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Most immunological variation occurs during life

• Human immunological variation is associated with age, CMV infection, stress, smoking, 

and metabolic health 

• There are only few longitudinal studies of changes in the human immune system



• Increased susceptibility to infections 

• Decreased response to vaccination

• Increased risk for chronic inflammatory diseases; 

cardiovascular, type 2 diabetes, chronic kidney disease

• Increased risk for autoimmune diseases

• Increased risk for cancers 

We know that age increases risk for immune-associated 

pathologies – but how?
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Of mice and humans



SARS-CoV-2 fatality rate

11% men and 6% women 

at age 80+ 

Old individuals and old 

societies at risk

Infection fatality rate (IFR)

O’Driscoll et al 2021 Age-specific mortality and immunity patterns of SARS-CoV-2. Nature



Edward Jenner (1796)

Vaccination efficiency is decreased in older individuals



Age associated changes in cells

López-Otín et al. 2023 Cell.

• Chronic inflammation

• Imbalance of the intestinal microflora

• Genomic instability

• Telomere shortening

• Epigenetic changes

• Proteome instability

• Deficient macroautophagy

• Non-absorption of nutrients

• Errors in mitochondrial function

• Cellular senescence

• Stem cell insufficiency

• Changes in intercellular communication



Chronic immune inflammation is 

associated with chronic diseases
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Chronic inflammation associated with multiple pathologies

Barbé-Tuana et al. 2020 Semin Immunopathol





Hallmarks of T cells in aging

Mittelbrunn and Kroemer (2021) Hallmarks of T cell aging. Nat Immunol

The hallmarks grouped into 3 categories, based on their 

hierarchical interconnections. 

4 primary hallmarks account for the initial damage

• Thymic involution, 

• Genetic and epigenetic alterations

• Loss of proteostasis 

• Mitochondrial dysfunction 

4 secondary hallmarks are consequences of primaries

• Reduction of the TCR repertoire 

• Expansion of the memory pool 

• Lack of effector plasticity

• T cell senescence 

2 integrative hallmarks are the consequences of the T cell 

functional deficiencies

• Immunodeficiency

• Inflammaging
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Changes in T cells with aging



CD4+ and CD8+ T cells have different effector functions



The thymus 

Thymus vulgaris



T cells differentiate in the thymus
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• Thymus involutes and is replaced by adipose cells

• Less naïve T cells

• Oligoclonal expansion of T cells

Age-related changes in the thymus
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Aging mostly impacts on the numbers of naive CD8+ T cells



T cells differentiate from naïve to terminally differentiated T cells (TEMRA)



Terminal differentiation of CD8+ T cells into NK-like T cells

Pereira and Akbar 2016, Front Immunol
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T cells in aged individuals loose costimulatory and activate NK cell markers
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Intracellular changes in T cells
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Cytomegalovirus (CMV) chronic infection associates with the accumulation 

of terminally differentiated T cells



Age-related changes in gene

expression of PBLs

A study of 15,000 people showed changes in 

the expression of 1500 genes, many of them 

related to immune functions

Upregulated immune genes Downregulated immune genes

Peters et al. 2015 Nat Comm



T cell profiling in old individuals (140 persons over 65 years)

Salumets et al 2022, Aging Cell



Large and variable CD8+ TEMRA populations in old people 

Salumets et al 2022, Aging Cell



Two CD8+ TEMRA cell subpopulations in old individuals

Türk et al. 2024 Front Immunol

• Sorted CCR7lo CD45RAhi CD8+ 

TEMRA cells are heterogenous

• Five populations corresponding to 

CD8+ TEMRA cell subpopulations 

• Cluster 0: TEMRA1

• Cluster 1: TEMRA2

• Cluster 2: TEMRA3

• Cluster 6: TEMRA4

• Cluster 10: IKZF+ TEMRA 

precursor

• CD8+ TEMRA1 and 2 enriched in old 

and CMV+ individuals

• CD8+ TEMRA1 and 2 express CMC1 

and EOMES, high CD8A

• Compared to TEMRA3 and NKT –like 

cells TEMRA1 and 2 are lower in 

cytotoxic markers
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Integrating data on T cells 

from seven scRNAseq 

studies

Filippov et al 2024. An integrated single-cell atlas 

of blood immune cells in aging. NPJ Aging. 
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CD8 naïve cells

MAIT cells

CD8+ T cells and MAIT cells are most consistently declining with age

Filippov et al 2024. NPJ Aging. 



Mittelbrunn and Kroemer (2021) Hallmarks of T cell aging. Nat Immunol

The interventions we should focus on to improve our immune responses



Thank you!
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