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Akbar A  et. al. (2004): Nature Reviews |Immunology 

We Now Live Twice As Long As We Did 150 Years Ago 



MORTALITY RATE VS AGE  





Rate of  death from infectious disease  
continues to accelerate with age  

From Horiuchi & Wilmoth, J Gerontol, 1997  
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Bacterial infections have an increased 
frequency in the elderly population 

•  respiratory infections 
–  bronchitis 
–  pneumonia 

•  urinary tract infections 
–  cystitis 
–  pyelonephritis 

•  skin and soft tissue 
infections 
–  cellulitis 

–  diabetic foot infection 

•  infective endocarditis 
•  tuberculosis 

•  digestive tract infections 
–  antibiotic-associated diarrhea 
–  diverticulitis 
–  cholecystitis 
–  abscesses 

•  central nervous system 
–  listeria meningitis 

•  foreign body infection 
–  endoprothesis 
–  indwelling catheters 

•  influenza 

These data suggest a key role for clonotypic 
and innate immunity in the control of the survival of the 
elderly, because resistance to these diseases depends, 
at least in part, on a well-functioning immune system. 



Ageing 

Aging is a post-maturational process that, because of 
a diminished homeostasis and increased organism 
vulnerability, causes a reduction of the response to 
environmental stimuli. 

Inflamm-ageing can thus be considered the main 
driving force for major age-related diseases and the 
evolutionary price to pay for an immune system 
fully capable of defending against infectious 
diseases at younger, reproductive age 



Ageing 

IMMUNOSENESCENCE 



Immunosenescence   
from the evolutionary point of view 

•  Subject to evolutionary constraints 
•  Humans lived 30-50 years a couple of centuries 

ago. Nowadays, they lives between 80-120 years. 
This is longer than predicted 

•  Antigenic burden encompassing decades of 
evolutionary unpredicted exposure 

•  The evolutionary recent defence mechanisms 
deteriorate with age 



Immunosenescence   
from the evolutionary point of view 

•  Antagonistic pleiotropy: natural selection has 
favoured genes conferring short-term benefits at the 
cost of deterioration in later life 

•  IS has probably been selected to serve individuals 
only until reproduction After that, biochemical 
processes proceed freely without past selective 
pressure to improve the life of an individual 

•  Thymic involution in early age supports these 
hypothesis 



Immunosenescence  



It’s the basic way in which the 
body reacts to infection, 
irritation or other injury.  

INFLAMMATION 

The reaction that occurs in the tissues in 
response to an injury or an abnormal 
stimulation caused by a physical, 
chemical, or biologic substance.  



CHRONIC INFLAMMATION: 
 stable low grade irritation that continuosly damages the 

tissue 



Coordinated gene regulation during systemic inflammation.  
On the site of infection or injury, infiltrated immune cells are activated and secrets proinflammatory 
cytokines. These cytokines then activate transcription factors, such as Stat3, NFkB, or C/EBPβ, and 
cooperatively regulate gene expressions of acute phase proteins in the liver. Over 7% of total mouse 
genome was mobilized by bacterial protein, LPS 

SYSTEMIC INFLAMMATION 

(CRP) 
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Ageing and innate immunity 

Solana et al., Immunity, 2006 



Age-dependent decline in thymic output 

Aging and T Cell Homeostasis 

P=0.002 

P<0.001 

P=0.035 

Naylor, K et al. J Immunol. 2005 Jun 1; 174(11):7446-52 



IRP 



RELATIONSHIP	  BETWEEN	  IMMUNE	  PARAMETERS	  AND	  
MORTALITY	  

Wikby	  et	  al.	  2006	  

CD4/CD8	  >	  1	  

CD4/CD8	  <	  1	  
CMV+	  



Activation of  
naive cells 

Expansion 
(ca. 28 PD) 

Contraction Memory 

Apoptosis Cytokines (IL-15) - 

Antigen   Compromised  
in the elderly 

Result: an accumulation of  dysfunctional cells 

Dysfunctional cells 

Conclusion: In IRP elderly, dysfunctional CD8+ CMV-specific T cells accumulate because apoptotic pathways are compromised.  

