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Program

Wednesday, October 14th

Max Planck Institute for Biology of Ageing — Foyer

From 11:00

12:30 - 13:00

Session I: Chair Lene Rasmussen

13:00 - 13:25
13:25 - 13:40
13:40 - 13:65
13:65 -14:10

14:10 - 14:25

14:25 - 14:40
14:40 - 15:05
15:05 - 15:40

Session ll: Chair: Joris Deelen

15:40 -16:05

16:05 - 16:20

Registration

Max Planck Institute for Biology of Ageing — Lecture Hall

Welcome Statements, Bjorn Schumacher, EFAR President, CECAD, Cologne

Invited speaker:
Nathan LeBrasseu
Mayo Clinic,
Rochester

Toluwanimi Victory
Afolayan

MPI for Biology of
Ageing, Cologne

Arturo Bujarrabal-
Dueso
CECAD, Cologne

David H. Meyer
CECAD, Cologne

Haoqun Zhan
University of Cam-
bridge, UK
Aleksandr Dekan

University of
Copenhagen

Invited speaker:
Emma Teeling
University College
Dublin

COFFEE BREAK

Invited Speaker:
Uri Alon

Weizmann Institute of

Science, Rehovot

Peter de Keizer
University Medical
Center Utrecht

Cellular Senescence and Skeletal Muscle Aging

In vivo functional characterisation of a rare protein-
altering variant in DEPTOR identified in long-lived
families

A Novel H2A.Z-Dependent Mechanism Underlies
DREAM Complex Regulation of the DNA Damage
Response

Aging clocks delineate neuron types vulnerable or
resilient to neurodegeneration and identify neuro-
protective interventions

Nuclear integrity underpins the dynamic range of inflam-
mation regulation

Genomic Determinants of Maximum Lifespan in Verte-
brates

The molecular basis of bat’'s extended healthspans

A physiological cliff at menopause reconstructed from
300 million lab tests

PMLhigh, impaired-p53 scarred cells are a therapeutic
target for healthy longevity



16:20 -16:35 Constantinos
Demetriades
ERIBA/UMCG,
Groningen

16:35 -16:50 Joris Demmers,
CECAD, Cologne

16:50- 17:05 Nikoleta Nikou
Universitat Autonoma
de Barcelona

17:05 - 17:20 Taiyu Ge
CECAD, Cologne

17:20 - 17:45 BREAK

mTOR Ubiquitination in Ageing and Disease

Transcription speed is controlled by mTOR via the super
elongation complex

Novel Treatments to Mitigate Ovarian Aging and Follicle
Loss

Vitamin B12 boosts H3K4me2 deposition to promote
transcription recovery following DNA damage

Session lll: Chair: Morten Scheibye-Knudsen

17:45 -18:10 Invited Speaker:
George Garinis
University of Crete

18:10 - 18:25 Dax Houtkamp
Vrije Universiteit Ams-
terdam

18:25 -18:40 Shoma Ishikawa
CECAD, Cologne

18:40 - 18:65 Maria Sol Jacome
Burbano
CECAD, Cologne

DNA damage and Innate Immune responses in Health
and Disease

Prolonged bed rest reduces PhenoAge despite marked
physiological deconditioning

Non-cell-autonomous control of stress surveillance by
telomere deprotection

A neonatal-like cardiac program underlies adult heart
regeneration in the naked mole-rat

CECAD Research Center, Foyers and 1 floor

19:15 — 22:15  Poster Session (with finger food and drinks)

Thursday, October 15th

Session IV: Chair: Helen Morrison

9:00 - 9:25 Invited Speaker:
Elsa Logharino
University of Porto

9:25 - 9:40 Lucia Lorenzo
Rodriguez
CIMUS-USC, Univer-
sidade de Santiago de
Compostela

9:40 — 9:65 Helene Martini
Mayo Clinic,
Rochester

The geroprotective role of the transcription factor
FOXMI

Senomorphic effect of genetic and chemical partial
reprogramming

Mitochondrial metabolism and epigenetic crosstalk in
senescent cells



9:55 -10:10

10:10 - 10:25
10:25 - 10:50
10:50 - 11:30

Manuel Collado The Last kiss: Apoptotic Secreted Factors Drive Cellular
CIMUS-USC, Senescence

Universidade de Sant-

iago de Compostela

Julian Mutz Do mental disorders accelerate the pace of ageing?
King’s College London

Invited Speaker: MicroRNA regulation of senescence, rejuvenation
Paul Robbins and aging

University of

Minnesota

COFFEE BREAK

Session V: Chair: Hartmut Geiger

11:30 - 11:45
11:55 - 12:10
12:10 - 12:25
12:25 -12:40
12:40 -13:05
13:05 - 14:45
13:30 -14:15

Invited Speaker: Fisl Loss Drives Endothelial Senescence via Maladaptive
Luca Scorrano Fatty-Acid Metabolism

University of Padova

Francesco Neri Loss of regeneration and epigenetic drift of the intestinal
University of Turin stem cells during aging

Katharina Papsdorf Lipid droplets in MUFA mediated longevity
Institute of Molecular
Biology (IMB) Mainz

André Rendeiro Histological aging signatures enable inference of tissue-
CeMM Research specific disease associations from blood

Center for Molecular

Medicine, Vienna

Invited Speaker: Tracking human aging for precision health
Sara Hagg

Karolinska Institute,

Stockholm

LUNCH BREAK

Meeting of poster prize selection committee (Sem. 1, MPI)

Session VI: Chair: Ira Milosevic

14:45-15:10
15:10 - 15:25
15:25 -15:40
15:40 -15:55

Invited Speaker: Regulation of Homologous Recombination

Lumir Krejci

Masaryk University,

Brno

David Doupe The transcription factor Sob maintains intestinal stem
Durham University cell homeostasis to delay aging

Della David Identification of a novel human extracellular chaperone
Babraham Institute, promoting healthy ageing

Cambridge

Oliver Tuscher, TACR3 variant confers resilience to aging and Alzhei-

Martin Luther Univer- mer’s disease
sity Halle-Wittenberg
(MLU)



15:55 -16:10 Dongryeol Ryu
Gwangju Institute of
Science and Techno-
logy (GIST)

16:10 - 16:25 Markus Schosserer
Medical University of
Vienna, Austria

16:25 - 16:40 Payel Sen
National Institute on
Aging, USA

Discovery of a Circulating Myokine that Improves Syste-
mic Function in Aged Mice

The role of the ribosomal RNA methyltransferase Nsunb
in mouse aging and development

A single-cell multi-omic atlas decodes the regulatory
logic of liver aging

16:45 - 18:00 EFAR Members Assembly (MPI Lecture Hall)

Schokoladenmuseum (by invitation only)

19:15 -22:30  Speakers Dinner

Friday, October 15th
Session VII: Chair: Anne Schafer

9:00 — 09:25 Invited Speaker:
Eija Pirinen
University of Oulu

09:25 - 09:40 Mirre Simons

The University of
Sheffield

09:40 — 09:55 Yossawat Suwanlikit
Robert and Arlene
Kogod Center on
Aging, Mayo Clinic,
Rochester

09:55 -10:10 Vakil Takhaveev
ETH Zurich,
Switzerland

10:10 - 10:25 Danila Voronov
Leibniz Institute on
Aging - Fritz Lipmann
Institute (FLI), Jena,
Germany

10:25 -11:15 BREAK

Obesity-related remodeling of NAD* metabolism in hu-
man adipocytes

Suppression rather than activation of the integrated
stress response (GCN2-ATF4) pathway extends lifespan
in the fly

DNA Methylation-Based Clonal Hematopoiesis Burden
Associates with Structural Brain Atrophy

The Damage Code — Single-Nucleotide Maps of DNA
Lesions Across the Ageing [EpilGenome

Shared molecular signatures between diapause Il and
aging in killifish Nothobranchuis furzeri suggest aging
during diapause Il

Session VIII: Chair: Riekelt Houtkooper

1:15 — 11:40 Invited Speaker:
Guido Kroemer
Université de Paris
Cité

Immunosuppression by the geroprotein ACBP/DBI



11:40 - 11:55

11:55 - 12:10
12:10 - 12:35
12:35 - 13:00

Shibo Wei

Gwangju Institute of
Science and Techno-
logy (GIST)

Mauro Corrado
CECAD, Cologne

Invited Speaker:
Eline Slagboom
Leiden University
Medical Center

Localized NADO Replenishment Restores Metabolic
Resilience and Mitigates Cardiac Injury after Myocardial
Infarction

Suppression of T Cell-Driven Type | Interferons in
Ageing Reveals Gut-Specific Vulnerability

Lifestyle intervention effects in middle age monito-
red across omics layers and tissues; practical impli-
cations

Concluding remarks, poster prizes
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Talks overview (Alphabetical order of authors)

First Name Last Name Titel Page

Toluwanimi Afolayan In vivo functional characterisation of a rare 12

Victory protein-altering variant in DEPTOR identified
in long-lived families

Arturo Bujarrabal-Dueso A Novel H2A.Z-Dependent Mechanism Un- 13
derlies DREAM Complex Regulation of the
DNA Damage Response

Manuel Collado The Last kiss: Apoptotic Secreted Factors Dri- 14
ve Cellular Senescence

Mauro Corrado Suppression of T Cell-Driven Type | Interfe- 15
rons in Ageing Reveals Gut-Specific Vulnera-
bility

Della David Identification of a novel human extracellular 16
chaperone promoting healthy ageing

Peter de Keizer PMLhigh, impaired-p53 scarred cells are a 17
therapeutic target for healthy longevity

Alexandr Dekan Genomic Determinants of Maximum Lifespan 18
in Vertebrates

Constantinos Demetriades mMTOR Ubiquitination in Ageing and Disease 19

Joris Demmers Transcription speed is controlled by mTOR via 20
the super elongation complex

David Doupé The transcription factor Sob maintains intesti- 21
nal stem cell homeostasis to delay aging

Taiyu Ge Vitamin B12 boosts H3K4me2 deposition to 22
promote transcription recovery following DNA
damage

Dax Houtkamp Prolonged bed rest reduces PhenoAge despi- 23
te marked physiological deconditioning

Shoma Ishikawa Non-cell-autonomous control of stress sur- 24
veillance by telomere deprotection

Maria Sol Jacome Burbano A neonatal-like cardiac program underlies 25
adult heart regeneration in the naked mole-
rat

Lucia Lorenzo Rodriguez Senomorphic effect of genetic and chemical 26
partial reprogramming

Helene Martini Mitochondrial metabolism and epigenetic 27
crosstalk in senescent cells.

David H. Meyer Aging clocks delineate neuron types vulne- 28

rable or resilient to neurodegeneration and
identify neuroprotective interventions
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First Name Last Name Titel Page

Julian Mutz Do mental disorders accelerate the pace of 29
ageing?

Francesco Neri Loss of regeneration and epigenetic drift of 30
the intestinal stem cells during aging

Nikoleta Nikou Novel Treatments to Mitigate Ovarian Aging 31
and Follicle Loss.

Katharina Papsdorf Lipid droplets in MUFA mediated longevity 32

André Rendeiro Histological aging signatures enable inference 33
of tissue-specific disease associations from
blood

Dongryeol Ryu Discovery of a Circulating Myokine that Im- 34

proves Systemic Function in Aged Mice

Markus Schosserer The role of the ribosomal RNA methyltransfe- 35
rase Nsunb in mouse aging and development

Payel Sen A single-cell multi-omic atlas decodes the 36
regulatory logic of liver aging

Mirre Simons Suppression rather than activation of the 37
integrated stress response (GCN2-ATF4)
pathway extends lifespan in the fly

Yossawat Suwanlikit DNA Methylation-Based Clonal Hematopoie- 38
sis Burden Associates with Structural Brain
Atrophy

Vakil Takhaveev The Damage Code - Single-Nucleotide Maps 39
of DNA Lesions Across the Ageing [Epi]lGeno-
me

Oliver Tuscher TACRS variant confers resilience to aging and 40
Alzheimer's disease

Danila Voronov Shared molecular signatures between dia- 41
pause Il and aging in killifish Nothobranchuis
furzeri suggest aging during diapause |l

Shibo Wei Localized NADO Replenishment Restores Me- 42
tabolic Resilience and Mitigates Cardiac Injury
after Myocardial Infarction

Haoqun Zhan Nuclear integrity underpins the dynamic ran- 43
ge of inflammation regulation

1



12

back to Titel back to Startpage Abstracts

In vivo functional characterisation of a rare protein-altering variant in
DEPTOR identified in long-lived families

Afolayan, T.\V."; Smulders, L.'; Pahl, R.; Pahl, A."; & Deelen, J."?

"Genetics and biomarkers of human ageing, Max Planck Institute for Biology of Ageing, Cologne, Germany
2Section of Molecular Epidemiology, Department of Biomedical Data Sciences, Leiden University Medical Center,
Leiden, The Netherlands

Studies of long-lived families suggest that they carry protective rare genetic variants that can delay the onset
of age-related diseases and promote healthy ageing. Here, we investigated the in vivo effect of the DEP-
TORCysl02Trp variant identified in long-lived families from the Leiden Longevity Study, which we previously
showed to have in vitro effects associated with lifespan across species. Using CRISPR/Cas9 editing, we ge-
nerated a transgenic C57BL/6N mouse line carrying the variant and performed longitudinal phenotyping and
lifespan analyses. We showed that male DEPTORCys102Trp/Cys102Trp mice exhibited an increased lean mass,
reduced fat mass, improved glucose tolerance, and lower fasting glucose in middle and/or old age compared
with their wild-type littermates. We are currently performing characterisation of tissues from the transgenic
mice to identify the molecular effect underlying the observed phenotypes. Our study provides a novel integra-
tive pipeline for in vivo characterisation of rare genetic variants linked to human longevity and provides further
evidence for a potential role of the DEPTORCys102Trp variant in healthy ageing.
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A Novel H2A.Z-Dependent Mechanism Underlies DREAM Complex
Regulation of the DNA Damage Response

Bujarrabal-Dueso, A."?; Schumacher, B."?

"Institute for Genome Stability in Aging and Disease, Medical Faculty, University and University Hospital of Cologne,
Cologne, Germany

2 Cologne Excellence Cluster for Cellular Stress Responses in Aging-Associated Diseases (CECAD), Center for
Molecular Medicine Cologne (CMMC), University of Cologne, Cologne, Germany

The DREAM complex is a conserved transcriptional repressor of cell cycle genes that promotes quiescence.
Using C. elegans we found that DREAM binds and represses multiple genes involved in the DNA damage re-
sponse. DREAM-complex-deficient mutants show a remarkable resistance to, and improved repair of various
DNA-damage types. The mechanisms of DREAM complex regulation are not fully understood, but emerging
evidence shows that this complex interacts with epigenetic modulators that could be driving its repressive
function.

Using a forward genetic screen in C. elegans we found that a mutation for the gene ssl-1 (ortholog of SRCAP/
EP400), involved in the maintenance and deposition of H2A.Z, confers severe sensitivity to DNA damage.
Employing RNA-seq and ChIP-seq analysis on these mutants we observe a broad downregulation of DREAM-
associated genes, including repair genes. Repressed genes in ssl-1 mutants are characterized by a marked
reduction of H2A.Z around the promoter area, suggesting a novel function for H2A.Z deposition that requlates
the normal expression of DNA repair genes. Furthermore, the capacity to deposit H2A.Z is also required for the
DNA damage resistance phenotype of DREAM deficient organisms.

13
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The Last kiss: Apoptotic Secreted Factors Drive Cellular Senescence

Collado, M.'?

"Laboratory of Cellular Senescence, Cancer and Aging, Center for Research in Molecular Medicine (CiMUS), University
of Santiago de Compostela, Health Research Institute of Santiago de Compostela (IDIS), E15782 Santiago de
Compostela, Spain.

2 Departament of Inmunology and Oncology (DIO), Centro Nacional de Biotecnologia (CNB-CSIC), E28049 Madrid,
Spain.

Senescence and apoptosis are fundamental safeguards of tissue homeostasis, yet their interplay remains
poorly understood. Here, we identify apoptosis-induced senescence (AIS) as a previously unrecognized
paracrine mechanism linking cell death to tissue repair. Conditioned media from apoptotic cells, triggered

by diverse stimuli, robustly induces senescence in neighboring cells. This effect depends on mitochondrial
apoptosis, as BAX inhibition suppresses both cell death and AIS. Strikingly, depletion of mitochondrial DNA or
RNA in apoptotic cells blunts this response, uncovering mitochondrial nucleic acids as key mediators. Mecha-
nistically, AIS requires activation of the cGAS—STING and NF-xB pathways, connecting mitochondrial stress to
inflammatory signaling. Together, our findings reveal a mitochondria-driven intercellular program that coor-
dinates elimination and replacement of damaged cells, positioning AIS as a critical regulator of regeneration
with broad implications in ageing and disease
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Suppression of T Cell-Driven Type | Interferons in Ageing Reveals
Gut-Specific Vulnerability

Corrado, M.'23

"Institute for Genetics, Faculty of Mathematics and Natural Sciences, University of Cologne, Cologne, DE
2Cologne Excellence Cluster on Aging and Aging-associated Diseases (CECAD), University of Cologne, Cologne, DE
3 Center for Molecular Medicine Cologne (CMMC), University of Cologne, Cologne, DE

Ageing is associated with chronic sterile inflammation (inflammageing), progressive metabolic fitness impair-
ment and immune function decline. Leveraging transcriptional, proteomic and metabolic profiling of human
and mouse T cells isolated from young and elderly donors, we found a prominent Type | interferon (Type |
IFN) signature and mitochondrial alterations in the elderly cohort (more prominent in males than females).
Notably, mitochondrial deficiencies have been linked to Type | IFN response through a mechanism dependent
on mitochondrial DNA (mtDNA) release and its activation of the cGAS-STING pathway. This is commonly
considered a targetable pathway to reduce inflammation and improve healthspan in ageing. Nevertheless, the
mechanism of mMtDNA release in T cells as well as the physiological impact on gut homeostasis of inhibiting
Type | IFNs during ageing has not been clarified. We found that T cells during ageing present mitochondrial
alterations with reduction of cardiolipin content and that cardiolipin deficiency alone phenocopies T cell
ageing with mtDNA release via BAX/BAK pores and cGAS/STING-mediated Type | IFN response activation.
While we confirmed this pathway is genetically and pharmacologically treatable, its genetic inhibition in mice
with T cell specific cardiolipin deficiency resulted in additional deterioration of gut phenotype with more se-
vere colitis and immune infiltration, leading to a more premature death in mice. This study shows the sex- and
tissue-specific evolutionary conserved functional heterogeneity of Type | IFN response in human and mice in
different tissues. While Type | IFNs suppression in non-barrier sites could benefit healthspan during ageing, its
abrogation at barrier sites impairs control of microbiota thereby accelerating age-associated tissue dysfunc-
tion.

15
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Identification of a novel human extracellular chaperone promoting
healthy ageing

Choi, YH.; Olabiyi, B.F.}; Tataridas-Pallas, N."; Thompson, M.}; Wilde, E.2; Mosonyl, C.2; Taylor, A.l.P.3; Aubrey,
L.D.3; Radford, S.E.3; Kumita, J.R.?; & David, D.C.!

'Signalling, Babraham Institute, Cambridge, UK
2 Pharmacology department, University of Cambridge, UK
3 Astbury Centre for Structural Molecular Biology, University of Leeds, Leeds, UK

Proteostasis, the maintenance of a functional proteome, declines with age and contributes to organismal dys-
function. The role of the extracellular proteostasis network (exPN) in ageing remains poorly understood. Yet
age-associated changes in the extracellular environment promote extracellular protein aggregation.
Leveraging the identification of exPN factors in C. elegans (Gallotta et al.), we discovered huEC], a previously
uncharacterised human extracellular chaperone associated with human longevity. Remarkably, huEC1 expres-
sion in C. elegans extends lifespan, enhances stress resistance and delays tissue decling, revealing systemic
benefits across the organism. Mechanistically, huEC1 potently inhibits aggregation of diverse amyloidogenic
proteins by blocking fibril elongation and promotes microglial clearance of oligomeric amyloid p.

Together, these findings establish huEC1 as a novel, conserved extracellular proteostasis factor that contri-
butes to healthy ageing. Our work highlights exPN as a promising, yet still underexplored, target for future
interventions.

References:

1. Gallotta I, Sandhu A, Peters M, Haslbeck M, Jung R, Agilkaya S, Blersch J, Rédelsperger C, Réseler W, Huang C, Som-
mer RJ, David DC. (2020). Extracellular proteostasis prevents aggregation during pathogenic attack. Nature 584, pages
410-414.
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PMLhigh, impaired-p53 scarred cells are a therapeutic target for
healthy longevity

Baar, M.P.'?; Putavet D.A.'?; Bigossi G.3; Brand T'; Marcozzi S.3; Bouma E.M.'?; Teifel M.2; Herbst J.2; Sarlis N.J.2;
Leyten T.M.F.; de Bruin A.%; Malavolta M.** and de Keizer P.L.J."2

"Center for Molecular Medicine, University Medical Center Utrecht, Utrecht, The Netherlands
2Cleara Biotech B.V., Utrecht, the Netherlands
3 Advanced Technology Center for Aging Research and Geriatric Mouse Clinic, IRCCS INRCA, Ancona, ltaly
4 Department of Biomolecular Health Sciences, Faculty of Veterinary Medicine, Utrecht University, Utrecht,
The Netherlands.
5Department of Clinical and Molecular Sciences (DISCLIMO), Universita Politecnica Delle Marche, Ancona, Italy

Clinical translation of senescence-targeting therapies has been limited by their heterogeneityl,2 and
uncertainty over potential benefits3,4. Here, we identify a distinct population of irreparably damaged, pro-in-
flammatory cells characterized by impaired p53 signalingb, PMLhigh DNA-SCARS6, independent of pléink4a
or p2lcipl. As this distinguishes them from classical senescence, we term them “scarred” cells.

Through structural and molecular optimization, we developed CL04183, a peptide that binds open-conforma-
tion TAD2-phosphorylated p53 and induces transcription-independent mitochondrial apoptosis.

In geriatric mice (825d at start)7, late-life administration of CL04183 increased median lifespan by >27% while
preserving cardiac, cognitive, neuromuscular function and multiple WHO Intrinsic Capacity domains, as vitali-

ty, locomotion, and strength8. CL04183 countered liver disease and impaired-p53 cancer in mice. PK, ADME,

GLP-toxicology, and GMP-manufacturing support clinical translation. Together, scarred cells are a therapeuti-
cally actionable aging-associated cell state, targeting of which may enhance human healthspan.

References:
1. De Keizer, P. L. J. The Fountain of Youth by Targeting Senescent Cells? Trends in Molecular Medicine 23, 6-17 (2017).

2. Tao, W,, Yu, Z. & Han, J.-D. J. Single-cell senescence identification reveals senescence heterogeneity, trajectory, and
modulators. Cell Metabolism 36, 1126-1143.e5 (2024).

3. Grosse, L. et al. Defined pl16High Senescent Cell Types Are Indispensable for Mouse Healthspan. Cell Metabolism 32, 87-
99.e6 (2020).

4. Triana-Martinez, F. et al. pl6High-expressing immune cells control disease tolerance as a defense and health span-ex-
tending strategy. Immunity S107476132600083X (2026) doi:10.1016/j.immuni.2026.02.013.

5. De Keizer, P. L. J., Laberge, R.-M. & Campisi, J. p53: Pro-aging or pro-longevity? Aging 2, 377-379 (2010).

6. Rodier, F. et al. DNA-SCARS: distinct nuclear structures that sustain damage-induced senescence growth arrest and
inflammatory cytokine secretion. Journal of Cell Science 124, 68-81 (2011).

7. Marcozzi, S. et al. Comprehensive longitudinal non-invasive quantification of healthspan and frailty in a large cohort (n =
546) of geriatric C57BL/6 J mice. GeroScience 45, 2195-2211 (2023).

8. Bigossi, G. et al. A Comparative Analysis of Grip Strength Evaluation Methods in a Large Cohort of Aged Mice. J cache-
xia sarcopenia muscle 16, e70050 (2025).
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Genomic Determinants of Maximum Lifespan in Vertebrates

Dekan, A.!, Scheiby-Knudsen, M

"Institute of Cellular and Genetic Medicine, University of Copenhagen, Copenhagen, Denmark

Maximum lifespan ranges from weeks to centuries across vertebrates, suggesting genomic encoding of
lifespan requlation. We present the largest vertebrate comparative genomic analysis of lifespan to date:

3,112 annotated genomes, a human-validated ~10,000-species lifespan database built with Al agents, and
effort-corrected lifespan estimates from observation records. Using RERconverge to test relative evolutionary
rates (RERs) across ~13,000 orthologs, we identified clade-specific lifespan-associated genes, including ~40
significant hits (g<0.05) in well-powered classes. Enriched programs involved autophagy, DNA damage and
inflammatory response, and cell-cycle regulation. PPAR signaling showed reversed lifespan associations in
mammals versus other vertebrates. Interpretable ML models further recovered genomic predictors of ma-
ximum lifespan. Together, these results suggest that evolutionary tuning of damage production, repair, and
tissue renewal determine vertebrate lifespan.
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mTOR Ubiquitination in Ageing and Disease

Demetriades, C.!

"European Research Institute for the Biology of Ageing (ERIBA), University of Groningen (RUG), University Medical
Center Groningen (UMCG), 9713 GZ Groningen, The Netherlands

Proper control of mTOR signaling is relevant for health, disease and ageing. Information from intra- and
extra-cellular signaling cues is transmitted to mTOR through an intricate signaling network that controls its
localization and activity. Interestingly, although mTOR is a heavily ubiquitinated protein, the role of this post-
translational modification in regulating its activation status remains poorly understood. In this presentation, |
will report our recent findings on the identification and characterization of the first described deubiquitinase
(DUB) enzyme that directly acts on mTOR itself to control its activity, and will discuss the role of non-degra-
dative mTOR ubiquitination in cell physiology, ageing and human disease.

19
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Transcription speed is controlled by mTOR via the super elongation complex

Joris J.P.G. Demmers'5; Jiang Chang'; Jose M. Heredia-Genestar'; Barbara Steurer'; Zigin Tang?, Sander Barn-
hoorn'; Ping Gao'; Renata M.C. Brandt'; Y. van Loon'; Jeroen A.A. Demmers?; Altaf H. Sarker?; Serena T. Bruens',
Arjan F. Theil'; Priscilla K. Cooper?; Jurgen A. Marteijn'; Jan H.J. Hoeijmakers'2®, Joris Pothof!

"Department of Molecular Genetics, Erasmus MC Cancer Institute, Erasmus Medical Center, 3000 CA, Rotterdam,
The Netherlands

2 Princess Maxima Center for Pediatric Oncology, Oncode Institute, Heidelberglaan 25, 3584 CS, Utrecht,
The Netherlands

8 Proteomics Center, Erasmus Medical Center, 3000 CA, Rotterdam, The Netherlands

4 Biological Systems and Engineering Division, Lawrence Berkeley National Laboratory, Berkeley, CA, 94720, USA

5 University of Cologne, Faculty of Medicine, Cluster of Excellence for Aging Research, Institute for Genome Stability in
Ageing and Disease, Joseph Stelzmann Strasse 26, 50931 Cologne, Germany

The mechanistic target of rapamycin (mTOR), a kinase whose activity inversely correlates with lifespan 1-3,
is a central regulator of cell growth in response to nutrients and growth factors 3,4. Active mTOR promotes
general translation 5,6 and synthesis of ribosomal and transfer RNA 7-9 to support protein translation. As
transcription precedes translation, we wondered whether mTOR might also affect general transcription of
mRNAs. Here, we demonstrate that mTOR regulates transcriptional output by genome-wide control of RNA
polymerase Il transcription elongation speed via the super elongation complex factor AFF1, a novel mTOR
target that is phosphorylated by mTOR in the cytoplasm and subsequently translocates to the nucleus. This
transcriptional regulation is mechanistically distinct from mTOR's role in translation. Inhibition of mTOR de-
creased transcription speed, reducing transcriptional output and cellular mRNA levels in both cells and mice,
while simultaneously improving transcriptional accuracy, and reducing R-loops and DNA-damage-driven
transcription stress, a recently discovered pro-aging phenotype across organs and species 10. These findings
extend mTOR's functional role to include genome-wide RNAPII transcriptional control, thereby tightly balan-
cing mRNA levels and translation, while also enhancing pro-aging transcription-associated phenotypes.

References:

1. Mossmann, D., Park, S., and Hall, M.N. (2018). mTOR signalling and cellular metabolism are mutual determinants in can-
cer. Nat Rev Cancer 18, 744-757.10.1038/s41568-018-0074-8.

2. Johnson, S.C., Rabinovitch, P.S., and Kaeberlein, M. (2013). mTOR is a key modulator of ageing and age-related disease.
Nature 493, 338-345.10.1038/naturel1861.

3. Liu, GY., and Sabatini, D.M. (2020). mTOR at the nexus of nutrition, growth, ageing and disease. Nature Reviews Molecu-
lar Cell Biology 21, 183-203. 10.1038/s41580-019-0199-y.

