neither sesamin nor episesamin treatment had effect on DNA damage and prolif-
erative capacity. On the other hand, treatment with their metabolites reduced DNA damage and main-
tained cellular proliferation. In addition, treatment with their metabolites suppressed cellular senescence 
markers and mitochondria-derived reactive oxygen species, and improved mitochondrial function. These 
results suggested that after sesamin and episesamin are metabolized in vivo, their metabolites may main-
tain mitochondrial function and suppress the induction of cellular senescence.
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Profiling the alternative splicing landscape of senescent cells

○Mariana Ascensao-Ferreira1, Nuno L. Barbosa-Morais1

1 Instituto de Medicina Molecular Joao Lobo Antunes, Faculdade de Medicina da Universidade de Lisboa, Portugal

While different stimuli can induce senescence, the gene expression profiles of the distinct phenotypes are 
very heterogeneous. As therapies that selectively kill specific forms of senescence start emerging, the 
comprehensive characterisation of senescent transcriptomes, both at the gene expression and at the alterna-
tive splicing level, is crucial to expand the applicability of these therapies.
Alternative sequence inclusion can be quantified from RNA-seq spliced junction reads through the ratio 
between reads supporting inclusion and the sum of reads supporting inclusion and exclusion. However, 
such ratios per se do not convey information on the number of reads used in the quantification, although 
read numbers directly reflect the evidence for transcript abundance.
By modelling alternative sequence inclusion with the beta distribution, the precision of its estimates is 
proportional to the associated coverage and reflected on the significance of differences in alternative splicing 
between samples. Plotting the estimated beta distributions provides an intuitive graphical framework for 
evaluating the compromise between the uncertainty in individual sample estimates and the variability 
among replicates, which is crucial for differential splicing analysis with few samples.
Using our pipeline, we were able to rank senescence-associated differentially spliced events according to a 
compromise between the magnitude of splicing changes and its supporting evidence, unveiling the tran-
scriptome-wide landscape of alternative splicing changes specifically associated with different forms of 
senescence and providing molecular leads for therapeutically targeting them.
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Quiescent and senescent cell fates are conflated by overlapping biomarkers

○Humza Ashraf1, Sabrina Spencer1

1 University of Colorado Boulder, USA

Chemotherapeutic agents cause irreparable levels of DNA damage and drive cells to senescence, an irre-
versible state of cell-cycle withdrawal most commonly defined by the senescence-associated-beta-galacto-
sidase stain (SA-β-Gal). Previous studies have reported that SA-β-Gal-positive cell populations appear to 
‘escape’ from senescence over time to resume proliferation, but it remains unclear whether this apparent 
escape is the result of a proliferative subpopulation that outcompetes the senescent cells over time or 
whether some cells re-enter the cell-cycle from a transient state of cell-cycle exit called quiescence (G0). In 
the latter case, the non-cycling cells that emerge following senescence induction contain both quiescent and 
senescent cells. However, these states of temporary vs. permanent cell-cycle exit are nearly indistinguish-
able from each other at a single point in time since each state is defined by overlapping molecular markers. 
To push toward identifying and defining a truly senescent population, we used long-term time-lapse 
imaging to differentiate senescent and quiescent lineages that emerged from acute genotoxic stress and 
then mapped these cell behaviors to the gold-standard SA-β-Gal stain. To achieve this, we developed a 
novel method for quantifying and multiplexing the SA-β-Gal stain with other common senescence 
biomarkers. Applying our single-cell analysis tools towards studying senescence induction led us to draw 
several conclusions. 1) A significant proliferative subpopulation always remained within cells induced to 
senescence; 2) population regrowth during senescence recovery was mediated by both proliferative and 
quiescent cells re-entering the cell-cycle; 3) SA-β-Gal is associated with the time spent out of the cell-cycle 
and not necessarily senescence.
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FAT10 in the senescence of hepatocytes and NASH development
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Non-alcoholic steatohepatitis (NASH) is a chronic liver disease, characterized by steatosis and inflamma-
tion, occuring with age and obesity. Inflammation and oxidative stress promote the accumulation of senes-
cent hepatocytes during NASH, contributing to the pathology progression, up to hepatocarcinoma (HCC). 
In our research team, a transcriptomic analysis of livers from NASH patients showed a positive correlation 
between NASH severity and FAT10 expression. FAT10 is a ubiquitin-like protein involved in the degrada-
tion/stabilization of its substrates, induced by the inflammation. To date, no link has been shown between 
FAT10 and senescence, but FAT10 is known to modulate the DNA damage repair, the cell proliferation and 
the HCC development, which are pathways linked to senescence. This project aims to study the role of 
FAT10 in the senescence of hepatocytes and NASH development.
The transcriptomic analysis of the NASH patients livers show a positive correlation between FAT10 and 
senescence markers expressions. Also, in primary hepatocytes isolated from mice submitted to a 2 weeks 
NASH diet, this positive correlation is confirmed and concerns specifically the DNA damage response 
(DDR) pathway. Coherently, after the senescence induction in human HCC cells (HepG2) by an irradiation, 
FAT10 expression is increased and correlates positively with senescence, notably the DDR pathway. But 
interestingly, a decrease in FAT10 expression by a siRNA followed by an irradiation accentuates the senes-
cence parameters (senescence-associated-beta-Galactosidase staining, proliferation arrest, p21 and gamma-
H2AX expressions). This suggests that FAT10 could limit the induction and spread of senescence in hepato-
cytes, which could act on NASH progression.
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DOT1L inhibition suppresses the SASP in therapy-induced senescence

○Lucas Fernandes Bittencourt1, 2, Katherine Marie Aird1, 2

1 University of Pittsburgh, 2 Hillman Cancer Center, USA

Senescence is a stable cell cycle arrest that is triggered by a variety of different stimuli. For instance, chemo- 
and targeted therapies that induce DNA damage can result in therapy-induced senescence. This leads to 
transcriptional upregulation of senescence-associated secretory phenotype (SASP) genes. The SASP 
promotes immunosurveillance and immune cell-mediated clearance of cancer cells to suppresses tumor 
progression. Alternatively, the SASP can increase angiogenesis, cell proliferation, tumor survival and 
consequent progression, depending on duration and level. We previously found that the H3K79 histone 
methylatransferase DOT1L is necessary for transcriptional regulation of the SASP in an oncogene-induced 
senescence model. Whether DOT1L plays a role in SASP during therapy-induced senescence is unknown. 
We used high grade serous ovarian cancer (HGSOC) as a model as the standard-of-care therapies such as 
platinum-based compounds (cisplatin) or PARP inhibitors are known to induce senescence. After treat-
ment, up to 80% of HGSOC patients relapse, although the contribution of the SASP to this phenotype is 
unclear. Here, we found that multiple HGSOC cell lines undergo therapy-induced senescence after treat-
ment with cisplatin or the PARP inhibitor olaparib. Interestingly, treatment with the DOT1L inhibitor 
EPZ5676 reduced the SASP, which was uncoupled from DNA damage, cytoplasmic dsDNA, and the senes-
cence-associated cell cycle arrest. Future studies will determine how DOT1L is specifically recruited to 
SASP loci and whether this promotes HGSOC chemoresistance. Taken together, our data suggest that 
inhibition of DOT1L may be a viable senomorphic strategy to maintain cells in a non-proliferative senescent 
state while hindering the detrimental effects of the SASP.
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Suppression of p16 regulates the tumor microenvironment via the SASP
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Oncogene-induced senescence (OIS) is characterized by increased expression of the cell cycle inhibitor p16 
(encoded by CDKN2A), leading to a hallmark cell cycle arrest. Our previous data show that suppression of 
p16 alleviates the upregulated gene expression of the senescence-associated secretory phenotype (SASP) in 
a mechanism that is independent of p16-mediated OIS bypass and the senescence inducer. Importantly, we 
found that this phenotype is maintained in tumor cells in vitro and in cancer patients with low p16 expres-
sion. Dysregulation of SASP alters the tumor microenvironment, leading to impaired tumor immunosur-
veillance and tumorigenesis; and deletions of 9q21 (containing CDKN2A) correlate with immunosuppres-
sive and ICI resistant tumors. We hypothesize that SASP alleviation downstream of p16 suppression 
facilitates the acquisition of a pro-tumorigenic microenvironment that abrogates tumor immunosurveil-
lance.

Our preliminary data show that SASP alleviation downstream of p16 suppression corresponds to a 
decreased secretion of cytokines (106 out of 120), suggesting a functional implication of p16 suppression in 
regulation of the tumor microenvironment. Moreover, we found that orthotopic murine melanoma tumors 
with p16 knockdown have ~2-fold increase in alternatively polarized and pro-tumorigenic M2 macrophages 
in comparison to their p16-wild type counterpart. Importantly, RNA-Seq deconvolution of TCGA mela-
noma data confirmed this result in human cancer. Altogether, our data suggest that decreased SASP down-
stream of p16 contributes to an altered tumor microenvironment, allowing for immunosuppressive cell 
infiltration and tumorigenesis.

Ongoing mechanistic experiments will determine whether p16 suppression downregulates the SASP 
leading to impaired tumor immunosurveillance, thereby contributing to OIS bypass and tumorigenesis.
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Senescence phenotype in freshly isolated hepatic stellate cells (HSCs) by non-heat-stressed 
method from obesity-associated steatotic hepatocellular carcinoma

○Yi Cheng1, Ryota Yamagishi1, Yoshiki Nonaka1, Naoko Ohtani1, 2
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AMED, Japan Agency for Medical Research and Development, Tokyo, Japan. 

Obesity is becoming prevalent worldwide, and the number of cases of obesity-associated cancers, including 
obesity-associated liver cancer, has recently increased. Hepatic stellate cells (HSCs) have been identified as 
a prominent hub for inter-cellular and inter-molecular crosstalk in liver cirrhosis and NASH (non-alcoholic 
steatohepatitis) and also play a role as CAF (cancer-associated fibroblast) in hepatocellular carcinoma 
(HCC) tissues. Therefore, the development of methods to characterize in vivo status of HSCs under various 
conditions is needed. However, the surface marker of HSCs has not been identified and the efficient isola-
tion method of HSCs from tumor tissues in less heat-stressed condition have not been established yet. Here, 
we have developed a novel isolation method for HSCs from highly steatotic liver cancer tissues by utilizing 
the portal vein-mediated enzymatic cold perfusion method to avoid heat-induced artefact gene expression. 
The primary HSCs isolated from murine and human tumor tissues were analyzed by cell culture analysis, 
flow cytometry, and single-cell RNA-sequencing (scRNA-seq) analysis, showing an obvious senescence 
phenotype. In addition, we identified CD49a as a specific marker of HSCs in the liver under various condi-
tions. These results can be used as a foundation for investigating the role of HSCs in the HCC microenvi-
ronment.
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The miRNA Signature Associated with Plasma Membrane Damage-dependent Senescence

○Yatzu Chiu1, Yohsuke Moriyama1, Nurhanani Binti Raza1, Keiko Kono1
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Plasma membrane damage-dependent senescence (PMDS) is a newly identified senescence subtype 
induced by physical or chemical damage on the plasma membrane. In human diploid fibroblasts, PMDS is 
associated with multiple senescence biomarkers, including β-galactosidase activity, senescence-associated 
secretory phenotype, and upregulation of p53 and p21. However, the regulatory mechanisms of PMDS 
remain uncharacterized. microRNAs (miRNAs) have emerged as important regulators in developmental 
and cellular processes such as tissue development, cell differentiation, and cell proliferation. miRNAs are 
small non-coding RNAs (18-24 nucleotides in length) that usually repress gene expression by conducting 
mRNA degradation and/or inhibiting protein translation through binding complementarily to 3’UTR of the 
target mRNAs. More than 60% of human protein-coding genes contain at least one conversed miRNA-
binding site. miRNAs play important roles in replicative, oncogene-induced, and oxidate stress-induced 
senescence. In this study, to reveal the role of miRNAs in PMDS, we performed a high throughput analysis 
using next-generation sequencing. Indeed, we found miRNA expression profile changed significantly 
during PMDS. Moreover, the integration analysis with transcriptome sequencing identified that many 
differentially expressed genes are the potential targets of those miRNAs. This study predicts a molecular 
mechanism underlying PMDS, highlighting the role of miRNAs.
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A novel approach to telomere-driven cellular senescence and age-related diseases
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During aging, senescent cells accumulate. Telomeric shortening and damage trigger most of downstream 
pathways leading to senescence and disease. DNA damage response (DDR) pathways are activated by 
short or damaged telomeres and are necessary for cellular senescence enforcement. 

Recently, RNA has emerged as a novel key regulator of DDR. We have shown that damage-induced long 
non-coding RNAs (dilncRNAs) are generated at sites of DNA damage, including telomeres, and are 
processed into shorter DNA damage response RNAs (DDRNAs). Antisense oligonucleotides (ASOs) 
against such RNAs allow site-specific DDR inhibition (Francia Nature 2012, Michelini Nature Cell Biology 
2017, Pessina 2019). 

Telomeric ASO (tASO) against RNA generated at short or damaged telomeres 
prevents DDR activation at dysfunctional telomeres in cultured cells and in vivo in mice (Rossiello et al. 
Nature Communications 2017). 

In a mouse model of Hutchinson-Gilford Progeria Syndrome (HGPS), an accelerated aging condition, tASO 
treatment extends the proliferative capacity of patients’ fibroblasts, inhibits DDR, improves tissue homeo-
stasis and extends lifespan (Aguado Nature Communications 2019).

Telomerase knockout mice bear short telomeres and recapitulate pathological conditions including lung 
fibrosis and altered hematopoiesis. Here, tASO reduce telomeric DDR, improves lung fibrosis and hemato-
logical defects.

Finally, telomeric shortening or dysfunction cause an increase in the levels of ACE2, the SARS-CoV-2 
receptor, in humans and in mice and that tASO-mediated telomeric DDR inhibition prevents it in vivo.

We believe that many serious human conditions caused by telomere shortening and damage can be studied 
and possibly treated with selective DDR inhibition at telomeres by tASO.

（Short talk S7-05）
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Relationship between bone marrow mesenchymal stromal cells (MSCs) senescence and clinical 
evolution of AML and MDS patients after hematopoietic stem cells (HSC) transplantation
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Mesenchymal stromal cells (MSCs) constitute an important cell population of the bone marrow hematopoi-
etic niche that supports hematopoietic stem cells (HSC). In hematological malignancies (HM), the medul-
lary microenvironment undergoes important modifications and stress, impacting the behavior of cells and 
mainly MSCs.
These alterations in MSCs in HM like myelodysplasic syndrome (MDS) and acute myeloid leukemia (AML) 
have not been fully studied. The aim of our work was to study characteristics, and mainly the senescence 
of MSCs isolated from MDS and AML patients, both before and after HSC transplantation.
Our results showed that MSCs obtained from MDS and LAM patients have a significant increase in senes-
cence-associated β-galactosidase activity, altered morphology, reduced clonogenicity, decreased cell prolif-
eration and increased apoptosis, compared with MSCs from healthy donors. All of these changes were 
found in MSCs isolated from MDS and AML patients either before and after HSC transplantation. MDS 
patients presented increased levels in MSCs senescence compared to LAM patients. Patients who devel-
oped graft-versus-host disease (GVHD) after HSC transplantation showed a higher percentage of senescent 
MSCs than control MSCs or MSCs from patients in remission. On the contrary, a decrease in cell senescence 
was observed in relapsed patients. These observations suggest a link between MSC senescence and the 
clinical evolution of the patients.
In conclusion, results obtained in this work seems to show that the medullary microenvironment in MDS 
and LAM induces an increase in the senescence of MSCs that could interfere with occurrence of GVHD and 
relapse after HSC transplantation.

（Short talk S5-02）
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Development of a novel in vitro hippocampal astrocyte senescence model
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Senescence is an irreversible cellular state associated with aging, which involves genetic, morphological 
and physiological alterations. Some of its causes include genomic instability, depletion of cell proliferation 
and oxidative stress. When this phenomenon occurs in brain astrocytes (astrosenescence) it can trigger 
tissue dysfunction thereby contributing to neurodegenerative diseases. For the study of these pathologies 
and senescence, the senescence accelerated mouse prone 8 (SAMP8) strain has been proposed as an animal 
model of interest, comparing it with its control strain senescence accelerated mouse resistant 1 (SAMR1). 
The objective of this work was to develop an in vitro model of astrosenescence employing adult hippo-
campal neural stem cells isolated from SAMR1 and SAMP8 that were differentiated into astrocytes. The 
cultures were characterized, subjected to stress with the drug doxorubicin as a possible senescence-in-
ducing agent and the level of senescence biomarkers was analysed. Furthermore, SA-β-gal expression 
levels were evaluated and compared in histological samples of the hippocampus of SAMR1 and SAMP8 
mice of 2 and 10 months of age. Preliminary results show that 25 nM of doxorubicin in astrocytes generated 
a considerable increase in the evaluated senescence biomarkers (53BP1, γH2AX and SA-β-gal). On the other 
hand, comparatively samples from 2 month old SAMP8 animals show higher levels of intensity of SA-β-gal 
in areas of the hippocampus over samples of both ages of SAMR1. Based on these results, an in vitro 
senescence induction protocol for astrocytes could be established. Our data also contribute to the in vivo 
characterization of the SAMP8 mouse model.
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Dissecting the relative contribution of extracellular vesicles to paracrine senescence during 
cancer chemotherapy 
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The presence of a complex secretory phenotype, known as SASP, is one of the main features of cellular 
senescence. Among the high heterogeneity of SASP, the extracellular vesicles fraction (EVs), is emerging as 
a relevant secretory component. We focus our efforts on the role of chemotherapy induced senescent EVs in 
paracrine senescence regulation in the context of cancer. We obtained chemotherapy induced senescent 
tumor-derived conditioned media to treat target tumoral cells and we demonstrated the induction of para-
crine senescence. We also characterized senescent EVs derived from tumoral cells isolated by differential 
ultracentrifugation (dUC) and size exclusion chromatography (SEC) to treat target tumor cells in order to 
dissect the specific function of the EVs fraction. Moreover, we used a chemical inhibitor of exosomes 
biogenesis (GW4869), that targets neutral sphyngomielinase (N-SMase), to test the effect of the conditioned 
media EVs reduction in the paracrine senescence regulation. In conclusion, we demonstrated an effect of 
the senescent EVs fraction in paracrine senescence induction in the context of cancer. 