Hypothesis: Because T cell homeostasis maintains constant numbers of  T cells in the periphery, even if  naive cells continue to be 
generated from the thymus, the T cell repertoire will be shrunken, contributing to increased susceptibility to infectious disease 





Many CMV-specific CD8 cells  
in the elderly show hallmarks of   

ANERGY: 

→   They respond to direct stimulation  
       with PMA/Io but not to specific antigen 
→   They are apoptosis-resistant 
→   They express low levels of  CD28 



CMV decreases 
in CD28 and 

CD27 

Fig. 5. Decreased expression of  CD28 and 
CD27 in cytomegalovirus (CMV)-specific 
CD8+ T cells from elderly individuals. 

CD27 transduces signals involved in the 
activation of  NF-KB 



CD8+ in elderly 

Fig. 3. Increased percentage of  cytomegalovirus 
(CMV)-specific  

CD8+ in elderly individuals compared with young 
donors. 



IMMUNOSENESCENCE 

MEMORY CELLS 

NAIVE CELLS 







ρ = - 0,26           
p = 0.005 * 

ρ = + 0,019  
p = 0.9 

b 

ρ = + 0,02            
p = 0.7 

ρ = + 0,46   p 
= 0.0001 * 

B cells subsets: young versus old 



Immunosenescence is 
characterized by: 

1) the shrinkage of the T cell repertoire and the 
accumulation of oligoclonal expansions of memory/
effector cells directed toward ubiquitary infectious 
agents;   

2) decrease of circulating B cells; impaired antigen-
specific   antibody response although the Ig levels are 
not impaired  

3)  chronic inflammatory status 



Immunological Markers 
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Alzheimer's disease: 
amyloid deposition is 
the main pathogenetic 
mechanism. 
Accumulation of Aβ 
peptide may be caused 
by 1) gene mutations 
(PS1, PS2 and APP 
human mutations in 
mendelian form of  
Alzheimer's disease) 2) 
genotype (and/or 
phenotype) favouring 
imbalanced 
inflammatory responses 
(pro-inflammatory 
genotype/anti-
inflammatory 
genotype). 

EARLY ONSET AD 

LATE ONSET AD 



Risk factors for sporadic AD 
Risk factors 
Age 
Gender 
Genetics  
ApoE4 
Cholesterol 
Head injury 
Smoking 

Inflammation 



In the Rotterdam study, a large prospective  
cohort study of people 55 years of age or older, 
risk reduction for AD due to NSAIDs was 
dependent on the cumulative duration of use. 
While short-term use (1 month) was not 
beneficial, use for 2 years or longer reduced 
risk by 80%. 





Infiammation and Dementia 
A 25-Year Follow-up of the Honolulu-Asia Aging Study 





Inflammatory bio-markers in AD brain 



Activated microglia, expressing major histocompatibility complex type II 
(MHC II) (brown), infiltrating a classical senile plaque (immunostained for A, 

black). There are also increased numbers of activated microglia in 
surrounding neuropil. Scale bar: 50 m. 



INFLAMMATORY molecules IN THE 
AD SENILE  PLAQUE 

TLR4 

5-LO 

COX-2 

COX-2 

COX-2 











Di Bona et al., Immune-inflammatory responses  and oxidative stress in Alzheimer disease: 
therapeutic implications. Curr Pharm Des, 2010, 16: 684-691 

INFLAMMATION AND OXIDATIVE STRESS IN ALZHEIMER’S DISEASE: 
 THERAPEUTICS IMPLICATIONS 















We found 
combinations of 
alleles in eight 
inflammatory 

genes and ApoE 
that distinguish 

Alzheimer 
disease risk 

groups  



We investigated a panel of  relevant polymorphisms to distinguish genetic backgrounds for 
AMI and AD: IL10 －1082G/A, IL6 －174G/C, TNF －308G/A, IFNG +874T/A, 
SERPINA3 －51G/T, HMGCR －911C/A, APOE ε2/3/4 (280 AMI cases, 257 AD 
cases, and 1307 population controls). 
We conclude that AMI and AD share genetic backgrounds involving cholesterol 
metabolism and the u-pregulation of  inflammation and that gene-gene interactions in 
relevant sets of  genes may be useful in defining inherited risk for common disorders. 