4. Battaglioni, S., Benjamin, D., Walchli, M., Maier, T., and Hall, M.N. (2022). mTOR substrate phosphorylation in growth
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The transcription factor Sob maintains intestinal stem cell homeostasis to de-
lay ageing
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Ageing is associated with physiological decline and disrupted tissue homeostasis, often driven by imbalanced
stem cell activity. The Drosophila midgut serves as a powerful model for studying epithelial homeostasis and
ageing as it exhibits many conserved hallmarks of regulation and deteriorating intestinal stem cell function
with age. We have identified the transcription factor encoded by Sister of odd and bowl! (Sob) as a conserved
marker of intestinal stem/progenitor cells in homeostasis whose expression is lost with age (Shahzad et al.,
2026). Premature downregulation of sob shortens lifespan while overexpression in the intestinal stem/proge-
nitor cells is sufficient to extend lifespan, suggesting a critical role in maintaining homeostasis with age. At the
cell and tissue level stem/progenitor knockdown and overexpression reveal that Sob maintains homeostasis
by reqgulating both proliferation and lineage specification. In young guts, Sob restricts intestinal stem cell pro-
liferation and promotes enteroendocrine differentiation while limiting excessive enterocyte differentiation. We
have also found that the transcription factor Exex, the Notch pathway inhibitor Numb, and the enterocyte dif-
ferentiation regulator Dawdle act downstream of Sob to regulate proliferation and differentiation. Our findings
position Sob as a critical molecular switch linking stem cell dysfunction to gut ageing.
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Vitamin B12 boosts H3K4me2 deposition to promote transcription recovery
following DNA damage
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DNA lesions impair transcription and contribute to aging, but how nutrient state regulates recovery from this
stress is unclear. Here we show that dietary vitamin B12 rescues developmental delay and lifespan shortening
amid ultraviolet-induced DNA damage in Caenorhabditis elegans. Mechanistically, vitamin B12 benefits upon
UV require the methionine cycle, whereas methionine supplementation is sufficient to recapitulate B12 effects.
We further demonstrate that vitamin B12 promotes transcription recovery after DNA damage through increa-
sed H3K4me2 levels, independently of nucleotide excision repair. Consistently, methionine supplementation
in human cells suppresses UV-induced apoptosis and promotes transcription recovery after DNA damage
through depositing H3K4me2. Moreover, vitamin BI12 supplementation extends lifespan, maintains body
weight and improves liver transcription activity with an elevated H3K4me2 in progeroid mice. Together, our
study reveals transcription recovery after DNA damage as metabolically reqgulated and identifies a conserved
nutrient-epigenetic axis that promotes organismal resilience to genotoxic stress.
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Prolonged bed rest reduces PhenoAge despite marked physiological
deconditioning
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Ageing clocks are increasingly used to quantify health, but their sensitivity to rapid inactivity-induced functio-
nal decline remains unclear. We studied whether 60 days of strict bed rest, a controlled model of accelerated
functional ageing, altered PhenoAge. PhenoAge (9 markers) was measured in 24 healthy adults aged 33+9
years, including eight females, before and after 60 days bed rest conducted at German Aerospace Center
(K&lIn). Bed rest induced significant reductions in VO2max, muscle strength, bone mineral density and lean
mass, but mean PhenoAge paradoxically decreased from 23.3 to 21.7 years. This reduction was primarily
driven by a 9% decrease in creatinine, a ~4% increase in albumin, and a 3% increase in lymphocyte concen-
tration. Increases in fasting glucose and C-reactive protein only modestly increased PhenoAge. PhenoAge
decreased while physiological systems showed a clear accelerated ageing. These findings indicate that morta-
lity-trained clinical biomarker clocks may be insensitive to rapid functional decline. Blood-based aging clocks
should be validated against short-term exercise and/or nutritional interventions.
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Non-cell-autonomous control of stress surveillance by telomere deprotection
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Loss of telomere end protection triggers cellular senescence or cell death, which functions as a tumor sup-
pressor while also accelerating aging-associated dysfunction and diseases. Although telomere protection is
dynamic and responding to various endogenous and environmental insults across lifetime, whether and how
early-life telomere instability influences life history trajectories in the organismal context remain unknown.
Here, we uncover a previously unrecognized consequence of compromised shelterin-mediated telomere
protection in germ cells by employing C. elegans as a metazoan model. Counterintuitively, we show that
early-adulthood telomere deprotection promotes organismal health and longevity in nematode worms via me-
chanisms that preserve germline genome stability and integrity, without overt reproductive cost. The somatic
longevity response is mediated by the induction of apoptosis and the subsequent engulfment of genomically
compromised germ cells by gonadal niche cells. We also demonstrate that intestinal p38-like stress signa-
ling is required to elicit germ cell apoptosis and lifespan extension upon telomere deprotection. Of note, the
somatic p38-like signaling is essential to safeqguard inheritable euploidy in the descendants amid telomere
deprotection, suggesting the engagement of somatic surveillance in the faithful inheritance of genetic ma-
terials. Finally, we identify prostaglandin signaling as a hormone-like mechanism through which deprotected
germline genomes provoke non-cell-autonomous activation of the p38-like stress response that augments
somatic health.

Taken together, our study establishes an unprecedented pro-longevity signaling circuits initiated by early-li-
fe telomere deprotection in ovarian germ cells. The state of telomere integrity in youth dictates animal aging
trajectories via hormone-like requlation of somatic stress responses that shape adaptive and survival strate-
gies through apoptotic corpse clearance. Given the implication of ovarian hormones in systemic coordination
of homeostasis and physiology as well as age-related disease risks in humans, our work may provide a novel
paradigm for a better understanding of the effects imparted by age-dependent accumulation of meiotic chro-
mosome errors in human eggs on female fertility and longevity.
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A neonatal-like cardiac program underlies adult heart regeneration in the
naked mole-rat
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Cardiac regeneration is severely restricted in most adult mammals, leading to irreversible damage, fibrosis,
and loss of function after myocardial infarction (MI). In contrast, neonatal mammals transiently regenerate the
heart through cardiomyocyte (CM) proliferation and minimal scarring, but this capacity is rapidly lost after
birth.

Here, we identify the naked mole-rat (NMR, Heterocephalus glaber) as a striking exception. Adult NMR hearts
retain neonatal-like metabolic and structural traits, including reduced fatty-acid oxidation, a subset of mono-
nucleated diploid CMs, and fetal-like contractile proteins. Following MI, NMR mount a regenerative response.
Despite comparable initial injury to mice, NMR hearts show sustained CM cell-cycle re-entry, progressive scar
resolution and up to 30% recovery. ECM proteomics identified a factor enriched in injured NMR hearts. Injec-
tion of this factor into adult mice after Ml stimulated CM proliferation and reduced fibrosis, suggesting NMR
ECM components can reactivate regenerative programs. Overall, these results establish the naked mole-rat as
a unique adult mammalian model of heart regeneration.
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Senomorphic effect of genetic and chemical partial reprogramming
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Partial reprogramming has emerged as a promising strategy to ameliorate aging phenotypes, yet its cellular
targets and mechanisms remain poorly defined. Cellular senescence is a central hallmark of aging and a
plausible mediator of reprogramming-induced rejuvenation. Here we show that genetic and chemical partial
reprogramming act directly on senescent cells without restoring proliferative capacity. OSKM expression or
a reduced two-compound regimen, tranylcypromine and RepSox (2c), attenuates senescence-associated
secretory activity, restores mitochondrial homeostasis and apoptotic priming, and improves functional and
inflammatory parameters in aged mice, establishing senomorphic, identity-preserving reprogramming as a
potentially safer aging intervention.
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Mitochondrial metabolism and epigenetic crosstalk in senescent cells.
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Chronic low-grade inflammation is a hallmark of aging and a major risk factor for morbidity and mortality

in older adults. Senescent cells (SCs) promote tissue dysfunction and organismal aging in part through the
senescence-associated secretory phenotype (SASP). However, the mechanisms contributing to the SASP are
not fully elucidated. Our team has shown that mitochondrial dysfunction plays a central role in aging and SASP
production. Understanding how mitochondrial dysfunction drives the SASP is essential for identifying new
therapeutic targets to counteract the detrimental impact of SCs during aging.

Here, we demonstrate that mitochondrial metabolism is a key regulator of the epigenetic regulation of the
SASP, where mitochondria-derived metabolites, such as citrate and acetyl-CoA, fuel histone acetylation at
SASP gene loci, promoting their expression and inflammation in SCs. Interfering with mitochondrial metabo-
lism, by inhibiting SLC25A1 and citrate export, reduces histone acetylation and SASP expression. Moreover,
we show that mtDNA/cGAS/STING signaling cooperates with this metabolic—epigenetic pathway to enable
full SASP activation and inflammation. Finally, single-cell multiome analysis in muscle demonstrates that
pharmacological inhibition of SLC25A1 in vivo reduces chromatin accessibility at SASP genes, decreases in-
flammation, and is associated with improved healthspan in aged mice, underscoring its therapeutic potential.
Our data support the concept that the SASP is driven by crosstalk between mitochondrial metabolism and
epigenetic changes and identify new targets to combat the pro-aging effects of SCs.
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Aging clocks delineate neuron types vulnerable or resilient to
neurodegeneration and identify neuroprotective interventions
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Different neuron types show distinct susceptibility to age-dependent degeneration, yet the underlying mecha-
nisms are poorly understood. Here we applied aging clocks to single neuron types in C. elegans and found that
distinct neurons differ in their biological age. Ciliated sensory neurons with high neuropeptide and protein bio-
synthesis gene expression show accelerated aging and degeneration, correlating with loss of function, which
could be prevented by pharmacological inhibition of translation. We show that the C. elegans neuronal aging
transcriptomes correlate with human brain aging patterns and anticorrelate with geroprotective interventions.
We performed an in silico drug screen to identify potentially neuroprotective small molecules. We show that
the plant metabolite syringic acid and the piperazine derivative vanoxerine delay neuronal degeneration, and
propose these compounds as neuroprotective interventions. Furthermore, we identify neurotoxins that accele-
rate neurodegeneration, indicating that distinguishing aging trajectories between neuron types can inform on
protective interventions as well as risk factors.
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Do mental disorders accelerate the pace of ageing?
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Background: Mental disorders are linked to earlier onset of age-related disease and premature mortality, but
whether they accelerate biological ageing is unclear. We tested associations between mental disorders and
the pace of ageing, and whether these are causal.

Methods: In UK Biobank and the Dunedin Study, we examined associations of mental disorder diagnoses,
psychiatric multimorbidity, dimensional psychopathology and polygenic scores with DunedinPACNI, a neuroi-
maging measure of the pace of ageing. Two-sample Mendelian randomisation (MR) tested causal effects.
Results: Most mental disorders were associated with faster ageing, with the largest effect for psychotic di-
sorders. Greater psychiatric multimorbidity showed a graded association with faster ageing, replicating in
the Dunedin Study. Polygenic score associations were small. MR supported causal effects for substance use,
affective and neurotic disorders, but not psychotic disorders.

Conclusions: Mental disorders are associated with, and for several groups causally linked to, a faster pace of
ageing, largely reflecting illness rather than genetic liability.
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Loss of regeneration and epigenetic drift of the intestinal stem cells
during aging
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Aging of the intestinal epithelium is associated with impaired stem cell function, reduced regenerative capa-
city and increased cancer risk. Epigenetic drift, particularly altered DNA methylation, is a hallmark of aging and
is frequently observed in intestinal tumorigenesis. However, how age-associated inflammation, metabolic dys-
function and tissue regeneration converge to generate epigenetic drift in intestinal stem cells remains poorly
understood. Across three studies, we combined transcriptomic, epigenomic, proteomic and metabolomic pro-
filing of aged intestinal tissues with functional assays in mouse models and analyses of human colon datasets.
We identified IFNy-STATI signaling as a driver of age-related stem cell dysfunction, aberrant lineage priming
and impaired regeneration. We further showed that aged epithelia develop proteostatic stress, while polyami-
ne metabolism supports regenerative recovery. Finally, we demonstrated that intestinal DNA methylation drift
originates in stem cells and expands through crypt clonality and fission, driven by inflammation, reduced Wnt
signaling, altered iron metabolism and impaired TET activity. Together, these studies define a mechanistic link
between inflammaging, regenerative decline and epigenetic drift, explaining how aging creates a molecular
substrate for cancer-associated DNA methylation changes.
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Novel Treatments to Mitigate Ovarian Aging and Follicle Loss
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The gradual decline of ovarian reserve, culminating in menopause, is a hallmark of women'’s reproductive
aging. Studies have previously linked the age-related reduction in primordial follicles to the DNA damage res-
ponse and oxidative stress. Here, we investigate the potential of SKQI, a mitochondria-targeted antioxidant, in
preserving the ovarian reserve.

Using female mice as a model, we administered SKQI to evaluate its impact on ovarian health. One group was
exposed to ethanol, a known inducer of oxidative stress associated with diminished ovarian reserve, while
another group received co-administration of SKQ1 and ethanol. Ethanol exposure resulted in a significant re-
duction in primordial follicles, confirming its detrimental effect on ovarian reserve. Conversely, SKQI treatment
effectively increased primordial follicle numbers, restoring them to control levels. Furthermore, proteomic,
metabolomic, and lipidomic analyses revealed that SKQ1 treatment protected the ovary from the detrimental
effects of ethanol.

Expanding our investigation to natural aging, SKQ1 treatment significantly reduced primordial follicle loss
compared to untreated mice, suggesting its potential to slow down the natural aging process. Proteome, me-
tabolome, and lipidome analysis of SKQI-treated ovaries indicated a rejuvenation effect, suggesting that SKQI
treatment goes beyond mere preservation of the ovarian reserve.

Together, these findings identify SKQI1 as a promising therapeutic candidate to preserve ovarian reserve and
delay ovarian aging, opening new avenues for interventions aimed at extending female reproductive lifespan
and improving reproductive health in women.

Key words: Ovarian reserve; SKQI;, DNA repair, Oocyte
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Lipid droplets in MUFA mediated longevity
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Aging is characterized by the gradual decline of tissue function. But age progression can be slowed by inter-
ventions such as diet. For example, diets rich in specific lipids such as monounsaturated fatty acids (MUFAs)
in the Mediterranean diet, correlate with longevity in humans. Specific MUFAs including oleic acid also causally
extend lifespan in the nematode C. elegans. This suggests that MUFAs are a powerful target for dietary ma-
nipulations in the context of aging. However, the cellular mechanism underlying these benefits remain largely
unknown. We find that MUFAs upregulate the number of lipid droplets, key lipid storage organelles, and that an
increased lipid droplet number is necessary for MUFA-induced longevity in C. elegans. Interestingly, the num-
ber of lipid droplets in the intestine of individual worms also predicts their remaining lifespan. Lipid droplets
form contacts with the endoplasmic reticulum, peroxisomes and mitochondria for lipid synthesis and degra-
dation. We applied super resolution microscopy to observe the organelle landscape during aging focusing on
lipid droplets interaction partners. We find that anabolic lipid droplet processes decline with age and detect a
shift towards catabolic pathways. Importantly, lipid droplet interaction sites are modulated in MUFA enriched
long-lived worms. This suggest that MUFAs, stored in lipid droplets, induce rearrangements in the organelle
landscape, that may be key for longevity.
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Histological aging signatures enable inference of tissue-specific disease
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Aging is characterized by profound structural remodeling of human tissues. Using 25,712 whole-slide images
from 40 tissue types across 983 individuals in the GTEx cohort, we leveraged deep learning to quantify
morphological alterations and develop “tissue clocks” that predict biological age. These clocks correlate with
established molecular aging markers, subclinical pathologies, and comorbidities, while highlighting demo-
graphic and lifestyle factors linked to tissue-specific age acceleration. Furthermore, by integrating paired
histology and transcriptomic data, we developed a method to predict tissue-specific age gaps directly from
blood samples. We validated this approach across independent cohorts for eight prevalent diseases, including
Alzheimer's, stroke, and Crohn’s disease, demonstrating that histopathological imaging provides a robust,
scalable framework for monitoring tissue-specific physiological decline.
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Discovery of a Circulating Myokine that Improves Systemic Function in
Aged Mice
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Background

The global demographic shift toward an aging population has intensified the clinical burden of age-related
conditions, such as sarcopenia and cognitive decline. Skeletal muscle is now recognized as a sophisticated
endocrine organ that maintains systemic homeostasis through the secretion of myokines. To identify potent
therapeutic candidates, we implemented a two-layer analytical framework combining machine learning and
human multi-omics data to discover myokines that mitigate age-associated muscle atrophy and restore inter-
organ crosstalk.

Methods

We applied XGBoost coupled with SHAP (SHapley Additive exPlanations) to GTEx human muscle transcrip-
tomics, prioritizing genes encoding secreted proteins with age-associated downregulation. These candidates
were integrated with plasma proteomic profiling from a Korean sarcopenia cohort (Asan Medical Center),
identifying AMPEX (Aged Muscle Protecting Exerkine) as a lead candidate positively correlated with grip
strength and gait speed. Recombinant protein was produced in CHO cells and applied to C2C12 myotubes to
assess function via RNA-seq and GSEA. In vivo efficacy was evaluated in 19-month-old C57BL/6J mice treated
with 2.5 or 5.0 mg/kg for 14 weeks. Assessments included DEXA body composition, hanging and treadmill
tests, and a comprehensive behavioral battery (Y-maze, Open Field, Elevated Plus Maze).

Results

To characterize the function of the newly identified myokine, recombinant protein was produced in CHO cells
and applied to C2C12 myotubes, followed by RNA sequencing and gene set enrichment analysis (GSEA).
GSEA revealed enrichment of gene sets associated with muscle homeostasis, mitochondrial integrity, and
exercise capacity. Unbiased human phenotype ontology—based analysis further demonstrated associations
with muscle and mitochondrial diseases, supporting therapeutic potential. Based on these findings, we de-
signated this myokine as AMPEX (Aged Muscle Protecting Exerkine). In vitro, recombinant AMPEX induced
myotube hypertrophy, indicating anabolic effects. In aged mice, chronic AMPEX administration increased lean
mass and fiber cross-sectional area (CSA) in multiple muscles while reducing fat mass and improving bone
mineral density. AMPEX-treated mice also exhibited enhanced endurance, spontaneous activity, and cognitive
performance, alongside reduced anxiety-related behaviors. These systemic benefits were observed in both
sexes and accompanied by improved external signs of aging. Ongoing studies are evaluating circulating AM-
PEX levels in a 1,000-person cohort and its impact on lifespan.

Conclusion

AMPEX represents a first-in-class recombinant myokine that reverses core features of muscle aging and
enhances systemic vitality. By addressing both local muscle wasting and age-related functional deterioration,
AMPEX offers a transformative therapeutic strategy for sarcopenia and the promotion of systemic healthy

aging.
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The role of the ribosomal RNA methyltransferase Nsun5 in mouse aging and
development

Liendl, L.; Wagner-Schrittwieser, A.2; Apel, A.2; Winter, C. 2; Papp, L.'; Heissenberger, C.'; Schmid-Siegel, M.2;
Tav, K.2; Hengstschlager, M.2; Schosserer, M."23

'Institute of Molecular Biotechnology, Department of Biotechnology, BOKU University, Vienna, Austria

2 Institute of Medical Genetics, Center for Pathobiochemistry and Genetics, Medical University of Vienna, Vienna,
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¥ Max Planck Institute for Biology of Ageing, Cologne, Germany

We previously showed that the absence of a single m5C modification on 28S rRNA, introduced by NSUN5,
increases the lifespan and stress resistance of S. cerevisiae, C. elegans, and D. melanogaster. Here, we inves-
tigated the consequences of constitutive whole-body Nsun5 knockout in mice, resulting in the absence of
methylation at C3438 of the 28S ribosomal RNA. Indeed, frailty and lifespan assessments indicated that the
loss of Nsunb is beneficial at advanced age, in both male and female animals. However, Nsunb knockout also
caused reduced body weight, partial embryonic lethality, and defects in immune function. Investigations into
the underlying mechanisms suggest that the role of Nsun5 in modulating translation is linked to cell growth
and differentiation. Given the evolutionary conservation of NSUNDS, we are confident that our experiments will
help elucidate the contribution of rRNA modifications to organismal fithess and may pave the way for the de-
sign of geroprotectors targeting NSUND.
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A single-cell multi-omic atlas decodes the regulatory logic of liver aging

Sen, P.'; Sarker, N.'; Yang, N
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The liver exhibits striking spatial organization and profound age- and sex-dependent functional changes,

yet the regulatory mechanisms remain incompletely understood. Prior single-cell studies have described
age-related loss of hepatocyte zonation, immune remodeling, and metabolic decline, but lack integrated
transcription factor mapping, and systematic sex comparisons. Therefore, we generated a lifespan- and sex-
resolved single-cell multi-omic atlas of mouse liver integrating RNA and ATAC modalities. By profiling five age
groups, our data reveal continuous and non-linear regulatory dynamics that cannot be inferred from binary
young-old contrasts. This resource identifies cell-type-, zone-, age-, and sex-resolved transcription factor re-
gulation, oscillatory metabolic programs, emergence of distinct senotypes, and extensive chromatin plasticity.
We further uncover a transient, lineage-inappropriate gene expression pattern in female hepatocytes with age.
Together, our study defines the spatiotemporal regulatory logic of hepatic aging in both sexes.
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Suppression rather than activation of the integrated stress response
(GCN2-ATF4) pathway extends lifespan in the fly

Miriam Go6tz'; Dan Hayman'; Gracie Adams'; Fumiaki Obata?; Mirre Simons'

"University of Sheffield
2RIKEN & University of Kyoto

Stress response pathways are emerging as conserved modulators of lifespan. The prevailing hypothesis is that
activation of stress-responsive pathways, including the amino acid deprivation arm of the integrated stress
response (ISR; the GCN2-ATF4 pathway), is prolongevity. Activation of ATF4 orthologs extends lifespan in
Saccharomyces cerevisiae and Caenorhabditis elegans, but its role in other longer-lived organisms remains
unclear. We comprehensively tested the role of the GCN2-ATF4 pathway in longevity in the fly (Drosophila
melanogaster) for the first time. We used conditional genetic manipulation of dGCN2 and its downstream
effector Drosophila ATF4 (crc; dATF4). In contrast to previous studies, we show that overexpression of
dGCN2 and dATF4 significantly reduces lifespan, while knockdown (in vivo RNAI) of dATF4 extends lifespan.
We confirmed that dATF4 activity was successfully modulated using a fluorescent dATF4 activation reporter.
Borrelidin, a tRNA synthetase inhibitor, significantly reduced lifespan in a both dATF4 and diet-dependent
manner, independent of microbial load, showing our modulation of dATF4 altered nutrient to ISR signaling. We
further conducted long-read RNA sequencing and found that our manipulation of dATF4 changed global tran-
scription in opposite directions, including known ATF4 target genes. Enrichment analysis revealed that dATF4
overexpression may drive metabolic stress, while dATF4 knockdown may upregulate proteostasis and DNA
repair pathways. Our work reveals that ATF4 may exhibit a dual, dose-, and context-dependent role in aging.
Chronic dATF4 activation is detrimental in flies, while chronic suppression is prolongevity. The GCN2-ATF4
pathway thus qualifies as a modifiable control of lifespan with cross-species relevance.

This work is published: https://doi.org/10.1073/pnas.2518812123

I will also cover currently unpublished work on this pathway, including a novel connection we have discovered
with the spliceosome.
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DNA Methylation-Based Clonal Hematopoiesis Burden Associates with
Structural Brain Atrophy

Suwanlikit, Y.'23"; Crofts, S.J.'24"; Cox, S.5"; Robertson, N.A.*¢; Marioni, R.7; Tan, S.H.'8; Kirschner, K.'9#;
Chandra, T."10#,
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3 Department of Pharmacology, Mahidol University, Bangkok, Thailand

4School of Biological Sciences, University of Edinburgh, Edinburgh, UK
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¢ Department of Quantitative Health Sciences, Mayo Clinic, Rochester MN, USA

7 Institute of Genetics and Cancer, University of Edinburgh, Edinburgh, UK

8 Bioinformatics and Computational Biology, University of Minnesota, Minneapolis MN, USA
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Clonal hematopoiesis (CH) effects on neurodegeneration remain poorly understoodl. Using COMET2, a met-
hylation-based clonality predictor, we examined longitudinal associations between clonal burden and brain
structure in the Lothian Birth Cohort 19363 (n =1,091) across three time points (ages 73-79). Latent growth
curve modeling revealed that rising clonality significantly predicted progressive gray matter loss (f = -0.958,
p < 0.01), following a left-lateralized cortical atrophy pattern in medial temporal and parietal regions that
spatially corresponded with an established Alzheimer’s disease (AD) cortical map4 (r = 0.344, p = 0.004).
Subcortical analyses showed relative caudate preservation and no significant hippocampal association. A
complementary CH burden predictor derived from the EWAS studyb, capturing systemic epigenetic remo-
deling across mutant and wild-type immune cells, was associated with global atrophy but showed divergent
regional patterns. Together, these findings establish CH burden as a contributor to brain atrophy, with clonality
specifically linked to AD-like cortical atrophy in cognitively healthy older adults.
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The Damage Code — Single-Nucleotide Maps of DNA Lesions Across the
Ageing [EpilGenome
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Genomic instability is a primary hallmark and cause of ageing, yet which DNA-damage types matter, where
they accumulate, and how they affect gene regulation remain unclear. We address this using genome-wide,
single-nucleotide- and strand-resolved sequencing: click-code-seq for oxidized guanines and abasic sites],
and enhanced GLOE-seq for strand breaks2 — three major types of DNA damage. We mapped guanine oxida-
tion and DNA methylation in 150 human PBMC genomic DNA samples across ageing, in addition to available
matched RNA-seq and ATAC-seq data. In male mouse livers across the lifespan, we profiled oxidation, abasic
sites, strand breaks, DNA methylation, RNA-seq and ATAC-seq. In both species, we uncovered transcriptional
strand asymmetry of all three damage types, yet with different orientations. DNA damage was highly enriched
in ATAC-seq peaks. Locus-specific DNA damage correlated with gene expression, methylation and chromatin
state, including at tumour-suppressor, genome-maintenance and inflammation genes, and associated with a
range of epigenetic-age metrics.
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TACRS variant confers resilience to aging and Alzheimer’s disease
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Genetic factors conferring cognitive resilience in aging remain poorly characterized. The neurokinin-3 re-
ceptor (NK3-R), encoded by Tachykinin Receptor 3 (TACR3), modulates cholinergic signaling in memory
circuits vulnerable to aging. Previous studies linked the non-WT expression of the TACR3 variant rs2765 with
cognitive decline and reduced volume of the hippocampus and basal forebrain. We investigated rs2765 in the
preregistered AgeGain cohort of cognitively healthy older adults (n=188) with independent validation in the
ADNI cohort (n=809). Analyses integrated structural neuroimaging, longitudinal cognitive assessments, epi-
genetic aging (PhenoAge), genome-wide methylation profiling, and mechanistic validation through luciferase
assays and cross-species protein expression studies. rs2765 WT confers resilience to age- and AD-related
cognitive decline through RBMX-dependent regulation of NK3-R expression, with effects of remarkable size
cascading from memory to systemic aging. rs2765 genotyping will stratify individuals for NK3-R modulator
therapy and complement APOE-based risk assessment in precision geromedicine.
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Shared molecular signatures between diapause Il and aging in killifish Notho-
branchuis furzeri suggest aging during diapause Il
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Nothobranchius furzeri (Cyprinodontiformes) live in seasonal freshwater ponds that are dried out for most

of the year. To survive this, these fish can arrest their embryonic development via diapause. It can occur in
three developmental stages: during gastrulation (diapause 1), at mid-somitogenesis (diapause II) and before
hatching (diapause ). Diapause Il (DIl) state can last up to multiple years. Diapause is a facultative develop-
mental trajectory, and its alternative trajectory is direct development (DD). Time spent in DIl does not affect
the lifespan of the adult fish after hatching indicating that either the embryos do not age during diapause or
the aging signature is erased post diapause. Despite being a state of arrest, DIl nonetheless exhibits dynamic
regulation of many genes, a significant proportion of which are regulated during aging as well. This leads to
the hypothesis that gene regulation patterns selected to enable diapause could have a pleiotropic detrimental
effect in adult life reducing lifespan. We leveraged the next generation sequencing (NGS) technologies to ge-
nerate multiomic transcriptomic RNA-seq and methylomic RRBS datasets spanning from blastula (3-day post
fertilization) to sexually mature (3-week post hatching) fish. Using RNA-seq we looked at DEGs resulting from
comparison of DIl with DD and genes that follow monotonic trajectories after hatching. We used DNA methy-
lation RRBS data to identify DNA regions differentially methylated in DIl and to update the methylomic aging
clock model to predict the epigenetic age of DIl and DD samples. RNA-seq suggests that gene expression

in DIl is similar to gene expression during maturation and aging. Aging clocks models show that DIl samples
exhibit higher epigenetic age than DD samples. Our findings point not only to the shared molecular signatures
between DIl, maturation and aging, but to embryos exhibiting higher molecular age during DII, which is then
reversed upon exit from DII.
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Localized NAD* Replenishment Restores Metabolic Resilience and Mitigates
Cardiac Injury after Myocardial Infarction
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Aging is accompanied by a progressive decline in metabolic resilience, characterized by systemic NAD* de-
pletion, mitochondrial dysfunction, and impaired redox homeostasis. These interconnected processes drive
increased susceptibility to a broad spectrum of age-associated pathologies, including cardiovascular diseases
such as myocardial infarction (MI). Notably, the early phase following Ml represents a critical period during
which this pre-existing metabolic vulnerability is rapidly amplified, leading to extensive cardiomyocyte loss
and setting the trajectory for adverse cardiac remodeling. Although restoration of NAD* metabolism has emer-
ged as a promising strategy to counteract aging-associated metabolic dysfunction, systemic administration of
NAD* precursors remains poorly suited for the acute post-MI setting due to limited cardiac bioavailability and
delayed tissue exposure. Here, we develop an injectable and adhesive nicotinamide riboside (NR)-conjuga-
ted hydrogel, termed iANgel, that enables immediate, localized, and sustained NAD* replenishment directly
within the infarcted myocardium. Early post-MI delivery of iANgel effectively restores myocardial NAD* levels,
preserves mitochondrial respiratory capacity, and maintains redox homeostasis under ischemic stress, thereby
enhancing cardiomyocyte survival. In a murine Ml model, this early intervention translates into improved cardi-
ac contractile performance, stabilization of electrophysiological function, reduced inflammatory remodeling,
and enhanced neovascularization at later stages. Together, these findings identify age-associated metabolic
decline as a critical determinant of post-MI progression and demonstrate that spatiotemporally controlled
NAD* delivery can effectively intercept this vulnerability. This work highlights a therapeutic strategy that
bridges aging biology with acute cardiovascular intervention.
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Nuclear integrity underpins the dynamic range of inflammation regulation
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The nuclear lamina is essential for genome organisation and nuclear structure, yet how nuclear lamin redun-
dancy influences transcriptional programmes and cell identity remains poorly understood. Here we show
depletion of A-type lamins induces a “de-capping” phenotype characterised by recurrent nuclear envelope
rupture. Live-cell imaging revealed dynamic rupture—repair cycles with transient loss of nuclear compart-
mentalisation. Surprisingly, such A-type lamin dependency was cell type specific, and we identify the lamin

B receptor (LBR) as a key compensatory factor. Dual depletion of lamin A/C and LBR was sufficient to induce
de-capping in otherwise resistant cells, whereas LBR overexpression rescued nuclear integrity following lamin
A/C loss.

