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The global population is aging at an unprecedented rate



Aging is characterized by a gradual decline in physiological function, 
resulting in increased susceptibility to diseases and eventual mortality.

C. Lopez-Otin, et al., Cell, 2023

It scared people to realize we are getting old.



Anti-aging: A trillion-yuan investment "gold mine"

Directed evolutioniPSCs Reverse transcriptase CRISPER-Cas9



Understanding senescence at microscopic view



1. The underlying logic of aging——陆彤

2. The connection between aging and diseases——王红蕾

3. Strategies for delaying aging——梁艺鸽

When we talk about aging, what are we afraid of?





Why do humans desire to Never Age ?
Contemporary 

factors
Accelerating population aging

Increased social 
pressure

Continuous technological 
advancement



The Underlying Logic of Aging

• Identification of fourteen hallmarks of aging.

• The theoretical foundations of aging.



Physiology

Pathology

Sociology

Progressive loss of physiological 
integrity
Impaired function
Increased risk of death

Stress and strain
Injury and infection
Decline in immune response

Loss of interest
Detachment from reality
Nostalgia

Diverse Interpretations of Aging
The Hallmarks of Aging

Carlos López-Otín,et al.,Cell,2013



Research on hallmarks of aging: from 9 to 14

Disabled macroautophagy
Chronic inflammation
Dysbiosis

Extracellular matrix 

changes

Psychosocial isolation

Carlos López-Otín,et al.,Cell,2022
Guido Kroemer，et al.,Cell,2025

• Time-dependent＆
age-related

• Experimental 
accelerability via 
hallmark 
accentuation

• Therapeutic 
modifiability

Three Criteria



Genomic instability Hutchin-son-Gilford progeria 
syndrome (HGPS,or progeria)

Carlos López-Otín,et al.,Cell,2022
Gordon, L.B.,et al,Cell,2008

LMNA



Telomere attrition

Bruno Bernardes de Jesus,et al.,EMBO Molecular Medicine,2012



Loss of proteostasisEpigenetic alterations

Carlos López-Otín,et al.,Cell,2013



Disabled macroautophagy

Jong-Ok Pyo ,et al.,Nature Communications,2013
Carlos López-Otín,et al.,Cell,2022

Mitochondrial dysfunction



Cellular senescenceDeregulated nutrient-sensing

Carlos López-Otín,et al.,Cell,2022



Stem cell exhaustion

Brian G. Rash ,et al.,Nature Medicine,2025
Ruiyan Mei,et al.,Frontiers in Immunology,2024

Altered intercellular 
communication

Chronic inflammation

Carlos López-Otín,et al.,Cell,2013



Dysbiosis Extracellular matrix 
changes

Psychosocial isolation



Integration of hallmarks

Carlos López-Otín,et al.,Cell,2022



 When aging is regarded as a kind of diseases.

 When aging becomes a factor that contributes diseases.

 When aging is a normal physiological phenomenon.

?



 When aging is regarded as a disease.

 When aging becomes a factor that contributes diseases.

 When aging is a normal physiological phenomenon.

?



Hutchinson-Gilford Progeria Syndrome(HGPS，哈钦森-吉尔福德综合症): 
A premature aging disease

• Symptom: Onset by 12-18 months old, sclerotic skin, lipodystrophy, altered skin pigmentation, alopecia, bone and growth
defects, cardiovascular complications, death in mid-teens.

Foo MXR, Ong PF, Dreesen O., J Dermatol Sci. 2019
Gonzalo S, Kreienkamp R, Askjaer P., Ageing Res Rev., 2017

• Causes: A mutation in LMNA gene exon 11 activates a cryptic splice site leading to deletion of 50 amino acid residues
from the precursor protein.



Hutchinson-Gilford Progeria Syndrome(HGPS，哈钦森-吉尔福德综合症): 
A premature aging disease

Gonzalo S, Kreienkamp R, Askjaer P., Ageing Res Rev., 2017

HGPS cells show nuclear defects.



 When aging is regarded as a disease.

 When aging becomes a factor that contributes diseases.

 When aging is a normal physiological phenomenon.

?



Aging .

Extracellular 
matrix 
(ECM)

Immune 
infiltration

Diseases



Soft tissues Hard tissues

Elastic
‘Looser’ connective tissue environment Stiffer structures

ECM composition diversity across organs

Brain
Breast
Lung
……

Skin
Bone



The structural and functional differences of young and aged skin. 

Chin Yee Ho and Oliver Dreesen, Mechanisms of Ageing and Development, 2021 LYNN L. H. HUANG-LEE* and MARCEL E. NIMNI, Matrix Biology., 1994



J.E. Yoon, et al., Theranostics, 2018
hyperpigmented lesions (色素沉积)：

p16INK4A/SA-β-galactosidase 

β-galactosidase (β-gal)

B.Y. Lee, et al., Aging Cell, 2006

Senescent skin cells have been reported in various age-related skin pathologies based on biomarkers.