（Short talk S3-02）
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Study of a potential role of EPAC1 in cardiac aging
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One of the leading causes of death in aged populations are cardiovascular diseases. It has been shown that 
an increase of cAMP in the aging heart aggravates age-related pathologies. The protein EPAC1 is a cAMP 
effector that has been shown to participate in cardiac remodeling leading to heart failure positioning it as a 
candidate to be a therapeutic target thus, this project aims to determine the role of EPAC1 in cardiac aging.
Methods
For in vivo studies we used 6 month-old (young) and 24 month-old (old) both WT and KO for EPAC1. After 
an acute injection of Isoproterenol we measured the cardiac function, hypertrophy, senescence, and inflam-
mation. In rat neonatal cardiomyocytes we tested the effect of EPAC’s activator 8-CPT and the inhibitor 
CE3F4 on senescence and DNA damage.
Results
In the in vivo model, we found that old EPAC1-KO mice showed an IVRT more conserved after Isoproterenol 
injection compared to old WT mice. Also, differences in the size of the cardiomyocytes indicated higher 
hypertrophy in the WT mice. In gene expression, we found an increased level of senescence and inflamma-
tion markers in the WT mice. In the in vitro experiments, we found that 8-CPT can induce both senescence 
and DNA damage and this effect is reversed by the presence of CE3F4.
Conclusion
The results described suggest that EPAC1 plays in cardiac aging and is involved in both DNA damage and 
senescence in the heart. These results highlight the importance of  EPAC1 as a potential therapeutic target 
for cardiac aging.
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Metabolic Reprogramming in Cellular Senescence
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Cellular senescence (CS) is a cell fate that stably arrests proliferation in response to diverse forms of cellular 
stress. It plays a beneficial role in many physiological processes but also is a significant driver of pathophys-
iological conditions. The phenotypic transformations occurring in CS include cell cycle arrest, inflamma-
tory responses, and a complex metabolic shift. Although metabolic changes have been described in cells 
undergoing senescence, to this date, no comprehensive, systematic, and integrative analysis has been 
performed. Here, we provide comprehensive and dynamic profiling of the senescence metabolome across 
different cell types and during the time-course of different senescence induction conditions and perform 
transcriptomic and metabolomic data integration revealing uniquely enriched pathways in senescent cells. 
We identify a communal set of metabolites that distinguish senescent cells from proliferating and quiescent 
cells, including metabolites that act as substrates or cofactors for chromatin and DNA-modifying enzymes, 
providing a potential cross-talk between metabolism and epigenetic regulation of gene expression. Further-
more, modulating the levels of some of these metabolites reprograms the senescence transcriptome. 
Together, our analysis identifies senescence metabolome biomarkers, potential metabolic liabilities of 
senescent cells and thus, opens therapeutic avenues to exploit metabolic senescence targeting for health 
benefit.

（Short talk S7-04）
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Epigenetic differences between prematurely and replicatively senescent vascular smooth muscle 
cells.
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The process of cellular senescence is characterized by numerous morphological and physiological changes, 
mainly by permanent cell cycle arrest and most interestingly by increase in nuclear size and its general 
architecture. This manifests in altered gene expression profile which, in turn, is a result of altered chromatin 
structure. Senescent cells exhibit global loss of histone post-translational modifications and assume form of 
loosely packed euchromatin. In senescent vascular smooth muscle cells we also observed gradual loss of 
chromatin rigidity and compaction, which strictly depends on the type of senescence. We analysed prema-
ture senescence (PS) induced by doxorubicin (DNA-damage dependent - DOX) or curcumin (DNA-damage 
independent - CUR), and replicative senescence (RS). Western blot and immunofluorescence analysis 
revealed a drastic loss of both histone H3 methylation and acetylation in RS, significantly distinguishing it 
from PS. These epigenetic changes are connected with distinct gene expression profile of RS and PS as 
confirmed by microarrays. Genes expressed only by prematurely senescent cells mostly encode proteins 
involved in cellular migration and accumulate in focal adhesion sites making them more able to move. On 
the other hand, genes characteristic for RS are generally encoding proteins taking part in cell cycle. Further 
investigation of chromatin architecture might serve as a promising diagnostic tool recognizing source of 
senescence and therefore help in reducing the risk of age-related diseases, for instance atherosclerosis.

This study was supported by grant: National Science Centre, 2016/21/B/NZ3/00370
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Impact of the ATF6α pathway on the establishment of the UVB-induced senescence of normal 
human dermal fibroblasts 
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More than a programmed cell growth arrest, cellular senescence can be viewed as a general cellular stress 
response that leads to profound morphological and behavioral changes. 
In vivo, the appearance of senescent cells could be linked to the exposures to internal and external stresses. 
In particular, ageing of the skin is influenced by external factors, of which mainly UV radiation, leading to 
skin photoageing. 
In vitro, the main skin cell types, when exposed to UVB, enter in premature senescence. 
However, the molecular pathways involved in the UV-induced senescence remain partly unknown. 
Recently, the Unfolded Protein Response (UPR) has been identified as playing a major role in the morpho-
logical changes associated with senescence. 
The aim of our research is to determine whether the UPR pathway is activated following UVB exposures 
and is involved in the establishment of UVB-induced senescence in human dermal fibroblasts. 
Our first results show that the three branches of the UPR (PERK, ATF6α, IRE1α) are activated after UVB 
stress. Moreover, by blocking their activation with specific chemical inhibitors, we showed that the ATF6α 
branch is involved in the induction of several senescence biomarkers following UVB exposures including 
SA-βgal activity, morphological changes and persistent DNA damage. In the next part of our work we will 
determine if this pathway impacts the composition of the Senescence Associated Secretory Phenotype. 
Ultimately, these results will allow us to determine whether the UPR pathway represents an interesting 
target capable of reducing or delaying age-related skin alterations.
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The influence of SASP components secreted by human vascular smooth muscle cells under-
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Cellular senescence is a highly dynamic and complex process, during which the properties of senescent 
cells continuously evolve and diversify from early to late senescent state. An excellent example of an age-re-
lated disease which development depends on senescence is atherosclerosis. Senescent vascular smooth 
muscle cells (VSMCs) have been identified at the site of atherosclerotic plaques (AP). It was shown that 
senescent VSMCs contribute to the development of atherosclerotic plaque mainly due to diminished prolif-
eration potential that limits efficient plaque repair as well as secretion of SASP factors. Those factors may 
favor proinflammatory state of atherosclerotic plaque by actively modulation the neighboring microenvi-
ronment especially by affecting immune cells. Thus, the aims of our studies were (i) to characterize 
morphology and ultrastructure of early and late senescent VSMCs and senescent VSMCs derived from 
human atherosclerotic plaques as well as to compare the changes in the expression of senescence markers; 
(ii) to analyze and compare the secretory profile of VSMCs that underwent process of senescence under in 
vitro condition and in vivo during plaque formation using cytokine arrays (iii) to investigate the influence 
of SASP factors on T cells activation, proliferation and migration. Our data indicates that secretory profile 
of VSMCs derived from AP mostly resembles profile of late senescent VSMCs. What is more factors secreted 
by senescent VSMCs increase the activation level of T cells and influence on their proliferation and migra-
tion.
This work is supported by grants National Science Centre UMO 2014/15/B/NZ3/01150 and OPUS 
UMO-2018/31/B/NZ3/02931.
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Role of histone deacetylase 9 in the development of adipose tissue senescence 
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Background: Our previous studies showed that histone deacetylase 9 (HDAC9) gene deletion protected 
mice against obesity-associated metabolic disorder. Here, we hypothesized that HDAC9 expression during 
aging plays an important role in the development of adipose tissue senescence.
Methods and Results: Visceral adipose tissue from 20-month-old wild type (WT) mice showed increased 
expression of HDAC9 (2-fold), p16 (5-fold) and p21 (2-fold) compared to 3-month-old mice. Furthermore, 
HDAC9 expression in human subcutaneous adipose tissue positively correlated with age (r2=0.088, p=0.034). 
To determine if HDAC9 knockout (KO) would protect mice against adipose tissue aging, we aged WT and 
KO mice to 1-year-old. KO mice were protected against the development of age-associated weight gain. 
Intriguingly, adipose tissues from KO mice exhibited reduced levels of senescence-associated beta-galacto-
sidase (SABG) staining and lower expression of p16 (0.7-fold) and p21 (0.5-fold). Preadipocytes reside in 
adipose tissue and replenish adipocytes. Interestingly, reduced SABG staining was also observed in early 
passage primary preadipocyte culture derived from HDAC9 KO adipose tissue compared to WT (17% vs 
30% SABG+). Furthermore, preadipocytes in vitro were protected against H2O2 and UV light induced 
senescence as evaluated by SABG staining, p16 and p21 expression. Next, we measured adipose tissue 
mitochondrial function, which is mechanistically linked to senescence, using the Seahorse analyzer. HDAC9 
KO significantly increased adipose tissue mitochondrial oxygen consumption rate (e.g. increased basal 
respiration, proton leak and ATP production).
Conclusion: HDAC9 plays a crucial role in the development of adipose tissue senescence and may be a 
promising target to maintain healthy adipose tissue during aging.
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Glyoxal induces senescence in primary human keratinocytes through oxidative stress and acti-
vation of the AKT/FOXO3a/p27KIP1 signaling pathway  
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Senescence is a well-characterized cellular state associated with specific markers such as permanent cell 
proliferation arrest, and the secretion of messenger molecules by cells expressing the Senescence-Associ-
ated Secretory Phenotype (SASP). The SASP composition depends on many factors such as the cell type or 
the nature of the stress that induces senescence. Since the skin constitutes a barrier with the external envi-
ronment, it is particularly subjected to different types of stresses, and consequently prone to premature 
cellular aging. The dicarbonyl compounds glyoxal and methylglyoxal are precursors of Advanced Glyca-
tion End-products (AGEs), whose presence marks normal and pathological aging. In this study, we demon-
strate that glyoxal treatment provokes oxidative stress by increasing reactive oxygen species and AGEs 
levels and induces senescence in human keratinocytes. Furthermore, glyoxal-induced senescence bears a 
unique molecular progression profile : an “early-stage” when AKT- FOXO3a-p27KIP1 pathway mediates 
cell-cycle arrest, and a “late-stage” senescence maintained by the p16INK4/pRb pathway. Moreover, we 
characterized the resulting secretory phenotype during early senescence by mass spectrometry. Our study 
provides evidence that glyoxal can affect keratinocyte functions and act as a driver of human skin aging. 
Hence, senotherapeutics aimed at modulating glyoxal-associated senescence phenotype holds promising 
potential. 
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Zebrafish imaging reveals TP53 mutation switching oncogene-induced senescence from 
suppressor to driver in primary tumorigenesis

○Yukinari Haraoka1, Yuki Akieda1, Yuri Nagai1, Tohru Ishitani1

1 Department of Homeostatic Regulation, Research Institute for Microbial Diseases, Osaka University, Japan

Most tumours are thought to arise through oncogenic cell generation followed by additional mutations. 
How a new oncogenic cell primes tumorigenesis by acquiring additional mutations remains unclear. We 
show that an additional TP53 mutation stimulates primary tumorigenesis by switching oncogene-induced 
senescence from a tumour suppressor to a driver. Zebrafish imaging revealed that a newly emerged onco-
genic cell with the RasG12V mutation becomes senescent and is eliminated from the epithelia, which is 
prevented by adding a TP53 gain-of-function mutation (TP53R175H) into RasG12V cells. Surviving 
RasG12V-TP53R175H double-mutant cells senesced and secreted senescence-associated secretory pheno-
type (SASP)-related inflammatory molecules that convert neighbouring normal cells into SASP factor-se-
creting senescent cells, generating a heterogeneous tumour-like cell mass. We identified previously uniden-
tified oncogenic cell behaviours that may control the initial human tumorigenesis step. Ras and TP53 
mutations and cellular senescence are frequently detected in human tumours; similar switching may occur 
during the initial step of human tumorigenesis.
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Establishment of sweat gland myoepithelial cell line for study sweat gland aging
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Protein Research, Osaka University, Japan

Accumulation of senescent cells in somatic cells is a well-known age-related cellular change. Senescent cells 
are thought to contribute to age-related tissue dysfunction by secreting numerous factors that induce 
age-associated changes in the tissue. Previous studies have uncovered that senescent cells promote aging in 
several tissues. In sweat glands, an increased expression of several senescence genes was observed in the 
aged tissues compared to the young tissues. However, as there were no cell line of human sweat gland 
myoepithelial cells (stem cells) to evaluate the function of these senescence genes, the role of these genes in 
sweat gland aging was unclear. We, therefore, attempted to generate immortalized myoepithelial cells 
through the transduction of immortalized genes into the primary myoepithelial cells. As compared with 
the primary myoepithelial cells, immortalized myoepithelial cells continued spheroid formation beyond 
the 20th passage. Furthermore, the immortalized myoepithelial cells co-expressed α-smooth muscle actin 
and other proteins that characterize sweat gland myoepithelial cells. Therefore, we generated immortalized 
myoepithelial cells, which may help to study sweat gland aging.
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Secreted phospholipase 2 XIIA triggers a mitochondrial damage-induced senescence in chronic 
obstructive pulmonary disease fibroblasts 

○Danushki Herath1, Benjamin Even2, Mathilde Oranger1, Dulce Papy2, Laurent Boyer1, Jorge Boczkowski1, 
Maylis Dagouassat1
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Rational: Lung fibroblast senescence is involved in the pathophysiology of chronic obstructive pulmonary 
disease (COPD). However, the composition and the roles of the secretome of senescent COPD fibroblasts 
are incompletely characterized. Interestingly, a subclass of PLA2, secreted PLA2 (sPLA2), secreted by 
senescent cells, can induce senescence and inflammation. The aim of this study was to analyze the role of 
sPLA2 in pulmonary fibroblast senescence.

 Methods: Fibroblasts were isolated from patients with COPD and control subjects. Patients in the different 
groups were similar in age and smoking history. Non-senescent fibroblasts were exposed to different doses 
of sPLA2, and senescence markers and inflammatory profile was analyzed. sPLA2 levels were quantified in 
serum of COPD and controls. 

 Results: In comparison with non-smokers and smoker controls, senescent lung COPD fibroblasts exhibited 
a higher mRNA and protein expression of the sPLA2 isoform XIIA and of syndecan 4 (one of its receptors). 
sPLA2 XIIA induced in turn senescence of non-senescent pulmonary fibroblasts via a pathway involving 
consecutively syndecan 4, activation of MAPK and p-serine 727 STAT-3, increased mitochondrial ROS 
production, and activation of AMPK/p53. This pathway was associated with a specific inflammatory secre-
tome (IL-10, IL-12 and TNFalpha), globally suggesting occurrence of a mitochondrial damage-induced 
senescence (MIDAS). COPD fibroblasts were more susceptible to this sPLA2 XIIA effect than cells from 
controls subjects. sPLA2 XIIA levels were significantly higher in serum from COPD patients as compared 
to controls. Conclusion: sPLA2 XIIA is involved in senescence, in COPD and could be a potential target to 
dampen this process.
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Intracellular action of IL-6 in tumor senescence

○Florencia Herbstein1, Melanie Sapochnik1, Alejandra Attorresi1, Sergio Senin1, Belen Elguero1, Mariana 
Fuertes1, Lara Muller2, Marily Theodoropoulou2, Lucas B. Pontel1, Eduardo Arzt1, 3
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Fisiologia y Biologia Molecular y Celular, FCEN, UBA.

Senescence has been associated with tumor suppressor mechanisms as well as a resistance mechanism to 
evade tumor eradication. Interleukin-6 (IL-6) is part of the complex secretome characteristic of senescent 
cells denominated senescence associated secretory phenotype (SASP).

In previous work we demonstrated that IL-6 contributes to maintain senescence by its autocrine action in a 
pituitary tumoral model. In this work we focus on the characterization of this signaling in a natural and 
therapy-induced senescent model. 