Functionally, de-capping induced a slow-cycling basal inflammatory cell state dependent on dysregulated
NF-«kB signalling. Using live imaging, we demonstrate nuclear rupture drives passive bidirectional diffusion

of NF-«kB across the nuclear envelope. In basal conditions, rupture promoted NF-xB influx into nuclei and
elevated inflammatory gene expression, whereas during strong activation, rupture facilitated NF-xB efflux and
attenuated cytokine induction. Thus, transient rupture compresses the dynamic range of NF-«kB signalling by
disrupting nucleocytoplasmic compartmentalisation. Importantly, we observed similar de-capping phenotypes
in naturally aged mice livers. Together, our findings identify nuclear integrity as a dynamic regulator of tran-
scriptional signalling and establish nuclear envelope rupture as a novel mechanism of inflammatory regulation
which may contribute to age-related chronic low-grade inflammation.
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Identification of functional cellular markers related to human health, frailty and
chronological age
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Introduction:

Aging leads to decline in physiological reserves, an increase in age-related diseases, reduced functional ability
and a shortened healthspan. While molecular markers of chronological aging exist, their link to general health
and intrinsic capacity (IC), a composite measure of physical and mental capacities, remains unclear. This
study integrates the WHO’s Healthy Aging framework with geroscience to explore fibroblasts as indicators of
health.

Methods:

We assessed primary skin fibroblasts from 133 individuals aged 20 to 96, evaluating their ability to maintain
tissue Structure, modulate Immune responses, and regulate Metabolism (SIM functions). By combining func-
tional and molecular analyses, we investigated the relationship between fibroblast performance, chronological
age, and IC. Results:

Our results demonstrate that fibroblast SIM functions are modified with stressors and age, correlating with IC
rather than just chronological age. Notably, fibroblasts from pre-frail and frail individuals exhibited reduced
mitochondrial respiration and lower extracellular Periostin levels with Periostin being able to capture IC status,
irrespective of age and sex, reflecting a cellular “health memory.”

Conclusion:

The SIM paradigm provides a complementary framework to the established hallmarks of aging, advancing our
understanding of how cellular aging impacts functional decline. These findings suggest that fibroblast-derived
markers could serve as indicators of frailty and reduced IC, enabling early detection of individuals at risk for
health deterioration and laying the foundation for early identification of functional decline.
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Human liver organoids preserve donor age signatures and reveal
inter-individual differences in tissue resilience.
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Age-related processes contribute to chronic liver and metabolic diseases, major causes of mortality worldwi-
de. However, modeling donor-specific hallmarks of ageing and liver resilience remains challenging.

We generated human liver organoids (LO) from limited tissue samples and established matched LO-tissue
biobank (Fig.1). To investigate resilience, LO were subjected to chronic (fatty acid, FFA) and acute (doxorubi-
cin) injury models, followed by recovery assessment. Multi-omics approach (snRNAseq, lipidomics, cytokines)
and functional readouts defined donor-specific stress-response and recovery trajectories.

LO retained donor age-associated molecular and functional features: increased senescence markers, altered
cytokine profiles, reduced albumin secretion in LO of older donors. LO captured inter-individual differences
in response and recovery after FFA treatment, whereas recovery following doxorubicin was limited. Recovery
capacity was modulated by metformin and sex hormones, showing preserved tissue plasticity. This platform
enables mechanistic studies of liver resilience, ageing, and therapeutic responsiveness.
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Cell-Level Disease Scoring Reveals Transcriptional Heterogeneity in Alzhei-
mer’s Disease Across 56 Brain Cell types
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Alzheimer's disease (AD) is characterized by profound cellular heterogeneity in the brain, yet most transcrip-
tomic studies rely on bulk or aggregated comparisons that obscure disease-affected cell subpopulations

and leave the process of cellular degeneration poorly characterized. We developed a cell-level disease score
based on transcriptional similarity to AD transcriptomic profiles to enable systematic identification of disease-
affected cells. SCRNA-sequencing from post-mortem prefrontal cortex of AD and non-cognitively impaired
(NCI) donors was analyzed, with scores computed across 56 annotated cell subtypes as the difference in co-
sine similarity to AD and NCI pseudobulk profiles. AD subjects showed significantly elevated scores in 30 of 56
cell-types (FDR<0.05), with the strongest signals in microglia and astrocytes. Scores correlated with plaque
burden, tangle counts, and cognitive decline, most strongly in microglia, oligodendrocyte precursor cells,

and astrocytes. Differential expression between AD-like and NCI-like cells within the same donors revealed
extensive molecular heterogeneity within cell-subtypes, establishing a generalizable framework for cell-state-
resolved analyses in future scRNAseq studies.
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A 12-week anabolic lifestyle intervention (VOILA) improves body composi-
tion and metabolic health in older adults.

Artoni, F.'; Bogaards, F.'; Morwani-Mangnani, J.; Monsegue, A. P.2; Kramer, C. S.3; Verdijk, L. B.%; de Groot, L. C.
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Netherlands.

2 Maastricht University Medical Center+, Department of Human Biology, NUTRIM Institute of nutrition and translational
research in metabolism, Maastricht, The Netherlands.

3 Wageningen University, Agrotechnology and Food Sciences Group, Division of Human Nutrition and Health,
Wageningen, The Netherlands.

Older adults experience a gradual decline in muscle mass and metabolic health. The VOILA intervention
study is a 12-week lifestyle intervention in three groups of Dutch older adults (>60 years) with compromised
mobility (n=38), compromised metabolic health (n=33) or recovering from total knee replacement surgery
(n=21). All participants underwent supervised high-intensity resistance training, nutritional counseling and
supplementation. We used linear mixed models to estimate the physical and metabolic changes experienced
by VOILA participants. Over the three groups combined, total lean mass % and BMI significantly increased,
while total fat %, circulating total and LDL cholesterol, omega-6 and poly-unsaturated fatty acids, as well as
apolipoprotein B significantly decreased (PFDR < 0.05). Whereas women started with a lower health at base-
line, no significant differences in response were observed between sexes. Interestingly, participants who were
unhealthiest at baseline, based on our composite metabolomics-based overall health score (Personal-Meta-
boHealth), showed the largest improvements in body composition and metabolic health.
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A human-like bile acid pool in mice reveals translational insights in BA meta-
bolism and attenuates atherogenesis in female LdIr-/- mice
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3 Department of Cardiology, University of Groningen, University Medical Center Groningen, Groningen, The Netherlands.

4 Department of Genetics, University of Groningen, University Medical Center Groningen, Groningen, The Netherlands.
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Bile acids (BA) are implicated in ageing and age-related pathology including cardiovascular disease (CVD),
but translation of murine models is limited by interspecies differences in BA metabolism. We studied the im-
pact of a human-like BA pool in mice, with a focus on atherogenesis.

To induce a human-like BA pool, liver-specific Cyp2al2/Cyp2c70 knockdown (DKD) was generated using
CRISPR/Cas9. DKD mice received glycolithocholic acid (GLCA) to further humanize secondary BA levels. In
parallel, Ldlr-/- DKD mice were fed a LF, cholesterol-rich diet for 12 weeks to study atherogenesis.

In both models, DKD resulted in a human-like BA pool with increased hydrophobicity and levels of secondary
BAs. GLCA further elevated secondary BAs but had no further physiological effects. In LdIr-/- mice, a human-
like BA pool reduced atherogenesis in females, but not males, reflected by smaller lesions, necrotic cores,
lower plasma total and VLDL cholesterol but no changes in inflammatory mediators.

All'in all, DKD in mice results in a human-like BA pool, establishing a translationally relevant model to study
BAs in age-related disease and revealing a protective role of BAs in CVD.
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Proteomic characterization of Selinexor-mediated rescue of the healthy phe-
notype in progeroid fibroblasts
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Hutchinson-Gilford Progeria Syndrome (HGPS) is a genetic disorder that mimics physiological aging. HGPS is
caused by a mutation in the LMNA gene that produces progerin, a toxic lamin A variant that triggers nuclear
disorganization, DNA damage, and premature senescence. Progerin upregulates exportin XPO], disrupting
nucleocytoplasmic proteostasis. Although the XPOI inhibitor Selinexor reverses the progeroid phenotype,

its molecular mechanism remains unclear. To elucidate it, we assessed the effect of Selinexor on nucleocy-
toplasmic proteome distribution in healthy and HGPS cells. Mass spectrometry of these subcellular fractions
showed that Selinexor globally attenuates protein synthesis while selectively increasing nuclear localization

of proteasome subunits. In silico analysis linked these nuclear-enriched subunits to p62, an XPO1 cargo. We
experimentally validated Selinexor-mediated nuclear relocalization of p62, which accumulates as biomolecular
condensates in the nucleoplasm. We are currently investigating how nuclear p62 and proteasome activation
restore cellular homeostasis in HGPS.
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Role of glucocorticoid signaling in cellular senescence related to laminopathic
lipodystrophies
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'Sorbonne University, Inserm UMR_S 938, Saint—Antoine Research Centre, Cardiometabolism and Nutrition University
Hospital Institute (ICAN), Paris, France

2 Assistance Publique—Hépitaux de Paris (AP-HP), Saint-Antoine University Hospital, Coordinating Reference Centre for
Rare Diseases of Insulin Secretion and Insulin Sensitivity (PRISIS), Endocrinology Department, Paris, France

Genetic lipodystrophies are rare disorders, characterized by abnormal distribution of adipose tissue. They
predispose individuals to insulin resistance, hepatic steatosis, and cardiovascular disease. The most frequent
monogenic form is linked to mutations in the LMNA gene, encoding nuclear lamins. Premature aging is a hall-
mark of laminopathies, often associated with early cellular senescence, defects in nuclear envelope integrity
and functions, due to the abnormal accumulation of prelamin A, either farnesylated (progerin) e.g. in the Hut-
chinson Gilford Progeria syndrome (HGPS), or non-farnesylated e.g. in the Dunnigan lipodystrophy.

Recently, we observed that prolonged glucocorticoid (GC) exposure can reduce senescence in fibroblasts
from patients carrying the LMNA p.R482W (Dunnigan) or the LMNA p.G608G (HGPS) variants. Interestingly,
these cells exhibit a reduction in prelamin A or progerin accumulation and partial restauration of nuclear de-
fects. These findings point to GC signaling as a potential therapeutic target in laminopathies. However, further
investigation is needed to fully understand the mechanisms involved.



back to Titel back to Startpage Abstracts

Does taurine supplementation slow down human aging? First results of the
randomised, controlled TauAge trial
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INTRODUCTION: Taurine extends healthspan and lifespan in animals, but whether it has similar effects in hu-
mans is unknown [1]. To investigate this, we performed a randomised, double-blind, placebo-controlled taurine
intervention trial.

METHODS: 83 apparently healthy participants (42 women, 41 men; age=62.9 + 5.7 years; BMI=25.2 + 2.9 kg/
m2) received either 4 g/day taurine or placebo for six months (NCT06613542). We then measured cardiome-
tabolic biomarkers and muscle function (grip-strength, knee-extensor torque) pre and post intervention and
calculated the timexgroup interaction using linear mixed-effects models in a per-protocol analysis.

RESULTS: Participants tolerated taurine well. For all outcomes analysed so far, model-estimated timexgroup
interactions were not significant (all p>0.05).

DISCUSSION: Taurine supplementation does not affect cardiometabolic health or muscle function in healthy
older participants. Aging biomarker (i.e., proteomic clocks, DNA-methylation patterns) analyses to answer the
main research question are ongoing.

References:

1. Singh, P., Gollapalli, K., Mangiola, S., Schranner, D., Yusuf, M.A., Chamoli, M., Shi, S.L., Bastos, B.L., Nair, T., Riermeier, A.,
et al. (2023). Taurine deficiency as a driver of aging. Science 380, eabn9257.
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Characterization of Alternative Splicing Programmes in Retinal Aging through
Single-Cell Long-Read Sequencing
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In an increasingly aged population, identifying the molecular bases of vision loss is of growing urgency.
Alternative splicing (AS) dysregulation is a hallmark of aging, yet its role in retinal aging remains largely
uncharacterized. Importantly, given retinal cellular complexity, changes in AS require a cell-type-specific
investigation to avoid cell type composition artifacts. While addressing the cell type specificity issue, most
conventional single-cell short-read sequencing cannot resolve full-length isoforms, hampering characteri-
zation of functionally critical sequences such as the microexons, whose retina-specific inclusion is essential
for outer segment integrity, necessary for healthy vision. Using deep-coverage single-cell long-read RNA
sequencing combined with AS quantification pipelines developed in-house, we resolve splicing dynamics at
high cellular granularity. This enables us to quantify and characterize cell-type-specific as well as shared AS
events in the vertebrate retina. Together, this work establishes a cell-type-resolved isoform atlas linking age-
associated splicing programs to retinal neurodegeneration.

References:
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Genetics 139, 357-369.

2. Ciampi, L., Mantica, F., Lépez-Blanch, L., Permanyer, J., Rodriguez-Marin, C., Zang, J., Damiano Cianferoni, Senda Ji-
ménez-Delgado, Bonnal, S., Miravet-Verde, S., et al. (2022). Specialization of the photoreceptor transcriptome by Srrm3
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Multi-omics profiling adds predictive value to clinical risk stratification
in older emergency department patients: the ZNAge cohort
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Timely risk stratification is critical for older adults visiting the emergency department (ED). Yet the Multi-
dimensional Prognostic Index (MPI) and other conventional clinical tools capture only part of the biological
processes underlying ageing, frailty, and mortality risk. Multi-omics data and integrative analyses may improve
prognostic precision in this group. The ZNAge cohort comprises 492 older adults recruited at ED presenta-
tion, with clinical characterization including the MPI and multi-omics (methylome, transcriptome, proteome,
metabolome) blood profiling. With 3 years follow-up and 210 mortality events, ZNAge is a unique resource to
study molecular rehospitalization and mortality determinants. We show that the Personal-MetaboHealth scorel
improves 3-year mortality risk estimation on top of the MPI (AAUC = +0.053, p= 0.003). Currently, we are in-
vestigating additional omics-based biomarkers and have identified mortality associated factors shared across
the four omics layers. These analyses position ZNAge as a resource to identify biomarkers that offer added
value to clinical markers in estimating health and frailty in older adults at clinical risk.
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T and B lymphocytes in Alzheimers’ disease
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Alzheimer's disease is characterized by loss of memory, impairment in daily-life activities and language, motor
skills disorders, and loss of perception. The pathology includes the deposition of extracellular amyloid-beta
(AB) peptide, intracellular tau protein tangles and neuronal loss. Cytokines, chemokines and inflammatory
molecules are expressed by microglia, astrocytes and neurons. The blood-brain barrier’s integrity is impaired
causing efflux of inflammatory mediators and attraction of myeloid and lymphoid cells. Since immune cells can
migrate from periphery to the brain’s lesions contributing to neuronal death, and in circulation, lymphocytes
(T and B) shift from naive toward late differentiated cells, we hypothesized that immune cells could be used
as early biomarkers of cognitive impairment, provide knowledge for early interventions, and be targets for new
therapies. Our aim was to investigate circulating immune cells in mild cognitive impairment (MCI) and with
subjective cognitive impairment (SCI) individuals.

We included 76 individuals from Brazilian Alzheimer’s Research Center — UNIFESP with mild cognitive im-
pairment (MCI, n=58) or subjective cognitive impairment (SCI, n=18). 4mL of blood from MCI or SCI was
collected to isolate peripheral blood mononuclear cells. Cells were stained for flow cytometry analysis using:
CD3 (FITC), CD4 (PECy7), CD8 (APCCy7), CD45RA (PE), CD27 (APC), CDI9 (PE), IgD (PerCPCy5.5), IgM
(APCCy7), CD33 (PerCPCyb5.5). Intracellular cytokines (anti-TNF-a and anti-IL-6) were identified by flow
cytometry after 24 hours of cells culture in the presence or absence of phytohemaglutinin and using a cytofix/
cytoperm kit. Plasma was used to identify the presence of autoantibodies against amyloid-beta (AB40) pepti-
de via immunosensor. Student T-test was used and statistical significance was considered when p<0.05.
Groups: MCI (22 men and 35 women, 56-79 years) and SCI (6 men and 12 women, 56-78 years). Subsets

of CD4+ and CD8+ T lymphocytes (naive, central memory, effector memory, emra) and double negative T
lymphocytes were not statistically different between MCI and SCI. However, B lymphocytes IgM memory were
higher in SCIl whereas B lymphocytes double negative were higher in MCI. In addition, B lymphocytes from the
MCI group produced higher levels of TNF-a and this group also displayed autoantibodies against Ap40. CD33
was not different between the groups. In conclusion, B cells are activated in MCI individuals and could be tar-
geted for diagnosis and treatment.
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Epigenetic Aging Indicators are Associated with Bone Mineral Density
in a Population-Based Setting

Mengyuan Cai'?, Evert F S van Velsen', Lieke Kuiper!, Jinluan Chen'?, Katerina Trajanoska'?, Joyce B J van
Meurs!, Fernando Rivadeneira', M Carola Zillikens'
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Background. Epigenetic ageing markers capture biological ageing, but their links to bone mineral density
(BMD) and trabecular bone score (TBS) remain inconsistent across measures.

Objectives. To examine associations of epigenetic ageing indicators with site-specific BMD and TBS.
Methods. We examined four DNA methylation-based aging indicators: three epigenetic clocks (Horvath, Gri-
mAge, and PhenoAge) that focus on relative age acceleration (RAA), and one that measures the pace of aging
(DunedinPACE). RAA was defined as residuals from regressing DNAm age on chronological age (z-scored).
Outcomes were femoral neck (FN), lumbar spine (LS), total body (TB) BMD, and TBS. Linear regression mo-
dels were fitted with technical and blood cell composition covariates, with additional adjustment for lifestyle
and clinical covariates. False discovery rate (FDR) was controlled across 16 primary tests (Benjamini-Hoch-
berg).

Results. In the full sample (n=2,246), higher DunedinPACE was associated with lower TB BMD in the fully
adjusted model (B = -0.08, 95% CI -0.12 to -0.04; FDR q < 0.05). Before multiple-testing correction, Du-
nedinPACE also showed an inverse association with FN BMD (p = -0.06, 95% CI -0.11 to -0.01). In the basic
model, DNAm clock-based RAAs were associated with TB BMD (Horvath: p = 0.006; GrimAge: p = -0.006),
but these associations did not remain significant after FDR correction. No associations were observed for LS
BMD or TBS.

Conclusion. A faster pace of ageing was associated with lower BMD, most consistently for TB BMD, whereas
DNAmM clock-based RAA measures showed no robust associations with BMD or TBS after multiple-testing
correction.

Keywords: DNA methylation; DunedinPACE; bone mineral density; trabecular bone score; biological aging
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C/EBPa and C/EBP as key transcription factors in health and lifespan
regulation

Mualler C., Muck, J.S.', Ustyantsev, K., Berezikov, E.. & Calkhoven, C.F!
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The related transcription factors CCAAT/enhancer binding proteins alpha (C/EBPa) and beta (C/EBPp) play
crucial roles in metabolic regulation and stress signaling across a wide range of tissues. In rats, mice, humans,
and chickens, CEBPA and CEBPB mRNAs undergo alternative translation initiation, giving rise to three protein
isoforms of C/EBPa and C/EBP, respectively. Two isoforms function as full-length transcription factors, con-
taining N-terminal transactivation domains and a C-terminal dimerization and DNA-binding domain. The third
isoforms are N-terminally truncated variants translated from downstream AUG codons, which compete with
full-length isoforms for DNA binding and thereby antagonizing their activity. Expression of these truncated
isoforms depends on the translation of a short upstream open reading frame (UORF) in CEBPA and CEBPB
mMRNAs, followed by re-initiation at a downstream AUG codon, a process stimulated by mTORCI signaling.

In mice, the role of C/EBP in regulating health and lifespan involves both protein isoform regulation as well as
epigenetic DNA methylation. We now investigated the C/EBPa-mediated regulatory mechanisms in the evolu-
tionarily distant, short-lived African turquoise killifish (Nothobranchius furzeri). Our findings demonstrate that
the UORF-mediated regulation of C/EBP isoforms expression is conserved across species. Disruption of the
UORF selectively abolishes expression of the truncated isoforms expression, resulting in unrestrained activity
of the full-length isoforms. Notably, this genetic modification significantly extended both the median and ma-
ximal lifespan and improved healthspan in mice (C/EBPp) and killifish (C/EBPa). Comparative transcriptome
analysis revealed upregulation of genes and pathways associated with healthspan and lifespan regulation.
Together, these results identify a conserved mechanism of CEBP gene regulation with a key role in modulating
longevity across species.
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A Combination Approach to Modulating NAD+ Precursor—-Induced Lifespan
Extension in C. elegans
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NAD+ metabolism has become a central theme in aging research over the past decadel,2. Yet recent eviden-
ce shows that animals can tolerate a large reduction in NAD+ without overt loss of fitness3, suggesting that its
role in aging is not explained by bulk levels alone. Supplementation with the precursor nicotinamide riboside
(NR) extends lifespan in some aging models4, albeit modestly. Because NAD+ is consumed by enzymes with
opposing effects on aging, we hypothesize that raising NAD+ while simultaneously inhibiting a detrimental
NAD+-consuming enzyme, PARPI15, will extend lifespan more than either intervention alone. Our preliminary
data in C. elegans show a trend toward lifespan extension following PARP1 inhibition. We next aim to directly
compare the lifespan effects of NR, the PARPI inhibitor olaparib, and their combination.
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Ribosome stalling as an upstream driver of multiple brain aging hallmarks
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A notable phenomenon in brain aging is a loss of concordance between mRNA and protein levels, whereby
age-linked changes in mMRNA do not necessarily lead to proportional changes in protein levels. Using the
killifish as a model of compressed lifespan, we showed that protein-transcript uncoupling correlates with
aging-associated increase in ribosome stalling on codons coding for basic aminoacids. Stalling causes increa-
sed aggregation on one hand and reduced biosynthesis of DNA- and RNA-binding proteins on the other hand
affecting critical proteins involved in DNA repair, transcription, splicing and translation suggesting a causal
role for ribosome stalling in multiple aging hallamrks.

To experimentally test this hypothesis, we experimentally induced ribosome stalling in brain organotypic
cultures using anisomycin and observed a significant increase in transcriptomic age as measured by a killifish
transcriptomic clock we developed. Our results indicate that induction of ribosome stalling is sufficient to
induce a global aging-like phenotype.
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Skin Volatilomics Reveals Distinct Metabolic Signatures in Parkinson’s Disea-
se and Multiple System Atrophy: A Non-Invasive Approach for Differential
Diagnosis
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Volatile organic compounds (VOCs) are emerging biomarkers of neurodegeneration and aging, reflecting metabolic,
oxidative, and microbiota-related alterations [1-2]. While VOCs have been widely investigated in Parkinson’s disease (PD),
no studies are available for Multiple System Atrophy (MSA). We analyzed skin VOCs collected through non-invasive swabs
from PD and MSA patients and healthy subjects (HS) using SPME-GC/MS. Canonical discriminant analysis clearly separa-
ted MSA from PD and HS. MSA showed increased aldehydes, aromatic hydrocarbons, and cyclic oxidation products asso-
ciated with severe oxidative stress, lipid peroxidation, and neuroinflammation, suggesting profound metabolic instability.
In contrast, PD displayed branched hydrocarbons and fatty alcohols linked to chronic sebaceous dysregulation, enhanced
lipid turnover, and altered microbiota-sebum interactions. These results indicate distinct metabolic signatures between
PD and MSA, with MSA characterized by a stronger oxidative-inflammatory burden. Overall, skin VOCs may represent a
promising non-invasive tool for early differential diagnosis and identification of disease-specific therapeutic targets.
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An iPSC-Based Platform to Model Astrocyte Senescence in the
Human Midbrain
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Emerging evidence suggests that astrocyte senescence may contribute to age-related neuronal dysfunction,
but progress in the field is limited by the lack of human-relevant models. To address this challenge, we indu-
ced senescence-like features in astrocyte monocultures and astrocyte-containing midbrain organoids derived
from healthy and Parkinson’s disease donors. This was achieved through repeated passaging of stem-cell-de-
rived midbrain precursors, an approach that avoids artificial stressors and genetic manipulation. Astrocytes
derived from high-passage precursors exhibited increased SA-B-Gal activity and altered mitochondrial
morphology. Both high-passage-derived astrocytes and organoids showed reduced LMNB1/Lamin-B1 levels
and increased accumulation of DNA damage response markers. Lipidomic analysis of high-passage-derived
organoids revealed broad reductions across multiple lipid classes. These findings establish repeated passaging
as a simple strategy to model senescence-like features in human midbrain systems and provide a platform to
investigate age-related neurodegeneration.
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Towards non-invasive molecular risk stratification in ADPKD using urinary
extracellular vesicle-derived microRNAs
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Autosomal dominant polycystic kidney disease (ADPKD) is characterized by highly heterogeneous disease
progression and remains a major cause of chronic kidney disease and renal failure. Current prognostic mo-
dels, including imaging-based risk stratification, incompletely capture interindividual disease trajectories,
highlighting the need for non-invasive molecular biomarkers. Urinary extracellular vesicles (UEVs) represent a
promising biomarker source, as they reflect kidney-derived molecular alterations and contain stable microRNA
(miRNA) cargo implicated in renal injury and fibrosis.

Different uEV isolation strategies were comparatively evaluated to establish a robust workflow for downstream
molecular profiling. Following vesicle isolation, miRNA extraction and quantitative PCR (gPCR) assays were
optimized for the detection of candidate miRNAs associated with renal pathophysiology, including miR-30e-
5p, miR-17-5p, and miR-192-5p. In parallel, pre-analytical variables and assay reproducibility were assessed

to support standardized translational biomarker analyses. Based on this framework, large-scale sequencing of
approximately 300 patient samples is planned to identify multimodal and ratio-based miRNA signatures asso-
ciated with ADPKD progression.

Preliminary analyses demonstrated reproducible isolation of uEVs and successful downstream detection of all
investigated candidate miRNAs by gPCR. Comparative evaluation of isolation approaches revealed differences
in assay compatibility and miRNA yield, emphasizing the importance of standardized pre-analytical workflows
for robust molecular profiling.