Waaijer, M.E.C., et al., Aging Cell., 2012

p16INK4a+ cells

Psoriasis (牛皮癣)：
p16/p12/p14ARF

Chaturvedi et al., Am. J. Pathol., 2003



Skin chronological aging drives age-related bone loss via secretion of cystatin-A

Liang, W. et al., Nat. Aging, 2022

Cystatin-A
（CSTA, 半胱氨酸蛋白酶抑制剂A）



Changes associated with skin aging and possible mechanisms linking them with 
systemic age-related disease.

Troy, T. C., Arabzadeh, A., Larivière, N. M., Enikanolaiye, A. & Turksen, K. PLoS ONE, 2009
Choi, E. H. et al. J. Invest. Dermatol., 2007

Elias, P. M. & Ghadially, R. Clin. Geriatr. Med., 2002
Zhang, L. J. et al. Immunity., 2019

Maifeld, A. et al. J. Invest. Dermatol.,2022
Liang, W. et al., Nat. Aging, 2022

Theodora Mauro and Daniel Bikle, Nat. Aging., 2022



① Yamanaka factors: Oct3/4, Sox2, c-Myc, Klf4

Shinya Yamanaka
山中伸弥

Nobel Prize in Physiology or Medicine 2012



Lu, et al., Cell, 2025

Mesenchymal drift is a bridge connected aging and diseases.



Fane M, Weeraratna AT., Nat Rev Cancer. 2020

Age-induced contextual changes in extracellular matrix structure and function



Stromal (基质的) deregulation in the aged microenvironment drives tumorigenesis and progression.

Fane M, Weeraratna AT., Nat Rev Cancer. 2020



During physiology aging, the repressor element-1 silencing transcription factor(REST)/ 
neuron-restrictive silencer factor (NRSF) preserves neuron function

Memory& Cognitive

R
E

ST

Tao Lu, et al., Nature, 2014



Autophagy

Oxidative stress & Aβ toxicity

REST is essential to promote stress resistance and autophagy.

Tao Lu, et al., Nature, 2014
Rocchi, A. et al., Aging Cell, 2020



REST is depleted in neurodegenerative disorders.

Tao Lu, et al., Nature, 2014



Aging .

Extracellular 
matrix 
(ECM)

Immune 
infiltration

Diseases



Fane M, Weeraratna AT., Nat Rev Cancer. 2020

Inflammaging is an age-related driver of cancer progression

Inflammaging: an increase in systemic 
low-grade chronic inflammation.



Meyer C. et.al., PNAS, 2011

Fane M, Weeraratna AT., Nat Rev Cancer. 2020
LOU Yixia, et al., Journal of Army Medical University, 2023

The recruitment of myeloid-derived suppressor cells (MDSCs) is one of the key elements 
that appear to link inflammaging to many types of cancer

MDSC (髓源性抑制细胞):potent repressors of T cells



 When aging is regarded as a disease.

 When aging becomes a factor that contributes diseases.

 When aging is a normal physiological phenomenon.

?



If these are found on your physical examination report, don't be worried.

Nodules
结节

• The smaller the nodule, the more likely it is to be benign.
• 80% of benign nodules: ≤ 2 cm in diameter.

Feragalli B, et al., Radiol Med. 2005

The prevalence of increased carotid intima-media thickness, 
carotid plaque, and carotid stenosis increased consistently 
with age and was higher in men than in women.

Song P, et al., Lancet Glob Health. 2020

Carotid atherosclerosis
动脉粥样硬化



• Postmenopausal（绝经后） osteoporosis is a frequent 
clinical condition which affects nearly 1 in 3 women.

• Osteoporosis is a chronic disease that cannot be cured.

Osteoporosis
骨质疏松症

Gosset A, Pouillès JM, Trémollieres F. Best Pract Res Clin Endocrinol Metab. 2021 

Age-related changes associated with metabolic disturbances, 
changes in hormone balance, and chronic inflammation may 
cause BPH development.

Benign prostatic hyperplasia 
(BPH)

良性前列腺增生

Kim EH, Larson JA, Andriole GL. Annu Rev Med. 2016

If these are found on your physical examination report, don't be worried.



 When aging is regarded as a disease.

 When aging becomes a factor that contributes diseases.

 When aging is a normal physiological phenomenon.

Take home message

Hutchinson-Gilford Progeria Syndrome 

A mutation in LMNA leading to deletion of 50 amino acid 

residues from the precursor protein caused premature aging.

• Stromal(基质的) deregulation and inflammaging in the aged microenvironment drives diseases progression.

Nodules, Carotid atherosclerosis, Osteoporosis, Benign prostatic hyperplasia 

• Repressor element 1-silencing transcription factor (REST) preserves function and protects against 

neurodegeneration during ageing.