In MtT/S cells, a naturally senescent pituitary somatotroph cell line, to discriminate the effect of intracel-
lular action of IL-6 we inhibited secretory pathway using brefeldin A (BFA) 100 ng/ml, a drug that blocks 
intracellular vesicle transport from endoplasmic reticulum to Golgi.
We observed an increase in the senescent biomarkers pRb and p16 INK4 (measured by western blot) and 
the activity of senescence associated β galactosidase (SA-β-Gal) (n=4, p<0.05).

Contrary to MtT/S wild type cells, IL-6 knock out clones treated with BFA did not show any significant 
changes in senescence biomarkers unless IL-6 expression was reestablished.
We next studied another model of senescence, therapy-induced senescent pulmonary A549 cells treated 
with doxorubicin (Dox) 132 nM. In these cells stimulation and retention of IL-6 (verified by western blot 
and immunofluorescence) with IL-1β 20 ng/ml and BFA also increased the senescent profile involving an 
increase in p21 Cip1 and decrease in pRb.

We conclude that IL-6 regulates senescence through a specific intracellular signaling pathway that could 
represent a general mechanism for tumoral senescent cells. 



90

POSTER 25

Investigating the consequences of primary and paracrine-driven secondary senescence in human 
skin

○Bethany Kim Hughes1, Deborah Milligan1, Andrew Davis2, Linda Wainwright2, Mike Philpott1, David 
Gunn2, Cleo Bishop1

1 Queen Mary University London, 2 Unilever, UK

Senescence has been widely reported to contribute to age-related phenotypes in the skin, leading to 
epidermal thinning, decreased collagen deposition and abnormal pigmentation. It has been recently 
acknowledged that melanocytes are the main p16-positive cell in the epidermis, and that this positively 
correlates with perceived donor-age. This suggests that melanocytes could be a main driver of the aged 
epidermal phenotype. The impact of senescent cells on skin ageing has been previously underexplored. 
However, emerging research suggests that the SASP of senescent melanocytes can induce paracrine kerat-
inocyte senescence via telomere dysfunction in epidermal living skin equivalents (LSEs) consisting of 
melanocytes and keratinocytes. The paracrine impact of senescent fibroblasts on proliferating cells has been 
explored in a 2D co-culture, however this has not been studied in a more physiologically relevant 3D LSE. 

To begin to investigate the paracrine impact of senescent fibroblasts, single-cell RNA sequencing analysis 
was performed in both 2D and 3D. This experiment compared replicatively senescent fibroblasts with their 
early proliferative counterparts, and the impact of the senescent cells in a mixed population. Using the 
Seurat R package, unsupervised clustering identified 8 independent clusters from the samples grown in 
2D. Interestingly, fibroblasts from the mixed population clustered independently from the EP or DS cells, 
suggesting an early-paracrine effect has fundamentally changed the transcriptome of these cells. Future 
work will involve investigating differentially expressed genes and pathways in this mixed group, and 
investigating whether the senescent fibroblasts exert a similar paracrine effect in 3D or on other neigh-
bouring cell types. 
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Roles of acetylation and NAD metabolism in cellular senescence

○Sebastian Igelmann1, 2, Francis McManus2, 3, Mozhdeh Mehdizadeh4, Stanley Nattel4, Nhung Vuong5, 
Pierre Thibault2, 3, Gerardo Ferbeyre5
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The cell senescence program aims to remove cells from the proliferating pool avoiding their transformation 
into cancer cells  but also contributing  to pattern formation, organ development and tissue regeneration. 
On the other hand, senescent cells accumulate with age, limiting normal cell turnover and creating pro-in-
flammatory and pro-cancer niches in multiple tissues playing a causative role in both physiological aging 
and multiple age-linked diseases. The detection of senescent cells during aging depends on a variety of 
biomarkers linked to different hallmarks of the senescence program. In general, none of these biomarkers 
is sufficient to certify the presence of senescent cells so they must be used in combination to increase their 
predictive power. Senescent cells display universal alterations in mitochondria leading to profound meta-
bolic changes in senescent cells including a reduction in the ratio NAD+/NADH. The NAD+/NADH ratio 
changes the activity of multiple metabolic enzymes as well as sirtuins, a protein family with broad physio-
logical activities.  In particular, defects in complex I of the electron transport chain led to a decreased 
NAD+/NADH ratio, inhibition of the mitochondrial sirtuin SirT3 and an increase in mitochondrial protein 
acetylation. Protein lysine acetylation was originally discovered in histones but affects a wide range of 
proteins substrates. Here, we report that senescent cells exhibit an increase in protein acetylation in mito-
chondria. Elimination of senescent cells in vivo decreases protein acetylation while inhibiting senescence in 
culture by expressing HTC, an enzymatic complex that restore the NAD/NADH levels, also decreases 
protein acetylation.
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Dual role of TGF-β1 in cellular senescence of tubular cells and hyper-proliferation of fibroblasts 
to aggravate lupus nephritis

○Shogo Ijima1, 2, Yuki Saito1, Maki Miyajima3, Mineko Fujimiya1, Takako S. Chikenji1, 3
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Systemic lupus erythematosus (SLE) is a chronic autoimmune inflammatory disease characterized by 
multi-organ involvement. Lupus nephritis (LN) is a major risk factor for overall morbidity and mortality in 
SLE patients. Transforming growth factor β (TGF-β) plays a key role in pathological processes including 
the development of LN. TGF-β triggers cellular senescence by upregulating cyclin-dependent kinase (CDK) 
inhibitors such as p15INK4B. However, TGF-β can also exert opposing effects by stimulating cell prolifera-
tion in different cell types. The diverse functions of TGF-β may contribute to the pathogenesis of SLE-re-
lated LN. In this study, we performed immunofluorescence staining to identify each location and expres-
sion of TGF-β1 and p15INK4B in the kidney obtained from lupus-prone MRL/lpr mice and control. We 
demonstrated that the level of TGF-β-positive glomerular cells increased in MRL/lpr mice. p15INK4B-pos-
itive tubular epithelial cells preferentially accumulated around TGF-β-positive glomerular cells in MRL/lpr 
mice. Furthermore, platelet-derived growth factor α (PDGFR-α)-positive fibroblast growth increased 
around TGF-β-positive glomerular cells, but the PDGFR-α positive fibroblasts were not senescent. In vitro 
experiment also revealed that TGF-β triggered senescence of tubular epithelial cells, while renal fibroblasts 
promoted cell proliferation in response to TGF-β. Our results suggest that the TGF-β expressed in glomer-
ular cells may promote senescence in tubular epithelial cells and fibroblast proliferation in LN, providing 
novel insight into the complex pathology of SLE-related LN.
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Development of the rapid and efficient induction system for replicative senescence by mimicking 
telomere shortening
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Cellular senescence is defined as “permanent cell-cycle arrest,” which is induced by several stresses, 
including expression of oncogenes, oxidative stress, and replicative stress. Until now, we do not have a 
rapid induction system to investigate replicative senescence (RS) because we have to passage cells until 
they arrest growth to induce RS. It is very time-consuming to achieve this and difficult to trace the entire 
process.
Here, we established a novel inducible system mimicking RS by telomere shortening, one of the major 
causes of RS. TRF2, a subunit of the telomere-capping complex, protects the ends of chromosome DNA. 
Ectopic expression of TRF2 mutant lacking N-terminal basic domain (TRF2ΔB) destabilizes telomere loop 
structure and induces large telomere deletion, which leads to cellular senescence. We established tetracy-
cline-inducible TRF2ΔB (tet-TRF2ΔB) cells from hTERT-IMR90 cells. We found that cell proliferation was 
reduced in tet-TRF2ΔB cells within 3 days and almost completely arrested after 9 days of doxycycline-in-
duction. To confirm the establishment of senescence, we assessed several criteria of cellular senescence, 
including the irreversible arrest of cell proliferation, senescence-associated s-galactosidase activity, induc-
tion of CDK inhibitors and senescence-associated secretory phenotype related genes, senescence-associated 
heterochromatin foci formation, and loss of Lamin B1.
Since the induction of cellular senescence in tet-TRF2ΔB cells was rapid and efficient, this system will be a 
powerful tool for studying RS. Furthermore, the high synchronicity of this system is suitable for popula-
tion-based analysis, such as proteomics and metabolomics.
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Unraveling the relationship between cellular senescence and DNA damage by a modified 
CRISPR system
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Cellular senescence is a persistent proliferative arrest induced by a variety of stresses. It is reported that 
senescent cells cause age-related diseases. One of the most significant stresses is a double-strand break 
(DSB). When it occurs, damage-sensor proteins such as ATM recognize the stress and activate p53. Then, 
p53 upregulates effectors and arrests the cell cycle. Finally, cells are going to become senescent. Although 
previous studies using the conventional method, ultraviolet lights or DNA damaging reagents, cleared the 
signal pathway from DNA damages, how and which factors related to DSBs determine the cellular response 
is largely unknown.
To figure out the characteristic of the DSBs which induce cellular senescence, we set out to devise a “CRIS-
PR-dCas9-scFokI” system, a novel experimental platform based on CRISPR-Cas9. In this platform, a cata-
lytically dead Cas9 is fused with tandem endonuclease domains, FokI, to separate DNA recognition and 
cleavage sites. Combined with the doxycycline-inducible promoter, this approach presumably allows 
repeated DSBs at a specific locus. As of today, we have confirmed DSBs generated by this system in NIH3T3, 
and our data suggest that CRISPR-dCas9-scFokI is less mutagenetic than CRISPR-Cas9.
Furthermore, we hypothesized that a pooled CRISPR screen detects the genome sites related to cellular 
senescence. We are currently setting up a screening method using mouse fibroblasts. In the future, we are 
planning to generate an aging mouse model applying CRISPR-dCas9-scFokI and the results of the screen. 
Here, we would like to discuss recent progress on this project.



95

POSTER 30

Young blood rejuvenates skeletal muscle in old animals by heterochronic blood exchange

○Ok Hee Jeon1, Tae-Hwan Gil1, Hyo Gyeong Lee1

1 Department of Biomedical Sciences, Korea University College of Medicine, Korea

Aging is the largest risk factor for most chronic diseases and is a consequence of at least two processes: 
diminished normal tissue functions or an increase in mechanisms that disrupt these normal functions. 
Heterochronic parabiosis (that is, the surgical joining of two animals of different aging to share their circu-
lation and organ system) have revealed that young and old circulatory milieu are reciprocally capable of 
regulating aging, with the circulatory systems of young animals rejuvenating old tissues and those of old 
animals reducing young tissue functions. However, it is not clear whether this phenomenon is the result of 
sharing circulation or organs. Here, we show that recently developed heterochronic blood exchange (i.e., a 
better-controlled experimental system where only blood is exchange between young and old mice) affects 
various tissues including skeletal muscle. Investigating muscle, we found that when old mice were 
exchanged with young blood, there was decreased accumulation of intramuscular lipid and fibrosis, dimin-
ished fatigability, and improved muscle strength and endurance. Furthermore, significantly higher energy 
expenditure at night were in old mice receiving young blood than those receiving old blood measured by 
metabolic cages. We conclude that heterochronic blood exchange in small animals is less invasive and 
enables better-controlled studies on the rejuvenating effects of young circulatory system and/or factors on 
old tissue as well as its related mechanisms against cellular aging. This work helps our understanding of 
the systemic paradigms of skeletal muscle tissue rejuvenation with potential translation for improving the 
health and resilience of older people.
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BH3 profiling of senescent cancer cells to identify mechanisms of resistance to ABT-263

○Fleur Jochems1, Julie A MacDonald2, Chrysiida Baltira3, Veerle W Daniels2, Mark C de Gooijer3, Olaf van 
Tellingen3, Rene Bernards1, Anthony Letai2

1 Division of Molecular Carcinogenesis, Oncode Institute, Netherlands Cancer Institute, Plesmanlaan 121, 1066 Amsterdam, 
the Netherlands., 2 Department of Medical Oncology, Dana-Farber Cancer Institute, Harvard Medical School, Boston, MA 
02215, USA., 3 Division of Diagnostic Oncology, The Netherlands Cancer Institute, 1066 CX Amsterdam, The Netherlands. 

Senescent cells rely on anti-apoptotic signaling for their survival, which can be targeted by senolytic agents. 
ABT-263 is a broad acting senolytic that targets anti-apoptotic proteins BCL-2, BCL-xL and BCL-W. Our 
group has shown that ABT-263 has a senolytic effect in most cancer cell lines, but not in all. This raised the 
question of why certain senescent cancer cells responded, while others remain refractory.  

To investigate this, we performed BH3 profiling in a panel of ABT263 sensitive and resistant cancer cells. 
This technique measures apoptotic priming (the readiness to undergo apoptosis) and apoptotic dependen-
cies. It appeared that ABT-263 sensitive senescent cancer cells highly depend on BCL-xL signaling, while 
ABT-263 resistant cells did not. Moreover, we found that ABT-263 sensitive cells were more primed to 
apoptosis compared to resistant cells. Intriguingly, this correlation was already apparent in the parental 
state. Nevertheless, we found that senescent cells were less primed to apoptosis than their parental coun-
terparts, which was in contrast to what we expected. 

In conclusion, whether senescent cells will respond to ABT-263 is already determined in the parental state, 
and they become dependent on BCL-xL signaling for their survival. The observation that senescent cells 
were less primed to apoptosis, compared to parental cells, was surprising and we intend to further under-
stand how this results in their higher sensitivity to ABT-263.
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Nectin-4-induced cell size enlargement enhance senescent cell survival
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Senescent cells exhibit various characteristic morphological changes including enlarged morphology. 
Recently, we have identified Nectin-4 as an upregulated gene in cellular senescence by comparative tran-
scriptomics. Although Nectin-4 is known to act as a cell adhesion molecule and be related to cancer metas-
tasis, there is no report on the relationship between Nectin-4 and senescence. Therefore, we analyzed the 
function of Nectin-4 in senescence. When overexpressed with Nectin-4, the cells exhibited the enlarged cell 
morphology closely resemble to that of senescent cells. In addition, the cell size enlargement during DNA 
damage-induced senescence was suppressed by knockdown of Nectin-4. These results suggest that Nectin-4 
contributed to the senescence-associated cell size increase. Next, to investigate the molecular mechanism of 
cell size increase during senescence, we tested the effect of inhibitors of Src family kinase (SFK) and PI3 
kinase (PI3K), both known as downstream effectors of Nectin-4, on cell size. Inhibition of SFK or PI3K 
effectively suppressed the cell size enlargement induced by DNA damage and Nectin-4 overexpression 
suggesting that SFK/PI3K acts downstream of Nectin-4 to induce the senescence-associated cell size 
enlargement. To explore the functional consequences of cell size enlargement, we analyzed cell survival in 
Nectin-4-depleted senescent cells. Single-cell tracking experiments revealed that Nectin-4 knockdown 
induced apoptosis in senescent cells, and there is a strong positive correlation between cell size and survival 
rate. These results collectively indicate that Nectin-4 plays a causative role in the senescence-associated cell 
size enlargement via SFK/PI3K, which can contribute to the survival of senescent cells.
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Senescence-dependent ectodomain shedding of E-cadherin promotes cancer metastasis.
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Cellular senescence functions as a potent tumor suppressor mechanism in mammals and increasing amount 
of evidence now suggest that senescent cells also promote tumor progression in a non-cell autonomous 
manner. Senescence-associated secretory phenotype (SASP) is considered to underlie the non-cell autono-
mous functions of senescent cells, however the detailed mechanisms of senescence-dependent cancer 
progression remain obscure.
Here, we show a new insight into the senescence-dependent cancer metastasis. Lung metastasis of B16F10 
melanoma cells increases with age, and elimination of senescent cells suppressed the metastasis. We found 
senescent cells enhanced ectodomain shedding of E-cadherin. The resultant soluble E-cadherin (seCad) 
increased the metastatic activity of cancer cells, and its inhibition suppressed the lung metastasis. The 
seCad induced genes associated with poor prognosis in patients with melanoma, and analysis of patient 
sera revealed that serum seCad was associated with distant metastasis. 
Our data suggest that senescent cells promote metastatic lung cancer through seCad, and that seCad may 
be a potential diagnostic marker as well as a therapeutic target for metastatic lung cancer.