These findings support the feasibility of uEV-derived miRNAs as non-invasive molecular biomarkers in ADPKD.
Ongoing large-scale sequencing and multimodal biomarker integration may improve molecular risk stratifica-
tion and facilitate personalized monitoring of disease progression.
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Tomatidine is a senotherapeutic compound that improves cognitive function
and reduces cellular senescence in aged mice
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Cellular senescence is a key driver of aging and age-related dysfunction across tissues, including the brain.
Through a high-content phenotypic screen of natural compounds in senescent cells, we identified tomatidine,
a tomato-derived aglycone of tomatine, as a previously unrecognized senotherapeutic agent. In vitro, toma-
tidine selectively suppressed senescence-associated secretory phenotype (SASP) expression in senescent
human brain microvascular endothelial cells and fibroblasts without altering pl6Ink4a or p21Cipl levels, consis-
tent with a senomorphic mechanism. In aged mice, tomatidine treatment reduced frailty and improved motor
coordination and cognitive performance.These functional improvements were accompanied by decreased
markers of senescence (pl6ink4a, p21Cipl, and telomere-associated DNA damage foci) in multiple tissues,
including liver, skin, and hippocampal neurons. In the brain, tomatidine reduced endothelial cell senescence,
increased tight junction protein expression, and attenuated neuroinflammation and microglial activation,
suggesting improved blood-brain barrier integrity. Together, these findings identify tomatidine as a promising
senescence-targeting compound with systemic and neuroprotective effects in aging, supporting supporting
translational development for age-related disorders.
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Tentative Title: Modeling Biological Age and Physiological Resilience to
Predict Surgical Risk in Aging Populations
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Abstract (1000 characters without spaces)

Older adults exhibit substantial variability in their capacity to tolerate physiological stressors such as major
surgery. While chronological age is commonly used to assess risk, it fails to capture the biological hetero-
geneity underlying frailty, functional decline, and resilience. We developed a machine learning framework to
improve prediction of postoperative complications, such as prolonged hospital stays in older patients under-
going cancer surgery.

Our approach integrates clinical measurements, blood biomarkers, lifestyle factors, and proteomic data. Using
gradient-boosted models, we estimate biological age (BA) and evaluate its association with postoperative
outcomes and recovery trajectories. Clinical validation will be performed using data from an ongoing trial
evaluating home-based prehabilitation. Model interpretability methods are used to identify key systems and
biomarkers associated with resilience and adverse outcomes. In addition, organ-specific BA estimates derived
from proteomic aging clocks will be explored in relation to postoperative complications. By linking BA signa-
tures to clinical outcomes, this work aims provide a robust framework for personalized risk stratification and
targeted interventions.
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Short-term animal product restriction reshapes gene expression and genetic
regulation of cholesterol metabolism and telomere homeostasis in humans
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Dietary intake affects all physiological processes, including risk for age-related diseases, yet the molecular
mechanisms underlying these effects remain incompletely understood in humans. To address this gap, we
leveraged a unique natural model of dietary restriction by profiling 200 Greek individuals who alternate bet-
ween omnivory and dietary restriction of animal products for religious reasons, in a highly structured manner,
alongside 211 continuously omnivorous control individuals (FastBio study). Extensive molecular profiling was
performed at two time points: during a period of omnivory in both groups, and following ~4 weeks of animal
product restriction for the dietary restriction group or two periods of omnivory for controls. The restriction
period is characterized by near-complete dietary depletion of animal-derived protein and fat, as well as re-
duced intake of other nutrients, including calcium. We have previously demonstrated that ~4 weeks of animal
product restriction induces widespread immunometabolic remodeling, with most changes being in a direction
suggesting positive effects on health, and results in metabolic profiles associated with lower risk of all-cause
mortality. We have revealed diet-dependent genetic effects on protein abundance, involving proteins implica-
ted in cholesterol biosynthesis, energy regulation, and protein repair, and demonstrated rapid and extensive
remodeling of the gut microbiome.

In the present study we performed RNA sequencing on whole blood (quantifying 16,484 genes) to charac-
terize the effects of animal product restriction on gene expression. We identified 1,221 and 548 differentially
expressed genes (DEGs) between time points in the dietary restriction and the control groups respectively,
with nearly four times as many unique discoveries in the restriction group compared to controls (909 vs

236 DEGs). Top diet-responsive upregulated DEGs were cholesterol efflux genes ABCAl and ABCGI, whose
increased expression is associated with a reduction in atherosclerosis risk, as well as lipid homeostasis tran-
scriptional regulators SREBF1, SREBF2, and PPARG. Diet-responsive DEGs were also enriched for biological
processes, including telomere maintenance, VEGFA-VEGFR2 signaling, and CCT/TRIC protein folding.

Using matched genotype and gene expression data from the same individuals (4,542,821 SNPs and 14,945
genes following QC), we mapped steady-state cis expression quantitative trait loci (cis-eQTLs) for each
dietary group and time point (context), detecting an average of 6,114 cis-eQTLs per context, with ~74%
replication in eQTLGen. eQTLs detected during dietary restriction were enriched in transcription factor bin-
ding sites, with the largest diet-induced enrichment shift found for CBX5 (A logOR=0.43, FDR=0.031), an
epigenetic regulator of silenced heterochromatin that is essential for telomere stability maintenance. Although
~98% of eQTLs were shared between contexts, using a Bayesian meta-analysis framework, we identified 74
diet-responsive eQTLs (corresponding to 74 eGenes) displaying differential effects on gene regulation. Of
these, 11 eGenes have links to telomere biology, and include TERF2, TNKS2, PARN, NAF1, and NRIP. Using pu-
blicly available genome-wide association studies (GWAS) from the GWAS Catalog we found strong evidence
for colocalization of the TERF2 diet-responsive eQTL with abundance of SPARCI, a calcium binding protein
with a likely role in bone formation, and of the NRIP1 diet-responsive eQTL with weight, body fat mass, BMI
and systolic blood pressure. Additionally, we found that a diet-responsive eQTL identified for DVLI, colocalizes
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strongly with telomere length. This gene is a WNT signaling gene and has been suggested to associate with
leukocyte telomere length through GWAS. Mendelian randomization analysis suggested that increased DVLI
expression contributes to greater telomere length (beta=0.052, se=0.009, p=3.2le-8), supporting a role for
this gene in telomere homeostasis. Finally, using a transcriptomic age score as a proxy for biological age, we
found that individuals following animal product restriction presented with an estimated 4.42-year lower bio-
logical age compared to control individuals (linear mixed model, df=402, se=1.057, p=0.000). Taken together,
these findings suggest that animal product restriction induces widespread transcriptional reprogramming in
whole blood and influences biological pathways linked to ageing, in part through effects on cholesterol meta-
bolism and telomere maintenance.

77



78

back to Titel back to Startpage Abstracts

Challenges in Detecting Biotoxins and Biomolecules by using Surface-
enhanced Raman Scattering Spectroscopy and Nanopatterned Substrates
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The incorporation of nanopatterned substrates with plasmonic properties into surface-enhaced Raman spec-
troscopic (SERS) sensing platforms is a crucial part of the development of new miniaturized detection devices
with on-site applications. We employed nanoimprint lithography (NIL) and magnetron sputtering to fabricate
plasmonic nanostructures able to detect environmental contaminants and toxins. Thus, networks of tunable
nanopillars were imprinted in thermoplastic polymers and metallized with Ag/Au thin films using magnetron
sputtering technique. The structural and topographical properties were assesed by SEM and AFM techniques
(Figure 1). The nanostructured sensing platforms were very suitable for SERS detection of crystal violet, for
example, reaching a limit of detection of 10 pM [1] and of 1 uM in case of nodularin [2]. After assessing these
figures of merit for the fabricated SERS-active substrates, relevant biotoxins from natural acquifers or biomo-
lecules present as biomarkers in chronic non-communicative diseases [3] and neurodegeneration diseases [4]
were considered as analytes for testing their performance in practice.

Keywords: nanopatterning, biomedical applications, biotoxins, SERS, nanoimprint lithography, sensing.
Acknowledgements: This work was supported by a grant of the Ministry of Research, Innovation and Digitiza-
tion, CCCDI - UEFISCDI, project number PN-IV-P7-7.1-PED-2024-0052, within PNCDI IV and the “Nucleu”
Program within the National Research Development and Innovation Plan 2022-2027, Romania, supported by
MEC, project no. 27N/03.01.2023, component project PN 23 24 01 02.

Figure 1: Flexible substrates: a network of periodical pillars (width: 100 nm, pitch: 1 um, height: 300 nm) fabri-
cated by thermal nanoimprint lithography (NIL) and their envisioned integration in a miniaturized device.

Figure 2: SERS spectra of neural tissue and their integrated chemometric analysis showing clear discrimination
between in vivo healthy models and neurodegenerated models [4].
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Aggregate Lifespan Encyclopaedia (ALE) - A new way to record animal
lifespans

Eraso, A.

Senckenberg, Translational Biodiversity Genomics, Frankfurt

Lifespan differs by orders of magnitude across mammals. Differences in lifespan are often attributed to the
positive correlation between mass and lifespan. Though humans live five times longer than expected for their
mass, there are mammals that live proportionately longer still. To better understand the genetic factors that
underpin human longevity, we can leverage a wealth of newly available genomics data. Unfortunately, longe-
vity records are currently limited to maximum recorded lifespans. These data can bias analysis as maximum
lifespan records correlate with population size.

Here we present the Aggregate Lifespan Encyclopaedia (ALE), a resource expanding current lifespan records
in three key ways: 1) Updated records, 2) New metrics, and 3) Transparency. ALE provides maximum lifespan
data for 1,383 mammalian species, 300 more than AnAge. New individual-level lifespan data from zoos and
recent publications enabled us to update existing maximum lifespan records. We also leveraged these in-
dividual-level lifespan data to calculate new metrics: ©90, EQ0, and bootstrapped maximum. Q90 and E90
represent the 90th percentile and average of the top 10% lifespans, respectively. Bootstrapped maximum
lifespan was calculated averaging the maximum lifespan of 1000 subsets of the individual data. These metrics
substantially reduce correlations between lifespan and sample size, thus enabling comparative genomics ana-
lysis to identify molecular underpinnings of natural lifespan differences. For each metric we also curated a final
value, and provided informative curation rationales. Altogether we hope our updated records, new metrics,
and transparency will make ALE the new gold standard for lifespan estimation and unbiased genomics.
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Aging-compatible metabolic modulators that maintain efficacy by
circumventing mitochondrial aging.

Eberechukwu Okoli', Ulas Isildak’, Handan Melike Dénertas'? and Maria Ermolaeva'?”

"Leibniz Institute on Aging — Fritz Lipmann Institute (FLI), Beutenbergstrasse 11, 07745 Jena, Germany.
2 Cluster of Excellence Balance of the Microverse, Friedrich Schiller University Jena, Jena, Germany.
*-corresponding author: maria.ermolaeva@leibniz-fli.de

Preclinical and clinical studies consistently demonstrate that lifestyle interventions such as dietary restriction
(DR), DR mimetics, and exercise remain the most effective strategies to extend lifespan and healthspan.
However, their efficacy is substantially reduced in older populations, primarily due to age-associated mito-
chondrial dysfunction, as shown by us and others. Here, we used metformin as a prototype DR mimetic to
perform a genetic screen in C. elegans, aiming to identify molecular pathways mediating DR-like metabolic
remodeling downstream of mitochondria. This approach revealed key regulators that link mitochondrial
nutrient stress sensing to downstream metabolic adaptation. We then identified pharmacological agents
targeting these pathways and found that a combination of two compounds, NORM1 and NORM2, directly acti-
vates a DR-like program independently of mitochondria, maintaining efficacy even in late life. Together, these
compounds represent a first-in-class approach for DR-like interventions optimized for aged organisms and
are currently being validated in the short-lived vertebrate model N. furzeri, with early results forthcoming.
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Mitochondrial membrane lipid cardiolipin controls fiber-type adaptations in
ageing muscle via ERRy

Fabian Finger'?", Mikkel Frost', Shinya Watanabe?®, Tao Ma'?, Katsuhiko Funai®, Steen Larsen*®¢,
Zachary Gerhart-Hines'"?

"Novo Nordisk Foundation Center for Basic Metabolic Research, Faculty of Health and Medical Sciences, University of
Copenhagen, Copenhagen, DK

2 ADIPOSIGN, Center for Adipocyte Signaling, Department of Biochemistry and Molecular Biology, University of
Southern Denmark, Odense, DK

3Diabetes and Metabolism Research Center, University of Utah, Salt Lake City, Utah, USA

4 Department of Biomedical Sciences, University of Copenhagen, Copenhagen, DK

5Clinical Research Centre, Medical University of Bialystok, Bialystok, PL

¢ Institute of Sports Medicine Copenhagen, Department of Orthopedic Surgery M, Copenhagen University Hospital —
Bispebjerg and Frederiksberg, DK

*Correspondence to: Fabian Finger; email: fabian.finger@sund.ku.dk

Ageing paradoxically leads to both a decline in skeletal muscle mitochondrial function and a shift in muscle
composition that favors fibers rich in mitochondria. Yet the biological rationale and mechanism underlying this
phenomenon remain largely unknown. Here we show that synthesis of the mitochondrial membrane lipid, car-
diolipin, causally links mitochondrial dysfunction to fiber-type adaptations. By mimicking the ageing decline of
skeletal muscle cardiolipin levels in young mice, we could reproduce numerous ageing hallmarks, including the
shift from glycolytic to oxidative fibers. This shift is mediated by mitochondria-to-nucleus signalling through
the nuclear receptor, ERRy, which equips muscle fibers with ROS-sensitive glucose uptake and enhanced
glycolytic rerouting to sustain antioxidant defenses. These findings reveal how changes in a mitochondrial
membrane lipid can cell-autonomously orchestrate protective fiber-type adaptations in ageing and myopat-
hies.
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A model for the role of transposable elements in evolution and ageing
Alessandro Fontana (National Gerontology Centre, Cyprus)

The Devo-Evolvable Soma Theory of Ageing (DESTA) frames ageing as the cumulative outcome of genetically
orchestrated, late-acting epigenetic modifications serving as somatic ,experiments”, through which evolution
explores phenotypic variation. Protein-coding sequences constitute only a small and highly conserved frac-
tion of the genome, suggesting a role for noncoding DNA in evolutionary processes. A substantial portion of
noncoding DNA is represented by transposable elements (TEs), increasingly recognised as important contri-
butors to gene regulation. We propose that TEs facilitate the expansion and diversification of gene regulatory
networks by providing transcription factor binding sites. To minimise disruption, in early development TEs

are tightly repressed by epigenetic marks, which may be progressively released by genetically driven, age-
associated epigenetic changes in later life, thereby contributing to transcriptional pseudo-randomness and
ageing-associated phenotypes. This model places TEs within the context of DESTA and offers a conceptual
basis for interpreting their role in evolution and ageing.

Relevant publications
1. Fontana, A. (2026) Evolvable Soma Theory of Ageing: observations from the natural world. Geroscience.

2. Fontana, A. and Kyriazis, M. (2025) Evo-devo computational comparison of Evolvable Soma Theory of Ageing and Stan-
dard Evolutionary Ageing Theories. GECCO ‘25 Companion:979-982.

3. Fontana, A. and Kyriazis, M. (2025) Evolvable Soma Theory of Ageing: insights from computer simulations. Biogeronto-
logy 26(2):87.

4. Fontana, A. and Wrobel, B. (2025) Evolvability in artificial development of large, complex structures and the principle of
terminal addition. Artificial Life 31(3):276-288.

5. Fontana, A. and Kyriazis, M. (2024) How evolution makes us age: introducing the Evolvable Soma Theory of Ageing. Bio-
systems 243:105271.

6. Fontana, A. (2023) Unravelling the nexus: Towards a unified model of development, ageing, and cancer. Biosystems
231:104966.

7. Fontana, A. and Wrobel, B. (2014) Pseudorandomness of gene expression: a new evo-devo theory of ageing. Current
Aging Science 7(1):48-53.
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Surviving Deprivations: How responses to Essential Nutrient deprivations un-
cover the mechanisms of Lifespan, Reproduction and Somatic Maintenance

Forte, M."; Mirth, C'; Piper, M.
"Faculty of Biological Sciences, Monash University, Melbourne, Australia

Ageing is a conserved feature of metazoan life, yet its rate is sensitive to environmental conditions, most
powerfully, to food. Organisms possess evolutionary conserved, highly specific nutrient sensors that distribute
resources to competing biological needs. These nutrient-sensing programs are compelling candidates for cel-
lular mechanisms that modulate ageing, because they can affect somatic maintenance and reproduction in a
coordinated way. However, the way individual dietary components engage such programs is not fully unders-
tood. We have been subjecting adult fruit flies (Drosophila melanogaster) to combinations of essential nutrient
deprivations in an attempt to dissect these programs. This has revealed surprising effects of deprivation
combinations that produce non-additive, often antagonistic effects on life histories that cannot be predicted a
priori from textbook knowledge of their physiological roles. For example, we have found that deprivation of the
essential amino acid phenylalanine can rescue the lethal cost of methionine deprivation on lifespan, an effect
that is temporally gated and partially dissociable from a classic lifespan-reproduction reallocation model. Such
observations are indicative of amino acid-specific sensing programs that can gate whole-organism survival
outcomes. In further work, we are investigating several nutrient combinations to investigate the possibility that
precise dietary manipulations can reveal more about the minimal set of processes required to sustain life.
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Linking Sunlight and ROS -Induced DNA Damage Repair with Longevity: A
key role for photolyases.

Foulkes, N.S."; Li, H.; Vallone, D.! & Bertolucci, C.2

"IBCS-BIP, Karlsruhe Institute of Technology, Eggenstein-Leopoldshafen, Germany.
2University of Ferrara, Ferrara, Italy.

Using zebrafish, medaka, and blind cavefish, we have explored the impact of sunlight on cellular physiology.
Direct exposure of fish cells to light triggers elevated ROS levels and MAPK signalling that in turn activates
transcription factors binding to the D-box enhancer. Thereby sunlight-induced changes in the transcriptome
have profound effects on circadian clock entrainment, redox homeostasis and the maintenance of genome
integrity. We have focused on a class of flavoproteins which play a central role in photic cellular responses,
namely the photolyases. As well as mediating the repair of UV-induced DNA damage via light-dependent
photoreactivation, the conservation of photolyases in blind cavefish has revealed that these flavoproteins

also contribute to the light-independent repair of ROS-induced DNA damage. Loss of photolyase function is
associated with elevated levels of DNA damage as well as significantly reduced longevity. Thereby our findings
reveal an intricate interconnection between sunlight exposure, redox regulation, genome integrity and ultima-
tely the aging process.
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A Spatial Multi-Omic Atlas of Cellular Senescence in Mouse and Human Skin

Ana Catarina Franco'?; Yeaeun Han"?; Anthony Agudelo*®; Dominik Saul'®; Anthony Lagnado'?; Yukang Li"?;
Ines Sturmlechner's; Saranya Wyles’; James Kirkland?®; Luigi Ferruci’; Nathan LeBrasseur''°; Nicola Neretti*5;
Joao F Passos'?

"Robert and Arlene Kogod Center on Aging Mayo Clinic, Rochester, MN, USA;

2Department of Physiology and Biomedical Engineering, Mayo Clinic, Rochester, MN, USA;

8 Department of Trauma and Reconstructive Surgery, Eberhard Karls University Tubingen, Germany;

4 Department of Molecular Biology, Cell Biology, and Biochemistry, Brown University, Providence, RI, USA.

5Center on the Biology of Aging, Brown University, Providence, RIl, USA.

¢ Department of Inmunology, Mayo Clinic, Rochester, MN, USA

’ Department of Dermatology, Mayo Clinic Rochester, MN, USA;

8 Center for Advanced Gerotherapeutics, Cedars-Sinai Medical Center, Los Angeles, CA, USA.

? Translational Gerontology Branch, Intramural Research Program, National Institute on Aging, Baltimore, Maryland, USA.
0 Department of Physical Medicine and Rehabilitation, Mayo Clinic, Rochester, Minnesota 55905, United States

The skin, the body’s outermost barrier, is continuously exposed to environmental stressors, making it parti-
cularly susceptible to aging and senescence accumulation—a key driver of tissue decline. Here, we present
the first spatially-resolved atlas of senescence in mouse and human skin, revealing its cell type specificity,
and functional impact during aging. We first analyzed skin from young and aged mice. Preliminary spatial
proteomics revealed age-related increase in senescence markers, and cell type—specific expression of cyclin-
dependent kinase inhibitors. Using the p16-Ink-ATTAC mouse model, we observed a significant reduction of
pl6 protein levels in the dermis, where it is predominantly expressed, accompanied by increased epidermal
thickness, indicating that clearance of pl6-positive cells rescues epidermal thinning, a key hallmark of skin
aging.

We then profiled sun-protected human skin from young and aged individuals using spatial multi-omics, inclu-
ding iterative indirect immunofluorescence imaging (4i), Akoya Phenocycler (CODEX), and Xenium spatial
transcriptomics, with custom protein and RNA panels targeting senescence-associated features.

To define senescence, we implemented a combinatorial framework in which cells were classified as senescent
if they were positive for three core hallmarks: cell cycle arrest markers, negative for proliferation markers, and
positive for senescence-associated secretory phenotype (SASP). This approach revealed a significant age-re-
lated increase in senescent cells across the different platforms, with keratinocytes and fibroblasts showing the
highest proportions.

Spatial analyses demonstrated that senescent cells form clusters both at protein and transcriptomic levels.
These clusters were enriched for Notch and TGF-p signaling, consistent with secondary senescence. Aged
skin showed increased immune infiltration, with immune cells—including cytotoxic CD8 T cells and FOXP3-
positive CD4 T cells—also scoring positively for senescence based on the criteria. Senescent clusters were
located proximally to immune cells, suggesting immune surveillance and recruitment.

Together, these findings provide a spatially resolved framework for understanding senescence in skin aging
across species.
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Effect of aging on neutrophil function in humans

Galang, J.N.'; Schluter, T."; Sumpter, N.'; Asmann, N."; Merlo Pich, L.'; Sarlea, A'; van de Veerdonk, F.};
Ziogas, A'?; & Netea, M.G.'®

"Department of Internal Medicine and Radboud Center for Infectious Diseases, Radboud University Medical Center,
Nijmegen, the Netherlands

2 aboratory of Biological Chemistry, Department of Medicine, School of Health Sciences, University of loannina,
loannina, Greece

3 Department for Immunology and Metabolism, Life and Medical Sciences Institute (LIMES), University of Bonn, Bonn,

Germany

Neutrophils are the most abundant immune cell type in circulation, acting as an early responder to infections.
However, because of the difficulty to assess their function in vitro, the impact of aging on their function is
poorly known. We performed a study to determine how aging affects neutrophil function. Participants be-
longed to three age groups: young adults (20-30 y.0.), older adults (55-65 y.0.), and octo/nonagenarians

(> 88 y.0.). Neutrophils of older adults and octo/nonagenarians had a higher percentage of immature CDI10-
neutrophils, and increased expression of CD66b compared to young adults. Neutrophil function such as
phagocytosis and NETosis were not affected by aging. Interestingly, ROS production at baseline was increased
only for older adults, but not in young adults and octo/nonagenarians. Furthermore, PMA stimulation assays
showed an increased IL-8 expression in older adults and octo/nonagenarians. RNA-sequencing of neutrophils
revealed an increased expression of interferon response genes in older adults and octo/nonagenarians, ac-
companied by an increased expression of retrotransposons.
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FAB-gal: an automated system for SA-[3-gal fluorescence quantification

Antonio G. Tartiere'?; David Roiz-Valle'??3; Yaiza Espariol'; Gabriel Bretones', José M. P. Freije"*® and
Alejandro P. Ugalde'?

'Departamento de Bioquimica y Biologia Molecular, Instituto Universitario de Oncologia (IUOPA), Universidad de
Oviedo, Oviedo, Spain

2 Instituto de Investigacion Sanitaria del Principado de Asturias (ISPA), Oviedo, Spain

8 Centro de Investigacién Biomédica en Red de Cancer (CIBERONC), Madrid, Spain

The prominent role of cellular senescence in aging and cancer has promoted the development of a wide
variety of methods to quantify it. Among them, the Senescence-Associated p-galactosidase (SA-p-gal) assay
remains the gold standard. This method is based on the processing of the substrate X-gal by p-galactosidase
of senescent cells to produce a colored precipitate commonly referred to as indigo. However, this technique
presents several limitations related to its color-based readout. In this context, we have developed FAB-gal
(Fluorescence Analysis of p-gal), a method that exploits the intrinsic far-red fluorescence of indigo to circum-
vent these limitations. In this sense, our approach demonstrates a strong linear correlation with senescence
levels as well as a high sensitivity. In addition, FAB-gal is suitable for quantifying different types of cellular
senescence in different cell lines, as well as in tissue sections. Finally, we have developed workflows and infor-
matic tools that standardize and automate its quantification, rendering it easily introducible in the routine of
any laboratory using the classical assay.
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Aging of the adaptive immune system affects the gut microbiome and
systemic levels of vitamin B6

Selina Stahl', Hanna Widmaier?, Vadim Sakk', Kodandaramireddy Nalapareddy?, Ann-Kathrin Kissmann*, Frank
Rosenau*, Medhanie A. Mulaw?®, David B. Haslam®, Hartmut Geiger'"”

"Institute of Molecular Medicine, UIm University, Ulm, Baden-W(rttemberg, 89081, Germany.

2Department of Internal Medicine I, University Hospital of Ulm, Ulm, Baden-W(rttemberg, 89081, Germany.

3Division of Experimental Hematology and Cancer Biology, Cincinnati Children’s Hospital Medical Center and
Department of Pediatrics, University of Cincinnati College of Medicine, Cincinnati, OH 45229, USA.

4 Institute of Pharmaceutical Biotechnology, UIm University, Uim, Baden-W(rttemberg, 89081, Germany.

5Unit for Single-Cell Genomics, Ulm University, Uim, Baden-W(urttemberg, 89081, Germany.

¢ Microbial Genomics and Metagenomics Laboratory, Cincinnati Children’s Hospital Medical Center and Department of
Pediatrics, University of Cincinnati College of Medicine, Cincinnati, OH 45229, USA.

Age-associated immune remodeling (AAIR) is a hallmark of aging and may contribute to age-related altera-
tions in the gut microbiome. We investigated whether mucosal AAIR acts as an upstream host factor shaping
microbiome composition during aging. The ileal lamina propria of aged mice exhibited characteristic features
of AAIR, including reduced naive CD4+* and CD8* T cell populations and expansion of memory and regulatory
T cells. Using a hematopoietic stem cell (HSC) transplantation model, we demonstrated that young RAG1-/~
recipients reconstituted with aged HSCs developed key features of mucosal AAIR despite residing in a young
host environment, indicating that these changes are driven, at least in part, by intrinsic hematopoietic aging.
Shotgun metagenomic sequencing revealed that AAIR was associated with a reduced abundance of microbial
taxa encoding vitamin B6 (VB6) biosynthesis and salvage pathways, accompanied by lower circulating VB6
levels. These findings identify a link between immune aging, microbiome functional capacity, and systemic
VB6 availability, suggesting an immune—microbiome—-VB6 axis that may represent a novel target for interven-
tions aimed at improving health during aging.
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Investigating the link between physical activity, depressive symptoms and
epigenetic aging: findings from the Moli-sani study

Gialluisi, A.'?; Bracone, F.'; Pepe, A'; Limone, A.G."; Di Castelnuovo, A.; Costanzo, S.'3; Tirozzi, A.4; Bonaccio,
M. Morelli, M.'; Licastro, D.5; Cerletti, C.!; Donati, M.B.!; de Gaetano, G.'; lacoviello, L.'?

"Epidemiology and Prevention Research Unit, IRCCS Neuromed, Pozzilli, Italy

2 Department of Medicine and Surgery, LUM University, Casamassima, Italy

3Research Center in Epidemiology and Preventive Medicine (EPIMED), Department of Medicine and Surgery, University
of Insubria, Varese, Italy

4 Medical Genetics Unit, Department of General and Emergency Pediatrics, AORN Santobono-Pausilipon, Naples, Italy

5Area Science Park, Trieste, Italy

Objective: To investigate the link between physical activity (PA), depressive symptoms and DNA methylation
(DNAmM) aging clocks.

Methods: In an Italian cohort (N=1,098 subjects recruited at 2005-10 and 2017-20; mean (SD) age 58.8 (5.6)
y, 51.3% women; median (IQR) follow-up 12.6 (1.1) y), we tested associations of PA levels (MET-h/day in sport
activities) with depressive symptoms (standardized PHQ-9 scale) and DNAm aging (Hannum, Horvath, Gri-
mAge, DNAmMPhenoAge, DunedinPACE) clocks, through multivariable linear mixed models.

Results: PA was associated with lower depressive symptoms (Beta (SE): -0.16 (0.05)), including both somatic
(-0.12 (0.05)) and cognitive domains (-0.15 (0.05)). DNAm aging clocks revealed significant inverse associa-
tions of PA with the Horvath (-0.31(0.13)) and the DunedinPACE clock (-0.01(0.004)).

Conclusions: These findings suggest that ~3.3 additional MET-h/day of sport PA (equivalent to ~50 min/day of
brisk walking), would correspond to a 2-point lower PHQ-9 score, a change that may be relevant at the popu-
lation level. A potential mediation of DNAm clocks in this link is currently under investigation.

89



90

back to Titel back to Startpage Abstracts

Decoding Age-Related Failure of Intestinal Regeneration

Chiara Giannuzzi'; Alberto Minetti?; Anna Krepelova'; Francesco Neri'

"Molecular Biotechnology Center (MBC), Turin, Italy
2[ eibniz institute on Aging, Jena, Germany

Chemotherapy-induced intestinal injury is a major dose-limiting toxicity that disproportionately affects older
patients, the population most frequently receiving anticancer treatments. While the young intestine rapidly
restores epithelial integrity after injury, tissue repair is markedly impaired with aging, resulting in prolonged
epithelial damage and reduced resilience. However, the mechanisms responsible for this age-dependent re-
generative failure remain poorly understood.