Strategies for delaying aging

Part1: Classic strategies
Part2: For reference only
Part3: New theoretical framework of aging

lyg



Francis Bacon
(1561-1624)

“发育、性成熟过程迟缓、漫长，
是个体长寿的标志之一”



Caloric/Dietary Restriction(CR/DR) is the most classic way to 
delay aging  

Fontana, L. et al. Science 328, 321–326 (2010)



Insulin-like signaling pathway

Tatar, M. et al. Science 292, 107–110 (2001)

Fabrizio, P. et al. Science 292, 288–290 (2001)

daf: dauer larvae formation



Target of Rapamycin (TOR)

In yeast:

Deletion of TOR1 and RPL31A or RPL6B, 
ribosomal proteins transcriptionally regulated 
by TOR, increases life span

In Drosophila:

Inhibition of dTOR pathway led to a mean 
lifespan increase

Kaeberlein, M. et al. Science 310, 1193–1196 (2005)



• TOR acts as a major hub that integrates 
signals and regulate several outputs

Growth factors

Various stressors

Nutrient availability

Kapahi, P. et al. Cell Metabolism 11, 
453–465 (2010)



Fontana, L. et al. Science 328, 321–326 (2010)



Finding “CR mimetics”

Martel, J. et al. Ageing Research Reviews 66, 
101240 (2021)



Lithocholic acid (LCA) is one of the metabolites that alone can 
recapitulate the effects of CR in mice

Qu, Q. et al. Nature 643, 192–200 (2025)

Finding “CR mimetics”



Perceived value of dietary protein is a critical determinant of its effect on lifespan

Finding “CR mimetics”—— Fool the brain

Ro, J. et al. eLife 5, e16843 (2016)



Neural states that encode the motivation to seek food are sufficient to slow aging

Weaver, K. J. et al. Science 380, 625–632 (2023)



Time-Restricted 
Feeding (TRF)

Ketogenic diets 
(KDs)

Protein 
Restriction(PR)

Antiaging diets

• Improves several metabolic 
parameters

• Promote and maintain intrinsic 
circadian rhythms in mice

• Effect on life span and age-related 
health outcomes in was limited to 
male mice

• the cyclic KDs increased life 
span, memory function and 
metabolic parameters

• KDs VS ketone itself effect?

• the effects of reduced caloric 
intake VS protein itself ?

Lee, M. B. et al. Science 374, eabe7365 (2021)



Part2: For reference only

 Food for thought

 A cliché



Sleep matters

Nakahata, Y. et al. Science 324, 654–657 (2009)

Tian, L. et al. BMC Public Health 24, 3029 (2024)

Imai, S. et al. Nature 403, 795–800 (2000)



Senolytic vaccines

Wu, R. et al. Nat Aging 4, 464–482 (2024)



Therapeutic plasma exchange (TPE)

Fuentealba, M. et al. Aging Cell 24, e70103 (2025)



Part3: New theoretical framework of aging



But what causes these changes to 
happen in the first place?

Is there an upstream process that 
drives them? 



The mutation theory of aging (TOTA)

Schumacher, B. et al. Nature 592, 695–703 (2021)

Cagan, A. et al.
Nature 604, 517–524 

(2022)

White, R. R. et al. Nat Commun 6, 6790 (2015)



Takahashi, K. et al. Cell 126, 
663–676 (2006)

Lu, A. T. et al. Nat Aging 3, 
1144–1166 (2023)



Aging has a nongenetic origin ?

“At its essence, life is information”

• ‘digital’ information
 Encoded by RNA or DNA
 Faithfully replicated and 

delicately repaired

• ‘digital–analog’ information
 Encoded by the epigenome
 Inherently susceptible to noise



The information theory of aging

Waddington landscape metaphor

Lu, Y. R. et al. Nat Aging 3, 
1486–1499 (2023)



‘Relocalization of chromatin modifiers (RCM) hypothesis’

Oberdoerffer, P. et al. Cell 135, 907–918 (2008)



‘Relocalization of chromatin modifiers (RCM) hypothesis’

SIRT1 silences transcription and
stabilizes repetitive DNA

dissociates from these 
loci

relocalizes to DNA 
breaks

transcriptional 
changes



‘‘ICE’’  Mice (Inducible changes to the epigenome)

Yang, J.-H. et al. Cell 186, 305-326.e27 (2023)



The ICE system phenocopies aging in vivo

Yang, J.-H. et al. Cell 186, 305-326.e27 (2023)



Erosion of the epigenetic landscape Cells lose the ability to maintain cellular identity

Yang, J.-H. et al. Cell 186, 305-326.e27 (2023)



Epigenetic reprogramming restores a youthful epigenome in ICE mice

Yang, J.-H. et al. Cell 186, 
305-326.e27 (2023)



Take home messages:

1. Caloric/Dietary Restriction(CR/DR) is the most classic way to delay aging and the genetics of ageing 
research has revealed a complex network of interacting intracellular signaling pathways and higher-
order processes

2. Conventional CR mimetics such as metformin, rapamycin and spermidine have effect on life-span by 
targeting nutrient-sensing pathways

3. Evolutionarily conserved neuromodulatory systems sufficient to control aging and physiology 
independent of food consumption

4. A loss of epigenetic information is a reversible cause of aging
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