（Short talk S2-02）
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Multi-omic analysis of mitochondria in therapy-induced senescent cells shows an accumulation 
of mitochondria with altered metabolic and energetic states

○Jun Yong Kim1, Thomas Langer1
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Many anticancer drugs cause not only cytotoxic but also cytostatic effects. Therapy-induced senescence 
(TIS) is a response to chemotherapeutic agents that results in a persistent cell-cycle arrest and a secretion of 
bioactive molecules, called SASP (senescence-associated secretory phenotype). Mitochondria are known to 
massively accumulate in senescent cells and regulate the composition of SASP and thus, in turn, the pro-tu-
morigenic and pro-ageing effects of senescent cells. However, it is not completely understood which mito-
chondrial factors regulate SASP. In addition, there are conflicting reports about mitochondrial functions in 
senescent cells. In this study, we exploited time-resolved TMT-labeling proteomics during the development 
of TIS in vitro combined with metabolomics to characterize the mitochondrial proteome and metabolism. 
The proteomic analysis reveals massive rewiring of the mitochondrial proteome and points to an enhanced 
catabolism of branched-chain amino acids and fatty acids, while the synthesis of pyrimidine nucleotides 
and protein translation in mitochondria appear to be decreased. Carbon isotope tracing of glutamine and 
glucose further demonstrates a reduction of glutaminolysis, indicating rewired mitochondrial metabolism 
in senescent cells. Moreover, a quantification of increased mitochondrial volume together with an analysis 
of mitochondrial functions suggests that mitochondrial respiration, membrane potential and superoxide 
level are lower per mitochondrion while higher per cell in senescent cells, which resolves contradictions in 
the literature based on the normalization method. Together, these data demonstrate qualitative changes of 
mitochondria in senescent cells and possible scenarios of dependence on such changes for SASP in senes-
cent cells.
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Loss of proliferative effect of D-serine in senescent cells
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Background: D-Serine, a long-term undetected enantiomer of serine, is a biomarker whose blood level 
increases in aged individuals and in patients with kidney diseases. We investigated the dynamics and 
physiological functions of D-serine in human living kidney donors, in unilateral nephrectomy (UNX) mice 
model, and in senescent cells.
Methods: Dynamics of D-serine was assessed by measuring D-serine in human samples of living kidney 
donors using two-dimensional high-performance liquid chromatography before and after UNX. Effects of 
D-serine on kidney from UNX mice and senescent cells were examined by gene expression profiling and 
histological studies.
Results: Human living kidney donors after UNX decreased urinary excretion and thus increased the blood 
level of D-serine. The plasma ratio of D-serine correlated well with key kidney function, glomerular filtra-
tion rate (GFR). Treatment of D-serine at physiological dose promoted the enlargement of remnant kidney 
in UNX mouse model. Profiling of pathway enrichment analysis in kidney of UNX mice revealed dominant 
activation of the cell cycle-related pathways by D-serine treatment. This proliferative effect of D-serine was 
lost in senescent cells. Mechanistically, D-serine activated the cell cycle for tissue remodeling through an 
mTOR-related pathway, and inhibition of mTOR suppressed D-serine-induced cellular proliferation.
Conclusion: D-Serine is a physiological molecule that promotes kidney remodeling. Loss of proliferative 
effect of D-serine in senescent cells may form the vulnerable propensity of aged people in kidney diseases.
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Inter-organ transmission of hepatocellular senescence via the TGFβ signalling pathway

○Christos Kiourtis1, 2, Maria Terradas-Terradas1, 2, Ya-Ching Hsieh1, 2, Lucy Gee3, Colin Nixon1, William 
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The senescence-associated secretory phenotype (SASP) can have a great impact on the microenvironment 
of senescent cells and has been shown to play a role in the pathophysiology of several diseases. In vitro 
studies have shown that senescence may be transmitted in paracrine and/or juxtacrine manner to nearby 
cells. We and others have recently reported paracrine senescence in the liver using genetically engineered 
models. Here, we investigate whether senescence may be transmitted between organs in vivo.
We use genetically-engineered mouse models of liver senescence by ablating Mdm2 function or expressing 
KrasG12D specifically in the hepatocytes through the use of the hepatocyte-specific AAV8-TBG-Cre vector. 
Using these models, we observe the development of renal, brain and lung senescence and associated organ 
dysfunction in response to liver senescence. Using single-cell transcriptomics, we confirm the senescence 
phenotype in renal tubular epithelium which is associated with TGFβ signal reception. Lastly, through 
inhibition of the TGFβ pathway both in vitro and in vivo we observe reduction of extra-hepatic organ 
senescence and functional improvement. These studies may provide insight for translating the inhibition of 
transmissible senescence in liver disease and have implications for multisystem disease more widely.

（Short talk S5-05）
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Diabetic wound impaired injury-induced transient senescence in adipose tissue that promotes 
the normal wound healing process

○Arisa Kita1, Yuki Saito2, Norihiro Miura3, Sena Yamamoto3, Tsukasa Sato3, Takatoshi Yotsuyanagi1, 
Mineko Fujimiya2, Takako S Chikenji3
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Pathologic diabetic wound healing is caused by sequential and progressive deterioration of hemostasis, 
inflammation, proliferation, and resolution/remodeling. Cellular senescence promotes physiological 
wound process; however, diabetic wounds exhibit low levels of senescent factors and accumulate senescent 
cells, which impair the healing process. Due to the diversity of cell type to contribute wound repair and 
diverse role of cellular senescence, the detail mechanism of senescence mediated wound healing is still 
unknown. ?Here we investigated cellular senescence in skin and subcutaneous adipose tissue during the 
wound healing process using a Leprdb/db type-2 diabetic mouse and Leprdb/+ non-diabtetic mouse, and 
identified the dynamic change of senescence-related genes expression in non-diabetic mouse adipose tissue 
not skin during wound healing. We also identified that the number of p15INK4B+ senescent PDGFR-α+ 
mesenchymal cells in adipose tissue transiently increases in early phases of wound healing in non-diabetic 
mice and humans, but diabetic mice and humans exhibits prolonged accumulation of p15INK4B+ senescent 
PDGFR-α+ mesenchymal cells. In addition, transplantation of adipose tissue from diabetic mice into 
non-diabetic mice results in wound healing impairment and an alteration in the senescence-associated 
secretory phenotype (SASP), suggesting that insufficient induction of adipose tissue senescence after injury 
is a pathological mechanism of diabetic wound healing. These results give novel insight into how regula-
tion of senescence in adipose tissue contributes to the wound healing process and provide the basis for the 
development of therapeutic approaches for wound healing impairment in diabetes. 
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Modulation of Cellular Senescence by Branched-Chain Amino Acid Metabolism

Yuma Aramaki1, Hideru Obinata1, Shinya Honda2, Takashi Izumi3, Shigeomi Shimizu2, Yoji A. 
Minamishima1, ○Akimitsu Konishi1
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Cellular senescence is a complex stress response that permanently arrests cell proliferation, contributes to 
anti-tumor function, and causes aging phenotypes in living organisms. Although the close relationship 
between aging and biological metabolism is well known, the mechanism by which metabolism affects 
cellular senescence remains unclear.
Here, we show that branched-chain amino acid (BCAA) metabolism is crucial for modulating cellular 
senescence. Cellular stresses reduced mitochondrial BCAA aminotransferase (BCAT2) expression, resulting 
in a reduction of BCAA catabolism and accumulation of intracellular BCAA. BCAT2 knock-down could 
induce cellular senescence. Conversely, exogenous expression of BCAT2 or supplementation of BCAA 
catabolites inhibited cellular senescence. BCAT2 synthesizes glutamate in parallel with BCAA catabolism. 
Glutamate is a substrate for glutathione synthesis, which is an important intracellular antioxidant. Indeed, 
BCAT2 knock-down decreased both glutamate and glutathione and elevated intracellular reactive oxygen 
species. Supplementation of glutathione suppressed cellular senescence induced by BCAT2 knock-down. 
BCAA catabolites and glutathione additively inhibited cellular senescence, indicating that BCAA degrada-
tion and glutamate production pathways catalyzed by BCAT2 regulate cellular senescence independently.
Moreover, metabolome analysis revealed that all three BCAA increased in aged mouse blood, and BCAT2 
expression decreased in aged mouse tissues. These results indicate that BCAA metabolism changes in the 
normal aging process. Numerous reports show the link between BCAA and age-related metabolic disor-
ders such as obesity, type2 diabetes, and cardiometabolic risk factors. In this meeting, we will discuss the 
regulation of cellular senescence by BCAA metabolism and the involvement of BCAA metabolic change in 
aging.

（Short talk S6-05）
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Plasma membrane damage limits replicative lifespan in yeast and induces premature senescence 
in normal human fibroblasts

Yohsuke Moriyama1, Nurhanani Razali1, Yatzu Chiu1, Kojiro Suda1, ○Keiko Kono1
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Plasma membrane damage (PMD) occurs in all cell types due to environmental perturbation and cell-au-
tonomous activities. However, cellular outcomes of PMD remain largely unknown except for recovery or 
death. Using budding yeast and normal human fibroblasts, we found that cellular senescence, irreversible 
cell cycle arrest contributing to organismal aging, is the third outcome of PMD. In budding yeast, the gene 
sets required for PMD response significantly overlap with those of replicative lifespan regulations, and 
PMD limits replicative lifespan. Strikingly, upregulation of the PMD regulator extends budding yeast repli-
cative lifespan. In normal human fibroblasts, PMD induces cellular senescence features: 1) cell division 
arrest, 2) absence of DNA replication, 3) increased senescence-associated β-galactosidase activity, 4) the 
senescence-associated secretory phenotype, and 5) upregulation of p53, p21, and p16. PMD-dependent 
senescence requires p53 but not the entire DNA damage repair pathway. RNA sequencing analysis and 
pathway analysis predict molecular mechanisms underlying PMD-dependent senescence. Our study 
demonstrates that PMD limits replicative lifespan in two different eukaryotic cell types and highlights an 
underappreciated but ubiquitous senescent cell subtype, namely PMD-dependent senescent cells.

（Short talk S7-01）
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Combination of dasatinib and quercetin improves cognitive abilities in aged Wistar rats, alevi-
ates inflammation, and changes synaptic plasticity and epigenetic profile in he hipocampus.
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Aging is associated with cognitive decline and accumulation of senescent cells which could be targeted by 
senolytics such as dasatinib and quercetin (D+Q).  Senolytics have been shown to ameliorate symptoms of 
aging-related disorders in mouse models, however mechanisms by which senolytics mediate those 
improvements has not been fully elucidated particularly in species other than mice. We studied the effect 
of senolytics on multifactorial aging-related cognitive dysfunctions by tesing male Wistar rats in the active 
allothetic place avoidance task. Our studies revealed that 8 week-long treatment with D+Q decreased 
peripheral inflammation measured by the levels of serum inflammatory mediators (including SASP factors) 
in aged rats which coincided with alleviation of learning deficits and memory impairments observed in 
aged animals. We also observed changes in the dendritic spine morphology of the apical dendritic tree from 
the hippocampal CA1 neurons upon D+Q treatment. Significant improvements in cognitive abilities 
observed in aged rats after treatment with D+Q were also associated with changes in the trimethylation 
level of histone H3 at lysine 9 and 27 isolated from the hippocampus. The beneficial effects of D+Q on 
learning and memory in aged rats were long-lasting and persisted at least 6 weeks after the cessation of the 
drugs administration. Our results extend the existing knowledge associated with effects of senolytics on 
alleviating age associated cognitive dysfunctions
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p16INK4a in the Gut Mucosa Associates with NFKB1 Gene Polymorphisms and Decreased 
Serum Levels of Inflammation-associated Proteins in Patients with Gastrointestinal Acute Graft 
versus Host Disease after Allogeneic Hematopoietic Stem Cell Transplantation
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We analyzed the expression of p16INK4a in intestinal biopsies of 52 patients with lower gastrointestinal 
GVHD symptoms and the impact of NFKB1 polymorphisms (rs3774937 and rs3774959) on transplant 
outcome.
Increased p16INK4a expression in intestinal crypts was independently associated with late manifestation 
of lower gastrointestinal symptoms. Patients with and without p16INK4a expression in intestinal crypts 
developed lower gastrointestinal symptoms in median of 43 days (range,12-140) and 24 days (range,13-80), 
respectively.  The effect was observed in the whole study cohort (HR 2.3 [95%CI 0.99-5.47];p=0.006) as well 
as in a subgroup of patients who fulfilled the clinical diagnostic criteria of GVHD only (HR 3.1 [95%CI 
0.95-10.01];p=0.002)
Increased risk of histological grade 3-4 aGVHD was observed in patients without stromal p16INK4a expres-
sion (HR 3.45 [95%CI 1.26-9.42];p=0.01). The impact was confirmed by means of multivariate Cox regression 
(p=0.009).
No clinical variable had effect on p16INK4a expression but NFKB1 genotype. The GVHD-prone genotypes 
rs3774937 CC and rs3774959 AA were significantly less frequent in patients with increased p16INK4a 
expression (p=0.04 and p=0.02, respectively).   
In 13 patients we analyzed serum levels of inflammatory proteins on day +14 post-transplant. Patients with 
increased expression of p16INK4a in intestinal crypts at the time of gut biopsy had significantly lower 
serum levels of proinflammatory proteins (IL-17A, IL-18, IL-4, CXCL10 and TNFRSF9) on day +14. 
Cellular senescence is considered a program of the innate immunity. In GVHD, innate immunity becomes 
seriously decontrolled. Cellular senescence may thus bring novel approaches towards GVHD diagnostics 
and therapy.
Supported by MH CZ-DRO (FNOI, 00098892)
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Development of senomorphics based on intercellular communication to treat age-related disease
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Higher life expectancy of population brings health problems associated with age. Enhance our knowledge 
on the aging process mechanisms is essential to develop new therapies to palliate this health problems and 
improve quality life in people. Mesenchymal stem cells (MSCs) have a high therapeutic potential facing 
age-related diseases. Studies with these MSCs show us that the intercellular communication through small 
extracellular vesicles (sEV) influence on the propagation of senescence and a proinflammatory message, 
main characteristics of inflamm-aging. This kind of cells are the responsible of produce the sEV expanding 
their aged phenotype. To modulate senescent sEV expansion the senomorphics are and interesting tool.
Our group has discovered the senomorphic potential of three compounds (JSH-23, MG132 and curcumin) 
which previously were documented as transcription factor p65 inhibitors. p65, a major component of the 
canonical NFKB pathway is active in cellular senescence and inflammation. We validate these three 
compounds can modulate the senescence-associated secretory phenotype (SASP) and they might be an 
important therapeutic target in inflamm-aging. These results allowed us to advance our knowledge of sEVs 
and SASPs, as well as propose JSH-23, MG132 and curcumin candidates for future cellular treatments. 
These senomorphics can relieve the effects of age-related diseases and ultimately improve people’s quality 
of life.
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A newly found flavanone derivative from the Asian medicinal herb (Perilla frutescens) induces 
cancer-specific cellular senescence 
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Cellular senescence is an inherent tumor suppressive program for prevention of cancer cell proliferation. 
However, non-selective cellular senescence induction in surrounding normal cells also accumulates patho-
genic senescent cells, and their senescence-associated secretory phenotype (SASP) provides a detrimental 
pro-tumor microenvironment. Thus, tumor-targeted senescence induction represents attractive anti-cancer 
strategies. Here we show that a newly found methoxyflavanone derivative from an Asian medicinal herb 
(Perilla frutescens) induces cancer-specific cellular senescence accompanied by suppression of SASP-asso-
ciated proinflammatory cytokine secretion. We found that the P. frutescens-derived methoxyflavanone 
(PDMF; 8-hydroxy-5,7-dimethoxyflavanone) induces cellular senescence in A549 human lung adenocarci-
noma cells but not in normal human bronchial epithelial (NHBE) cells. The cancer-specific pro-senescent 
action of PDMF was partly attributable to its capacity to activate p53 pathway in A549 cells but not in NHBE 
cells, and knockdown of p53 in A549 cells totally abrogated the pro-senescent activity of PDMF. Intrigu-
ingly, the PDMF stimulation failed to phosphorylate ATM and H2AX, implicating that PDMF induces 
p53-dependent cancer cell senescence bypassing DNA damage checkpoint pathway. We also found that the 
pro-senescent PDMF stimulation inhibited IL-6 and IL-8 secretion. These results suggest that PDMF would 
be useful to induce tumor-specific cellular senescence without SASP-mediated adverse effects.



109

POSTER 44

Targeting senescent cells to improve tumor immunotherapies
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Immune checkpoint inhibitors (ICI) invigorate immune cells functions and enhance the treatment of specific 
cancer types. However, our previous observations showed that immune cells fitness is impaired in mice 
exposed to a sublethal dose of irradiation, a situation leading to the formation of senescent cells in most 
tissues. Here, we wanted to determine if the efficacy of ICI is compromised by senescent cells and whether 
this can be reversed. Using the MCA38 tumor model, we found that the efficacy of αPD-L1 therapy is 
diminished in irradiated mice. Similarly, the abscopal affect mediated by the combination of radiotherapy 
and αCTLA-4 antibodies was also compromised. Treatment with the senolytic drug ABT263 improved 
tumor cells rejection and mice survival in both models. Mechanistically, the presence of activated CD8 
lymphocytes expressing IFNγ was found to be impaired within tumors collected from irradiated-mice, a 
phenotype also reversed by ABT263. Using transcriptomic single cell analysis, we confirmed the reduction 
in the number of lymphocytes and natural killer cells expressing IFNγ. We also observed that tumor infil-
trating myeloid cells collected from irradiated mice exhibit exacerbated immunosuppressive properties 
through various mechanisms such as the activation of Il1β, Vegfa, Ptgs2 and Thbs1. Again, the injection of 
ABT263 reversed the immunosuppressive profile of myeloid cells. Our study demonstrates that senescent 
cells create an immunosuppressive tumor microenvironment which can alter the efficacy of ICI. The combi-
nation of senolytic drugs with ICI may constitutes an interesting pharmacological approach to improve the 
efficacy of immunotherapies in patients with impaired immune functions.