Here, we investigated the response to 5-fluorouracil-induced intestinal injury in young and aged mice by in-
tegrating transcriptomic, proteomic, single-cell, and functional organoid approaches.

We found that aging profoundly reshapes the regenerative landscape of the intestine, impairing epithelial
plasticity and limiting the activation of injury-induced repair programs. Integrative single-cell analyses iden-
tified a conserved pro-regenerative tuft cell population as a major target of this age-dependent remodeling.
While these cells display regenerative features in young animals, aging drives a marked shift toward inflam-
matory programs, suggesting a loss of their regenerative potential. Functional studies further support the
concept that preserving this tuft cell population enhances epithelial resilience following chemotherapy-indu-
ced damage.

Together, our findings identify age-dependent tuft cell reprogramnming as a previously unappreciated me-
chanism contributing to impaired intestinal regeneration. These results provide new insight into why the aged
intestine responds poorly to injury and highlight pro-regenerative tuft cells as a promising target to improve
tissue repair and treatment tolerance in older cancer patients.
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Transcriptomic clock in the short-lived African Killifish predicts mortality and
detects longevity interventions

Gravili, 1.'?; Debdas, P.2; Caterino, C.2; Baumgart, M.2;Carli, F.3; Raimondi, F.; Cellerino, A.'?

'Scuola Normale Superiore, Pisa, Italy
2| eibniz Institute on Aging - Fritz Lipmann Institute, Jena, Germany
8 University of Pisa, Pisa, Italy

Age predictors (aging clocks) based on different ~-omics data represent attractive biomarkers for translational
aging research. We developed a transcriptomic clock to predict the age of the short-lived killifish (Nothobran-
chius furzeri) from RNA-seq data. This clock relies on a Selective Adversarial-Deep Neural Network (SA-DNN)
coupled with a binary stochastic filter. This architecture brings three key advantages: minimal pre-processing,
minimization of confounder effects (e.g. sex, strain, sequencing batch etc..) on prediction, and interpretable
biological feature selection. The clock was trained on 241 biological samples and tested on a held-out set

of 17 samples as well as on different external datasets. First, the clock demonstrates generalizability, discer-
ning young and old fish in tissues not included in the training set. Second, transcriptomic age of fin biopsies
predicts mortality from longitudinal data. Finally, the clock detected the effect of late-onset low temperature
exposure, a known longevity intervention, in N. furzeri.
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Rapamycin alleviates estrogen deficiency-induced bone loss in genetically
heterogeneous mice

Guillon, M.'; Harford, M.P."; Ding, M.?; Kassem, M.'*#; & and Figeac F

'Odense University Hospital & University of Southern Denmark, Department of Molecular Endocrinology (KMEB),
Odense, Denmark

20dense University Hospital & University of Southern Denmark, Department of Orthopedic Surgery and Traumatology,
Odense, Denmark
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Background: Rapamycin (RAPA) extends lifespan and healthspan in mice, but its effects on musculoskeletal
health remain largely unknown.

Purpose: To evaluate the effects of dietary RAPA on bone loss after ovariectomy (OVX) in genetically hetero-
geneous HET3 mice.

Methods: Sixteen-week-old female HET3 mice underwent OVX or sham surgery and received either control
diet (ND) or 14 ppm RAPA for 8 weeks. Bone microarchitecture, strength, histology, and bone RNA-seq were
assessed. In vitro experiments were performed using human bone marrow mesenchymal stem cells to exa-
mine osteogenic differentiation and human osteoclasts to assess bone resorptive behavior following RAPA
treatment.

Results: RAPA diet markedly protected against OVX-induced bone loss (-19.1% in OVX-RAPA vs

-36.4% in OVX-ND). RAPA reversed OVX transcriptional signature, with increased bone formation pathways
and reduced inflammation. RAPA boosted bone formation and decreased bone resorption in vitro.
Conclusion: RAPA preserved trabecular bone and reversed OVX-driven molecular changes in HET3 mice, a
model with greater human relevance. Human cell data support its translational potential.
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Molecular Determinants of Clonal Fitness in Clonal Hematopoiesis
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Clonal hematopoiesis (CH) is driven by age-associated expansion of mutant hematopoietic stem and pro-
genitor cell clones and is linked to hematologic malignancy, cardiovascular disease, and mortality, yet why
different mutations expand in vivo remain unclear. We hypothesized that CH associated mutations reshape
intrinsic cellular programs in distinct ways that determine clonal fitness and evolutionary success. To test this,
we developed a murine hematopoietic progenitor platform enabling systematic comparison of recurrent CH
mutations. We found that each mutation imposes a unique balance of stress adaptation, inflammatory sig-
naling, and survival capacity with some shared and others highly divergent effects. Splicing factor mutations
predominantly impair fitness through apoptosis while epigenetic regulator mutations broadly rewire inflamma-
tory and stress response pathways with TET2 uniquely coupling senescence and defective DNA repair. These
mutation specific programs converge on altered inflammatory signaling and competitive fitness providing a
mechanistic framework for how diverse CH mutations drive clonal selection and disease risk.
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PATH: A Framework for Phenotypic Aging Dimensions and Disease
Risk Stratification

Ghorbani, F.'; Nollen, E."; & Guryev, V.'

European Research Institute for the Biology of Ageing (ERIBA), Groningen, The Netherlands
Abstract

Aging is a multidimensional process, yet most aging models reduce it to a single score. We developed PATH
(Phenotypic Ageing Transitions for Health), a data-driven framework, to identify distinct phenotypic aging
dimensions and assess their relevance to age-related disease risk. Using baseline data from 152,241 partici-
pants in the Dutch Lifelines cohort and 1,177 behavioral, psychological, social, physical, environmental, and
biomedical variables, we identified seven aging-associated phenotypic dimensions. These dimensions were
significantly associated with the future onset of cancer, diabetes, COPD, heart failure, stroke, and Parkinson’s
disease. The dimensions captured domains related to cumulative life stress, psychological resilience, physical
functioning, respiratory symptoms, and smoking behavior and exposure. Notably, the cumulative life stress
dimension predicted disease risk as strongly as, or more strongly than, traditional biomedical factors. These
findings support a multidimensional model of aging and demonstrate that accessible phenotypic data can be
used to stratify individuals by disease risk and inform targeted prevention strategies.



back to Titel back to Startpage Abstracts

Community-Level Facilitators and Barriers to Physical Activity Among Older
Adults in Karachi, Pakistan: A Qualitative Study
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Background: The global older adult population is expanding rapidly, with projections indicating it will reach
two billion by 2050. Pakistan, a low- and middle-income country (LMIC), has approximately 15 million in-
dividuals aged 60 and above, constituting 7% of its total population a figure expected to nearly double by
2050. Physical inactivity is highly prevalent among this population group, with WHO data indicating a 50%
prevalence among females and 30% among males aged 70 and above. Physical inactivity is closely linked to
chronic non-communicable diseases (NCDs) and mental health disorders. NCDs currently account for 58%

of total mortality in Pakistan, placing an enormous burden on an already strained healthcare system. Despite
the well-documented health benefits of physical activity (PA), the community-level determinants shaping

PA participation among older adults in Pakistan remain poorly understood. This study specifically focuses on
community-level facilitators and barriers to physical activity among older adults living in urban Karachi.
Methods: A qualitative exploratory study was conducted in two of Karachi's most densely populated districts
District Central (Gulberg Town) and District East (Gulshan Town) selected to capture socioeconomic diversity
and urban density. A total of 24 community-dwelling older adults aged 60 and above, with no known cognitive
disorders and able to move independently without assistive devices, were recruited using maximum variation
purposive sampling. This approach ensured diversity across age, gender, physical activity behavior, presence
of comorbidities, socioeconomic status, and living arrangements. Semi-structured, in-depth interviews gui-
ded by the Socio-Ecological Model (SEM) were conducted at participants’ residences. Data were analyzed
using Braun and Clarke’s six-step thematic analysis framework with inductive-deductive open coding, and
findings were organized according to the four levels of the SEM. The current abstract focuses specifically on
the community level.

Results: Thematic analysis at the community level identified one overarching theme: Environmental and Social
Influences, with distinct subthemes capturing both facilitators and barriers.

Community Level Facilitators - Availability of Community Resources: The presence of community-based
recreational centers, senior citizen centers within residential societies, and peer groups emerged as key faci-
litators for physical activity. Participants reported that these spaces not only provide structured opportunities
for exercise, but also serve as important venues for social interaction and peer encouragement. Such centers
were described as significant sources of motivation that support an active lifestyle in old age. Participants
specifically highlighted informal peer networks formed in neighborhood streets, outside apartment buildings,
and in communal gathering spots as substitutes where formal spaces were lacking. The social dimension of
these community spaces was seen as equally important as the physical infrastructure, as group participation
enhanced social capital and reduced feelings of isolation.

Community Level Barriers - Norms and Attitudes: Prevailing sociocultural norms and attitudes emerged as the
most prominent community-level barrier. Physical activity is not culturally normalized as a priority for older
adults in Karachi; instead, ageing is widely associated with rest and reduced physical exertion. This ‘sedentary
ageing’ norm was reported by participants as a pervasive cultural expectation that discourages physical effort
in later life. The barrier was particularly pronounced for women, who face gendered social restrictions on out-
door participation. Female participants described experiencing discomfort, staring, and social judgment when
attempting to engage in activities such as morning walks, even in traditional attire. Safety concerns, including
street harassment and crime, further restricted women’s access to public spaces for physical activity.
Community Level Barriers - Infrastructure, Safety, and Accessibility: Poor physical infrastructure was con-
sistently identified as a significant barrier. In both study districts, public parks were few, poorly maintained,
overcrowded, and lacking age-friendly features such as even walking surfaces, adequate benches, shaded
seating, and accessible pathways. The absence of dedicated pedestrian walkways, zebra crossings, and side-
walks created safety hazards from road traffic, particularly for older adults concerned about falls. Private gyms
and recreational facilities, where available, were financially inaccessible to most participants due to high mem-
bership fees. Community-based recreational centers in gated housing schemes were restricted to residents,
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further limiting broader participation. Participants also noted the absence of any formal older adult clubs or
peer support groups in either study district, reflecting a systemic gap in community infrastructure tailored to
the needs of aging populations.

Conclusion: This study is among the first to provide an in-depth, qualitative examination of community-level
facilitators and barriers to physical activity among older adults in urban Pakistan. Community-based senior ci-
tizen centers and peer group networks were identified as key facilitators, while restrictive sociocultural norms,
especially for women - poor infrastructure, limited safe public spaces, and safety and security concerns were
the major barriers. The strong interdependence between community-level factors and broader individual

and policy-level dynamics highlights the need for multi-level, context-sensitive interventions. Findings un-
derscore the urgent need for culturally responsive community environments that are inclusive, age-friendly,
and gender-sensitive. Municipal authorities and health departments in Karachi should prioritize investment in
accessible public spaces, community-based programs, and culturally appropriate awareness campaigns to
promote physical activity and support healthy aging among the growing older adult population in urban Pakistan.

References:

1. World Health Organization (2022). Physical Activity. WHO Fact Sheet. Available from: https://www.who.int/news-room/
fact-sheets/detail/physical-activity

2. Braun V, Clarke V, and Weate P (2016). Using thematic analysis in sport and exercise research. In: Routledge Handbook
of Qualitative Research in Sport and Exercise. London: Routledge.

3. Mahmood B, Cox S, Ashe MC, Nettlefold L, Deo N, Puyat JH, et al. (2022). ‘We just don't have this in us..": understan-
ding factors behind low levels of physical activity in South Asian immigrants in Metro-Vancouver, Canada. PLoS One 17,
e0273266.

4. Barnett DW, Barnett A, Nathan A, Van Cauwenberg J, and Cerin E (2017). Built environmental correlates of older adults’
total physical activity and walking: a systematic review and meta-analysis. International Journal of Behavioral Nutrition and
Physical Activity 14, 103.



back to Titel back to Startpage Abstracts

Manipulating individual spliceosome components to identify pro-longevity
treatments
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Alternative splicing regulates which exons of a protein-coding gene are spliced into a translatable mRNA,
undertaken by a dynamic complex called the spliceosome. Alternative splicing occurs in most human genes
(Wang et al., 2008), but requires tight regulation to produce the correctly spliced mRNA for the specific
context. During ageing, dysregulation in splicing is observed, leading to aberrant protein production (Latorre
and Harries, 2017). Furthermore, treatments such as dietary restriction and mTOR suppression induced wide-
spread changes in spliceosome expression and splicing. To date, it has been unclear if individual spliceosome
components can affect longevity and how splicing is related to ageing on a mechanistic level. To test this we
downregulated 6 individual spliceosome components in vivo in Drosophila using a globally expressed con-
ditional driver. We identified that the knockdown of some spliceosome components rapidly induce mortality,
whereas others extend lifespan (full results shown in Hayman et al., 2026). These pro-longevity spliceosome
genes offer promise as pro-longevity targets.
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Establishing human microglial models of aging and senescence
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Aging is a major risk factor for neurodegenerative diseases and cancer. Senescent cells accumulate with age
and contribute to the inflammatory environment through senescent associated secretory phenotype. Microg-
lia, the resident macrophages of the brain, serve as its primary line of immune defence. Aging is connected
with dysregulated microglial responses, including exaggerated inflammatory activation. Common in vitro mo-
dels, including cell lines and human iPSC-derived microglia, fail to preserve age-associated features.

In this study, we use a recently described chemical cocktail to induce senescence and aging in continuous and
human monocyte derived microglia-like cells. We characterize resulting cellular and functional changes as-
sociated with microglial aging. This work provides the basis for incorporating an aging angle into our ongoing
neurodegeneration and cancer research projects.
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Predicting protein homeostasis collapse in CAG-expansion diseases
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CAG-expansion diseases, including Huntington's disease (HD) and spinocerebellar ataxia type 1 and 3 (SCAI
and 3), arise from expansions in the genomic CAG repeat sequence, resulting in the production of aggrega-
tion-prone proteins containing expanded polyglutamine (poly®) stretches. While a longer CAG-repeat length
correlates with increased polyQ aggregation propensity and earlier disease onset, substantial inter-individual
variability suggests that repeat length alone is insufficient to predict the age of disease onset. Moreover, de-
tection of aggregation would be too late as a predictive measurement. Loss of protein homeostasis, a hallmark
of aging and neurodegenerative diseases, is thought to proceed polyQ aggregation. We hypothesize that the
cellular protein homeostasis capacity can partially explain the variability in age of onset. Therefore, we aim to
assess the decline in protein homeostasis before it collapses with reporters for different aspects of protein
homeostasis.
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The assocation between Vo, metabolic blood biomarkers, and prefrailty in
327 community-dwelling older adults
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\'/ozpeak and metabolic biomarkers are strong predictors of morbidity and mortalityl,2. We examined the
associations between CPET-derived Vogpea, 250 NMR-based metabolic biomarkers, and prefrailty in 327 com-
munity-dwelling older adults aged 55-75 years. Vospea Was lower in prefrail compared to robust older adults
according to the Frailty Index (FI) and Groningen Frailty Indicator (GFI), but not the Fried Phenotype (FP).
Logistic LASSO models combining age, sex, Vogpear, and metabolic biomarkers showed excellent discrimination
for GFl-defined prefrailty (AUC = 0.97), moderate discrimination for FI (AUC = 0.78), and lower discrimination
for FP (AUC = 0.70). 95 biomarkers were independently associated with Vogpeac (ML-kg.-1'min-1), yet provided
minimal additional predictive value beyond age, sex, and Voypeao SUggesting overlapping biological pathways.
Associations between Vogpea, biomarkers, and prefrailty were markedly stronger for the multidimensional Fl
and GFI than for FP, highlighting their different frailty constructs. Overall, Vozpeak was more strongly associated
with prefrailty than a panel of metabolic biomarkers.
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Co-methylation network reorganisation reveals an independent dimension
of epigenetic aging along a bidirectional chromatin axis in human blood
methylome
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Epigenetic clocks quantify aging at individual CpGs. However, whether coordinated co-methylation between
CpGs is reorganised with age remains uncharacterised. We analysed co-methylation networks from age-as-
sociated CpGs in whole blood across two population cohorts (total n = 1385, age 14-101) classifying CpG

pairs by correlation change between young and old individuals. We identified genome-wide loss of existing
co-methylation alongside gain of new co-methylation, indicating bidirectional network remodelling decoupled
from CpG methylation changes. Disconnected CpG pairs co-localised to active chromatin and enriched for
transcription factors linked to immunosenescence and inflammation, while newly connected pairs co-localised
to repressed chromatin and enriched for Polycomb repressive complexes. Bipartite rewiring profile clustering
revealed modules enriched for ECM reorganisation, developmental patterning, and mitochondrial metabolism.
Co-methylation rewiring scores were strongly age-associated and independent of epigenetic clocks, establis-
hing co-methylation reorganisation as a distinct dimension of epigenetic aging.
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Machine Learning—Driven Discovery of a Circulating Biomarker and Develop-
ment of a Sarcopenia Risk Assessment Index with Multi-Ethnic Validation
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Introduction: Sarcopenia, the age-related decline in skeletal muscle mass and function, poses significant
health risks in elderly populations, yet current diagnostics rely on costly imaging and region-specific criteria,
with no universally accepted biomarker to harmonize assessment.

Objectives: We aimed to identify a minimally invasive, mechanistically relevant, and clinically translatable
circulating biomarker for sarcopenia and to develop a computationally optimized Sarcopenia Risk Assessment
(SRA) Index for global clinical applications.

Methods: An XGBoost-driven pipeline integrated skeletal muscle transcriptomics (GTEx, GSEN1017) with
secretome profiles. Candidate biomarkers were validated in multi-center cohorts (Korean Seoul, n = 324;
Chinese Shandong, n = 230; Vietnamese Hanoi, n = 91; and Swiss Geneva, n = 94). Genetically inferred causal
effects were estimated using two-sample Mendelian randomization. Mechanistic insights were derived from
sc/snRNA-seq and recombinant protein—based gain-of-function assays, alongside cross-species models.
Results: A circulating endothelial-derived secreted protein was identified as a shared biomarker of muscle
aging. In the primary Korean Seoul cohort, circulating levels of this protein tracked with appendicular skeletal
muscle mass and functional decline, enabling an SRA Index with an AUROC of 0.8723. External validation
confirmed robust performance in Chinese (AUROC = 0.890) and Vietnamese (AUROC = 0.922) cohorts; the
Swiss cohort (AUROC = 0.708) further demonstrated reproducibility despite ethnicity-specific FNIH crite-
ria. Notably, circulating levels of this protein remained unchanged in pediatric patients with spinal muscular
atrophy, Duchenne muscular dystrophy, and Pompe disease, indicating specificity for age-related sarcopenia
rather than generalized muscle degeneration. Mechanistically, sc/snRNA-seq localized this protein to aged
endothelial cells, where it promoted activation of the NF-xB signaling axis, inducing cytoskeletal contraction,
MMP-mediated remodeling, and cellular senescence. Loss of its ortholog in C. elegans extended lifespan and
mobility, while high skeletal muscle expression in BXD mice predicted reduced survival.

Conclusion: This circulating biomarker is clinically accessible, highly specific, and supported by genetic and
functional evidence, providing a translational framework for sarcopenia risk stratification and therapeutic tar-
geting.
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Age-dependent thiol oxidation targets core proteostasis functions
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Many age-related disorders are associated with an imbalance in cellular proteostasis and elevated ROS. While
ROS-induced proteome damage is studied extensively, less is known about ROS as an endogenous stress
signal during aging. Recent evidence suggests that redox-sensitive proteins regulate protein synthesis during
early oxidative shifts. We explore how the early aging oxidation modulates stress defenses potentially safegu-
arding proteostasis and extending health and lifespan.

We developed a dataset on the Saccharomyces cerevisiae thiol oxidation investigating the kinetics of yeast
proteome oxidation on a large scale at different stages of chronological aging. By combining this with existing
data, we created the OxiAge Database (http://oxiage.ibb.waw.pl) to track how thiol oxidation changes across
different species and biological processes over time. Our large-scale analysis identified reversible thiol oxi-
dation targets in key proteostasis processes during the early stages of aging, particularly among conserved
zinc-binding proteins. As zinc homeostasis is known to be imbalanced during aging, we performed a meta-
analysis of known zinc-binding proteins across three domains of life, emphasizing the evolutionarily conserved
importance of redox regulation of these proteins and their response to zinc deficiency. Notably, we found

that conserved zinc-binding proteins involved in protein synthesis are among the early oxidation targets in
aging. Currently, we are analyzing mutant variants of the selected proteins to understand translation regulation
mechanisms in response to age-dependent stress, with potential implications for health and lifespan prolon-
gation.
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Caloric restriction and its interplay with redox signaling in lifespan and he-
althspan
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Reactive oxygen species (ROS) are increasingly recognized as key signaling molecules that regulate stress re-
sponses and promote survival. We previously demonstrated that a transient increase in ROS levels during early
Caenorhabditis elegans development modulates the activity of the COMPASS complex, resulting in reduced
H3K4 methylation and persistent improvements in lifespan and stress resistance (Bazopoulou et. al, 2019).
Here, we identify developmental caloric restriction (CR) as a physiological stimulus that elevates ROS levels
and induces the transgenerational inheritance of enhanced longevity and stress resilience. We further in-
vestigate the mechanisms underlying these effects, including the redox-sensitive COMPASS complex and
pathways capable of transmitting longevity-associated traits across generations. Together, our findings reveal
how redox-sensitive pathways bridge the gap between early-in-life nutritional stress and transgenerational
resilience.

References:

1. Bazopoulou, D., Knoefler, D., Zheng, Y., Ulrich, K., Oleson, B. J., Xig, L., Kim, M., Kaufmann, A., Lee, Y. T., Dou, Y., Chen,
Y., Quan, S., & Jakob, U. (2019). Developmental ROS individualizes organismal stress resistance and lifespan. Nature,
576(7786), 301-305. https://doi.org/10.1038/s41586-019-1814-y

104



back to Titel back to Startpage Abstracts

Tissue Specific Regulation of Cellular Senescence by Genetic Aerobic
Capacity, Aging, and Exercise
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A key mechanism for healthy aging is decreasing cellular senescence, a state of irreversible cell cycle arrest
leading to senescent cell accumulation and tissue dysfunction. Exercise may attenuate senescence, while
genetic aerobic capacity influences metabolic health and lifespan. This study evaluated the effects aging and
exercise on cellular senescence in liver, skeletal muscle, and adipose tissue in rats selectively bred for low vs.
high genetic aerobic capacity. Sixty female Low-Capacity runners (LCR) and High-Capacity Runners (HCR)
were studied in three groups: young, inactive; aged, inactive; aged with access to running wheels for one-ye-
ar. Senescence markers were analysed using gPCR, Western blot, and B-galactosidase assay. Compared to
HCR, LCR rats had higher p21Cipl expression in muscle and adipose tissue (p<0.049) and aging associated
with higher p2ICipl in liver and muscle (p<0.039). Exercise associated with higher levels of pl6lnk4a in muscle
and p21Cipl in adipose tissue (p<0.033). Our results suggest that genetic aerobic capacity has more profound
effect on tissue senescence than long-term exercise.
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The Host-Microbe Redox interplay and its role in Aging and
Neurodegeneration
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Reactive Oxygen Species (ROS) are produced at host barrier sites in response to bacterial contact in every
eukaryote host studied. Those highly reactive molecules play a dual role: excessive ROS induce oxidative
stress and, therefore, contribute to human diseases, while low levels of ROS act as signaling molecules and re-
gulate biological processes physiologically. Previous studies showed that treatments that elevate endogenous
ROS during developmental stages have life-altering effects on C. elegans i.e., in lifespan and neuroprotection
(1,2). We now find that dietary bacteria are important for these redox-altering treatments to elicit their effects
in the C. elegans host. We also show that the timing of application and redox state of the dietary bacteria are
both critical factors. These findings will advance our understanding on host-bacteria interactions and, in parti-
cular, on redox-regulated events triggered by dietary bacteria that impact the health and lifespan of the host.
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Restoration of biological age during prolonged fasting-refeeding mediated
by a fasting-responsive linker histone
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Reversal of biological age can occur in the immortal germline during early embryogenesis or during Yama-
naka factor reprogramming. Whether there are other contexts that promote restoration of biological age,
especially in an adult organism, is largely unknown. Here we describe an experimental paradigm in which we
observe remarkable somatic restoration and significant reduction of predicted biological age in an aged adult
organism. We observe progressive degeneration and increases in predicted biological age during prolonged
periods in fasting-induced adult reproductive diapause of Caenorhabditis elegans. When recovery is initiated
by refeeding, germline regeneration, somatic repair and regrowth occur, accompanied by a reduction in
predicted biological age. Interestingly, transcriptomic changes that ensue during refeeding-induced recovery
are inversely correlated with ad libitum age-related transcriptomic changes, suggesting restoration of the
transcriptome to a more youthful state. Through an RNAi screen we identify the linker histone hil-1 as a key
mediator of resilience during fasting and restoration during refeeding. hil-1 mutation leads to reduced lifespan
during adult reproductive diapause while having no effect on ad libitum lifespan. During refeeding, repression
of hil-1facilitates somatic regrowth and recovery of locomotor function. Accordingly, HIL-1is a fasting-re-
sponsive linker histone whose expression is strongly upregulated during adult reproductive diapause and
downregulated during refeeding, suggesting chromatin plasticity is important for starvation survival and rest-
oration. Induction of HIL-1is dependent on DAF-16/FOXO and HLH-30/TFEB, two key transcription factors that
promote longevity. Regulation of HIL-1/H1.0 may be evolutionarily conserved as we also observe an increase in
H1.0 expression in response to amino acid starvation in human cell culture. Furthermore, H1.0 knockout cells
are less resilient to prolonged amino acid starvation. Our study reveals refeeding-induced recovery from adult
reproductive diapause as a time window of biological age plasticity in adult tissues, and identifies hil-1/H1-0 as
part of an epigenetic switch of resilience and restoration during prolonged fasting-refeeding.
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The optimized stem cell niche: ECM remodeling supports skin aging
resistance in the naked mole rat
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The extracellular matrix (ECM) of epithelial stem cell niches regulates homeostasis through two axes: the
biomechanical scaffold of the basement membrane, and the heparan sulfate (HS) reservoir that binds and pre-
sents growth factors. Both deteriorate in aging niches. The naked mole rat (NMR), an exceptionally long-lived
rodent, preserves skin integrity across its lifespan, yet its skin ECM is poorly characterized. We asked whether
NMR runs its niche ECM as an optimized baseline: distinctly configured and stable with age. Comparing NMR
and mouse by confocal morphometry, RNA-sequencing, glycosaminoglycan analysis, and structural modelling,
we find NMR HS preloaded with the 2SNS motif that binds FGF2 and FGF7 (11.5% vs 1.4% in mouse). NMR basal
keratinocytes engage a geometrically elaborated dermo-epidermal junction (1.9-fold tortuosity, 4-fold digita-
tion density) above an adhesion program that is constitutively distinct and nearly constant across keratinocyte
states, while mouse shifts it markedly. These features remain stable across the NMR lifespan, suggesting the
niche is built on an ECM baseline optimized for sustained stem cell support.
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Mechanisms of life span extension by osmolytes
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Osmolytes are small organic molecules that accumulate across all domains of life in response to stress, and
have been linked to aging. Yet the mechanisms through which osmolytes influence the aging process and
organismal longevity remain poorly defined.

We address this question by systematically examining links between osmolyte action and the primary
hallmarks of aging. Using genetically tractable aging systems that allow proteostasis to be monitored at
single-protein resolution, we demonstrate that osmolytes extend lifespan through their activity as chemical
chaperones, suppressing age-dependent protein aggregation and maintaining proteostasis. Critically, this
chemical chaperone activity, rather than upstream stress signaling, is the proximal driver of longevity. Our fin-
dings resolve a long-standing gap between the biochemical literature on protein stabilization and the biology
of aging, establish proteostasis maintenance as a conserved function of the osmolyte class and provide a uni-
fying mechanistic explanation for previously reported but poorly understood pro-longevity effects of specific
osmolytes.
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Interplay of structural changes in skin tissue during aging and the progression
of chronic inflammatory skin diseases

Kleissl, L.'?; Veres, T.'; Buljan, 1.3; Sterniczky, B.2; Dingelmaier-Hovorka, R.2; Kopf, A."?; Drach, M.?; de Rooij, L.";
Stary, G.'?2 & Rendeiro, A.F."3

1 CeMM Research Center for Molecular Medicine of the Austrian Academy of Sciences,
Lazarettgasse 14 AKH BT 25.3, 1090, Vienna, Austria

2 Department of Dermatology, Medical University of Vienna, Vienna, Austria

3 Ludwig Boltzmann Institute for Network Medicine at the University of Vienna, Vienna, Austria

Aging induces profound structural and cellular changes that compromise tissue integrity and increase su-
sceptibility to chronic inflammatory disorders such as psoriasis (Pso) and atopic dermatitis (AD). However, it
remains unclear how such alterations contribute to disease onset.

We study age-related changes in healthy individuals (n=80), and disease-associated changes in Pso (n=90)
and AD (n=70) patients. Combining Al-powered biological age prediction from histopathological images

with gene-expression analysis, reveals mechanisms linking skin aging to chronic inflammation. We uncover
disease-specific morphological signatures, allowing us to grade disease severity. By integrating transcriptomic
profiles, we identify pathways driving histological scores, including gap junction assembly and distinct immune
programs for each inflammatory state.

