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What is ageing? 
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Ageing 
Ageing is a complex process, results from a breakdown of 
the system of organization of self and a reduced ability to 

adapt to the environment. 

 . 
Senescence 
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The process by which a cell loses its function and its ability 

to divide and grow. 



Aging:  
Changes in the cells (cellular senescence), 

tissues and organs after maturation 

Progressive loss of  

physiological  functions of 

tissues and organs  

 

Increased death risk 

Reduced ability to respond to environmental stimuli, 

due to an ineffective homeostatic response 

Increased susceptibility to disease  

5 

Immune system 

 

Endocrine system 

 
Nervous system 

Homeostasis             Health  



 

During the evolution biological molecules are developed on energy plans 

that allowed them to maintain the molecular fidelity until the time of 

reproduction. In different animal species the amount of energy required 

from birth to the reproduction should be kept constant. What determines 

longevity is the residual capacity after the reproductive period. 

Organisms use the resources to metabolic priorities that compete with 

each other: the growth, reproduction, maintenance and repair and storage. 

EVOLUTION, AGEING AND LONGEVITY 
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What is longevity? 
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Genes and alleles associated to 
longevity 

Gene Allele Frequency in 
centenarians  

Association to 
diseases 

Possible role in 
longevity   

APOE E4* Reduced CVD 

AD 

Vascular integrity 

Control of 

inflammation  

FOXO3A rs2802292* Increased - Cellular 

homeostasis 

control 
 *, Results obtained with candidate gene approach and repeated in different studies.  

A genetic example of demographic selection is the reduced frequency in ε4 allele of apolipoprotein E (ApoE) in aged 
people. Allele frequency of APOE ε4, associated to CVD and AD, is reduced in centenarians, while prevalence of ε2 

allele, is relatively high. 	
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Rate of death from infectious disease  

continues to accelerate with age  

From Horiuchi & Wilmoth, J Gerontol, 1997  

Causes of death 
 (Japanese females) 
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What is 
immunosenescence? 
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Immunosenescence is a descriptive 

term for the deleterious age-

associated changes to immunity 

observed in all mammals studied so 

far. 

While all components of innate and 

instructive immunity are changed 

with age, the clinical impact of 

these changes is not clear, and 

mechanisms of and markers for 

immunosenescence are 

controversial 

What do we mean by  

“immunosenescence”? 



The main age-associated changes 
reported in T cell immunity 



M. De Martinis et al. FEBS 

Letters 579 (2005) 2035–2039 

•Antigenic load is associated 

with a loss of early memory 

cells, an increase of highly 

differentiated CD8+ cells, a 

gradual reduction of the 

immunological space 

•As a consequence, a peculiar 

chronic inflammatory status 

characterizes 

immunosenescence. 

 

•Lifelong chronic antigenic 

load induces age-related 

increase of  activated immune 

cells and hyperproduction of  

proinflammatory cytokines. 
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 Inflammatory responses are  

physiologically crucial for survival  

and constitute an essential part of our robustness 

but …at the same time inflammation 

is a basic component of frailty  

and of most major age-related pathologies  
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CMV has received scrutiny as a possible driver of immune 
senescence because the CD4+ and CD8+ T cell responses 

to this persistent virus can be enormous: 

 

Often > 10% of the memory repertoire! 
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What is CMV? 
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What about genetic 
control?  
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NK cell 



KIR: biological function, genetic characterization and protein 
structure    

 
 
• Expressed on NK cells and on some T lymphocytes (CD8) 
 
• Regulation of NK cells through interaction with  

   HLA class I ligands 
 

 

 Biological function 

Association between KIR/KIR 

ligands and diseases 

• Infection diseases (HCV, HBV,                   
HIV, CMV, …) 
• Autoimmune disorders 
(psoriasis, rheumatoid arthritis, 
…) 
• Cancer 
• Pregnancy-related 
• … 

Peripheral circulating lymphocytes and 
key protagonists of innate immune 

responses  



 Genetic organization 

KIR: biological function, genetic organization and protein 
structure   

Chromosome 19                        LCR 

Kir gene family 
      

15 loci 
2 pseudogenes 
KIR2DS4 IS PRESENT AS  
NULL ALLELE in 80%  
OF CASES 

 

Genetically determinated 
and unchanged 
throughout life 

4 framework 
genes: 
 
3DL3 
3DP1 
2DL4 
3DL2 



 Protein structure 

• Glicoproteins 
• 2/3 Ig-like extracellular domains 
• Long (L) or Short (S) tails 

iKIR 

Immunoreceptor  tyrosine-based inhibitory motif  

aKIR 

Immunoreceptor  tyrosine-based activating motif  

Activating signal Inhibitory signal 

KIR: biological function, genetic organization and protein 
structure   

Both signals exist but NK cells regulation dipends on the combination of 

these effects 



KIR HLA ligands and interactions 

• Extremely polymorphic 
• Different function 
• Varying susceptibility to pathogens and diseases 

The lack of specific KIR-HLA receptor-ligand 
pairing  leads  to functionally null phenotypes 



The importance of interactions between KIR/KIR 

ligands and diseases 



KIR/KIR ligands disease associations 

Lower inhibition or higher activation Viral infections 

Activating genotypes Autoimmunity, cancers, … 
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Depending on the number of Ig domains 2/3, 
they are named with 2D or 3D suffix 
  
Long (L) or Short (S) instead indicate the long or 
short intracytoplasmic domain, respectively 
inhibitory or activatory 
  
The last number identifies the gene 
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HLA-C1,     C alleles with asparagine at 
position 80 
 
HLA-C2,      C alleles with lysine at position 80 
 
HLA-Bw4-I, Bw4 alleles with isoleucine at 
position 80 
 
HLA-Bw4-T, Bw4 alleles with threonine at 
position 80  
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Individuals without activating receptors  
(AA haplotype) are more susceptible to  
develop symptomatic infection. 
 
The activating KIR2DS2 gene is less frequent  
In the subjects with symptomatic infection  
than in controls. 
 
The KIR2DS2-HLA-C1  phenotype is less  
frequent  in the subjects with symptomatic  
Infection than in controls. 
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Logistic regression  
confirms AA and 
demonstrates that 
HLA-Bw4-T is a 
predictor of the risk 
of symptomatic  
Infection. 
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The effect of HLA-Bw4-T is 
possibly mediated by an 
interaction with the inhibitory 
KIR3DL1 and is almost 
exclusively observed in the Bx 
haplotype subjects. 



Conclusions  

This genetic association study shows that 
immunocompetent adult subjects possessing the KIR 
AA haplotype or the HLABw4-T allele are more 
susceptible to develop a symptomatic acute disease 
after primary CMV infection. 
This is consistent with studies performed in the 
transplantation setting. 



A constant dream of humankind is 
to stop, postpone, and/or reverse 

the ageing process.  
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The immunosenescence Group 
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GRAZIE PER L’ATTENZIONE! 
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