Stress ossidativo,
immunità
e nutrizione
Lorenzo M Donini

1. Following entry of SARS-CoV-2 into the cell, the viral RNA genome is transferred from the envelope into the cytoplasm and the
translation process begins.
• After replication of the RNA new viral particles are formed, by incorporating part of the host cell membrane in the new viral
envelope.
2. Infected lung epithelial cells produce interleukin IL-8 which acts as a chemoattractant for neutrophils and T lymphocytes (innate
immune response):
• Virus particles containing single-stranded ssRNA, act as pathogen-associated molecular patterns (PAMPs), and provoke a strong
innate immune response after recognition by Toll-like receptor 7 (TLR7), which is expressed on monocyte-macrophages and
dendritic cells (DC).
• TLR7 can activate several signaling pathways and transcription factors, such as Janus kinase transducers (JAK/STAT), nuclear factor
κB (NF-κB), activator protein 1 (AP-1), interferon response factor 3 (IRF3), and IRF7.
• This signaling cascade leads to increased secretion of pro-inflammatory cytokines, like IL-1, IL-6, monocyte chemo attractant
protein-1 (MCP-1), MIP-1A, tumor necrosis factor α (TNF-α) and ultimately interferon 1 (IFN1).
• Furthermore, neutrophils are rapidly recruited to sites of infection, where they kill viruses by an oxidative burst, defensin
secretion, and neutrophil extracellular traps (NETs).

3. In the next stage, Ag presentation stimulates adaptive immune responses
(both humoral and cellular immunity) that are triggered involving T and B
lymphocytes and culminate in approximately 7–14 days after infection.
• Following the representation of antigens by APCs to the CD4+ and CD8+ Tcells, pro-inflammatory cytokines are produced via the NF-κB signaling
pathway.
• Activated B cells secrete virus-specific antibodies, while Ag-specific T
cytotoxic cells kill virus-infected cells.
• Additionally, Th17 cells, neutrophils, and granulocytes secrete IL-17, which
in turn stimulates production of IL-1, IL-6, IL-8, MCP-1, Gro-a, GCSF, GMCSF, TNF-α, and PGE2.
• All these mediators can increase the recruitment of neutrophils,
monocytes, and other immune cells.
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• ROS are produced during viral infections
and significantly affect both the
production of oxidizing agents and the
synthesis of antioxidant enzymes.
• Viral infections affect the production of
mitochondrial ROS because viruses can
induce or inhibit various mitochondrial
processes in a highly specific way so that
they can replicate and produce progeny

High number of critically ill patients and increased mortality in patients with underlying
diseases (such as hypertension and diabetes) has been proven.
• T2DM can include a hyperinflammatory state with a low-grade inflammatory activity that
causes long-term immune system stimulation, along with adipose tissue side effects on
the immune system, which ultimately drives an immune imbalance.
• due to the overexpression of ACE2 in islet cells of the pancreas, SARS-CoV-2 may be a
diabetogenic virus that causes severe instability in the blood glucose levels of diabetes
patients, which worsens the inflammatory imbalance.

Ageing

Successful aging is
multidimensional,
encompassing the
avoidance of disease and
disability, the
maintenance of high
physical and cognitive
function, and sustained
engagement in social
and productive
activities.

• Aging is the most profound risk factor for almost all
non-communicable diseases, including cardiovascular
diseases, cancer, diabetes and neurological diseases.
• The proposed mechanisms that contribute to the
aging process and the development of these chronic,
age-associated diseases include DNA damage,
alterations in gene and non-coding RNA expression,
genotoxicity, oxidative stress, and the incidence of
shorter telomeres.

Ageing and immune system

• Immunosenescence: ageing is associated with the functional
decline of the immune system and ability to defend against
infection by environmental pathogens, vaccine failure, and an
increased incidence of autoimmunity and cancer.

• Free radicals are molecules in which the outer electron
orbital contains a solitary unpaired electron (hydrogen
(H•), nitric oxide (NO•), hydroxyl radical (•OH), peroxyl
radicals (RO2), alkoxyl radicals (RO•), transition metals
(copper and iron) or two unpaired electrons (the diatomic
oxygen molecule O2, and its superoxide (O•−2).
• Most are generally quite unstable and readily induce the
non-enzymatic oxidation of biomolecules (proteins,
carbohydrates, lipids and nucleic acids).

Within the cells there are three major sources of free radical formation:
1. Oxidative metabolism: In the mitochondrial respiratory chain (series of protein
complexes that transfer electrons via redox reactions coupled with the transfer
of protons creating an electrochemical proton gradient that drives the
synthesis of ATP), the forward and reverse transport of electrons is coupled
with the formation of reactive oxygen species (ROS).
2. Oxidative burst: neutrophils, macrophages, dendritic cells and monocytes
release ROS, as part of their innate immune function towards different
pathogens. The “oxidative burst” is a metabolic pathway, quiescent in resting
cells, which is set in motion upon microbe invasion. Its role is to produce strong
oxidizing agents that function as highly reactive microbicidal components.
3. Environment: Free radicals are commonly produced by a series of
environmental factors including alcohol, cigarette smoke, dietary factors, some
medications, UV light and ionizing radiations.