This comprehensive morphological and molecular framework provides an unbiased view of how age-related
changes trigger disease onset. Together with spatial transcriptomics and immune phenotyping, it will reveal
how these changes drive the onset and progression of inflammatory skin diseases.
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Extract, Stabilize, Measure: Preserving NAD from Collection to Analysis

Kogan, K.; Euro, L.; Haimilahti, K.; Jansson, S.; Forsstrém S.; Buzkova, J.; Suomalainen, A

NADMED Ltd, Helsinki, Finalnd

Accurate measurement of NAD-related redox metabolites is essential for reliable biological interpretation and
clinical decision-making. Yet these metabolites are highly sensitive to pre-analytical conditions arising during
blood collection, storage, transport, and freeze—thaw cycles. At NADMED, we have observed that such factors
can substantially alter measured redox states and compromise data quality, regardless of the analytical plat-
form used.

Drawing on accumulated experimental data, we address common challenges in clinical and research laborato-
ries, focusing on how sample handling affects NAD-metabolite stability. We identify steps that promote redox
degradation and outline practices that preserve biological signal integrity from collection to analysis. These
principles apply broadly to LC-MS, cyclic enzymatic assays, and NMR spectroscopy.

We propose a practical workflow for redox-focused analysis: extract, stabilize, measure. Rapid extraction,
effective stabilization, and controlled measurement conditions help ensure that analytical readouts reflect true
physiological states rather than pre-analytical artifacts.
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Unravelling the role of H3K4me2 in response to DNA damage and transcrip-
tion stress during development and ageing

Angelina Job Kolady'®; Walter Sandt?; David H. Meyer'?; Anna Eva Koch'4; Robert Hansel — Hertsch'34,
Bjorn Schumacher'®4; Siyao Wang"??
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Cells are continuously exposed to DNA damage that can stall RNA Pol Il, threatening genome stabilityl,2 and
contributing to diseases such as cancer, neurological disorders, and cardiovascular disease. We investigated
the role of histone H3 lysine 4 dimethylation (H3K4me2) in transcription recovery after transcription-blocking
stress using C.elegans and mouse dermal fibroblasts. H3K4me2 levels increased during recovery and correla-
ted with productive transcription elongation. Reduced H3K4me2 delayed development and impaired recovery,
while elevated levels accelerated recovery, indicating a conserved role in restoring transcription. Temporal
analyses showed that RNA Pol |l Ser2P reappears before H3K4me2 accumulation, suggesting H3K4me2 sus-
tains rather than initiates elongation. CUT&Tag profiling revealed coordinated H3K4me2 and RNA Pol Il Ser2P
regulatory patterns during transcription recovery. Ongoing IP-MS studies are examining how the H3K4me2 is
recruited during transcription recovery. These findings identify H3K4me2 as a conserved chromatin feature
that promotes transcription recovery and genome stability during ageing.
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Molecular signatures of sex-specific liver aging
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Chronic liver diseases and liver ageing are global health issues that trigger complex transcriptomic pathways
at the cellular level. Recent studies have demonstrated that transcriptomic responses to liver damage and
ageing processes exhibit significant biological variations between female and male organisms. However,
existing research using murine models has been strongly biased towards using male animals only, which poses
a major barrier towards elucidating sex-dependent effects of age on liver health. To investigate sex-specific
liver aging at the molecular level, this study identified transcriptional marker genes that facilitate an unbiased
quantification of cellular damage to hepatocytes. The resulting hepatocyte damage score was subsequently
used to analyze how male versus female transcriptional aging trajectories distinctly impact on liver health.

To avoid sex bias, diverse liver damage datasets were split into two training groups: 13 female and 21 male. In
each group, genes that were statistically significant in at least 50% of the datasets and up- or down-regulated
in the same direction in at least 75% of them were filtered. The 165 common genes identified from the inter-
section of the female and male groups were tested using 13 independent datasets and selected as the “top

101 global marker genes” with the most robust transcriptomic signal. In the next step, age-related genes will
be identified using the female and male age datasets. The accuracy of these genes in predicting hepatocyte
damage scores (HDS) will be modelled using Elastic Net regression analysis, and the sex-specific changes in
damage profiles with aging will be analysed.

Ultimately, this sex-unbiased bioinformatics approach establishes a robust framework for identifying universal
hepatocyte diagnostic markers while opening new ways to untangle how aging dynamics drive liver pathology
with sex.

Keywords: Liver Aging, Hepatocyte Damage Score (HDS), Bioinformatics, Sex Bias, Elastic Net Regression
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Characterizing Cellular Drivers of Cognitive Decline Across the Aging Mouse
Hippocampus
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As global life expectancy increases, the prevalence of age-related cognitive impairment and dementia con-
tinues to rise, affecting more than 50 million people worldwide. The hippocampal formation and adjacent
corpus callosum and fimbria-fornix white matter tracts are particularly vulnerable to age-associated structural
and functional decline linked to cognitive dysfunction. Emerging evidence suggests that inflammmatory cell
populations contribute to brain aging; however, the cellular and molecular mechanisms driving hippocampal
dysfunction remain incompletely understood. To define the cellular niches associated with brain aging and
cognitive decline, we performed comprehensive behavioral phenotyping and brain analyses across the murine
lifespan in male and female C57BI/6N mice aged 6 — 29 months. Across multiple cognitive and behavioral
domains, aging was associated with impairments in spatial memory, recognition memory, executive function,
exploratory behavior, and anxiety-related behaviors. To define the cellular states, transcriptional changes,

and microenvironment-specific interactions linked to domain-specific cognitive dysfunction with age, we
generated spatial transcriptomic and whole-transcriptome single-nucleus RNA sequencing datasets from

the hippocampal formation and surrounding white matter. Our analyses reveal the emergence of senescent
and inflammatory immune and glial populations with age, particularly within white matter-associated micro-
environments. By leveraging these datasets, we aim to provide mechanistic insight into the cell-mediated
processes underlying cognitive decline in the aging brain.
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High-throughput measurement of lifespan and fluorescence-based aging
markers at single-animal resolution in C. elegans
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Genetically identical individuals can vary several-fold in lifespan even under identical conditions. Understan-
ding the origin of this heterogeneity requires longitudinal measurement of individual aging trajectories, yet
conventional approaches either sample population averages or, when following individuals, sacrifice throug-
hput or resolution.

We present an automated C. elegans assay that fills this gap. By trapping animals in arrayed microchambers,
we track up to 1,000 individuals by hourly live imaging at cellular resolution across their entire lifespan. An
automated pipeline extracts per-animal survival, motility, and trajectories of fluorescence-based aging mar-
kers, yielding both population statistics and single-animal aging dynamics. We validated the platform using
daf-2(e1368) and eat-2(ad1116) mutants, reproducing published lifespan extensions while revealing sub-popu-
lation structure and aging marker-to-lifespan covariation within isogenic cohorts.
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Old muscle, new rules: muscle derived FGF21 drives systemic resistance to
protect failing muscle
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Aging creates a paradox for FGF21: while analogous are therapeutics showing efficacy in metabolic disease,
endogenous FGF21 is chronically elevated in aging. As homeostatic control declines with age, stress pathways
become activated, leading to increased circulating FGF21. Skeletal muscle — a major source of FGF21 under
mitochondrial stress and aging — remains poorly understood as a driver of systemic signaling stress. We used
a muscle-specific mitochondrial myopathy model that accelerates skeletal muscle aging and drives circulating
muscle-derived FGF21 to near-pharmacological levels. We found no canonical response of FGF21, consis-
tent with an actively induced resistance state safeguarding failing muscle in aging. Together, these findings
sharpen the paradox of FGF21 biology in aging: sustained endogenous elevation does not yield productive
signaling. Instead, FGF21 responsiveness is shaped by tissue context and chronic stress. Defining when FGF21
is adaptive and when resistance emerges will be critical for identifying biomarkers, stratifying patients, and
guiding personalized FGF21-based therapies for aging and age-related disease.
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Understanding the role of H3K36 methylation in epigenetic aging
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Aging is associated with robust and reproducible changes in DNA methylation (DNAmM), however the ups-
tream chromatin mechanisms governing these methylation patterns are poorly understood. Histone 3 lysine
36 (H3K36) methylation, specifically H3K36me2/me3, recruit DNA methyltransferases, DNMT3A/B, to target
regions. Therefore, we aimed to elucidate whether H3K36 methylation patterns change with aging and if this
contributes to age-associated DNAmM. H3K36me2 and H3K36me3 profiles were investigated in peripheral
blood derived mononuclear cells of 5 old and 5 young donors. We observed significant changes in both marks,
with particularly loss of H3K36éme2 and gain of H3K36me3. Notably, these genomic regions were enriched

in genes associated with leukocyte and immune function. We observed that subsets of both patterns overlap
with each other, suggesting a shift toward H3K36me3 in aging. However, genomic regions with age-associa-
ted DNAm did not reveal clear changes with H3K36 marks drift in aging. To better understand how the H3K36
marks interact with DNAm, we generated CRISPR-Cas9 knockout of the histone methyltransferases, NSDI
and SETD2, which are responsible for depositing H3K36me2 and H3K36me3, respectively, in induced human
pluripotent stem cells. In fact, NSD1 and SETD2 knockout clones showed marked decrease in H3K36me2 and
H3K36me3 patterns. NSD1 knockout resulted in a significant hypomethylation, but it was not considerably
impacting age-associated DNAm. On the other hand, we did not see any evident DNAmM changes in SETD2
knockout lines. Collectively, our work demonstrates an age-associated shift from H3K36me2 to H3K36me3,
but these changes appear to be independent from age-associated DNAm.
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Investigating the impact of ageing on 3D genome architecture in adilRD
models in the turquoise Kkillifish
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Ciampi, L.); Tena, J.; & Martinez-Morales, J.R
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The retina enables vision and is highly vulnerable to ageing and neurodegeneration. Inherited Retinal Diseases
(IRDs) are leading causes of blindness worldwide, affecting >5 million people. However, epigenomic com-
plexity and limited human retinal samples hinder mechanistic studies. Since ageing and neurodegeneration
may converge on shared molecular pathways, we use the turquoise killifish, a short-lived vertebrate model
that recapitulates the hallmarks of human ageing, to investigate chromatin regulation in both physiological
and neurodegenerative contexts. We generated a transgenic killifish model carrying the human rhodopsin
mutation, resulting in photoreceptor degeneration. Using bulk RNA-seq, ATAC-seq and HiC, we identified
transcriptional and chromatin accessibility changes linked to loss of retinal identity, immune activation and
stress pathways. Furthermore, alternative splicing analyses revealed conserved ageing programs also obser-
ved in zebrafish. Ultimately, our study reveals mechanisms driving retinal ageing and degeneration.



back to Titel back to Startpage Abstracts

Cell-type-resolved pseudobulk classification identifies microglial PTPRG
as a transcriptional hub in Alzheimer’s disease
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Alzheimer's disease (AD) involves complex cell-type-specific pathology. Using supervised machine learning
on pseudobulk single-nucleus RNA-seq data from the ROSMAP cohort, we evaluated combinations of six brain
cell types for AD classification. Microglia and astrocytes were the most informative. A logistic regression mo-
del trained on 228 highly variable genes achieved strong performance in ROSMAP (balanced accuracy 87%,
AUC 0.89) and generalized to an independent Seattle AD Brain Cell Atlas cohort (balanced accuracy 86%,
AUC 0.92). Among 72 selected genes, microglial PTPRG showed the strongest contribution. Enrichment and
network analyses linked microglial genes to inflammatory signaling and astrocyte genes to protein homeosta-
sis stress. PTPRG occupied distinct co-expression networks in AD and cognitively normal microglia, reflecting
inflammatory dysregulation versus immune homeostasis. Cell-cell communication analysis identified APOE,
GRN, PSENTI, and CLU as predicted neuronal regulators of microglial PTPRG. These findings identify PTPRG as
a central hub integrating neuronal signaling and inflammatory dysregulation in AD.
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Martirosyan
Metabolic reprogramming as a quality control strategy in long-lived bats

Bats (Chiroptera) exhibit extraordinary longevity relative to their body size, yet the cellular mechanisms un-
derlying this phenomenon remain poorly understood. Using primary fibroblasts from Myotis myotis (long-lived,
~37 years), Rousettus aegyptiacus (shorter-lived, ~20 years), and Homo sapiens as a reference, we investiga-
ted species-specific responses to UVC-induced genotoxic stress through an integrated multi-omics approach
encompassing quantitative proteomics, phosphoproteomics, Seahorse respirometry, live-cell apoptosis profi-
ling, and mitochondrial functional assays.

Under genotoxic stress, Myotis fibroblasts mounted a pronounced upregulation of TCA cycle and fatty acid
oxidation enzymes, accompanied by increased mitochondrial OXPHOS activity and remodelling of mitochon-
drial dynamics. This metabolic shift was coupled with apoptotic priming — evidenced by pro-apoptotic protein
phosphorylation and live-cell caspase activation — suggesting that Myotis preferentially eliminates damaged
cells through a metabolically-fuelled quality control program. Rousettus, despite its comparatively shorter
lifespan, showed a markedly different metabolic and bioenergetic stress response, pointing to divergent cel-
lular strategies even within the same order. Human fibroblasts displayed robust ATM-mediated DNA damage
signalling with comparatively muted metabolic engagement.

Together, these findings support a model in which the longevity of Myotis is underpinned by a metabolic-first
quality control strategy: rapid energetic commitment to mitochondrial function primes efficient apoptotic
clearance of genotoxically damaged cells, potentially limiting the accumulation of senescent or mutagenised
cells over a long lifespan. This work positions bat comparative biology as a productive framework for identify-
ing actionable metabolic nodes in healthy ageing.



back to Titel back to Startpage Abstracts

Epigenetic clocks do not capture the ageing-associated cognitive decline in
middle-aged individuals
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Epigenetic clocks are biomarkers of ageing that associate with various ageing-related phenotypes, morbidity
and mortality. Ageing-associated non-pathological cognitive decline can be observed from mid-life onwards.
As cognitive phenotypes have not been included in the construction of the various epigenetic clocks, our aim
was to study whether the epigenetic clocks capture the ageing-associated cognitive decline.

In the YFS cohort (aged 34-49 years at baseline, n=1250), cognitive performance was measured twice (fol-
low-up of 7 to 9 years) using the CANTAB® test battery. We included overall cognitive performance and four
specific cognitive domains in the analysis. The epigenetic clocks were PhenoAge, GrimAge and DunedinPACE.
In our cohort, epigenetic clocks did not comprehensively capture the ageing associated cognitive decline.
Only one association, between GrimAge and information processing, was statistically significant in the fully
adjusted model. In a middle-aged cognitively healthy population, biological aging estimated using epigenetic
clocks does not seem to be associated with cognitive decline.
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Redox-Regulated BTB/POZ Protein C40AIl1.2 Mediates Early-Life Stress
Adaptation in C. elegans

Kyriakos Mavridis'; Agapi Kavvadia' & Daphne Bazopoulou'
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Greece

Early-life interventions, such as mild oxidative stress, have been shown to alter lifespan trajectories and en-
hance healthspan in Caenorhabditis elegans [1,2]. However, the molecular mechanisms facilitating long-term
resilience remain elusive. Transcriptomic analyses of developing worms, which are intrinsically more oxidized
than the population mean and live longer, identified several upregulated yet uncharacterized genes encoding
BTB/POZ domain-containing proteins [1]. These proteins are predicted to function as substrate adaptors

for Cullin-RING E3 ubiquitin ligases, suggesting a potential role of selective protein degradation in cellular
adaptations accompanying mild stress in development. My research focuses on one such protein, encoded by
C40AI1.2, which is predicted to be regulated by the heat shock factor HFS-1, based on promoter analysis and
de novo motif discovery. Interestingly, knockdown of C40AI1.2 confers heat tolerance on control worms but
increases sensitivity in the otherwise stress-resistant Insulin/IGF-deficient mutants. Using RNAI, dietary inter-
ventions, and stress reporter strains, | study C40AI1.2's role in stress adaptation within characterized longevity
pathways. This work aims to provide mechanistic insights into how genetics and diet influence long-term
fitness.
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Methylation-associated Gene Expression (MaGE) proxies of cellular sene-
scence: scalable systemic senescence biomarkers in relation to disease se-
verity and 174 incident disease outcomes.
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Cellular senescence is a key hallmark of aging, yet its measurement remains limited by invasive, tissue-spe-
cific techniques —— unsuitable for large-scale cohort research. We present MaGE (Methylation-associated
Gene Expression predictors) — the first DNA methylation-based proxies of senescence gene expression, pro-
viding a whole-blood-derived, systemic measure of senescence burden, establishing a new class of tool via
DNAmM-based RNA prediction. MaGE was developed via Elastic Net on paired DNAmM and gPCR for p16INK4A,
pl4ARF and p21CIP1 (n=514). MaGE scores associated with COVID-19 severity and Crohn'’s disease. Across
174 incident disease outcomes and all-cause mortality (10-year follow-up; n=18,859), MaGE generated 49
Bonferroni-significant associations across 18 unique diseases and mortality (P < 0.05/174), with strongest
associations for MaGE-pl6/Pulmonary Fibrosis (HR=2.10, P=1.99x10-%) and MaGE-p21/Alcoholic Liver Disease
(HR=2.64, P=1.94x10-%) —— outperforming 14 epigenetic clocks and standard clinical risk factors, including
FEV1 and smoking. MaGE transforms a specialized assay into a scalable senescence biomarker.
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SAM depletion by a proline to polyamine shunt is sensed by the elongator
complex to promote longevity
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Metabolic state, mRNA translation, and the tuning of stress response pathways become deregulated with
aging, and their modification can prolong survival. Their coordinated interaction, however, remains poorly
understood. In a forward genetic screen in Caenorhabditis elegans for resistance to the ribosomal toxin gene-
ticin (G418), we discovered a mutation in the gene encoding pyrroline-5-carboxylate reductase 1 (pycr 1),
responsible for the last step in de novo proline biogenesis. pycr 1 mutant worms were long-lived, but had only
slightly reduced proline levels. Instead, we observed a strong depletion of S adenosyl methionine (SAM) in
pycr 1 mutants due to an increased proline to polyamine shunt, and dietary supplementation of methionine
fully suppressed their lifespan extension. Thus, pycr 1 mutants model a state of methionine restriction, which
is associated with longevity. SAM is required for tRNA maturation and thus essential for accurate and effi-
cient mRNA translation. Protein synthesis dysregulation activates heat shock transcription factor HSF 1, and a
transcriptome analysis of pycr 1 mutants revealed significant HSF 1 target gene expression. As expected, pycr
1 longevity was hsf 1 dependent, however, G418 resistance was partially hsf-1 dependent. G418 occupies and
constricts the ribosomal decoding center, which results in loss of tRNA selection and accommodation. Loss of
elongator complex function depletes tRNA wobble base modifications and we observed that this was sufficient
to alleviate G418 toxicity. Moreover, we found that reduced elongation complex function induces longevity

in WT but not in pycr-1(wrm22) worms. Our observations indicate that the elongator complex is a sensor for
SAM depletion and mediates an HSF-1 independent hormetic stress response.
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Reversibility of the Senescence Growth Arrest after CDK4/6 Inhibitor Therapy
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Cellular senescence is a hallmark of aging characterized by a stable cell cycle arrest triggered by stressors
such as anticancer therapies. In aging, senescent cell accumulation contributes to age-associated diseases,
such as cancer. CDK4/6i induces a senescence-like phenotype in HR+/HER2- breast cancer cells, although
relapses after treatment withdrawal are frequent.

Here, we investigated the reversibility of CDK4/6i-induced senescence in human and murine tumor cell lines
and immortalized primary cells. Across all models analyzed, cells resumed proliferation after drug withdrawal,
indicating that this state is reversible. Importantly, regrown cells remained sensitive to subsequent treatment,
arguing against resistant clone expansion and suggesting that senescent-like cells can re-enter the cell cycle.
In addition, SA-f-gal-positive sorted cells were able to proliferate.

These findings support the concept that therapy-induced senescence is a dynamic cellular state. Understan-

ding the mechanisms underlying senescence escape may help prevent tumor relapses and support strategies
targeting senescent cell persistence in aging.
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Decoding age-related changes on cell-type specific GRNs in the naturally
short-lived African turquoise Kkillifish

Muioz-Gil, L., Hernandez, V.!; Manzo, S.; Ardila-Garcia, L.; Naranjo, S. & Tena, J.J.!

'Andalusian Center for Developmental Biology (CABD), Consejo Superior de Investigaciones Cientificas/Universidad
Pablo de Olavide/Junta de Andalucia, Sevilla, Spain)

Aging reshapes gene expression through epigenetic dysregulation and chromatin remodeling, yet the cell-
type-specific regulatory logic driving this process remains largely unknown. Here we present a multi-omic
approach to decode gene regulatory network (GRN) dynamics across the lifespan using the turquoise killifish,
a naturally short-lived vertebrate model. Using snMultiome (snRNA-seq + snATAC-seq), we will profile three
aging-relevant tissues — brain, liver and heart — in both males and females, and reconstruct age- and cell-
type-specific GRNs by identifying key transcription factors, target genes and cis-regulatory elements. This
physiological aging atlas will then serve as a reference to assess how age-driven GRN reorganizations are
conserved, accelerated or fundamentally altered in three age-related disease models: diet-induced steatohe-
patitis, cardiac arrhythmia and a Parkinson’s disease-like model. Together, this work aims to identify the key
regulatory modules driving aging and their role in pathological contexts, potentially revealing novel therapeutic
targets.
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Social disconnection, metabolomic ageing and cardiometabolic outcomes

Mutz, J.!; Gilchrist L.2; Fancourt, D.2
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2Centre for Preventive Neurology, Wolfson Institute of Population Health, Queen Mary’s University of London, London,
United Kingdom.

3 Department of Behavioural Science and Health, University College London, London, United Kingdom.

Background: Social isolation and loneliness raise cardiometabolic risk, but the metabolic pathways are unclear.
We tested whether isolation, loneliness and their combination relate to metabolomic ageing and incident car-
diometabolic disease, using Mendelian randomisation (MR) for causality and mediation.

Methods: In UK Biobank adults, we examined cross-sectional links of isolation/loneliness with two metabolo-
mic ageing measures (MileAge delta; Metabolomic Mortality Profile Score). Cox models tested prospective
links with incident disease. Two-sample MR (UK Biobank, FinnGen, MVP) assessed causality.

Results: In up to 239,411 adults (mean age 56.9; 54.1% female; 13.7-year follow-up), both exposures showed
dose-response links with metabolomic ageing, strongest when combined. All deficits and scores predicted
higher cardiometabolic hazards. MR supported causal effects on coronary atherosclerosis, Ml and type 2 dia-
betes; mediation was non-significant.

Conclusions: Isolation and loneliness relate to metabolic dysregulation and cardiometabolic risk, MR suppor-
ting causal effects, though mediation via metabolomic ageing was unsupported.
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Redox selection in the airway as a blueprint for aging-related stress
adaptation

Osuna de la Pefia, D.'; Laidlaw, S.2; Przybilla, M. J.2; Ding, C.2; Alhendi, A."; Stoichkova, Z.!; Zheng, H.};
Gowers, K. H. C.; Campbell, P. J.2; Nangaila, J.2; & Janes, S. M.!

"Lungs for Living Research Center, UCL Respiratory, University College London, London, UK
2 Wellcome Sanger Institute, Hinxton, United Kingdom

Tobacco smoking is a major source of morbidity and mortality which involves several proximal causes of
aging: oxidative stress, DNA damage, somatic selection and epigenetic alterations. Genomic studies in cancer
have shown that smoking is strongly associated with redox adaptation, especially in the respiratory tract, but
whether this phenotype arises in normal tissues is unclear. Here, we leveraged functional screens of primary
bronchial epithelial cultures exposed to tobacco smoke and characterized their genomic, epigenomic and
transcriptomic signatures. We found that smoke exposure increases basal cell fitness in a smoking status—de-
pendent manner. This was not associated with specific driver mutations but with demethylation of the redox
master regulator NFE2L2 and several of its target genes. Accordingly, basal cells from smokers exhibited
enhanced antioxidant responses, survival, senescence resistance and buffering of mutagenesis. These findings
suggest that tobacco smoke establishes a functional landscape characterized by oxidative stress resistance at
the cost of increased cancer risk. Such a trade-off may be a generalizable feature of proliferative tissues under
stress.
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Short telomeres in the hematopoietic system promote inflammatory signalling
and impair regeneration after acute lung injury

Oztirk, S.'2; Kopatscheck, J. S.'2; Ye, J. L3; Buchler, G.3; Blume, J.3; Hildebrand, C. B."2; Pich, A.4; Muhlfeld, C.5¢;
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Aging hematopoietic cells may contribute to severity of acute lung injury (ALI) in elderly. To test this, develop-
ment of ALl was studied in an aging model of telomerase reverse transcriptase (Tert) knockout (KO) mice with
short telomeres in the lung or bone marrow (BM), achieved by BM transplantation (Fig 1).

In the acute phase, ALI was most severe in mice with KO BM, indicated by lung mechanics, inflammatory cyto-
kines and increased recruitment of neutrophils. Transcriptomics confirmed findings of enhanced inflammatory
signaling and impaired heat shock stress response (HSR) in mice with KO BM. In the regenerative phase, mice
with KO BM still showed increased recruitment and activation of macrophages. Ongoing inflammation and
deregulated HSR was confirmed by proteomics analysis. Phosphoproteomics further implied that PIM kinases,
which are degraded via HSR proteins, contributed to continued macrophage activation during regeneration]1,2

Our data show that hematopoietic cells play a crucial role in development and regeneration of ALl in aging. An
impaired HSR could be driving persistent inflammation in macrophages and delaying regeneration.

Figure 1. Experimental layout.
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Disentangling cellular damage and aging

Tsimafei Padvitski'; Andreas Beyer'
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Aging and cellular damage are closely linked across multiple scales, but details of their relationship are not
fully resolved. In particular, it remains unclear how much of the aging-associated transcriptional state reflects
damage-like programs, how much remains distinct, and how both processes relate to erosion of differentiated
cell identity. Here, we addressed this question in podocytes and hepatocytes by comparing independently
derived transcriptomic signatures of cellular damage, chronological aging, and cell-type identity, and applied
them as single-cell scores in aging and damage datasets.

In summary, aging and damage signatures were highly collinear within each cell type and converged on shared
stress-associated pathways, while retaining organ-specific components. In both cell types, increased damage
and aging scores were accompanied by reduced cell-type identity. Our results suggest that aging and da-
mage converge on a shared transcriptomic trajectory shaped by progressive erosion of differentiated cellular
identity.
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Exploring the effects of estradiol on cellular senescence and its implications
for female aging
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Sex differences are a hallmark of human aging, with women and men following distinct biological trajectories
across the lifespan. A key divergence emerges during midlife, when women undergo a relatively rapid decline
in circulating estrogens as a consequence of menopause, whereas in men sex hormone levels decrease more
gradually. This abrupt endocrine transition in women coincides with the loss of the early-life cardiometabolic
advantage and with increased vulnerability to metabolic, musculoskeletal, and degenerative conditions in later
life.

Estrogens are central regulators of homeostasis, coordinating energy metabolism, tissue maintenance, and
structural integrity across multiple organs. Their decline at menopause is associated with broad physiological
remodeling, including increased adiposity, reduced bone strength, and impaired skeletal muscle performance.
Collectively, these changes highlight the importance of estrogen signaling in preserving tissue function during
aging, although the underlying cellular mechanisms remain incompletely understood.

Cellular senescence is increasingly recognized as a driver of organismal aging. It is characterized by stable
cell-cycle arrest and the acquisition of a pro-inflammatory secretory phenotype (SASP), which promotes tis-
sue dysfunction and chronic inflammation when senescent cells accumulate. Senescence arises in response to
different types of cellular stress and is shaped by signals from the organism, including hormonal cues. In this
context, the loss of estradiol at menopause may contribute to conditions that enhance senescence accumula-
tion and tissue decline, although the relationship remains to be clarified.

In this study, we investigate the role of estradiol in regulating cellular senescence and age-related functional
changes. Using aged female mice treated with chronic estradiol supplementation, we assess body composi-
tion and motor performance. Treated animals show improved motor function, reduced fat mass, and increased
lean mass compared to controls. In parallel, in vitro experiments evaluate whether estradiol affects the estab-
lishment of senescent phenotypes and related inflammatory outputs.