Sonya Vasto1, Martina Chiappelli1, Claudio Marcello Caldarera2, Elisa Porcellini1, Ilaria Carbone1, Calogero Caruso3, Domenico 
Lio3, Elizabeth H. Corder4 



Neurodegeneration 

Neuroinflammation Growth factors 
     cytokines 

Myeloid cells, 
Lymphocytes, 
Other cells 

CNS proteins 
Inflammatory 
mediators 

CNS BBB Periphery 

Britschgi & Wyss-Coray (2007) 

Studies in animal models for AD support the notion that immune cells infiltrate the brain and may 
modulate the disease 
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Decrease amount of B cells in AD 









Take home message 
•  Involvment of systemic immunity in AD patients and 
old people. 
•  Events contributing to the onset and development 
of AD are numerous and complex. 
•  Hot topics involved in AD pathophysiology, such as 
inflammation, cytokines, immune response, 
APOE,cholesterol, and oxidative stress. 
•   Therapeutic possibilities: NSAIDs, cytokine 
blockade, immunotherapy, diet. 



Recent findings: Results are provided from only two recent 
prospective cohorts of older Americans and French individuals 
(>=65 years) on the relationship of Mediterranean diet to 
cognitive functions.  
A high adherence to the Mediterranean diet has been 
associated with slower cognitive decline, with reduced risk of 
mild cognitive impairment conversion to Alzheimer's disease 
and with reduced risk of Alzheimer's disease. 

Nutrition and cognitive decline!!! 



ZABUT project 

Ministero della Salute – Direzione Generale della Ricerca Scientifica e Tecnologica 

General information about the project 
TITLE OF THE PROJECT : Epidemiology and risk factors for Mild Cognitive Impairment, 
Alzheimer’s disease and dementia.  
The Zabut Aging Project: 5-year follow-up study on a rural Sicilian population 

INSTITUTION ACCEPTING THE PROJECT: Sicilia 
SCIENTIFIC COORDINATOR: 
Name: Monastero Roberto, MD, Dipartimento di Neuroscienze Cliniche, Università degli 
Studi di Palermo  

STUDY POPULATION 
The ZAP is a longitudinal, population-based study aging and dementia of  those aged 50 or 
over, living in a rural village near Palermo, Italy. The study base comprised 2,613 subjects, 
living at home or in institutions (participation rate around 74%).  

Main outcome: demtia and MCI assesment.  

Prospective association studies (re modifiable risk factors for MCI and 
dementia/AD and progression of  MCI to AD) would include the following 
baseline variables: 

1) vascular risk factors: baseline systolic and diastolic BP, BMI, abdominal 
obesity, fasting glucose levels and serum lipid levels. These factors will be 
analysed alone or clustered in the concept of  metabolic syndrome. 
2) lifestyle factors: physical activity, alcohol consumption and smoking, 
analysed using quantitative information collected at baseline. MNA and FFQ will 
be administrated. 
3) antioxidants: plasma level of  differents tocopherols and tocotrienols; 
carotenoids; coenzyme Q10. 
.................. 



Intervention studies on Zabut 
population 

•  D-lemonina (terpene) 

•  Pro-prebiotici? 

•  Integratori? 

•  Flavonoidi? 



ZABUT’S group 
•  Calogero Caruso (Immunologia) Dipartimento di Biopatologia e Biotecnologie 

Mediche e Forensi, Università di Palermo  

•  Giuseppina Campisi (Medicina orale) Dipartimento delle Discipline Chirurgiche ed 
Oncologiche, Università degli Studi di Palermo 

•  Roberto Monastero (Neurologia & statistica) Laboratorio di Epidemiologia e 
Psicologia dell’invecchiamento e delle Demenze, Dipartimento di Neuroscienze, 
Università di Palermo  

•  Sonya Vasto (Immunologia, microbiologia e nutrizione) Dipartimento di 
Biopatologia e Biotecnologie mediche e forensi, Università di Palermo.   
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