
Chart of aging processes interrelationships 
and stress resistance in a human organism

Color key

External interventions influencing the processes of aging

Pathological changes in human organism during aging

Project objective
To describe the main processes of aging  

and stress resistance in a human organism  

in order to define the key points for 

applying life extension interventionsScience for Life Extension

The project is presented by  
the Russian Welfare Foundation  
for scientific research support

Processes associated with aging

Processes associated with stress resistance

External interventions influencing stress resistance

Micronuclear
formation

Tissue cell loss

Non-homologous
recombination

Telomere shortening,
T-loop loss

Alkylated bases8-oxo-2’deoxyguanosine 
Alkylated bases in the DNA 
promoters and enhancers

Decrease of the antioxidant systems
components expression and activity

Carbonylated
proteins

Glycated and glyco
oxidated proteins

DNA
demethylation

Stress response
genes induction

Cross-linked
proteins

Organospecific  
age-related pathologies

Cell senescence
(replicative and
stress induced)

Alteration in the gene
expression pattern

Point
mutations

DNA strand
breakes

Degradation of
Intercellular matrix

Lypofuscin
accumulation

Ectopic growth factor
production

Proteosome
inhibition

Apoptosis

Tussue hyperplasia

Non-functional
proteins

Antioxygenic enzymes

DNA repair enzymes

Enzymes of oxidized,
carbonylated and glycosylated

proteins reparation

Free radical scavengers

Xenobiotic detoxification enzymes

Heat shock proteins

Proteosomal degradation
of protein aggregates

Autophagy of damaged  
mitochondria

and oxidated proteins

Temporary cell cycle arrest, allowing for
efficient DNA damage repair

Apoptosis (for proliferating cells)

Damage
segregation
during cell

division

Elimination of senescent cells by
immune system

Anti-inflammatory factors

Self-regeneration of organs

Optimism

Transition of plastic and energy
resources from growth and

reproduction to stress-resistance

Decrease of the reparative systems
components expression and activity

Aging stem cell niche
Stem cell self-renewal

and differential potential
decrease

Immunity decrease

Temperature stress

Chromosomal
aberrations

Psychological stress

DNA-DNA
crosslinks

Sex hormones (testosterone,
estradiol, progesterone)

DHEA

Thyroid hormones Somatotropin

Neurotransmitters (dopamine, acetylcholine,
norepinephrine, serotonin, GABA)

IGF-1

Glucocorticoids Vasopressin

Melatonin

Secretion decrease

Secretion increase

Impaired
homeostasis

Loss of tissue regenerative
capabilities

Inflammatory  
reactions in tissuesMetabolic shift

Tissue specific degenerative
processes

Genotoxic stress

Nuclear
pores leaks

Oxidative stress
(ROS, lipid peroxides)

Autophagy
inhibition

Transposition of mobile
genetic elements

Retroviral DNA
integration

Energy supply failure

Amyloidosis

Disturbance in neuroendocrine
regulation

Molecular

Subcellular

Cellular

Intercellular

Tisues

Organs

Systems

Organism

Psychological

Biosystem integration
levels

Membrane
damage

Damage of mitochondrial
enzymes

NUMT-
pseudogenes

mtDNA
mutations

Proteins methionine 
oxidationUnfolded proteins

Protein aggregates

DNA-protein
crosslinks

Stalled replication forks

Lipid-protein
crosslinks

Defective mitochondrion
accumulation

Matrix  
metalloproteinasesInflammatory cytokines

Proteotoxic stress

Stress-activated protein kinases,
protein deacetylases

and transcription factors

Feedback system which regulates
homeostasis

Healthy life-style

Compensatory proliferation of stem cells

Metabolic shift
towards energy

storage

Neuroendocrine system

Nuclear lamina
damage

Hormesis
(stimulatory action

of moderate doses of
stressors)

Optimal 
environmental

conditions

Aging skin Myocardial 
infarctionStrokePulmonary 

emphysemaCirrhosisCataractGrey hair

Persistent
infectionsDiet Ionizing radiation UVB radiation Light regimeChemical mutagensOxygenation Temperature

conditions

Death of the 
organism

Autoimmune diseases

Menopause and
andropause

Diabetes
Metabolic syndrom

Oncogenesis

Neurodegeneration (Alzheimers disease,
Parkinson disease, dementia) Fibrosis

Athero-
sclerosisOsteoporosis Thymus

involution
Epiphysis
involution

Aging Stress resistance

Program release version June 2009

Scientific advisor – Alexey Moskalev, D.Sci (Biol.)

The project  
is being developed 
in the framework of the complex 

interdisciplinary “Science against 

aging” program

Researchers are welcomed
To create the new and add to the existing sections of 

the program and also to the chart of aging processes 

interrelationships and stress resistance in a human organism

longevity.foundation@gmail.com

Mitotic
catastrophe