Preliminary results suggest that estradiol may attenuate age-associated functional decline and influence
senescence-associated features, supporting a link between estrogen deficiency and cellular senescence pro-
cesses. Understanding how estradiol shapes both cellular and organismal aging will be essential for developing
targeted, safe, and personalized interventions to promote healthy aging in women.
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Aging in the loop: what is missing from the Big Beautiful training data for
Foundation Model of aging pharmaco-biology?
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A Foundation Model of aging pharmaco-biology would predict how an aging organism responds to pharma-
cological intervention—from molecules to cells to tissues—by integrating multi-species single-cell expression
models with life-span data across interventions. Thousands of published experiments in dozens of species
seem a natural starting point, and curated databases already exist. Yet our work on control standardization and
community curation (ALEC&COLLIDA) reveal, this data is too heterogeneous and incomplete to train such

a model. Questionable quality survival curves are buried in figures, controls are incomparable across labs,
dosing and timing are inconsistently reported, and negative results are systematically absent. We argue that
realizing this vision requires not merely aggregating existing data but building specialized, scalable experi-
mental and curation workflows — and systematically re-investigating hundreds of compounds. We outline how
such workflows could be organized.
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The Potential Role of Cysteine and Associated Metabolic Pathways in the
Dietary Restriction Response in Drosophila
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Dietary Restriction (DR) extends lifespan across diverse taxa. Amino acid availability and its metabolism are
thought to be key in this process although it may not provide a universal mechanistic explanation (Gautrey and
Simons, 2021). The contribution of individual amino acids in the diet to ageing remains understudied. While
the thiol containing amino acid, cysteine, is a vital antioxidant precursor and has been shown to extend life-
span (Ma et al., 2025), it has also been shown to induce mitochondrial ageing by disrupting iron homeostasis
(Hughes et al., 2020). We find that dietary cysteine supplementation suppresses the longevity benefits of DR
in Drosophila. Comparative transcriptomics across six species revealed differential expression of a number of
cysteine metabolism genes under DR and conditional RNAi knockdown of these genes also reduced mortality
risk under DR. The addition of cysteine to DR diets significantly increased mortality when the cysteine clea-
rance gene CDO-1 was knocked down, suggesting that an inability to clear cysteine has a detrimental effect
on lifespan. In addition, we show that iron supplementation rescues toxicity caused by cysteine, suggesting
that previously characterised cysteine-iron interactions present a physiological limitation that may constrain
DR. These results indicate longevity outcomes are sensitive to fluctuations in specific metabolic pathways and
amino acid balances, rather than broad macronutrient restriction alone.
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New A246p53 isoform responds to DNA damage to enhance p53 family
functions in cellular senescence and ageing
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p53 is with little doubt one of the most powerful genes in our genome, as it makes growth vs arrest, repair vs
replacement, catabolism vs anabolism, life vs death decisions in the cell. An alteration or malfunction in p53
may lead to cancer, degeneration or premature ageing. So, it is not surprising that p53 is also one of the most
complex and tightly reqgulated genes, encoding for at least 10 RNA variants and 12 widely accepted protein
forms. Here we identify one new p53 protein isoform of approximately 18 kDa that we termed A246p53.
A246p53 is translated from an alternative translation initiation site (TIS) in codon 246. TIS-246 is preceded by
a strong Kozak sequence and appears conserved in vertebrates, from sea lamprey to humans. A246p53’s ori-
gin and expression in cells were confirmed by frameshift and start codon mutations; five different antibodies
against several epitopes from its N-terminus down to its C-terminus and one against the DNA binding domain
region just upstream of its initiator methionine working as negative control; as well as siRNAs and an antisense
oligo targeting TIS-246, which knocked-down A246p53 with little or no effect on full-length (FL) p53 protein
levels. A246p53 was induced by DNA damage and triggered senescence and impaired tumour formation/
growth in colony formation assays. Mechanistically, A246p53 interacted with FLp53, leading to a decrease

in the expression of downstream target genes HDM2 and p21. Concurrently, it also interacted with ANp63,
leading to p53-independent p63-mediated activation of p21, a known senescence activator. Our results unveil
a new naturally occurring and tightly controlled factor with specific functions in p21 regulation and senescence.
Future studies on A246p53 are likely to help us better understand and control the processes of tumour sup-
pression and ageing.
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Micronutrient and metabolomic profiles associate with specific systemic
multimorbidity profiles
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Background: Multimorbidity frequently occurs in distinct clusters, yet its underlying biomolecular and prog-
nostic signatures remain poorly defined.

Methods: We included 195 older patients (median 76 (IQR 8), 49.2% F) who underwent a comprehensive ge-
riatric assessment. Metabolites and carotenoids were quantified in blood using HPLC and NMR metabolomics
were quantified in blood. Multivariate associations among clinical, micronutrient and metabolic variables were
explored using LASSO and visualised in an interaction network.

Results: Micronutrients were predominantly associated with systemic diagnoses such as sleep apnea (coef
-2.77) or chronic kidney disease requiring dialysis (coef — 7.07). Multivariate association of MetaboHealth
highlighted diabetes (p < 0.001), cancer (p < 0.01) and respiratory illness (p < 0.01) as key diagnoses driving
the score.

Conclusion: These findings suggest that multimorbidity clusters are characterized by specific metabolic profi-
les with potential prognostic relevance.
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Establishment of an in vitro model of neuronal aging to dissect surface
proteome alterations underlying cognitive decline
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Approximately 40% of the healthy population over 60 years of age experiences cognitive decline, undersco-
ring the strong association between aging and cognition. Interconnected brain regions involved in cognitive
function, such as the hippocampus and cortex, appear particularly vulnerable to aging, displaying structural
and functional alterations in the absence of significant neuronal loss. These alterations may be driven by chan-
ges in the neuronal surface proteome; however, detailed characterization of neuronal proteomic alterations
during aging remains limited.

This study aims to characterize age-related changes in the neuron-type-specific surface proteome, enabling
the identification of intrinsic neuronal aging signatures that would otherwise be masked by other cellular po-
pulations. Moreover, because neurons rely on membrane-associated machinery for proper function, focusing
on the membrane proteome will help us better understand circuit dysfunction and identify potential druggable
targets.

We established an in vitro neuronal aging model using primary mouse hippocampal and cortical cultures
maintained for 14, 21, and 28 days in vitro (DIV), corresponding to distinct stages of neuronal maturation and
aging. At 28 DIV, neurons exhibited reduced nuclear size, increased endosomal size, and elevated p21 labeling,
consistent with an aged neuronal phenotype. Furthermore, we observed a decrease in inhibitory synapse den-
sity in both hippocampal and cortical cultures, whereas excitatory synapse density decreased only in cortical
cultures. These findings highlight the importance of assessing cell-type-specific and brain-region-specific
differences during investigations of neuronal aging.

In addition, we are evaluating the effects of pro-aging and anti-aging compounds to validate our model and
characterize novel compounds that prevent neuronal aging. Finally, we are using this translationally relevant
aging model to investigate cell-type-specific alterations in the neuronal membrane proteome during aging.
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Integrated Longitudinal Metabolic and Proteomic Profiling Reveals
Sex-Dependent Trajectories of Aging
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Aging is associated with progressive alterations in systemic energy metabolism. We combined longitudinal
metabolic phenotyping with stage-matched tissue proteomics to define sex-specific trajectories of metabolic
aging in mice at young (6—7 months), adult (14-16 months), and old (22-24 months) life stages. Metabolic
cage analyses assessed energy expenditure (EE), respiratory exchange ratio, and voluntary activity, com-
plemented by body composition measurements and uCT-based quantification of subcutaneous (SAT) and
visceral adipose tissue (VAT). Males exhibited a progressive decline in EE across aging, whereas females
showed an early reduction followed by stabilization. SAT decreased more markedly than VAT in both sexes,
although females retained higher SAT levels at advanced age. Proteomic profiling of liver, skeletal muscle, and
adipose tissue revealed tissue- and sex-specific remodeling, including reduced mitochondrial and oxidative
phosphorylation pathways in liver. These findings demonstrate distinct sex-dependent metabolic aging trajec-
tories linked to coordinated tissue-specific proteomic adaptations.
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Deciphering the molecular bases of long lifespan in bats by multi-species
comparative RNAseq analysis of blood
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Across the animal kingdom, all are not equal against ageing. Some bat species have evolved exceptional
ranges of healthspans given their body sizes that distinguish them from other mammals. Understanding the
regulatory bases of these lifespan differences and their resistance to diseases remains to be determined to
understand precisely how long-lived bats possess such exceptional traits. Our past study (Huang et al. 2019)
showed that M. myotis bats’ blood increases expression of DNA repair genes with age, as a potential mecha-
nism of their lifespan. With updated genome and annotations, bioinformatic pipelines for the detection of
coding, long non-coding, circular RNA, added to extended bat known age ranges and the new blood samples
from 4 additional bat species, we have the opportunity to 1) investigate if longevity mechanisms of M. myotis
are similar across Chiroptera phylogeny 2) create a catalog of all RNA molecules associated with bat health-
span independently of their nature.

We analysed five longitudinal RNAseq datasets generated from the non-lethally sampled whole blood from
aged individuals of 5 bat species : wild Myotis myotis (Britany, France), wild Rhinolophus ferrumequinum
(Woodchester Mansion, Gloucestershire, UK), wild Molossus molossus (Gamboa, Panama), captive Phyllosto-
mus discolor (St. Andrews, Scotland) and captive Rousettus aegyptiacus (Copenhagen zoo, Denmark). Human
and mice whole blood datasets downloaded from public databases are used as an outgroup.

We observed that increase of DNA repair was characteristic of M. molossus and M. myaotis, in association with
their relative phylogenetic proximity and their absence of telomere erosion with age. Additionally these two
species expressed significantly more basal levels of DNA repair genes compared to other species. In contrast,
while P. discolor showed decrease of DNA repair with age, R. aegyptiacus and R. ferrumequinum showed non-
linear expression patterns, suggesting alternative mechanisms for their longevity be determined.

WGCNA network analysis shows no clear blood cell marker pattern associated with DNA repair, making the
blood cell population expressing this DNA repair to be determined.

Overall, this multi-specie outlook on blood gene expression shows extensive differences of ageing me-
chanisms in bats and will permit us, in fine, to synthesise a unique and robust knowledge on longevity
mechanisms in the Chiroptera order.
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The aging modulator miR-29 is essential for adult cardiomyocyte function
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Aging is the main risk factor for cardiovascular diseases, underscoring the need to identify molecular regula-
tors that sustain cardiac function during aging.

The microRNA miR-29 is a well-established aging-associated regulator as its expression increases with age,
and its overexpression promotes premature aging. Here, we define the role of miR-29 in the adult cardiomyo-
cyte (CM) by generating an inducible, CM-specific miR-29-deficient mouse model (Heart-iKO). Heart-iKO
mice develop dilated cardiomyopathy (DCM) with reduced ejection fraction, leading to premature death.
Mechanistically, Heart-iKO CMs exhibit alterations in mitochondrial structure and function. Transcriptomics

of bulk heart and isolated CMs revealed a downregulation of oxidative phosphorylation and electron transport
chain gene programs. A similar mitochondrial impairment was also observed in miR-29-deficient human CMs
derived from induced pluripotent stem cells. Together, these findings highlight the context-dependent role of
miR-29 in the aging heart: although its upregulation promotes premature aging, basal expression is required
to maintain mitochondrial function and prevent heart failure.
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Embracing aging complexity from within-individual heterogeneity to
non-linear age-associated trajectories

Sadoughi, B.'?; Petersen, R.3; Mundry, R.#%¢; Ruiz Lambides, AV.”; Brent, L.8; Platt, M.%'°; Montague, M.?;
Melin, A.D.M23; Higham, J.*5; Lea, A.3; Snyder-Mackler, N."?2

'School of Life Sciences, Arizona State University, Tempe, USA

2 Center for Evolution and Medicine, Arizona State University, Tempe, USA

3 Department of Biological Sciences, Vanderbilt University, Nashville, USA

4 Leibniz ScienceCampus Primate Cognition, German Primate Center, Géttingen, Germany
5Department for Primate Cognition, Georg-August-Universitit Géttingen, Géttingen, Germany
¢ Cognitive Ethology Laboratory, German Primate Center, Géttingen, Germany

’Caribbean Primate Research Center, University of Puerto Rico, Punta Santiago, Puerto Rico
8 Centre for Research in Animal Behaviour, University of Exeter, Exeter, United Kingdom

? Department of Neuroscience, University of Pennsylvania, Philadelphia, USA

0 Department of Psychology, University of Pennsylvania, Philadelphia, USA

"Department of Anthropology and Archaeology, University of Calgary, Calgary, Canada

2 Department of Medical Genetics, University of Calgary, Calgary, Canada

' Alberta Children’s Hospital Research Institute, University of Calgary, Calgary, Canada

4 Department of Anthropology, New York University, New York, USA

® New York Consortium in Evolutionary Primatology, New York, USA

Aging varies across tissues and the lifespan, yet the extent and temporal structure of this heterogeneity
remain poorly characterized. DNA methylation provides a powerful molecular readout of biological aging,
enabling comparisons of age-associated dynamics across tissues. Using rhesus macaques, we analyzed DNA
methylation profiles from 14 tissues to ask how epigenetic aging trajectories differ across tissues and if they
follow linear or non-linear patterns over time. We identify substantial within-individual heterogeneity in aging,
with some tissues exhibiting markedly stronger age-associated methylation changes than othersl. To charac-
terize these dynamics, we developed an R package for scalable non-linear modeling of omics data. Applied
to »100,000 genomic regions in thymus and liver, our framework revealed strikingly distinct aging trajectories:
the thymus showed widespread non-linear decreases in methylation, whereas the liver exhibited a mixture of
linear increases and decreases. We further identify a period of maximal epigenetic remodeling in the thymus
in early adulthood. Together, these findings reveal pronounced cross-tissue heterogeneity in epigenetic aging
and highlight the importance of modeling non-linear dynamics in studies of aging biology.
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Cellular Senescence in the Aging Liver Contributes to Cognitive Decline
Crosstalk between Liver and Brain
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Aging is characterized by the accumulation of senescent cells in multiple tissues, including liver and brain.
Previous work from our group showed that clearance of plé6+ senescent cells alleviates brain inflammation,
improves cognition, and reduces liver steatosis in aging and obesity. Clinical studies further link liver diseases
with cognitive decline, suggesting a liver—brain axis, although the underlying mechanisms remain unclear. We
hypothesize that hepatic senescence accelerates brain dysfunction during aging. Using p16-LOX-ATTAC;Alb-
Cre mice, we show that aged mice exhibit memory impairment, while targeted elimination of senescent
hepatocytes improves learning and memory. This is accompanied by reduced inflammatory markers in liver,
brain, and plasma, as well as decreased hippocampal senescence. Our data suggest the existence of a liver—
brain senescence signaling axis mediated by a secreted factor. Finally, we use the mouse model TRF1-Fokl to
demonstrate that hepatocyte telomere dysfunction contributes to learning and memory decline. Overall, these
findings support a functional liver—brain crosstalk in aging, where senescent hepatocytes have a key role in
cognitive outcomes, although further studies are needed to define the mechanisms involved.
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Pasta, a versatile transcriptomic clock, maps the chemical and genetic
determinants of aging and rejuvenation
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Human transcriptomic aging clocks (TACs) can track biological age but remain limited by platform depen-
dence, tissue specificity, or restricted accessibility. To address this, we developed Pasta, a robust and broadly
applicable human TAC, built using a novel ‘age-shift’ learning framework. Pasta accurately predicted relative
age across diverse tissues and data types, including bulk and single-cell RNA-Seq as well as microarray data.
Its predictions aligned with senescent and stem-like cellular states and relied on model coefficients enriched
for p53 and DNA damage response pathways. Applied to the Connectivity Map L1000 dataset, Pasta identified
both established and previously unrecognized age-modulatory compounds and genetic perturbations, highl-
ighting mitochondrial translation and mRNA splicing as key determinants of cellular propensity for aging and
rejuvenation, respectively. Experimental validation confirmed pralatrexate as a potent senescence inducer and
piperlongumine as a rejuvenating agent in human cells. Together, these findings establish Pasta as a versatile
and accessible tool for aging research and therapeutic discovery.
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Evolutionary conserved diapause mechanisms of slowed aging and
rejuvenation

Sandt W., Meyer,D.; Schumacher, B.

"CECAD, University of Cologne, Cologne, Germany

Aging is associated with a general decrease in physiological functionality, susceptibility to injury and increa-
sed risk of mortality as a function of time. Different species show a distinct plasticity of lifespan and ability

to reset their biological age depending on their evolutionary adaptations. Diapause stages can be assumed

in invertebrate and vertebrate species to allow individuals an extended survival under adverse environmental
conditions. Here, we determine evolutionary conserved patterns of the slowed aging process in diapause and
the rejuvenating exit programs. We show that Diapause is not simply youthful stasis but instead is characteri-
zed by a general co-expression-relationship between diapause and adult aging across species, as indicated
by aging clocks and gene expression signatures that include the attenuation of metabolic processes. However,
diapause entry triggers distinctive stress response programs that might explain the slowed aging trajectory.
Diapause exit reactivates the metabolic processes and induces repair programs that might support the re-
setting of the biological age. Our findings reveal conserved gene expression programs that in distinct species
ranging from nematodes to mammals could slow aging and naturally rejuvenate cells and even organisms
during diapause exit.
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DREAMing of Healthy Aging: Deciphering the Molecular Links Between Sleep,
Circadian Rhythms, and Cellular Repair

Valentim, I. S."; Romero-Expésito, F. J.2; Schwab, K.'; Bayar, M.'; Riege, K.'; Lange, L.5; Engmann, O.3; Fisher, M.;
Olmedo, M.2; Hoffmann, S.'; & Ermolaeva, M. A!
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Chronic sleep restriction and circadian disruption contribute to metabolic, cardiovascular, and neurocognitive
decline. Using multi-omics, molecular, biochemical, and pharmacological approaches in C. elegans, human
retinal cells, and mouse brain tissue, we identified the DREAM complex as a conserved regulator of sleep-de-
pendent homeostasis. DREAM levels oscillate with circadian time and increase during wakefulness, promoting
chromatin compaction that limits DNA damage. Sustained DREAM activation suppresses translation, oxidative
phosphorylation, and stress responses, whereas sleep-associated DREAM decline enables chromatin relaxa-
tion and repair. Chronic sleep or circadian disruption maintained elevated DREAM activity, causing persistent
chromatin closure, impaired repair, mitochondrial dysfunction, reduced resilience, and accelerated aging.
DREAM inhibition restored repair pathways and improved cellular function despite continued circadian dis-
ruption. These findings identify DREAM as a molecular link between sleep, circadian rhythms, and aging, and a
potential sleep-mimetic therapeutic target.
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Evolution of primary cells through replicative crisis to immortality
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Shortening of telomeres, the repetitive, protective ends of eukaryotic chromosomes, restrict the proliferation
capacity of human somatic cells by inducing replicative senescence and crisis. During malignant trans-
formation, premalignant cells must overcome these barriers and acquire replicative immortality. Here, we
investigate this fundamental step during tumorigenesis using a spontaneous crisis escape model. Single-cell
DNA strand-sequencing of crisis cells revealed high genome instability characterized by complex structural
variants (SVs). Unexpectedly, spontaneous emerging postcrisis clones showed relative few and simple SVs,
suggesting that crisis evolved to stringently counterselect against cells with high genomic instability. However,
with accumulating divisions post crisis escape, the immortal postcrisis clones’ genomes evolve and amass
genomic alterations, including tetraploidization events with subsequent losses and gains of individual chromo-
somes. Thus, our data indicate that the highly rearranged genomes found in some cancers are not originating
from crisis but are acquired after crisis escape and immortalization.
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Lower blood cell mitochondrial DNA abundance associates with higher
all-cause mortality and aging: a 30-year prospective epidemiological study

Sebe, A.'; Lautaoja-Kivipelto, J."; Jokelainen, J.2; Skarp, S.'; Kerkela, R.\; Pirinen, E."*45; & Ukkola, O."®
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4 Biocenter Oulu, University of Oulu, Oulu, Finland;
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Recent epidemiological studies suggest blood cell mitochondrial DNA (mtDNA) abundance as a promising
biomarker for aging and disease, though findings remain inconsistent and pathomechanisms unclear. We
investigated blood mtDNA abundance in our OPERA cohort (n=1045), assessed in the 1990s and followed for
over 30 years, with a second visit in the 2010s. We quantified mtDNA abundance in blood samples from both
time points with RT-gPCR. RNA sequencing was performed in 452 follow-up samples. At both time points,
lower mtDNA levels were associated with higher overall morbidity and mortality. MtDNA abundance showed
a small, but significant decline over two decades. Transcriptomic analyses linked lower mtDNA levels to en-
hanced inflammatory pathways in immune cells. Our findings highlight blood mtDNA as a potential biomarker
for aging and morbidity, with lower levels possibly linked to inflammatory processes. With three decades of
follow-up, these results support its use in preventing morbidity and mortality of diverse etiology. Additionally,
blood mtDNA emerges as a promising inflammatory biomarker, warranting further exploration in future stu-
dies.
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PERINATAL OBESITY INDUCES PREMATURE ALVEOLAR AGING BY AT2
CELL DEPLETION VIA IL-6-DRIVEN TRANSCRIPTIONAL STRESS AND GE-
NOME INSTABILITY
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0 Biochemical Institute, Christian-Albrechts Universitit zu Kiel, Kiel, Germany;

"TDepartment of Lung Development and Remodeling, Max-Planck-Institute for Heart and Lung Research, Member of the
German Center for Lung Research (DZL), Bad Nauheim, Germany.

2University of Cologne, Faculty of Medicine and University Hospital, Institute for Neurophysiology, Cologne, Germany.

Background: Obesity is strongly linked to meta-inflammation and cardiopulmonary diseases. Although obesity
and aging share overlapping pathways, their effects on genomic stability, translational stress and the interplay
between these factors in lung development remain poorly understood.

Aims: Does perinatal obesity induce premature alveolar aging and arrest of alveolarization via meta-inflamma-
tion-triggered genomic instability in alveolar epithelial type 2 cells (AT2).

Methods and Results: In murine models, perinatal obesity caused a life-long emphysema-like lung structure.
These changes were associated with a depletion of AT2. Mechanistically, we identified increased DNA da-
mage response (DDR) and elevated RNA/DNA hybrids, ultimately resulting in impaired RNA synthesis and

loss of AT2. Lung ATAC-Seq and AT2-specific RNA-Seq identified DDR and repair processes together with
aging-associated pathways. Gen-length and AT2 sub-population analysis revealed an obesity-induced aging
phenotype. IL-6 knock-out and pharmacological IL-6-inhibition protected from these changes and emphy-
sema. In human AT2, serum from lean and obese children, as well as in murine AT2 and alveolospheres we
confirmed WAT-secretome and IL-6 as drivers of DDR, which is reversible by RNAseH or IL-6 inhibition.
Conclusion: Perinatal obesity drives premature alveolar aging through AT2-depletion via IL-6 mediated geno-
mic instability and increases susceptibility to chronic lung disease.
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Naturally recurring embryonic loss reveals a sperm-dependent link between
reproduction and aging

Hagar Setty'? and Bjorn Schumacher'?

'Institute for Genome Stability in Aging and Disease, Medical Faculty, University and University Hospital of
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for Molecular Medicine Cologne (CMMC), University of Cologne, Cologne, Germany

The reproduction—aging trade-off has been proposed to maximize reproductive output at the expense of
somatic maintenance, thereby accelerating aging. Although reproductive costs are known to vary among
individuals, the mechanisms underlying this variation remain poorly understood. Using wild-type C. elegans
populations, we isolated rare individuals exhibiting increased embryonic lethality, which we term naturally
recurring embryonic loss (NREL) mothers. We found that embryonic lethality could be transgenerationally
inherited across multiple generations under selective propagation of NREL populations, but gradually dimi-
nished in the absence of selection, suggesting an epigenetic component to the regulation of embryonic loss.
Embryonic lethality in NREL mothers was rescued by mating with healthy males, whereas unhealthy males
derived from NREL lineages induced increased embryonic lethality in females, indicating a sperm-dependent
effect. Germline analysis of NREL animals revealed abnormalities in sperm DNA organization in both herma-
phrodites and males, while oocytes appeared unaffected. Similar sperm DNA abnormalities were observed in
aged healthy males and were substantially more pronounced in aged NREL males, raising the possibility that
NREL animals undergo premature reproductive aging. Together, our findings suggest that variation in sperm
chromatin organization may serve as an indicator of organismal health, with consequences for reproductive
success and aging trajectories.
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NO MAJOR BRAIN ALTERATIONS IN AGED SIGLEC-E/F
DOUBLE-KNOCKOUTS

Aditya Singh'*, loannis Foukarakis™, Yiduo Min'™", Tawfik Abou-Assale', Charlotte Wadewitz?, Ulrike Steffen?-,
Lars Nitschke?", and Harald Neumann™

* authors contributed equally
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CD33-related Siglecs are linked to human brain aging and neuroinflammatory disease. In mice, Siglec-E and
Siglec-F have been proposed to limit age-related microglial activation, oxidative damage, and neurodegene-
ration. We analyzed the brains of Siglec-E knockout and Siglec-E/F double-knockout compared to wild-type
control mice by bulk RNAseq and immunohistochemistry at 12 and 18 months, respectively. Differential gene
expression and pathway enrichment analyses showed no relevant transcriptomic changes in knockout ver-
sus age-matched control mice. Immunohistochemistry of the neuron-specific marker NeuN across all the
knockout mice showed no change in hippocampal and substantia nigra neuronal density. Interestingly, while
Siglec-E and Siglec-F showed negligible brain transcript levels of inhibitory CD33-related Siglecs in young
and old wild-type mice, human datasets showed substantial higher expression levels of inhibitory CD33-rela-
ted Siglec transcript relative to microglial markers, respectively. Together, these findings suggest no evidence
for a major role of Siglec-E or Siglec-F in physiological murine brain aging, and highlight potential species-
specific brain differences between mice and humans in CD33-related Siglec biology.
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Rapid DNA double-strand break repair as a candidate mechanism of excep-
tional longevity in the bat Myotis myotis
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DNA is continuously challenged by endogenous and environmental insults that generate DNA lesions, in-
cluding highly cytotoxic DNA double-strand breaks (DSBs). The progressive accumulation of DNA damage
and the resulting genomic instability are recognised as central hallmarks of ageing and major contributors to
age-related functional decline. Long-lived species provide valuable models for identifying mechanisms that
promote resilience against molecular damage and support extended lifespan. Bats are particularly intriguing in
this regard, as many species exhibit exceptional longevity despite the substantial metabolic demands associa-
ted with powered flight.

We hypothesised that exceptionally long-lived bats possess enhanced DNA damage response (DDR) me-
chanisms that contribute to sustained genome maintenance and longevity. To investigate this, we performed
a comparative multi-omics analysis of DDR pathways in primary fibroblasts derived from the long-lived bat
Myotis myotis, the shorter-lived bat Rousettus aegyptiacus, Mus musculus, and Homo sapiens following expo-
sure to ionising gamma radiation.

Preliminary results reveal an exceptionally rapid response to DNA double-strand breaks in M. myotis, cha-
racterised by near-immediate DSB resolution following irradiation. Integrative transcriptomic and proteomic
analyses suggest that this phenotype may be driven by accelerated activation of non-homologous end joi-
ning (NHEJ), although the precise molecular mechanisms remain to be determined. These findings identify
enhanced DSB repair as a candidate longevity-associated mechanism and reveal early divergence in cellular
stress-response and genome-maintenance programmes between long-lived and shorter-lived mammals. Our
work highlights comparative biology as a powerful approach for uncovering conserved pathways that promote
genome stability and may contribute to healthy lifespan extension.
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Expanding the list of Hallmarks of Aging: Insights from amino acid dependent
regulation of aging

Sampreeth Gowda'?; Sharvari Shet'?; Saujanya Nagendra'; Abinaya Elango'; Mounika Yadugani' and
Rajalakshmi Srinivasan'

"Institute of Bioinformatics and Applied Biotechnology, Bangalore, India — 560100
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Aging is a process regulated by complex mechanisms. New biological processes are being added to the hall-
marks of aging and novel genes are identified to be having a role aging. Amino acid availability is one of the
signals that regulate aging. For instance, methionine restriction is a well-known dietary intervention known to
elongate aging. On the other hand, glycine supplementation elongates longevity. In this study, we investigate
the role of an individual and combination of amino acids in regulating aging processes using Saccharomyces
cerevisiae model system. Using genomics and cell biology-based approaches, we shed lights on the mecha-
nism through which different amino acid mediates longevity. Our age-dependent analysis of transcriptional
and phenotypic responses to different amino acid supplemented conditions revealed a dynamic change in
different cellular pathways during aging. By integrating the transcriptomics and microscopy-based analysis,
we found that the dynamic mitochondrial architecture and compromised network integrity is one of the con-
tributing factors of aging phenotypes. In addition, we found a novel role of amino acid dependent alteration of
extrachromosomal nucleic acids abundance and expression in regulating aging. We also discovered a role of
a protein that play a crucial role in mediating these age dependent alterations. The finding from this study will
open the scope for adding a new keyword to the existing list of “Hallmarks of Aging”.
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Do Senescent Cells Disrupt the Clock? Investigating SASP Effects on Circadi-
an Rhythms

Stamm, A., Demaria M.!

"ERIBA, UMCG, Groningen, Netherlands

The circadian clock orchestrates daily gene expression programs that coordinate cellular processes with en-
vironmental rhythms and support tissue homeostasis. The pro-inflammatory cytokine IL-1B has been shown
to disrupt circadian rhythms, raising the possibility that senescent cells may exert similar effects through the
senescence-associated secretory phenotype (SASP). As senescent cells accumulate with age and contribute
to chronic inflammation, understanding their impact on circadian regulation may provide new insights into
age-related tissue dysfunction. To investigate this, we culture human fibroblasts in vitro and expose them to
conditioned media from either senescent or proliferating fibroblasts. Temporal expression of core circadian
clock genes is analyzed to assess changes in circadian period, amplitude, and phase. This study explores a
poorly understood interaction between cellular senescence and circadian regulation and may reveal novel
mechanisms linking aging, inflammation, and circadian dysfunction.