（Short talk S7-03）
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Dynamic multiomic profiling reveals oncogene-induced senescence as a transitional cell fate
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Oncogene-induced senescence (OIS) is cell fate transition which blunts excessive proliferation caused by 
oncogenic stress and therefore acts as a potent tumor suppressor mechanism. Nonetheless, OIS is not a 
stable cell fate, and its subversion may be required for malignant transformation. Despite the clinical rele-
vance of this event, the underlying epigenomic mechanisms driving escape from OIS remain poorly under-
stood. By generating and integrating time-resolved multiomic profiles of human fibroblasts overexpressing 
oncogenic H-RAS V12, we revealed the mechanisms driving escape from OIS. Escape from OIS comprised 
organized waves of transcription factor (TF) activity at enhancers, defining two cell fate transitions: i) an 
OIS transition established by an AP1-dependent senescence enhancer landscape, and ii) an OIS escape 
transition defined by senescence enhancer remodeling and increased activity of POU/Homeobox TFs. Cells 
that escaped the OIS state carried over an epigenetic memory of OIS, which we refer to as ‘senescence 
scars’, and required the activity of the POU2F2 TF to re-enter the cell cycle. To provide biological relevance 
to our findings, we explored chromatin accessibility and clinical datasets of human colorectal cancer (CRC). 
We detected increased POU2F2 expression and activity as well as a subset of senescence scars in CRC 
tumors relative to normal colon. In addition, high expression of POU2F2 in primary CRC tumors was 
associated with reduced overall survival. Collectively, our findings highlight the potential of dynamic 
multiomic profiling in identifying key regulators of senescence-associated cell fate transitions in cancer 
development and suggest a critical role for POU2F2 in CRC progression. 

（Short talk S4-05）
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Cooperative action of p53 and autophagy delays kidney aging by suppressing DNA damage and 
the senescence-associated secretory phenotype
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Background p53 is a crucial tumor suppressor and has long been recognized to suppress cancer through 
the induction of cell-cycle-arrest or apoptosis programs. Recently the diverse and global functions of p53 in 
the kidney under disease pathogenesis, especially acute kidney injury (AKI), has been studied intensively; 
however, its pathophysiological role in kidney aging remains uncertain.
Methods Using proximal tubular epithelial cell (PTEC)-specific p53-deficient (p53-KO) mice and PTEC-spe-
cific atg5-deficient (atg5-KO) mice, we investigated the role of p53 and a possible interplay between p53 
and autophagy in the aged kidney. To examine whether and how the interaction between p53 and auto-
phagy impinges on kidney aging, we assessed the phenotypes of PTEC-specific p53 and atg5-deficient 
(DKO) mice at 24 months. Finally, we investigated clinical relevance of findings observed in those mice.
Results p53-KO at 24 months exhibited DNA damage, thereby upregulating autophagy. On the other hand, 
aged atg5-KO mice activated p53. Aged DKO mice deteriorated renal histology and function, accompanied 
by accelerated tubular senescence and the senescence-associated secretory phenotype (SASP), thus facili-
tating tertiary lymphoid tissues (TLTs) development. Mechanistically, autophagy suppressed the SASP by 
degrading cytoplasmic chromatin fragments (CCFs) in aged kidneys. Finally, we detected similar patho-
physiological association between TLTs and impaired autophagy in the kidneys of elderly individuals.
Conclusions p53 and autophagy cooperatively delay kidney aging by suppressing DNA damage and the 
SASP. These findings provide key insights into the pathophysiology of kidney aging and clues to a novel 
intervention that might prevent age-related kidney disease and maintain kidney health. 
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Lower-expression of Cdkn2a is associated with dysregulation of fibro-adipogenic progenitors 
results in skeletal muscle atrophy and degeneration in diabetic mice
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Type 2 diabetes mellitus (T2DM) causes skeletal muscle atrophy and fatty degeneration, which impaired 
muscle function, and lead to shortened healthy life span. Despite the urgent issues for a healthy life, the 
mechanisms underlying muscle atrophy and degeneration in T2DM are not well understood. We have 
shown that senescence of fibro/adipogenic progenitors (FAPs), skeletal muscle-resident mesenchymal cells, 
is important for muscle regeneration after acute inflammation. On the other hand, FAPs in chronically 
inflamed muscle exhibit low expression of senescent factor results in hyper-proliferation to promote muscle 
degeneration. Here, we aim to clarify the senescence-related muscle degeneration mechanism in T2DM by 
analyzing the senescence of FAPs in T2DM (db/db) and non-diabetic (db/+) mice. The number of 
PDGFRα-positive FAPs was increased in db/db mice compared to db/+ mice. The mRNA expression of 
senescence markers, Cdkn2a(p19Arf) were decreased in db/db muscle and the expression of Pten and 
Gsk3b were increased in db/db muscle. It is known that Increased expression of Pten inhibits stress-induced 
senescence and induces muscle wasting by suppressing the Akt-mTOR pathway in T2DM and Duchenne 
muscular dystrophy. Furthermore, increment of Pten expression can be enhanced the Gsk3b expression via 
Akt suppression, which promotes FAP adipogenesis. Our results suggest that inhibition of cellular senes-
cence by increased expression of Pten may occur in db/db muscle atrophy and degeneration, resulting in 
hyper-proliferation of FAPs and FAP adipogenesis. 
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Accumulation of senescent neurons in mice model of autism spectrum disorder with abnormal  
synaptic pruning
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Postnatal development of the central nervous system requires not only excessive neuronal synapse forma-
tion but also subsequent selective elimination and refinement of synapses, which is called synaptic pruning. 
Increased spine or synapse density by the failure of synaptic pruning are shared pathological features 
between autism spectrum disorders (ASDs) and ASD animal models. However, it has not been fully eluci-
dated why spine and synapse pathology occurs and how it is associated with the progression of ASD. Here 
we show that p21 positive senescent neurons increased in the hippocampal CA3 of maternal immune acti-
vated (MIA) offspring mice, which are a model of neuropsychiatric disorders. In MIA offspring at postnatal 
15 days, the peak of synapse generation and formation, the number of p21 expressing neurons increased in 
hippocampal CA3, which were decreased PSD95 positive synapse generation. Furthermore, MIA offspring 
at postnatal 60 days, the end of synaptic pruning, were insufficient synaptic pruning and increased the 
protein expression of p21 and γH2AX in NeuN positive neurons as compared with control mice. Glial cells 
including Iba1 positive microglia and GFAP positive astrocytes were negative of p21 protein expression 
and decreased activated Iba1 positive microglia. Thus, these results indicate that the accumulation of senes-
cent neural cells may be one of the causes of abnormal synaptic pruning in ASD. In the future, it will be 
important to examine the interaction between cellular senescence and glial cells, and the pathological 
changes by the suppression or removal of senescent cells.
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Exploring the Role of Exosome Encapsulated MicroRNAs in Senescence and Skin Ageing 
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Within the skin, senescent cells (SCs) have been found to accumulate with increasing age, with the presence 
of SCs causally linked with age-associated tissue deterioration, partly due to the senescence-associated 
secretory phenotype (SASP). Exosomes are small (50-150nm) extracellular vesicles that have essential roles 
in intercellular communication. Exosomes contain cargo unique to their cellular origin, including specifi-
cally packaged miRNAs. Senescence onset has been shown to alter exosomes concentration and cargo.  
Therefore, it has been theorised that SC-derived exosomes may act as part of the SASP as they can also 
trigger paracrine senescence in early proliferative (EP) cells.
 
Human dermal fibroblasts (HDFs) were cultured to replicative senescence over ~300 days, subsequent 
isolation of exosomes from EPs and SCs revealed a 7-fold increase in exosome secretion. Live cell time-lapse 
confocal microscopy was used to track cellular uptake of fluorescently labelled exosomes into HDFs over 
30 minutes. Longer term imaging demonstrates the retention of exosome membrane dye within HDFs and 
transfer to daughter cells. Successful RNA extraction from EP and SC HDFs and their derived exosomes, 
was quantified by bioanalsyer, followed by mRNA and small RNA-sequencing. Analysis of SC vs EP 
derived exosomes revealed several differentially expressed miRNAs. Experiments testing these miRNAs 
on EP HDFs and keratinocytes, the primary cell type found in the uppermost layer of the skin, demonstrate 
the miRNAs upregulated in SC derived exosomes can contribute to paracrine senescence in both cell types. 
Therefore, the miRNA cargo of SC derived exosomes may contribute to skin ageing phenotypes.
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Tumour-promoting effects of oncogene and chemotherapy-induced senescence in lung cancer 
progression: senolytic opportunities
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Cellular senescence is a response to oncogene activation and therapy-induced genotoxic stress but its role 
in lung cancer still remains to be elucidated. We have dissected the impact of different types of standard of 
care chemotherapies and show that platinum-induced SASP leads to and increased rate of proliferation, 
migration, metabolic rewiring and gain of colony and sphere-forming traits in recipient NSCLC cells. In 
vivo analyses demonstrate that platinum-induced senescent cells strongly promote tumour progression in 
xenografts and orthotopic transplantation models of NSCLC. High-throughput gene expression profiling 
and proteomics analyses allowed us to identify the molecular mechanisms and key tumour-promoting 
SASP factors driving these effects. Pharmacologic inhibition of the responsible signalling pathways, and 
senescent cell depletion with ABT-737 senolytic treatment, significantly prevented tumour-promoting 
effects driven by platinum-induced senescence in mice. Of note, our results were validated in human 
samples from LU22 trial, where NSCLC patients were subjected to neoadjuvant chemotherapy. Together, 
we show that persistent platinum-induced senescent cells can promote malignant phenotypes in nearby 
lung cancer cells, thereby contributing to an aggressive tumour growth potential. 
Additionally, we have developed a novel senolytic strategy consisting in an activatable galacto-conjugation 
of the Bcl2-inhibitor Navitoclax, namely Nav-Gal prodrug. Concomitant treatment of senescence-inducing 
chemotherapy and Nav-Gal significantly reduces tumour burden in xenografts and orthotopic NSCLC 
mouse models. Importantly, galacto-conjugation prevents Navitoclax-induced thrombocytopenia in 
human and NSCLC murine blood samples. We provide a versatile strategy for the development of effective 
new generation prodrugs with senolytic activity with different levels of functionalisation, increased selec-
tivity, and reduced toxicities.

（Short talk S3-05）
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Molecular mechanism and function of senescence-associated vacuole formation

○Taiki Nagano1, Keitaro Nakagawa2, Tetsushi Iwasaki1, 2, Shinji Kamada1, 2
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Cellular senescence is a permanent cell cycle arrest induced by various stresses. Senescent cells exhibit 
distinctive morphological changes, for example, formation of cytoplasmic vacuoles. Nevertheless, ever 
since the first description of the senescence-associated vacuole formation in 1970s, it has remained unclear 
how this process is regulated and what the physiological function is. Our recent study has identified the 
gene, lymphocyte antigen 6 complex, locus D (LY6D), to be specifically upregulated in senescent cells. 
LY6D is a membrane-bound protein, whose physiological role has been unknown. Here, we investigated 
the role of LY6D in senescence and found that overexpression of LY6D induced extensive vacuole forma-
tion. Conversely, knockdown of LY6D suppressed the vacuole formation during senescence, indicating the 
LY6D role in inducing the senescence-associated vacuole formation. Furthermore, we revealed that the 
LY6D-induced vacuoles were derived from macropinocytosis, a distinct form of endocytosis. In response to 
senescence-inducing stimuli, LY6D was enriched in membrane lipid rafts together with the key mediators 
of macropinocytosis, Src family kinases and Ras, both of which were found to be essential for the LY6D-in-
duced macropinocytosis. Finally, reduction of senescent cell survival induced by glutamine deprivation 
was recovered by albumin supplementation to the media in an LY6D-dependent manner. Since macropino-
cytosis is a process by which cells internalize considerable extracellular material, LY6D-induced macropi-
nocytosis may account for how senescent cells survive for long periods of time with high metabolic activity. 
Collectively, these results reveal the molecular basis of the senescence-associated vacuole formation and its 
physiological significance in senescent cell survival.
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Rejuvenating effect of lotus germ extract on senescent fibroblast via DAPK1-Beclin-1 pathway 
induced autophagy

○Takushi Namba1, Kayo Machihara1, Hiroyasu Iwahashi2
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Maruzen Pharmaceuticals Co., Ltd., Fukuyama City, Hiroshima 729-3102, Japan. 

Humans have been seeking ways to look youthful since ancient times. Particularly, maintaining the beauty 
of the skin is a symbol of youth; thus, anti-aging cosmetics have high sales. One of the characteristics of skin 
aging is the formation of wrinkles. Wrinkles are caused by a disruption in the collagen structure in the 
dermis, and the main factor is a decrease in the fibroblast function, such as collagen production due to 
aging. Since mitochondrial dysfunction occurs in cellular senescence, we screened 75 plant extracts that 
re-activate mitochondrial function in senescent fibroblasts and discovered that lotus germ extract reduces 
SA-β-gal activity, an aging marker, and activates mitochondria via induction of autophagy. Lotus germ 
extract induced autophagy by upregulation of DAPK1 expression, which is downregulated in a senes-
cence-dependent manner, through induced histone acetylation via suppression of HDAC9 expression. 
DAPK1 stimulated the phosphorylation of beclin-1 and disruption of beclin-1 and BcL-2 complex that 
inhibits autophagy induction. We also found that lotus germ extract does not activate AMPK-dependent 
autophagy pathway. We confirmed that the treatment of senescent fibroblasts with lotus germ extract stim-
ulated collagen production. Therefore, lotus germ extract is promising as a new anti-aging cosmetic mate-
rial to activate senescent fibroblasts, and the induction of autophagy via DAPK1 is important as a new 
target in reactivating mitochondria function.
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Functional analysis of ASK1 in cellular senescence
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Cellular senescence is a permanent state of cell cycle arrest triggered by various stresses. Senescent cells 
persistently express pro-inflammatory cytokines and growth factors. This feature is termed the senes-
cence-associated secretory phenotype (SASP). It has recently become clear that senescent cells accumulate 
in the body with age and promote age-related diseases through SASP. However, the mechanism of SASP 
induction remains elusive. Here we show that the SASP requires apoptosis signal-regulating kinase 1 
(ASK1), a stress-responsive MAP3K upstream of p38 and JNK. ASK1 was activated during cellular senes-
cence. Knockdown of ASK1 suppressed activation of p38 and JNK and subsequent upregulation of SASP 
factors without affecting proliferative arrest. The expression of SASP factors in response to hepatic expres-
sion of oncogenic NRAS and immune-mediated clearance of the premalignant hepatocytes were suppressed 
in ASK1-deficient mice. These results suggest that ASK1 plays a key role in the SASP and is a candidate 
target for senostatic therapy.
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The turquoise killifish as an in vivo model to study the regulation of cellular senescence in 
aging.
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Cellular senescence, an irreversible cell-cycle arrested but viable cellular state, play a key role in the 
progression of aging and several age-associated organ dysfunctions. In mice, senescent cells accumulate 
with age, and senescent cell elimination delays age-related diseases. However, the spatio-temporal 
dynamics of senescent cell accumulation in vivo and its mechanisms are still poorly understood. In this 
study, we attempted to elucidate them by using a new vertebrate model that is suitable for aging research. 
The African turquoise killifish (Nothobranchius furzeri) has the shortest known lifespan of a vertebrate that 
can be bred in captivity and displays many of the aging hallmarks that have been described for human 
aging. The short-lived GRZ strain has a lifespan of only 3-4 months, whereas other strains (MZM) have a 
lifespan of 6-9 months. We found that the expression of cdkn2a/b, which is markers for cellular senescence, 
increased with age in both GRZ and MZM and cdkn2a/b expression in short-lived GRZ was higher than in 
long-lived MZM. These results suggest that accumulation of senescent cells reflect biological rather than 
chronological age in the turquoise killifish and by comparing these two strains, we might clarify the previ-
ously unreported mechanisms for accumulation of senescent cells. We are now exploring the mechanisms 
generating the difference of cdkn2a/b expression between two strains. We are also generating cdkn2a/b 
reporter killifish to further examine the dynamics of cdkn2a/b expression in the turquoise killifish aging. In 
this conference, I would like to talk about our latest results, too.