152



back to Titel back to Startpage Abstracts

Spatiotemporal Mapping of Neurodegenerative Stress in the Locus Coeruleus
in a Cell-type Specific Erccl Deficiency Model
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The locus coeruleus (LC) is a noradrenergic brain nucleus that is particularly vulnerable in age-related neuro-
degenerative diseases such as Alzheimer’s and Parkinson’s, showing early neuronal tau and a-synuclein
pathology leading to neuronal loss. In this study, we used mice in which the DNA repair gene Erccl was deleted
specifically in tyrosine hydroxylase-expressing cells, leading to accelerated degeneration of LC noradrenergic
neurons due to failure to repair endogenous DNA damage. To identify the mechanism behind the unique vul-
nerability of LC neurons to stress, the LC and surrounding microenvironments were profiled by GeoMx® Digital
Spatial Profiler for whole-transcriptome analysis. Expression profiles were compared to controls at timepoints
representing pre- and post- neurodegeneration. A tissue microarray was utilized to reduce batch effects and
to accommodate scan-area and reagent constraints, providing a scalable workflow across genotypes and
ages. Transcriptomic signatures were identified that may predispose noradrenergic neurons to protein aggre-
gation and loss in LC circuits, which underlie neurodegenerative disease.
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A potential R-loop-stress granule axis
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Upon &idative stress, cells must coordinate spatially distinct stress responses to promote survival. In the
cytoplasky, stress granules (SGs) transiently assemble to reprogram translation. In the nucleus, multiple DNA
repair pathways are activated to resolve diverse forms of genomic damage, including unscheduled R-loops
formed durinyg transcription. In certain contexts, R-loops are processed through nucleolytic cleavage of the
DNA-RNA hybNd, generating nucleic acid species that may be released into the cytoplasm.

Here, we show that deficiency in key factors, including CSB, XPG, and RAD52, involved in this R-loop
processing pathwayy leads to reduced SG formation during acute oxidative stress, suggesting a functional
link between nuclear d¢nome maintenance and cytoplasmic stress responses. We are further investigating
whether cytoplasmic DNA—-RNA hybrids act as signalling molecules that promote SG assembly, potentially via
nucleic acid-sensing pathways such as cGAS-STING.

Collectively, our findings suggest a previously unrecognized R-loop—SG axis that connects nuclear genome
stability with cytoplasmic stres¢ adaptation mechanisms.
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Neuromelanin drives age-associated lysosomal dysfunction in human
dopaminergic neurons
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Parkinson’s disease is characterized by the progressive degeneration of dopaminergic neurons. During normal
aging, human dopaminergic neurons gradually accumulate neuromelanin, a feature absent in rodents. This
species-specific accumulation has long implicated neuromelanin in aging and neuronal vulnerability. However,
whether neuromelanin exerts protective or detrimental effects remains unclear.

We established a human stem cell-derived dopaminergic neuron model that recapitulates neuromelanin
accumulation and enables investigation of its role in neuronal vulnerability. Neuromelanin-positive neurons
displayed aging-associated nuclear alterations, concentration-dependent neuronal loss, spontaneous O-
synuclein aggregation, and impaired autophagic degradation with p62-positive inclusions. These findings
identify neuromelanin as a potential contributor to aging-related lysosomal dysfunction in Parkinson’s disease.
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Age-Related Disruption of Circadian Brain—Bladder Communication Reveals
a Novel Therapeutic Target for Nocturia
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Nocturia, defined as waking two or more times per night to urinate, affects over 70% of adults over 65 and
significantly impacts overall quality of life and well-being. Despite its prevalence, the mechanistic basis of
nocturia remains poorly understood. We established the aging mouse as a translational model for nocturia

and uncovered circadian disruption in bladder-brain signaling that may drive age-associated mistiming of
urination. In healthy adult mice, Piezol expression in the bladder and c-Fos expression in the brain exhibit
opposing diurnal patterns. We propose that this relationship becomes dysregulated with age, contributing to
mistimed urination. Using a Piezol agonist and antagonist, we have preliminarily demonstrated induction and
reversal of the nocturia phenotype. Together, these findings aim to identify a novel age-related disruption in
bladder-brain communication, suggesting that targeting peripheral sensory mechanisms may represent a new
chronotherapeutic avenue for reversing the nocturia phenotype and other age-associated urinary disorders.
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Endogenous double-stranded RNA links transcription stress to senescence-
associated cellular adaptation
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Accumulating cellular damage can disrupt transcription and RNA homeostasis, triggering stress signals that
shape inflammatory and senescence-associated cell states. Endogenous double-stranded RNA (dsRNA) is
increasingly recognized as one such signal, yet its origin, immunogenicity and biological consequences in
damaged cells remain unclear. It is not known how self-derived dsRNA arises from persistent transcriptional
perturbation driven by intrinsic genome instability or how cells respond to its presence during senescence. To
address this, we use murine cellular models lacking Tceal, which encodes the transcription elongation factor
TFIIS, a key regulator of RNA polymerase Il recovery after elongation arrest and oxidative damage. Loss of
Tceal impairs transcriptional elongation, causing chronic transcription stress and genome instability. Using
this model, we examined the consequences of endogenous dsRNA accumulation in a senescence-associa-
ted context. We observed increased intracellular dsRNA together with activation of stress response pathways,
including translational stress and stress granule formation. However, despite robust dsRNA accumulation,
canonical cytosolic sensing pathways, including MDAS and RIG-I, were not activated, suggesting that endoge-
nous dsRNA in this setting may be immunologically silent or spatially restricted. Instead, persistent dsRNA was
associated with altered RNA processing and increased sequestration within stress granules, pointing to RNA
homeostasis mechanisms that may shape cellular stress responses and fate decisions. These findings position
endogenous dsRNA as a mediator of transcriptional dysfunction and senescence-associated adaptation, with
potential relevance to aging and disease.
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Zinc at the crossroads of aging, healthspan, and proteostasis in
Caenorhabditis elegans

Kumar, A; Liput, K. P, Jonak, K."; Topf, U.!

"Laboratory of Molecular Basis of Aging and Rejuvenation, Institute of Biochemistry and Biophysics, Polish Academy of
Sciences, Warsaw, Poland

Zinc is an essential micronutrient required for numerous biological processes, including enzymatic catalysis,
gene regulation and cellular stress responses. We characterized the dynamics of metal abundance in wild-ty-
pe C. elegans during development and aging, and found that, in contrast to other analyzed metals, zinc levels
progressively decline in post-reproductive animals. As zinc levels decrease with age in humans and zinc
supplementation is recommended to improve immune function, we investigated the molecular role of zinc in
promoting life and healthspan during C. elegans aging. While excessive zinc levels are detrimental to lifespan,
optimal zinc supplementation is beneficial to life and health. Our data showed that optimal zinc supplemen-
tation improves locomotion and antioxidant activity and protects against toxic protein aggregation in aged
worms. Proteomic analysis revealed the upregulation of ribosomal and stress-related proteins compared to
zinc-depleted worms, suggesting a zinc-responsive adaptation in proteostasis pathways.

This research is funded by the National Science Centre Poland (grant number 2022/45/B/NZ1/03714).
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DARe: Decoding the Biology of Aging to Enable Therapeutic Innovation

Sophie Song'; Tracee Kamunya'; Angelika Meyer?; Yufei Li?; Liging Luo?; Luca Borsatti?; Adrian Moliere?; Chris-
topher Plunkett®; Joshua Barbara®; Kanan Choquette®; Scott Hammack?®; Andrew Brady#; John Eash'; Sherry
Chin'; Cristian Abarca-Reyes'; Julian Rothen?; Oleksandr Dergai?; Anne-Ulrike Trendelenburg'

Novartis Biomedical Research,

'Diseases of Aging and Regenerative Medicine, Cambridge, US,
2Diseases of Aging and Regenerative Medicine, Basel, CH,
3Discovery Sciences, San Diego, US,

4 Data and Digital, Cambridge, US

By 2050, the global population aged 60+ is expected to reach 2.1 billion, with age-related diseases accoun-
ting for more than half of the global disease burden. Targeting fundamental mechanisms of aging represents a
promising strategy to address multiple chronic diseases simultaneously.

The Diseases of Aging and Regenerative Medicine (DARe) group at Novartis focuses on uncovering the
biological drivers of aging to enable therapeutic innovation across neurodegenerative, cardiometabolic, cardi-
orenal, and immunologic disorders. Our approach integrates human-centric datasets, translational biomarkers,
and preclinical models to interrogate core cellular pathways, including energy metabolism, DNA repair, and
mitochondrial function.

My group focuses on two key hallmarks of aging with direct translational relevance: declining energy expendi-
ture and impaired DNA repair. Reduced energy expenditure contributes to age-related obesity and associated
diseases such as heart failure, while compromised DNA repair is a central driver of multiple age-associated
pathologies.

To enable mechanistic insights and target discovery, we developed a 3D bioartificial human skeletal muscle
(sBAM) platform that allows capturing both molecular and functional aspects of aging, including contractility
and oxygen consumption. Aging is modeled through primary cells from aged donors or y-irradiation, com-
plemented by in vivo paradigms such as ovariectomy (OVX) combined with disease-relevant stressors and
exercise interventions. Importantly, this approach bridges human biology and preclinical modeling, enabling
identification and validation of novel targets while strengthening translational alignment between discovery
and clinical relevance.

Together, this work establishes a mechanistically grounded and translationally focused framework for targeting
aging biology, with the potential to impact multiple chronic diseases through shared underlying pathways.

159



160

back to Titel back to Startpage Abstracts

Whole-blood NAD* does not decline across age and lifestyle interventions
in humans

Maria M. Tretowicz'?; Angelique M.L; Scantlebery'; Bauke V. Schomakers'?; Kaan D. Eroglu'3; Michel van Weeg-
hel'234: \lera Spek'; Kasper T. Vinten"?; Luc Legon'; Evrim Coskun'; Fernando Millan-Domingo®; Gloria Olaso-
Gonzalez®; Maria Carmen Gomez-Cabrera®; Silvia Montoro-Garcia®; Clara Noguera-Navarro®; André B. P. van
Kuilenburg??; Sofia Moco?; Juliette C. van Hattum?®; Harald T. Jerstad?; Mohammed Benali'’; Jantine van der
Helder’®; Esmee J. M. Biersteker'®; Maheswary Muniandy"; Kirsi H. Pietilainen"; Eija Pirinen"'234; P, Eline Slag-
boom'™; Marian Beekman'®; Joris Deelen'™; Rubén Zapata-Pérez'®; Peter Weijs'’; Michael Tieland*"”; Georges E.
Janssens'?’; Riekelt H. Houtkooper'241€*

"Laboratory Genetic Metabolic Diseases, Amsterdam UMC, University of Amsterdam, The Netherlands.

2 Amsterdam Gastroenterology, Endocrinology, Metabolism Institute, Amsterdam, The Netherlands.

8 Core Facility Metabolomics, Amsterdam UMC, University of Amsterdam, Amsterdam, The Netherlands.

4 Amsterdam Cardiovascular Sciences Institute, Amsterdam, The Netherlands.

5Freshage Research Group, Department of Physiology, Faculty of Medicine, University of Valencia, CIBERFES,
Fundacién Investigacién Hospital Clinico Universitario/INCLIVA, 46010, Valencia, Spain.

¢ Preclinical Research of Bioactive Compounds and Drugs (PREBIOF), IzpistGa Lab HiTech, Faculty of Health Sciences,
Universidad Catélica de Murcia (UCAM), Campus los Jerénimos, 30107 Murcia, Spain.

’Laboratory Genetic Metabolic Diseases, Amsterdam UMC, Vrije Universiteit Amsterdam, Amsterdam, The Netherlands.

8 Chemistry and Pharmaceutical Sciences Department, Amsterdam Institute of Molecular and Life Sciences (AIMMS),
Vrije Universiteit (VU) Amsterdam, De Boelelaan 1108, 1081 HZ, Amsterdam, the Netherlands.

? Department of Cardiology, Amsterdam UMC, University of Amsterdam. Amsterdam Movement Sciences Institute,
Amsterdam Cardiovascular Sciences Institute, Amsterdam, The Netherlands.

0 Department of Nutrition and Dietetics, Faculty of Health, Sport and Physical Activity, Amsterdam University of Applied
Sciences, Amsterdam, the Netherlands.

"Research Program for Clinical and Molecular Metabolism, Faculty of Medicine, University of Helsinki, Helsinki, Finland.

2 Research Unit for Biomedicine and Internal Medicine, Faculty of Medicine, University of Oulu, Oulu, Finland.

¥ Medical Research Center Oulu, Oulu University Hospital and University of Oulu, Oulu, Finland.

" Biocenter Oulu, Faculty of Medicine, University of Oulu, Oulu, Finland.

® Section of Molecular Epidemiology, Department of Biomedical Data Sciences, Leiden University Medical Center,
Leiden, The Netherlands.

e Group of Metabolism and Gene Regulation, UCAM HiTech Sport & Health Innovation Hub, Universidad Catédlica de
Murcia, 30107, Guadalupe de Maciascoque, Murcia, Spain.

7 Institute for Physical Activity and Nutrition, School of Exercise and Nutrition Sciences, Deakin University, Geelong,
Victoria, Australia.

'8 Emma Center for Personalized Medicine, Amsterdam UMC, Amsterdam, The Netherlands.

Nicotinamide adenine dinucleotide (NAD*), a central redox cofactor linked to multiple hallmarks of aging, has
been reported to decline with age, yet its stability and relevance as an aging biomarker in human whole blood
remain unclear. To asses this, we developed and validated a quantitative ultra-high-performance liquid chro-
matography—high-resolution mass spectrometry (UHPLC—HRMS) assay for whole-blood NAD* and applied

it to samples from seven independent cohorts, including three cross-sectional aging cohorts, one extreme-
phenotype cohort and two exercise and nutrition trials in older adults. Accounting for empirically determined,
real-world analytical variability, we defined the sample sizes required to detect age-related differences and
then evaluated both age- and intervention-related effects. Whole-blood NAD* remained remarkably stable
with age and across lifestyle interventions, while responding to nicotinamide riboside supplementation as ex-
pected, challenging its utility as a biomarker of aging or lifestyle factors.

References:

1. Tretowicz MM, Scantlebery AML, Schomakers BV, et al. (2026). Human whole-blood NAD+ levels do not vary with age or
lifestyle interventions. Nat Metab.

2. Vinten KT, Tretowicz MM, Coskun E, et al. (2025). NAD+ precursor supplementation in human ageing: clinical evidence
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The Role of PLIN2 during Adipogenic differentiation

L. Trofarello', G. Storci?, A. Chiariello', S. Valente!, G. Pasquinelli!, S. Salvioli’, M. Conte'

"Department of Medical and Surgical Sciences (DIMEC), University of Bologna, Bologna, Italy.
2]RCCS Azienda Ospedaliero-Universitaria di Bologna, Bologna, Italy.
Correspondence to stefano.salvioli@unibo.it

Perilipin 2 (PLIN2) is a lipid droplet (LD)-associated protein that regulates lipid storage and LD dynamicsl. It
also exists in vivo as a circulating form (cPLIN2) that correlates with body adiposity and reduced lean mass2.
During adipogenesis, PLINZ2 is associated with early LDs in preadipocytes, while its expression decreases in
mature adipocytes. However, whether PLIN2 downregulation is required for adipogenic differentiation (AD)

or rather represents a consequence of this process remains unclear. To address this question, we modulated
PLIN2 expression during AD of human primary dermal fibroblasts (DFs). We found that PLIN2 silencing accele-
rates AD, whereas its accumulation, significantly delays this process, suggesting that its early downregulation
is required for AD. Interestingly, despite a strong reduction of Plin2 mRNA during AD, cPLIN2 increases in time
up to 15 days and is at least partially associated with extracellular vesicles provisionally indicated as lipido-
somes3. Notably, this process is not observed in undifferentiated DFs, suggesting that PLIN2 secretion is an
acquired feature of pre-adipocytes and cPLIN2 can be a marker of fat mass.

References:
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cellular lipidosomes containing lipid droplets and mitochondria are released during melanoma cell division. Cell Commun
Signal. 2024 Jan 19;22(1):57. doi: 10.1186/s12964-024-01471-7.
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Comparative analysis of miRNAs and their role in longevity of bats
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Longevity and healthspan vary profoundly across mammals, yet the molecular mechanisms that modulate
healthy ageing remain poorly understood. Most current knowledge originates from short-lived laboratory spe-
cies and thus, studying naturally long-lived species offers a complementary and powerful strategy for ageing
research. Among mammals, bats are exceptional because many species exhibit extended healthspans relative
to their body size as well as limited senescence, and remarkably low tumorigenesis. MicroRNAs (miRNAs) are
key post-transcriptional regulators of gene expression implicated in many cellular processes, including ageing
and longevity, yet their role in the longevity of bats remains unexplored. Here, we present the first comparative
analysis of age-associated miRNA expression in wild bat species spanning a longevity spectrum. We sampled
known-aged individuals from three phylogenetically distinct species (long-lived Myotis myotis and Rhinolo-
phus ferrumequinum, and shorter-lived Phyllostomus discolor), collecting whole blood from aged individuals
in each population. miRNA profiles were generated using miRNA-seq, and we identified miRNAs whose ex-
pression changed significantly across age cohorts within each species before comparing trajectories across
species to detect conserved and lineage-specific ageing signatures. Preliminary analyses revealed miRNA that
are differentially regulated with age but most of the regulatory patterns are species-specific. These findings
highlight miRNA regulation as a potentially important component of bat longevity. Simultaneously, the pre-
dominantly species-specific patterns likely reflect the pronounced evolutionary diversity across bat lineages.
Ongoing work will integrate these results with genomic and comparative mammalian datasets to elucidate the
evolutionary and functional significance of bat miRNA ageing signatures.
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Decoding the Role of MIF in Ischemic Brain Injury

Karla Valdivieso', Hannah Miserre!, Maria E. Bernis?, Elke Maes?, Yijing Wang?, Hao Ji°, Buket Bulut?, Lu Liu?,
Luisa Howainksy', Qian Liu', Zeyi Wang', Sudhagar Babu', Cem Bugra Kaboglu', Xihui Chen’, Katrin Perez An-
derson', Hemmen Sabir?, Jurgen Bernhagen?, Ozgun Gokce'?

"Department of Neurodegenerative Disease and Geriatric Psychiatry, University Hospital Bonn, Bonn, Germany
2 German Center for Neurodegenerative Diseases, Bonn, Germany
3 Institute for Stroke and Dementia Research, LMU Munich, Germany

Macrophage Migration Inhibitory Factor (MIF) is a multifunctional cytokine and intracellular stress effector
implicated in neuroinflammation, DNA damage signaling, and cell fate determination. Beyond its established
immunoregulatory functions, MIF has recently been identified as a PARP-1-dependent nuclease capable of
promoting neuronal cell death following DNA damage in experimental stroke models. These findings position
MIF as a potential central mediator linking neuroinflammation, DNA damage responses, and neurodegene-
ration, key hallmarks of both ischemic injury and brain aging. In this study, we reassessed the role of MIF in
ischemic brain injury by generating a novel CRISPR/Cas9-generated Mif knockout rat model, a clinically rele-
vant model that recapitulates major pathological mechanisms shared with age-related neurological disorders,
including oxidative stress, mitochondrial dysfunction, excitotoxicity, and chronic neuroinflammatory signaling.
Using longitudinal magnetic resonance imaging (MRI), we evaluated lesion development and structural brain
injury following hypoxic-ischemic insult. In parallel, immunohistochemical analyses were performed to cha-
racterize neuronal loss, inflammatory responses, and cellular stress-associated pathways, including markers
associated with senescence and tissue remodeling. Single-cell RNA sequencing was additionally performed to
dissect cell-type-specific transcriptional responses to MIF loss. These approaches allowed us to investigate
how the loss of MIF intervenes in ischemic brain injury and modulates downstream neuroinflammatory res-
ponses. This work highlights MIF as a promising candidate at the intersection of inflammation, cellular stress
responses, and neurodegeneration, with potential translational relevance for aging-related brain disorders.
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XPG deficiency accelerates vascular aging via VSMC phenotypic switching
and metabolic dysfunction, which is mitigated by dietary restriction.
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Aging is the strongest risk factor for cardiovascular disease, but mechanisms linking molecular damage

to vascular decline remain unclear. Persistent DNA damage contributes to aging, yet its vascular impact is
underexplored. We studied Xpg-/- mice lacking the DNA repair enzyme XPG, resulting in DNA damage ac-
cumulation and premature aging. Their aortas showed elastin degradation, a shift in vascular smooth muscle
cell (VSMC) identity from a contractile to osteogenic and macrophage-like phenotypes, and lipid droplet
buildup. Bulk RNA sequencing revealed increased inflammation and reduced lipid and mitochondrial meta-
bolism, demonstrating a link between genomic instability, immune activation, and metabolic disruption. In
vitro, Xpg-/- VSMCs exposed to the transcription-blocking DNA-damaging agent llludin S accumulated lipid
droplets, unlike wild-type cells. Dietary restriction restored metabolic gene expression, reduced inflammation,
and improved vascular structure. These findings show that DNA damage drives vascular aging via VSMC re-
programming and metabolic imbalance, while dietary restriction may counteract these effects.

164



back to Titel back to Startpage Abstracts

Fatty Acids Differentially Drive and Shape Hepatocyte Senescence

Vo, T.H.P.; Nier, A.; & Stangl, G.I.
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Hepatic aging is linked to steatosis and fibrosis, yet how dietary fatty acids (FAs) modulate hepatocyte se-
nescence remains unclear. This study established a robust Menadione-induced HepG2 senescence model
(45 pM, 1 h), confirmed by SA-B-gal staining, increased p21/p16 expression, elevated SASP factors (IL-6, IL-8,
MMP9, TNF-a, TGF-B1), and activation of oxidative stress regulators (Nrf2, NQO1). Subsequently, the effects
of FAs (25 uM, 72 h)—palmitate (PA), linoleate (LA), y-linolenate (GLA), docosahexaenoate (DHA), and erucic
acid (EA)—were assessed in both proliferating and Menadione-induced senescent cells. This approach all-
owed us to distinguish FA-induced senescence from FA-mediated pre-existing senescence.

Menadione robustly induced senescence, as evidenced by significant upregulation of p21/p16 and a pronoun-
ced SASP response. EA exhibited context-dependent effects: inducing senescence and pro-inflammatory
factors (IL-8, TNF-a, PDGFA) in proliferating cells, while modulating metabolic signaling ANGPTL4 in sene-
scent cells. Notably, all FAs except PA further upregulated p16 in senescent cells, suggesting reinforcement of
the irreversible senescence phenotype.
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Rewiring of gene regulatory programs underlie regenerative potential of the
naked mole-rat heart
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2 Faculty of Medicine and University Hospital Cologne, University of Cologne, Cologne, Germany

The naked mole-rat (NMR) is a eusocial subterranean mammal with exceptional longevity and remarkable
adaptation to hypoxia and hypercapnia. Beyond environmental stress tolerance, the NMR heart displays neo-
natal-like features in metabolism, mitochondrial morphology, and myofilament organization, together with
regenerative ability after injury. These traits suggest that evolutionary adaptation to the NMRs hostile habitat
may have shaped cardiac features relevant to hypoxia- and ischemia-associated human disease. However, the
regulatory mechanisms underlying these unique cardiac properties remain poorly understood. By integrating
RNA-seq and ChIP-seq profiling of histone modifications, we explored the genetic and epigenetic architecture
which results in metabolic rewiring and fetal-like transcriptional programs in the NMR heart. Motif enrichment
and DNA footprinting further identified estrogen-related receptor transcription factors as key regulators of this
metabolic rewiring. In addition, injury-induced activation of ERBB2 may serve as a key driver promoting cardi-
ac regeneration in the NMR heart.

Maggie Weber
27-04-2026
Gordon — Systems Aging Conference 2026

Sunday River, Maine
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Estimating Somatic Mutation Rates across Bat Lifespans

Margaret Weber, Sebastien Riquier, Gwenaelle Hurpy, Megan Powers, Tadhg Lonergan, Fred Touzalin, Marek
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Somatic mutations accumulate with age and are linked to cancer, as cells tip into malignancy when a mutatio-
nal threshold is reached or tumor suppressors are critically impacted. Therefore, species with extraordinarily
long lifespans — those with low substitution rates overtime — are deemed “cancer resistant.” In 2022, Cagan
et al. demonstrated a strong inverse correlation between lifespan and somatic mutation rate across multiple
mammalian species. For example, the house mouse (maximum lifespan = 4 years) experiences 8.5x more mu-
tations per year than the hyperlongevous naked mole rat (maximum lifespan = 39 years). This landmark study
did not include bats, one of the greatest lifespan outliers and a metabolically extreme mammalian clade. Bats
exhibit lifespans that far exceed those predicted by their body sizes, with some species living over 40 years.
Understanding how bats maintain genomic stability over their long lifespans could reveal novel anti-aging

or anti-cancer mechanisms that translate into human therapies. Although we assume that bats have evolved
specialized mechanisms to maintain genomic stability and cancer-resistance, this has yet to be empirically
demonstrated.

This research quantifies somatic mutation accumulation in three bat species and non-bat outgroups. Two pri-
mary hypotheses exist: (1) bats may have evolved highly efficient intrinsic DDR machinery that limits mutation
accumulation, or (2) they may rely on extrinsic surveillance systems that remove genomically unstable cells.
Measuring the rate and nature of somatic mutations across species of varying lifespans offers an opportunity
to test these hypotheses directly.
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Glycation in Vascular Aging is associated with vascular and
metabolic Dysfunction
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Cardiovascular disease (CVD) remains the leading cause of death, with aging representing a key non-modifia-
ble risk factor. Methylglyoxal (MGO), a glycolytic byproduct and precursor of advanced glycation endproducts
(AGEs), has been implicated in CVD and is investigated here for its contribution to vascular aging.

Male C57BL/6J mice aged 8 and 72 weeks (n=16/group) underwent cardiac and vascular ultrasound assess-
ment, and a terminal contrast-enhanced ultrasound experiment under basal & insulin-stimulated conditions
following a hyperinsulinemic—euglycemic clamp. Aortic AGE levels were quantified by mass spectrometry and
tissue glyoxalase 1 (Glol) activity was assessed.

Aged mice showed increased pulse-wave velocity (p<0.0001) and elevated aortic (MGO-derived) AGEs
(p<0.01), with reduced Glol activity in aorta (p<0.01) and perivascular adipose tissue (p<0.001). Aging was also
associated with pronounced insulin resistance (reduced glucose infusion rate, p<0.0001).

Vascular AGE accumulation and reduced Glol activity are associated with age-related vascular and metabolic
dysfunction and MGO-derived AGEs are a potential therapeutic target.
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Telo-CUT: A Telomere-Specific DNA Damage Model Reveals Drivers of Aging
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Telomere-associated DNA damage drives persistent DNA damage response (DDR) signaling and formation
of telomere-associated foci (TAF), a hallmark of cellular senescence. However, whether chronic telomere-
specific DDR is sufficient to promote organismal aging in vivo remains unclear. Here we develop TeloCUT, a
tamoxifen-inducible mouse model in which telomeric double-strand breaks are generated through expression
of a TRF1-FOKI fusion protein. Systemic activation of TeloCUT induced widespread TAF formation together
with increased senescence and inflammatory signatures across multiple organs. Despite their young chrono-
logical age, TeloCUT mice developed progressive multi-system functional decline, reduced health span and
shortened lifespan. Pharmacological inhibition of ATM signaling attenuated these effects, indicating that
persistent telomeric DDR signaling through the ATM-p53 pathway is a key driver of the phenotype. These fin-
dings provide direct in vivo evidence that sustained DNA damage at telomeres is sufficient to drive systemic
aging and establish a tractable model to investigate telomere-specific mechanisms and therapeutic targeting
of persistent DDR.
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Experimental f-cell senescence models reveal autophagy defects and altered
stimulus—secretion coupling
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Aging contributes to p-cell dysfunction in type 2 diabetes, with senescence recognized as a key mechanism.
We established a doxorubicin (DOX)-induced senescence model in MIN6 p-cells to examine how senescence
affects organelle homeostasis and insulin secretion. Senescence was confirmed by SA-B-gal positivity, pl16IN-
K4a/p21/p53 upregulation, and cell cycle arrest. Using MitoTimer, COX8-EGFP-mCherry, and Insulin-Timer
reporters with functional assays, we found that senescent B-cells accumulated aged mitochondria and insulin
granules, indicating defective clearance. Upon glucose stimulation, these cells showed exaggerated mito-
chondrial hyperpolarization, altered Ca2+ influx, and increased ROS production. Although insulin content was
reduced, secretion normalized to storage was enhanced, suggesting remodeled stimulus—secretion coupling.
Similar findings were observed in a p16INK4a/p21/p53 overexpression model. Thus, DOX-induced p-cell sene-
scence provides a tractable model linking DNA damage to autophagy defects, organelle retention, and altered
B-cell function.
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