120

POSTER 55

Programmed senescence at hippocampal fissure in developing mice

○Kyoji Ohyama1
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Programmed senescence plays a key role in tissue patterning of developing embryo. However, it is currently 
unknown whether programmed senescence occurs in the forebrain. Here I show that programmed senes-
cence markers SAbgal and p21 both were expressed at hippocampal fissure during mouse development. 
Similarly, TUNEL+ cells were observed there. F4/80+ macrophages were closely associated with the 
TUNEL+ cells. Together, these data suggest that hippocampal fissure cells undergo programmed senes-
cence, and that immune clearance of the senescent cells is mediated by macrophages. 
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Gut bacteria identified in colorectal cancer patients promote tumorigenesis via butyrate secre-
tion
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Emerging evidence is revealing that alterations in gut microbiota are associated with colorectal cancer 
(CRC). However, very little is currently known about whether and how gut microbiota alterations are 
causally associated with CRC development. Here we show that 12 fecal bacterial taxa are enriched in CRC 
patients in two independent cohort studies. Among them, 2 Porphyromonas species are capable of inducing 
cellular senescence, an oncogenic stress response, through the secretion of the bacterial metabolite, butyrate. 
Notably, the invasion of these bacteria is observed in the CRC tissues, coinciding with the elevation of 
butyrate levels and signs of senescence-associated inflammatory phenotypes. Moreover, although the 
administration of these bacteria into ApcΔ14/+ mice accelerate the onset of colorectal tumors, this is not the 
case when bacterial butyrate-synthesis genes are disrupted. These results suggest a causal relationship 
between Porphyromonas species overgrowth and colorectal tumorigenesis which may be due to butyrate-in-
duced senescence.
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Investigating the Effect of Ribosomal-stress Induced Senescence on Basal-like Breast Cancer

○Emily Anne O’Sullivan1, Ugochim Stefany Edupta1, Madeleine Moore1, Ryan Wallis1, John Connelly1, 
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Basal-like breast cancer (BLBC) accounts for only 15% of breast cancer cases, but the clinical impact is far 
greater owing to its highly aggressive nature and lack of targeted therapies. Paradoxically, high expression 
of tumour suppressor and cyclin-dependent kinase inhibitor p16, is associated with poor prognosis. An 
siRNA screen identified the ribosomal protein RPS3a capable of resensitising BLBC cells to their endoge-
nous p16 expression, inducing senescence. Ribosomal-stress induced senescence (RSIS) results in a stable 
cell-cycle arrest and senescence-associated secretory phenotype (SASP) expression. When in co-culture 
with RSIS cells, a reduction in the proliferative capacity of BLBC was observed. The role of the SASP in 
cancer is heavily context-dependent, creating challenges in evaluating the benefits of pro-senescence ther-
apies. 

Through its dynamic nature, the SASP can influence the tumour microenvironment (TME) via immune 
recruitment and paracrine senescence induction. Mass spectrometry analysis identified an immune enrich-
ment in the RSIS secretome. Interestingly, exploration into the temporal kinetics of two candidate proteins 
demonstrated an early suppression of secretion. Future mass spectrometry analysis will unbiasedly explore 
temporal changes in the RSIS secretome and its ability to induce immune clearance, whilst transwell models 
will further explore the mechanisms of RSIS-induced paracrine senescence. Furthermore, current knowl-
edge is largely based on 2D models which do not recapitulate the complexities of the TME. Using Matrigel 
embedding, a 3D model of RSIS is being developed, to further assess the suitability of RSIS as a pro-senes-
cence therapy to offer hope to a cancer with an unmet clinical need.
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Impact of Senescence on Tumour Microenvironment
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Recent studies have demonstrated that tumour microenvironment, in addition to malignant tumour per se, 
contributes substantially to tumourigenesis and progression. Tumour microenvironment, which is 
composed by various cell types, may modulate cellular behaviours favour or against tumourigenesis via 
intercellular communication. Senescence-associated secretory phenotype (SASP) has been well-recognised 
in terms of autonomous and non-autonomous communication. Yet the impact of SASP on modulating the 
tumour-prone microenvironment remain elusive. To address this question, we performed a screening util-
ising microenvironment microarrays (MEMA) that is well-established for high-throughput evaluation of 
extracellular matrix (ECM)/soluble ligands impacting cellular behaviours. Between different cellular 
contexts examined, SASP ligand IL6 was shared between lung and breast epithelial cells in promoting the 
growth of cancerous cells or pre-cancerous cells. In contrast, SASP ligands such as EGF1 and TGFbeta 
facilitating proliferation of cells function in a context-dependent manner. The short-term and long-term 
effect of identified SASP ligands were further validated using live-cell imaging and colony formation assay, 
respectively. Considering that fibroblasts compose the majority of tumour microenvironment, we analysed 
the composition of conditioned media from control or senescent human pulmonary fibroblasts. Our results 
showed that there are more SASP ligands involved in enhancing cell proliferation secreted by senescent 
cells rather than non-senescent counterparts. Currently we are interrogating the RNA-sequencing data 
from the cells treated with identified SASP ligands. The outcome shall provide us with clues about signal-
ling networks implicated in the pro-tumourigenic effects and thereby druggable targets for early interven-
tions.
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Investigating the role of senescence in developmental disorders
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Developmental senescence is a form of programmed, physiological senescence that occurs transiently in 
specific embryo locations and contributes to patterning during embryonic development. We have recently 
shown that the SIX1 homeoprotein is a repressor of cellular senescence. SIX1 is also a key developmental 
regulator, essential for organogenesis. Six1-null mice display profound abnormalities in organs like the ear, 
kidney and muscle, among others. In humans, mutations in the SIX/EYA pathway are linked to the Bran-
quio-Oto-Renal (BOR) syndrome, a rare congenital disorder with severe defects in the ear, kidney and 
closure of branchial arches. With this background, we have used Six1-deficient mice to test the hypothesis 
that dysfunction of senescence may underpin the developmental defects associated with SIX1 deficiency in 
mice and humans. We have focused on the developing inner ear, an organ where physiological develop-
mental senescence is found and is also severely affected in Six1-deficient mice and BOR patients. Our results 
show elevated senescence markers and reduced proliferation in Six1-KO developing inner ears, concomi-
tant with defective morphogenesis of senescent structures. Collectively, these findings suggest the existence 
of aberrant senescence in these embryos. Transcriptomic analysis and pharmacological interventions have 
been used to investigate further this phenotype, in order to identify the molecular pathways involved and 
the impact of senescence manipulation. Our results support the notion that disruption of the physiological 
program of developmental senescence may be linked to developmental disorders.

（Short talk S1-02）
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Combination of Dasatinib and Quercetin improves working spatial memory in aged Wistar rats

Adam Krzystyniak1, Malgorzata Wesierska2, ○Gregory Petrazzo1, Agnieszka Gadecka1, Magdalena 
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Introduction. Cognitive dysfunction negatively impacts the quality-of-life in elders and could sign the 
onset of dementia. Senescence is a biological process that progressively alter an organ function and it is 
known to play a central role in mild cognitive impairment. Senolytic drugs have been shown to alleviate 
symptoms of numerous age-related conditions by reducing the organismal senescent burden.
Hypothesis. Combination of Dasatinib and Quercetin (D+Q) senolytics might prevent cognitive decline 
observed in aged rats.
Objectives. Assess the working spatial memory in aged Wistar rats following D+Q treatment. Determine 
the long-term efficacy of senolytics use on working spatial memory.
Methods. Young (3-month-old) and naturally aged Wistar male rats (22-month-old) were treated with 
either D+Q or its vehicle for eight weeks. Before and right after the treatment period, the animals were 
tested in the active allothetic place avoidance task. Another cohort of aged Wistar male rats (18-month-old) 
were treated similarly and tested before, right after and six-weeks after the treatment discontinuation.
Results. We confirmed the cognitive decline of aged rats compare to their younger counterpart. We observed 
in aged but not in young rats treated with D+Q a reduction in memory impairments. Furthermore, D+Q 
treatment retains long-lasting effects up to six weeks after treatment discontinuation.
Conclusion. Our study brings new insights on the effects of D+Q senolytics in alleviating age-associated 
cognitive dysfunctions.
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ZNF768 is overexpressed in tumors and associates with cancer cell proliferation.
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RAS proteins are GTPases that lie upstream of a signaling network impacting cell fate determination. How 
cells integrate RAS activity to balance proliferation and cellular senescence is still incompletely character-
ized. Here, we identify ZNF768 as a phosphoprotein destabilized upon RAS activation. We report that 
ZNF768 depletion impairs proliferation and induces senescence by modulating the expression of key cell 
cycle effectors and established p53 targets. ZNF768 levels decrease in response to replicative-, stress- and 
oncogene- induced senescence. Interestingly, ZNF768 overexpression contributes to bypass RAS- induced 
senescence by repressing the p53 pathway. Furthermore, we show that ZNF768 interacts with and represses 
p53 phosphorylation and activity. Cancer genomics and immunohistochemical analyses reveal that ZNF768 
is often amplified and/or overexpressed in tumors, suggesting that cells could use ZNF768 to bypass senes-
cence, sustain proliferation and promote malignant transformation. Supporting a role for ZNF768 in 
promoting proliferation, we show that ZNF768 protein levels correlate with high proliferative features in 
lung adenocarcinoma, including the mitotic score, Ki-67 expression, and the expression of key cell cycle 
effectors. Thus, we identify ZNF768 as a protein linking oncogenic signaling to the control of cell fate 
decision and proliferation. 
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Plasma membrane damage induces wound-healing SASPs in normal human fibroblasts
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Cellular senescence, irreversible cell cycle arrest, is induced by various triggers including telomere short-
ening, oncogene activation, and DNA damage. Senescent cells show the senescence-associated secretory 
phenotypes (SASPs), pathological hallmarks contributing to organismal aging. We previously found that 
plasma membrane damage (PMD) induces cellular senescence (PMDS) accompanied by SASPs. However, 
molecular mechanisms underlying PMD-induced SASP upregulation are unknown. Here, using RNA-seq, 
qPCR and bioinformatics analyses, we revealed the transcriptomic components of SASP in PMDS in 
comparison with the DNA damage response-induced senescence (DDRS). We found that PMD-dependent 
SASPs were most profoundly upregulated at the early stage of senescence. In contrast, SASPs were consis-
tently upregulated in DDRS. The pathway comparison analyses showed that PMD exclusively inhibits GP6 
collagen signaling pathway, and that is associated with the transient increase of wound-healing SASPs, 
Mmp1 and Mmp3. Moreover, PMDS and DDRS similarly upregulate common SASPs, Il-6 and Ccl2 in the 
later time points during senescence. These results suggest that, in PMDS, a transient upregulation of SASP 
induces wound healing response and regulates its paracrine/autocrine function to activate initial repair 
mechanisms before inducing senescence. 



128

POSTER 63

Fisetin improved depressive behavior in murine lupus by decreasing senescent neural cell
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Neuropsychiatric manifestations targeting the central, peripheral, and autonomic nervous system are 
common in systemic lupus erythematosus (SLE); collectively, these symptoms are termed neuropsychiatric 
SLE (NPSLE). Among a wide variety of neuropsychiatric symptoms, depression is observed in about 
24-39% of SLE patients. Detail mechanism of NPSEL is still unknown, but possible involvement of several 
cytokines and chemokines; in particular, the levels of type 1 interferons, TNFs, and IL-6 are contribute to 
the pathology of depression. 
Here, we show that senescent neural cells accumulate in the hippocampal cornu ammonis 3 (CA3) region 
in MRL/lpr SLE model mice with depressive behavior. In vitro experiments showed that senescent neuro-
blast cell increased SASP expression and fisetin, a senolytic drug, reduced the number of senescent neuro-
blast cells. Furthermore, oral administration of fisetin reduced the number of senescent neural cells from 
hippocampal CA3 region and improved depressive behavior in the MRL/lpr mice. In addition, mRNA 
expression of several senescence and senescence-associated secretory phenotype (SASP) factors in the 
hippocampal region also decreased after fisetin treatment in the MRL/lpr mice. These results indicate that 
the accumulation of senescent neural cells in the hippocampus contribute to NPSLE pathogenesis, and 
therapies targeting senescent cells may represent a candidate approach to treat NPSLE.  

（Short talk S2-04）
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EXPLORATION OF THERAPY-INDUCES SENESCENCE AND ITS PHARMACOLOGICAL 
MANIPULATION IN PRECLINICAL OVARIAN CANCER MODELS 
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Introduction:Ovarian cancer is amongst the most lethal cancers in Canada. High-grade serous ovarian 
cancer (HGSC) usually responds to initial therapy but resistance to treatment often develop. Our laboratory 
has described a new approach using a two-step combo-therapy: 1st, the induction of a senescence prolifer-
ation arrest in cancer cells using a PARP inhibitor, is followed 2nd by the induction of senolysis in senescent 
cancer cells using ABT263 (Bcl-2 family inhibitor), which redirect these cells towards apoptosis. This 
combo-therapy was confirmed in preclinical models of breast cancer (MDA-MB231 xenograft) and ovarian 
cancer (OV1946/OV4453 xenograft; HGSC). Our hypothesis is that therapy-induced senescence (TIS) could 
be beneficial in the clinic, but questions remain on the exact mechanism of TIS and senolysis in this context. 
The objective of this project is to characterise the spatiotemporal evolution of senescent cancer cells during 
treatment in xenograft mouse models.

Methods-results:We performed a preliminary validation using OV1946 preclinical xenograft models treated 
with Olaparib/ABT263 as a reference combo. As expected, the combo resulted in a significant decrease of 
tumor growth compared to each drug alone. To characterise the spatiotemporal evolution of cell fate deci-
sions a timecourse analysis was performed for γ-H2AX (DNA-damage), cleaved caspase3 (apoptosis), 
DAPI/CD31(vasculature) and cytokeratin (7/18/19; epithelium) using multi-staining immunohistochem-
istry on OCT-frozen tumors. The senescence status was followed using senescence-associated SA-betagal 
staining and immunohistochemistry (LaminB1).

Conclusion:We propose to characterize the cell fate decisions within the tumor including senescence to 
improve drug administration patterns, which should provide targets to improve the use of PARPi via 
senescence manipulation.

（Short talk S6-02）
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Altered regulation of senescence-associated secretory phenotype in hippocampus modulates 
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Chronic stress activates the inflammatory system and leads to neuropsychiatric disorders such as depres-
sion and anxiety, which can negatively affect neurogenesis. However, it is known that these stress experi-
ences may not induce neuropsychiatric disorders in some cases. Although it is considered that both detri-
mental and beneficial effects to the neurogenesis act in the process of inflammation, it still remains unclear. 
In this study, we found that chronic mild stress (CMS) mice increased mRNA expression of senescence 
markers in the hippocampus. CMS mice exhibits depression and are separated into high-susceptible (HS) 
with depressive behavior and low-susceptible (LS) subpopulations 3 weeks after CMS exposure. In both 
CMS-HS and LS mice, the mRNA expression of Cdkn1a and Cdkan2(p19Arf) were significantly upregu-
lated in the hippocampus as compared with control mice. The mRNA expression of IL1α was upregulated 
in CMS-HS, while the expression of TGF-β and Ngf were upregulated in CMS-LS as compared with control. 
These results suggest that cellular senescence may be induced in the hippocampus by CMS and the differ-
ences of senescent-associated secretory phenotypes (SASPs) between CMS-HS and LS may affect neurogen-
esis after psychiatric stress. It will be necessary to identify which cells are causing senesce by CMS and to 
clarify the mechanism of SASP that differs between CMS-HS and LS.
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Oct-2 as a candidate factor that mediates escape from oncogene-induced senescence (OIS)
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Oncogene induced senescence (OIS) is a tumor-suppressive mechanism that arrests proliferation of 
mammalian cells expressing an oncogene such as H-RasG12V. Although OIS was generally considered to 
be a permanent arrest, recent studies from our laboratory, among others, revealed that cells can escape 
from OIS and thereby contribute to cancer development. The dynamics of escape from OIS, as well as the 
factors that mediate this process, however, remain poorly understood. To address these unresolved ques-
tions, we performed time-resolved genome-wide gene expression analysis and found several genes tran-
siently upregulated in human fibroblasts overexpressing H-RasG12V oncogene. Among them was Oct-2, a 
member of the POU transcription family that recognizes and binds to the octamer motif (5’-ATTTGCAT-3’). 
Recent studies have shown that Oct-2 is highly expressed in multiple types of tumor tissues, such as those 
from gastric, liver, and lung cancer patients. In our in vitro model of OIS, senescent cells resumed prolifer-
ation only after upregulating the Oct-2 transcription factor, whose expression levels peaked just before the 
cells re-entered the cell division cycle. shRNA mediated downregulation of Oct-2 effectively stabilized OIS 
as revealed by cell proliferation and EdU incorporation studies. Collectively, our data, therefore, demon-
strate that cells arrested in OIS retain the potential to escape senescence by mechanisms that involve a 
temporal increase in Oct-2 activity
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Cellular senescence in a pulmonary fibrosis model using human pluripotent stem cell-derived 
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Alveolar type 2 (AT2) cells play as lung epithelial stem cells that can self-renew and differentiate into 
alveolar type 1 cells. Although cellular senescence of AT2 cells has been reported to be involved in the 
pathogenesis of pulmonary fibrosis, the difficulty of culturing functional AT2 cells has hampered the 
discovery of drugs that target abnormalities of AT2 cells or their epithelial-mesenchymal interaction. Here, 
we generated a novel in vitro pulmonary fibrosis model, in which senescence of functional AT2 cells in 
organoids was observed, using human pluripotent stem cell-derived AT2 cells. Bleomycin (BLM) treatment 
directly induced senescence of alveolar epithelial cells in fibroblast-free condition. In co-culture experi-
ments of AT2 cells and primary lung fibroblasts, called as fibroblast-dependent alveolar organoids 
(FD-AOs), BLM treatment induced organoid contraction via an epithelial cell-dependent manner. Notably, 
increase of senescence-associated β-galactosidase by BLM treatment was greater in epithelial cells than in 
fibroblasts. AT2 cells had the highest expression of p21 among the BLM-treated FD-AO constituent cells. 
TGFβ has been reported to be a master regulator of tissue fibrosis and induce or accelerate senescence in 
various cell types. TGFβ signaling was activated in an epithelial cell-dependent manner in BLM-treated 
FD-AOs, and inhibition of TGFβ signaling ameliorated senescence-associated secretory phenotype, extra-
cellular matrix deposition, and organoid contraction. Furthermore, combination treatment of dasatinib and 
quercetin also suppressed the organoid contraction in BLM-treated FD-AOs. In conclusion, this human 
model may accelerate the discovery of effective therapeutic drugs for pulmonary fibrosis by targeting 
senescence of AT2 cells and disrupted epithelial-mesenchymal interactions.

（Short talk S4-06）
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Combined omics analysis of muscle regeneration identifies an origin and trigger of ectopic 
intermuscular adipocyte formation in obesity
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Over the past several decades, obesity has become prevalent worldwide. The accumulation of intermus-
cular adipose tissue (IMAT) is considered a major problem whereby obesity leads to sarcopenia and meta-
bolic disorders and thus is a promising target for treating these pathological conditions. However, whereas 
obesity-associated IMAT is suggested to originate from PDGFRα+ mesenchymal progenitors, processes 
underlying their adipogenesis remain largely unexplored. Here, we investigated the processes underlying 
IMAT development induced during injured muscle regeneration that occurs specifically in high-fat diet-fed 
mice. We performed comprehensive analysis for the intra- and extracellular changes associated with the 
IMAT formation processes in obese mouse muscles using single-cell RNA sequencing (scRNA-seq) for 
PDGFRα+ progenitors and mass spectrometry for the interstitium. The adipose progenitor-like cells 
appeared quite early after muscle injury in obese mice. ScRNA-seq analysis identified that Acta2-positive 
PDGFRα+ cells emerged in the early time point after muscle injury, and that these cells transiently exhib-
ited cellular senescence and senescence-associated secretory phenotype. We identified a small population 
of PDGFRα+ cells as a specific lineage for adipogenesis in obese mouse muscles. The proteomic analysis 
showed that the emergence of this cell lineage is accompanied by an increase in galectin-3 in interstitial 
environments. We found that galectin-3 activates adipogenic PPARγ signals in PDGFRα+ cells. Moreover, 
IMAT formation during muscle regeneration was significantly suppressed in galectin-3 deficient mice. Our 
findings unravel microenvironmental networks during muscle regeneration highlighting possible thera-
peutic targets for obesity-associated IMAT development. 
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Pericentromeric noncoding RNA induces inflammatory gene expression in cellular senescence
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Cellular senescence causes a dramatic alteration of chromatin organization and changes the gene expres-
sion profile of proinflammatory factors, thereby contributing to various age-related pathologies through 
the senescence-associated secretory phenotype (SASP). Chromatin organization and global gene expression 
are maintained by the CCCTC-binding factor (CTCF); however, the molecular mechanisms underlying 
CTCF regulation and its association with SASP gene expression remain unclear. We discovered that 
noncoding RNA (ncRNA) derived from normally silenced pericentromeric repetitive sequences directly 
impairs the DNA binding of CTCF. This CTCF disturbance increases the accessibility of chromatin and 
activates the transcription of SASP-like inflammatory genes. Notably, pericentromeric ncRNA was trans-
ferred into surrounding cells via small extracellular vesicles acting as a tumorigenic SASP factor. Because 
CTCF blocks the expression of pericentromeric ncRNA in young cells, the down-regulation of CTCF during 
cellular senescence triggers the up-regulation of this ncRNA and SASP-related inflammatory gene expres-
sion. In this study, we show that pericentromeric ncRNA provokes chromosomal alteration by inhibiting 
CTCF, leading to a SASP-like inflammatory response in both a cell-autonomous and non-cell-autonomous 
manner, and thus may contribute to the risk of tumorigenesis during aging.

（Short talk S6-04）
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Comparative study of aging identified novel stress response regulatory pathways controlled by 
HA and CD44
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Importance of aging research is rapidly increasing due to aging of the populations. However, while aging 
at cellular and metabolic levels are being intensively studied, its relationship between extracellular matrix 
(ECM), which constitutes a major fraction of connective tissues, has been understudied. Hyaluronan, a 
linear polysaccharide and a major component of ECM, has longer polymer length in the longest-lived 
rodent, the naked-mole rat (NMR). Here, we showed that NMR very-high-molecular-mass hyaluronan 
(vHMM-HA) exhibits distinctive cytoprotective effects on NMR, mouse, and human cells. We find that 
vHMM-HA suppresses protein-protein interactions of HA receptor CD44, whereas shorter HMM-HA 
promotes them. As a result, vHMM-HA and HMM-HA induce opposing effects on the expression of 
CD44-dependent genes, which are associated with the p53 pathway. Concomitantly, vHMM-HA partially 
attenuates p53 and protects cells from stress in a p53-dependent manner. On the other hand, although 
NMR vHMM-HA suppresses CD44 signals, we found that at least some NMR cells express CD44 at higher 
levels compared to other species. Moreover, expression levels of CD44 showed a positive correlation with 
mammalian lifespan. Unexpectedly, we found that CD44 localizes not only to the plasma membrane but 
also to the endoplasmic reticulum (ER) and protects cells from ER stress in a manner dependent on unfolded 
protein response regulators without the requirement of HA. In conclusion we identified two novel stress 
response regulatory pathways controlled by HA and CD44 that might have impact on aging and lifespan.

（Short talk S2-05）
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Characterising therapy-induced senescence to identify novel targeting approaches in high-grade 
serous ovarian cancer.
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Background

Cellular senescence, a cell state characterised by growth arrest, morphological and phenotypic changes, can 
be induced prematurely by DNA damage in normal cells. DNA-damaging chemotherapeutic agents have 
also been shown to induce senescence in cancer cells, termed therapy-induced senescence (TIS). Unlike 
cellular senescence in normal cells, TIS proliferative arrest in cancer cells is increasingly becoming recognised 
as being reversible and a potential mechanism of disease relapse. This is particularly relevant in high-grade 
serous ovarian cancer (HGSOC), where 70% of patients experience disease relapse within three years of 
initial treatment and have poor 5-year survival rates (20-30%). We hypothesise that understanding TIS in 
HGSOC will facilitate identifying novel approaches to target TIS and treat HGSOC.

Methods

Human HGSOC cell lines (OVCAR-3, OVCAR-4, OVCAR-8) were exposed to the standard-of-care drug 
cisplatin (CP) and a novel ribosome-directed drug CX-5461 (CX) developed by our laboratory. TIS 
biomarkers were assessed: cell cycle arrest, senescence-associated beta-galactosidase (SA-b-gal) activity, 
DNA damage response, and senescence-associated heterochromatin. Live cell imaging was performed on 
TIS HGSOC cells exposed to the senolytic agent ABT-263 and apoptosis was measured using a caspase 3/7 
dye.

Results and Conclusion

Both cisplatin and CX-5461, albeit by acting via different mechanisms, induced TIS in HGSOC cells, which 
could selectively be killed by ABT-263. Subtleties in the TIS phenotype may inform the future development 
of approaches to target TIS in HGSOC.
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Non-canonical roles of p16 in senescence and nucleotide metabolism
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Oncogene induced senescence (OIS) is an established tumor suppressor mechanism exhibiting hallmark 
characteristics including cell proliferation arrest because of increased p16 expression and decreased nucle-
otides. Bypass of OIS leads to transformation and tumorigenesis. Mechanistically, we previously published 
that loss of p16 activates mTORC1-mediated translation to enhance nucleotide levels and bypass OIS. Excit-
ingly, these changes were independent of the retinoblastoma pathway, suggesting non-canonical roles for 
p16 loss in pro-tumorigenic metabolism. However, how mTORC1 is activated downstream of p16 loss to 
increase nucleotide metabolism and bypass senescence is yet to be explored. Using high throughput data-
sets and gene set enrichment analysis, we found that cell lines and patient samples that have bypassed 
senescence have an increase in “DNA repair pathway” signature. Interestingly, our preliminary data 
demonstrate an increase in DNA replication stress, DNA damage, and phosphorylation of the ATR down-
stream substrate Chk1. Inhibition or knockdown of ATR decreased mTORC1 signaling, suggesting that the 
ATR pathway is upstream of mTORC1 and its associated activity on nucleotide metabolism. To determine 
the nucleotide metabolism enzymes that are co-regulated by ATR and mTORC1, we designed a nucleotide 
metabolic CRISPR KO library, and our future directions are to explore the contribution of specific nucleo-
tide metabolic genes to the viability of p16 low cancers. Ultimately, our goal is to mechanistically determine 
the role of ATR in the mTORC1-nucleotide metabolic axis and determine whether inhibition of this signaling 
pathway abrogates senescence bypass to be used as a novel therapeutic strategy for the treatment of p16-low 
cancers.
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Progressive autophagy dysregulation and lysosomes accumulation in human vascular smooth 
muscle cells undergoing stress induced premature senescence.
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Cellular senescence occurs in response to several physical and chemical factors that leads to irreversible 
growth arrest. Although senescent cells cannot proliferate, they are metabolically active. Senescent pheno-
type is complex and undergo dynamic changes. One of the processes that might influence senescence is 
autophagy, which is an intracellular degradation system that removes dysfunctional proteins and damaged 
organelles. Thus the aim of our research was to analyze autophagic flux in senescent vascular smooth 
muscle cells (VSMCs) at the early and late stage of senescence. To this end we established a model of stress 
induced premature senescence (SIPS) induced by doxorubicin. Upon drug treatment majority of cells 
become growth arrested and express senescence markers. Importantly, the level of expression  of some of 
those markers change while cells progress from early (1st week) to late (4th week) stage of senescence. 
Thereafter we estimating autophagic index at the different stages of senescence. Our studies revealed, that 
doxorubicin-induced senescence of VSMCs is associated with remarkable and progressive decrease of 
autophagic flux. Disruption of autophagic degradation was accompanied by marked and time-dependent 
accumulation of lysosomes in senescent VSMCs.  Interestingly, we observed also increasing level of secre-
tion of extracellular vesicles  by senescent cells. Altogether, obtained results revealed the dynamic changes 
of senescence phenotype in VSMCs including autophagic flux and EVs secretion and  suggests that inhibi-
tion of autophagy might participates in the remodeling of senescent cell metabolism influencing senescent 
cell function.
This research was supported by the grant from National Science Centre no. OPUS UMO-2018/31/B/
NZ3/02931
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Disruption of the stress response to amino acid starvation in senescent cells

○Yusuke Tsukamoto1, Yumi Nakamura1, Makoto Hirata1, Ryuichi Sakate1, Tomonori Kimura1

1 National Institutes of Biomedical Innovation, Health and Nutrition, Japan

Cell viability mainly depends on the ability to regulate metabolic processes for producing energy mole-
cules, as well as the ability to operate an anti-stress response to maintain biomolecular functions, in response 
to the environment inside and outside of the cell. The integrated stress response (ISR), which is a compli-
cated signaling pathway for responding to a range of physiological changes and different pathological 
conditions present in eukaryotic cells, helps cells adapt to amino acid starvation stress by limiting the 
protein translation. As an ISR observed under amino acid starvation, the phosphorylation of GCN2 by 
deacylated tRNAs (uncharged tRNA) activates the translation of the transcription factor ATF4, which 
controls the expression of stress-responsive genes. In this study, we elucidated the aging-induced changes 
in the response to amino acid starvation stress. First, we performed Charged tRNA-seq, high-throughput 
sequencing method that enables accurate determination of the charging ratio of tRNAs at single-base reso-
lution and found that the charging ratio of tRNA was markedly lower in senescent cells under amino acid 
starvation compared to in young cells. Next, we analyzed the downstream of uncharged tRNA in senescent 
cells. Unexpectedly, despite lower tRNA charging ratio, responses of GCN2 and ATF4 were weak in senes-
cent cells. These findings indicate that the decline inability to maintain the aminoacylation ratio of tRNAs 
and the dysfunction of the signals from uncharged tRNA are some of the characteristics of senescent cells.
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Cyclin E-IDH1 axis promotes ovarian cancer tumorigenesis by suppressing senescence
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Oncogene-induced senescence (OIS) is a stable cell cycle arrest that is known to suppress transformation. 
Cyclin E is an oncogene that induces replication stress and DNA damage that leads to cellular senescence. 
Cyclin E expression is elevated in ~20% of high grade serous ovarian carcinomas (HGSOCs) and is thought 
to be an early driver event. To overcome OIS due to cyclin E, cells must mitigate the replication stress and 
DNA damage, and previous studies have shown that cyclin E-high cells upregulate genes related to repli-
cation and DNA damage response. However, the mechanism underlying the transcriptional regulation of 
DNA repair genes downstream of cyclin E remains unclear. Our lab demonstrated that wildtype IDH1 
(wtIDH1), a metabolic enzyme in the citric acid (TCA) cycle, is upregulated in cyclin E-high HGSOC cells. 
Upregulation of wtIDH1 inhibits histone methylation at proliferation-promoting genes via increased 
alpha-ketoglutarate production, and therefore knockdown or inhibition of IDH1 suppressed cell prolifera-
tion via induction of senescence. Here, we found that wtIDH1 is necessary for the expression of BRCA2, a 
critical protein in DNA replication and repair. Current studies are ongoing to determine whether IDH1-me-
diated alpha-ketoglutarate production is affecting the histone methylation landscape to promote BRCA2 
expression, allow for tolerance of replication stress and DNA damage, and overcome cyclin E-mediated 
OIS. Investigating the interplay between IDH1-mediated metabolism, epigenetics, and DNA repair via 
BRCA2 will be critical towards understanding cellular response to cyclin E and its transformation potential 
through suppressing senescence.
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Identification and characterization of skin bacteria involved in obesity-induced skin carcinogen-
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Obesity has been recognized as a major risk factor for cancer. We previously reported that gut bacterial 
metabolites increased by obesity cause cellular senescence of hepatic stellate cells and promote hepatocel-
lular carcinoma in mice. In this study, we also found that obesity induces skin papilloma formation. Inter-
estingly, administration of antibiotics to obese mice suppressed not only hepatocellular carcinoma devel-
opment but also the skin papilloma formation, suggesting that microbes also play an important role in the 
skin papilloma development. In fact, we found changes in the skin microbiota of obese mice by 16S rRNA 
sequencing and found that a specific bacterial subspecies belonging to Staphylococcus cohnii (S.cohnii-x) was 
significantly increased in the papilloma region. In vitro analysis showed that the culture supernatant of 
S.cohnii-x induced a senescence-like phenotype in cultured cells, suggesting that S.cohnii-x is a carcinogenic 
bacterium. Furthermore, in a chemically-induced skin papilloma model using 7,12-dimethylbenz(a)anthra-
cene (DMBA) and 12-O-tetradecanoylphorbol-13-acetate (TPA), S.cohnii-x promoted skin papilloma forma-
tion and its malignant conversion. These results suggest that S.cohnii-x has a potential to promote skin 
carcinogenesis in obese mice, expanding our understanding of the obesity associated tumorigenesis
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Cyclin E1 overexpression in fallopian tube cells alters acetyl-CoA metabolism to promote histone 
acetylation
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The cyclin E oncogene (CCNE1) typically causes a high degree of DNA double strand breaks (DSBs), which 
induces cellular senescence. Cancer cells with CCNE1 amplification require homologous recombination 
(HR) to tolerate the DSBs and bypass senescence. HR is in part regulated by histone acetylation, a metabol-
ically-sensitive process. Whether and how Cyclin E-high cells reprogram metabolism to promote HR via 
histone acetylation is unknown. Here we used high grade serous ovarian cancer (HGSOC) as a model 
because approximately 20% of HGSOC cases have amplification of CCNE1 gene, resulting in upregulated 
Cyclin E1 protein expression. Indeed, Cyclin E is thought to be an early driver event in fallopian tube (FT) 
precursor lesions, suggesting these changes are required for senescence bypass. We found that Cyclin E1 
overexpression in FT cells alters histone acetylation patterns, and several hyperacetylated histone marks 
are associated with promotion of DSB repair. Mechanistically, we observed an increase in glucose-derived 
acetyl-CoA and nuclear ATP-citrate lyase (ACLY), an enzyme responsible for converting citrate to 
acetyl-CoA, in Cyclin E1-high cells compared to their parental counterparts. Our preliminary data suggest 
that Cyclin E1-overexpressing FT cells have altered histone acetylation patterns achieved by increasing the 
nuclear pool of ACLY. Future experiments will seek to determine the effect of altered acetyl-CoA metabo-
lism on DNA damage, HR-proficiency, and senescence bypass in FT cells with high Cyclin E1.
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The identification of senescent cells in vitro currently requires the assessment of a range of hallmarks. The 
utility of these within specific senescence contexts is variable, with no single universally accepted marker 
of senescence. Consequently, the confident classification of senescence is both practically laborious and 
resource intense. This has led to the demand for so called “first-pass” tools of senescence characterisation 
that may be used to improve the efficiency of experimental workflows or on a large scale (e.g. screening). 
Here, we present an image-based phenotypic profiling approach to senescence assessment, which aims to 
satisfy this unmet requirement.

Through high-content analysis (HCA) of microscopy images, we generated morphological profiles for 
models of oncogene-induced, paracrine and replicative senescence. These consist of a large number of 
shape, texture, intensity and spatial measurements which, together, constitute high-dimensional profiles of 
cellular phenotypes. In the context of senescence, we refer to these as senescence-associated morphological 
profiles (SAMPs), as they enable distinction between senescent and proliferating cells. Furthermore, HCA 
provides the opportunity to explore each model at the single cell level, allowing assessment of senescence 
heterogeneity both within a single senescence model as well as between models. Importantly, our method-
ology required limited optimisation in each senescence setting, relying on only two inexpensive and widely 
available cell dyes (DAPI and Cell Mask). Therefore, we propose the assessment of SAMPs to be a useful 
addition to the toolbox of senescence researchers, complementing the established hallmarks.

（Short talk S1-05）
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Gut-liver axis-mediated mechanism of NASH-associated hepatocellular carcinoma progression
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Recently, nonalcoholic steatohepatitis (NASH) is recognized as a major cause of hepatocellular carcinoma 
(HCC). We previously identified that the hepatic stellate cells (HSCs) exposed to deoxycholic acid (DCA), a 
gut microbial metabolite, undergo senescence-associated secretory phenotype (SASP), a phenotype that 
senescent cells secrete a variety of inflammatory cytokines, chemokines and proteases. We found that the 
obesity-associated hepatic accumulation of lipoteichoic acid (LTA), a gram positive gut microbial compo-
nent, enhanced SASP phenotype in hepatic stellate cells through Toll-like receptor 2. We previously showed 
that IL-1β, a SASP factor, secreted from senescent HSCs, played a crucial role in HCC development. In this 
study, we found that IL-33 was highly induced in the liver tumor areas particularly in the senescent HSCs 
in an IL-1β-dependent manner in high fat diet-induced NASH model in vivo. Interestingly, IL-33-null mice 
developed significantly less tumors compared with those in wild-type mice, indicating that IL-33 plays an 
important role in HCC development. Moreover, a short and active form of IL-33, which was cleaved by 
elastase family called CELA1, was detected in the HSCs in the senescent HSCs in the liver tumor areas. The 
released active form of IL-33 suppressed the antitumor immunity, thereby contributing to the progression 
of the NASH-associated HCC. Interestingly, IL-33 overexpression was detected in HSCs in human 
NASH-associated HCC tumor areas, implying that similar mechanism could be involved in human liver 
cancer progression. We suggest here a novel tumor-promoting axis by multiple SASP factors (IL-1β, IL-33 
and CELA1) secreted from senescent HSCs.
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Systemic lupus erythematosus (SLE) is a chronic inflammatory autoimmune disease that causes inflamma-
tion in various organs, including skin. Although the skin lesion is the second most common clinical mani-
festation in SLE patients, its pathogenesis remains unclear. The effect of current management strategies, 
such as hydroxychloroquine and corticosteroid therapy, are limited and further studies to eliminate the 
burden of skin chronic inflammation in SLE are required. Here, we demonstrated the accumulation of 
extracellular expression of HMGB1, a marker of senescence entry, in the skin lesions of MRL/lpr mice and 
Fisetin (FIS), a senolytic drug, ameliorates these lesions. MRL/lpr is known that spontaneously develop 
lupus-like skin lesions. Relocation of HMGB1 expression to extracellular space occurred in the basal layer 
of the epidermis of MRL/lpr mice. FIS was orally administrated to MRL/lpr and MRL/MPJ (control mice), 
for 5 days every week for 4 weeks. FIS treatment reduced the relocation of HMGB1 positive cells and 
ameliorated the symbolism of SLE skin lesions such as hair loss and scab formation in MRL/lpr mice. Our 
results suggested an association between senescent cells and SLE skin lesions, and FIS may lead to improve-
ment of those lesions. HMGB1 is also known as a representative damage-associated molecular patterns 
(DAMPs), which has been reported to be involved in many inflammatory diseases including senescence, 
apoptotic or necrotic cells. It would be needed the investigation of other cellular senescence markers in the 
future.
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Accumulation of senescent cells affects organismal aging and the prevalence of age-associated disease. 
Emerging evidence suggests that activation of autophagy protects against age-associated diseases and 
promotes longevity, but the roles and regulatory mechanisms of autophagy in cellular senescence are not 
well understood. Here we identified the transcription factor, MondoA, as a novel regulator of cellular 
senescence, autophagy and mitochondrial homeostasis. MondoA protected against cellular senescence by 
activating autophagy partly through the suppression of an autophagy negative regulator, Rubicon. In addi-
tion, we identified peroxiredoxin 3 (Prdx3) as another downstream regulator of MondoA essential for 
mitochondrial homeostasis and autophagy. Rubicon and Prdx3 worked independently to regulate senes-
cence. Furthermore, we found that MondoA knockout mice had exacerbated senescence during ischemic 
acute kidney injury (AKI), and a decrease of MondoA in the nucleus was correlated with human aging and 
ischemic AKI. Our results suggest that retaining MondoA activity protects from senescence and age-asso-
ciated disease.
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BNIP3 is a mitochondrial ATM effector required for senescence-associated metabolic repro-
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Cellular senescence is a stress-induced irreversible proliferative arrest characterized by the expression of 
the cyclin-dependent kinase inhibitor p16INK4a. Recent studies indicate that p16INK4a-expressing cells 
accumulate in the body over time and contribute to aging. However, the molecular mechanisms regulating 
p16INK4a expression are incompletely understood. Here we report a genome-wide siRNA screen for genes 
required for p16INK4a expression in response to DNA damage. Among the top hits was the outer mito-
chondrial membrane protein BNIP3. Metabolomic analysis suggested that BNIP3 is involved in senes-
cence-associated reprogramming of acetyl-CoA metabolism. Mechanistically, BNIP3 is phosphorylated by 
the DNA damage response kinase ATM and promotes fatty acid oxidation for histone acetylation at the 
INK4a/ARF locus. Upregulation of fatty acid oxidation alone is sufficient to induce cellular senescence. 
Thus, the ATM-BNIP3 pathway induces cellular senescence by linking DNA damage to the reprogramming 
of mitochondrial metabolism.
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SASP and activation of NF-κB in splenocytes of old mice exposed to irradiation
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DNA damage-induced cellular senescence is involved in aging. We reported previously that p53+/- mice 
subjected to irradiation at a young age exhibited an increased number of splenic lymphocytes in the S and 
G2/M phases. However, the detailed nature of splenic disorders in these mice is not fully understood. In 
this study, we investigated the effects on molecules in splenocytes, especially on senescence factors after 
early exposure of mice to radiation. Splenocytes from mice (3-Gy whole-body irradiation) were prepared at 
56 weeks of age. Immunoblot showed that irradiation at 8 weeks enhanced the expression and phosphory-
lation of p53, cyclin-dependent kinase 2, cell division cycle 6, and the MDM2 proto-oncogene in spleno-
cytes. Similarly, irradiation induced phosphorylation of IKKα, NF-κB inhibitor alpha, and p65. Electropho-
retic mobility shift assay demonstrated that active forms of NF-κB were increased. In addition, enzyme-linked 
immunosorbent assay showed that lipopolysaccharide-induced IL-6 production was enhanced in spleno-
cytes of mice irradiated at 8 weeks. ATP levels were increased in splenocytes of mice irradiated at 8 weeks. 
Overall, irradiation induced a NF-κB-related immune response in the spleen with an increase in senescence 
marker proteins, such as CDKs and IL-6, which are known to be typical senescence-associated secretory 
phenotype factors related to stresses, such as DNA damage.
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Targeting cellular senescence with novel senotherapeutics by design to extend healthspan

○Lei Zhang1, Brian Hughes1, Wandi Xu1, Sara J. McGowan1, Luise Angelini1, Ryan O’Kelly1, Matthew 
Yousefzadeh1, Theodore M. Kamenecka2, Laura J. Niedernhofer1, Paul D. Robbins1

1 Institute on the Biology of Aging and Metabolism, University of Minnesota, 2 The Scripps Research 
Institute - Florida, USA

Senescent cells accumulate with age and contribute to aging and the pathogenesis of many age-related 
diseases. Drugs that induce apoptosis in senescent cells specifically, termed senolytics, have emerged as an 
effective therapeutic approach to improve aging phenotypes and associated co-morbidities. Despite the 
promising potential of this approach, only a handful of senolytics have been reported, including a natural 
flavonoid fisetin discovered by our group. Fisetin has been shown to reduce senescence, suppress age-re-
lated pathology, and extend healthspan in aged mice. However, its moderate potency and poor bioavail-
ability may limit its effectiveness in clinical applications. By leveraging drug design, medicinal chemistry 
and high-content imaging analysis, we have successfully optimized the senolytic activity of fisetin, leading 
to the identification of two fisetin analogs (FAs), SR29384 and SR31133, with improved senolytic potency 
and enhanced physicochemical properties. The therapeutic potential of the two FAs was evaluated in >2 
year old C57Bl/6 mice in which fisetin showed only marginal effect on senescence according to previous 
studies. Acute treatment with the two FAs, especially SR29384, significantly decreased the expression of 
multiple senescence and SASP factors in different tissues including kidney, brain and lung. Moreover, 
chronic treatment of the Ercc1-/Δ mouse model of accelerated aging with SR29384 resulted in an extension 
of healthspan and reduced senescence and SASP factors significantly in multiple tissues including kidney, 
liver, lung and brain. These novel fisetin analogs with improved senolytic activity and reduced toxicity in 
non-senescent cells have clinical potential to slow aging and reduce severity of age-related diseases driven 
by senescence.
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A genome-wide siRNA screen for senescent cell-specific survival factors

○Xiangyu Zhou1, Shota Yamauchi1, Hidenori Ichijo1

1 Laboratory of Cell Signaling, Graduate School of Pharmaceutical Sciences, The University of Tokyo, Tokyo, Japan 

Cellular senescence is a state of irreversible cell cycle arrest induced by various stresses. Although senes-
cent cells lose proliferative capacity, they are known to be resistant to apoptosis and survive for a long time.
In recent years, it has become clear that senescent cells accumulate with aging in the organism and act as a 
promoter of age-related functional decline and disease in various organs and tissues. Several compounds 
that can selectively kill senescent cells both in vitro and in vivo have been identified and are called seno-
lytics.
The identification of senolytics revealed that senescent cells acquire a unique survival mechanism that is 
different from that of normal cells, which contributes to the accumulation of senescent cells in vivo. There-
fore, elucidation of senescent cell-specific survival mechanisms will contribute to the identification of new 
targets for senolytics and to the understanding of the mechanisms of senescent cell accumulation during 
aging.
Here, we comprehensively searched for senescent cell-specific survival factors in primary human fibro-
blasts using a genome-wide siRNA screen. In this presentation, we will introduce the results of our ongoing 
functional analysis of novel senescent cell-specific survival factors identified by the screening.
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Distribution of participants by country
Country # % Country # %
Japan 107 33.4 China 2 0.6
United States of America 53 16.6 India 2 0.6
United Kingdom 37 11.6 Israel 2 0.6
Spain 28 8.8 Republic of Korea 2 0.6
France 22 6.9 Singapore 2 0.6
Germany 15 4.7 Argentina 1 0.3
Poland 10 3.1 Chile 1 0.3
Canada 7 2.2 Czech Republic 1 0.3
Australia 6 1.9 Egypt 1 0.3
Italy 4 1.3 Indonesia 1 0.3
Mexico 4 1.3 Netherland 1 0.3
Austria 3 0.9 Norway 1 0.3
Netherlands 3 0.9 Portugal 1 0.3
Belgium 2 0.6 Switzerland 1 0.3

Total 320 100

Participant information
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研究用試薬・臨床検査薬・理化学器具のことなら

株式会社　山 口 薬 品
      取扱いメｰカ-　最新キャンペ-ン情報満載
〒113-0021　東京都文京区本駒込5-1-4  帝金ビル4階
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研究用試薬・臨床検査薬・理化学器具のことなら

株式会社　山 口 薬 品
      取扱いメｰカ-　最新キャンペ-ン情報満載
〒113-0021　東京都文京区本駒込5-1-4  帝金ビル4階

 

日本語で名著が読める︕電子書籍パックが遂に登場︕ 

36 カ月の 
購読ライセン

 

オンラインで 
いつでもアクセス 

形 式：電子書籍（3 年間のアクセス権） 
特 徴：各書籍の横横断断検検索索が可能 
利用方法：PC、ｽﾏｰﾄﾌｫﾝ等よりｲﾝﾀｰﾈｯﾄ経由してｱｸｾｽ 
本体価格：16,500 円（本体 15,000 円+税） 
販売代理店：株式会社 南江堂 

収載書籍： 4 冊 

 スワンソン総合診療問題集 問題志向のアプローチ 

 レイケル総合診療テキスト 抜粋版  

 ゴールドマン・セシル内科学 日本対応版 

 ロビンス基礎病理学 原著第 10 版 

CITE-seq用オリゴヌクレオチド標識バーコード抗体

TotalSeqTM

ハイスループットシングルセルプロテオゲノミクス研究試薬

〒112-0002 東京都文京区小石川1-1-17
日本生命春日駅前ビル 3階
email: info_ap@digital-biology.co.jp 
phone: 03-6240-0843

総販売元

製造元

https://www.biolegend.com/

scRNA-seqとプロテオミクスを統合し、RNA/
DNA情報とタンパク質情報を同時に取得できる新
技術︓ cellular indexing of transcriptomes and 
epitopes by sequencing (CITE-seq) 

TotalSeqTMは、CITE-seqにおける細胞表面抗原
プロテオーム解析用抗体です。
TotalSeqTM抗体は、クローン特異的なバーコード
配列及びPCRハンドルとなるオリゴヌクレオチド
により標識されており、IlluminaⓇシーケンシング
試薬に適合します。
10X GENOMICS社のFeature Barcode技術,もし
くはMission Bio社のTapestriプラットフォーム
に対応する新製品もございます。

TotalSeqTMに関する
詳細は下記を

ご参照ください。

2019TotalSeq広告原稿A5_2.pdf   
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Abroad agency 
COSMO BIO USA : h�ps://www.cosmobiousa.com  

388-1 Nagasaki, Shimizu-ku, Shizuoka-Shi, Shizuoka 424-0065 Japan 

Tel： +81-54-349-6211   E-Mail: tsl-contact@tecsrg.co.jp 
HP: h�ps://www.tecsrg.jp 

FFeecceess  ssaammpplliinngg  kkiitt  ffoorr  mmiiccrroobbiioommee  aannaallyyssiiss  

Refference 
◇ Hosomi et al., Sci Rep. 2017;7(1):4339.  
◇ Nishimoto et al., Gut. 2016;65(9):1574-1575.  

● Easy to collect and store feces sample at home. 

● Preserva�ve buffer stabilizes DNA sample of feces at 
room temperature during one month. 

● Suitable for 16S rDNA amplicon sequence analysis. 

※日本国内での購入をご希望の方は直接当社にお問い合わせください。 

Easy sampling   

Pull up the brush 
twis�ng the pink 
handle. 

Insert the brush to 
feces in several 
places. 

Return the brush 
into the tube 
container. Shake 
the container to 
mix the contents. 

Shaking 
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シングルセルマルチオミックス解析装置
米国IsoPlexis社製品

対応アプリケーション
【シングルセル解析】
l マルチプレックスサイトカイン解析
l 細胞内ホスホプロテオーム解析
【バルク解析】
l マルチプレックスサイトカイン解析

IsoLightシステム
IsoLightシステムを使用すると、サンプル中に含まれる複数種類のサイトカイ
ンを放出する「多機能性細胞」の存在率を算出することができます。
また、その存在率とサイトカインの放出量から算出される「多機能性強度指数
（PSI）」は、その細胞を用いた治療効果と相関が見られることが近年報告され
ており、新たなバイオマーカーとしての開発が進んでいます。
フローサイトメトリーやELISA、ELISpot等の従来法では検出が困難な多機能性
細胞を解析することができるシステムがIsoLightです。より詳細な情報をご希
望の方は以下のURLよりお問い合わせください。

https://kiko-tech.co.jp/contact/customer-contact/

米国IsoPlexis社のホームページ
https://isoplexis.com/

IsoPlexis社製品輸入総販売元
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QB#9781

詳細はこちらから
https://jp.illumina.com/systems/sequencing-platforms/nextseq-1000-2000.html

NextSeq™ 2000 システム
• 4億 および 11憶 *クラスターで最大出力 330 Gbの試薬ラインナップ
• 超高速二次解析を可能にするDRAGENを搭載
• 試薬・流路・廃液が一体化されたカートリッジで優れた操作性
• Gbあたりのコストパフォーマンスに優れたベンチトップシーケンサー

システム本体価格　44,705,300円（税別）
2021年 9月時点の価格です

イルミナ株式会社
〒108-0014  東京都港区芝 5-36-7  三田ベルジュビル 22階
TEL. 03-4578-2800　FAX. 03-4578-2810
jp.illumina.com　www.facebook.com/illuminakk
©2021 Illumina. Inc, All right reserved.　本製品の使用目的は研究に限定されます。診断での使用はできません。
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本社 〒 大阪府茨木市彩都あさぎ 丁目 番 号
彩都バイオヒルズセンター

堺営業所 〒 大阪府堺市西区浜寺石津町西 丁目 番 号
和歌山営業所 〒 和歌山県和歌山市鳴神 番地
京阪奈営業所 〒 大阪府大東市新田西町 番 号
神戸営業所 〒 兵庫県神戸市中央区港島南町 丁目 番地

神戸キメックセンタービル

http://www.yashimachem.co.jp/

八八洲洲薬薬品品株株式式会会社社
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