• As aging progresses the biochemical imbalance between the
formation and clearance of free radicals, generates a state often
referred to as “oxidative stress”.
• The resulting increased amount of unstable and highly reactive free
radicals will lead to

• oxidative protein modifications, including direct AA modifications by
hydroxylation and formation of carbonyl derivatives (aldehyde and ketonic
groups on AA side chains), protein nitrosylation, or indirect AA modifications;
⇒ protein fragmentation, sub-unit dissociation, unfolding, and
exposure
of hydrophobic residues and aggregation ⇒ overall
loss of function
• peroxidated lipids
• products from glycation and glycoxidation

• The ageing organism is characterized by a low grade chronic
inflammation that results from alterations in the balance of
production of pro-inflammatory versus anti-inflammatory mediators
and cytokines and is termed ‘inflammaging’.
• Inflammaging is under genetic control and is detrimental for
longevity due to long term tissue damage.
• Inflammaging is believed to be a consequence of a cumulative
lifetime exposure to antigenic load caused by both clinical and
subclinical infections as well as exposure to non-infective antigens

Two major pathways promotes inflammaging secondary to oxidative damage
produced by free radicals:
• Toll-like-receptors (TLRs) binding to pathogen-associated molecular
pattern molecules (PAMPs) activates an orchestrated innate immune
response aimed at eradicating the invading pathogen
• increased ROS production and post-translationally modified molecules activate the
TLR8 and TLR2 pathway initiating an inflammatory response whose key mediators
are IL-1, IL6 and TNFα

• NLRP-3 inflammosome is a cytosolic multiprotein complex that, upon
assembly with caspase 1, has the enzymatic ability to cleave pro-IL-1 and
pro-IL-18 into active cytokines activation
• Nalp3 inflammasome has been shown to be directly activated by the presence of
sustained amounts of ROS

Nutritional status and
the immune system

Immune Cells affected by changes in Nutritional Status
• The hormone and cytokine changes seen in response to obesity and malnutrition are
closely linked to changes in immune cell populations.
• Several types of immune cells residing in the adipose tissue (macrophages, neutrophils,
mast cells, B and T lymphocytes, T-reg cells) are affected by changes in the cytokine and
hormone levels and in turn contribute to altered cytokine production in states of underor overnutrition.
• These adipose tissue- localized immune cells can be affected by changes in nutritional
status through both paracrine effects (due to their proximity to adipocytes) and
systemic/endocrine effects of secreted adipose factors.
• In contrast to the effects of obesity on immune cells, malnutrition leads to a decrease in
immune cell number (total, CD4+ and CD8+ T cells).

Effect of Nutritional Status on Immune Cell Metabolism
• Although it is clear that systemic metabolism influences immune cell
function, we are only just starting to understand how changes in nutrition
can influence metabolism at the cellular level.
• There is a link between cellular metabolism and function for several types
of immune cells. In particular T cell metabolism can influence T cell
differentiation and function, whereas changes in T cell function can
likewise influence T cell metabolism.
• Energy requirements and aerobic glycolysis (glucose uptake, glycolysis,
and reduction of pyruvate to lactate) regulation is controlled by several key
signaling pathways and transcription factors and essential for optimal
immune function.
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immune metabolism, and immune
function.
In settings of extreme nutritional
status (obesity or malnutrition),
changes in immune cell populations,
hormones, and cytokine levels lead to
alternations in immune cell
metabolism, which thereby influence
immune function
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Modulation of immune system
through nutritional intervention

• Vit E. In animal models it can enhance T cell functions by directly influencing membrane
integrity and signal transduction and indirectly by reducing production of suppressive factors
such as PGE2 by macrophages.

• Different studies have reported beneficial effects of vitamin E
supplementation in healthy elderly people. However, responses to vitamin E
supplementation are influenced by individual factors such as genetic
background and previous immune (high basal levels of cytokine production).

• Carotenoids (β-carotene, lycopene and lutein) are linked to enhanced immune function and
bactericidal activity.
• Zinc. Several studies have shown beneficial effects of supplementation on cell-mediated
immunity (delayed type hypersensitivity, lymphocyte populaytions production) and humoral
responses in elderly people.

Vitamin D may act as an antioxidant by mitochondrial function
stabilization
• reduction in H2O2 levels accumulated in cardiac tissue and the
increase in superoxide dismutase and catalase activities as
antioxidant mechanisms
• decrease in cellular apoptosis and autophagy-mediated by the
adequate maintenance
of mitochondrial function and the
.
reduction in O2 production
• upregulation of the AKT/UCP2 signaling pathway (reduction of
oxidative stress induced by high glucose levels in human renal
tubular cell line) ⇐ increasing the activity of superoxide dismutase
and MMP and decreasing malondialdehyde levels

• N-3 PUFA have anti-inflammatory properties inhibiting
formation of eicosanoids (thromboxane A2) required for
platelet aggregation and clot formation, proinflammatory
cytokines (IL-1b, TNF-a, IL-6), chemokines (IL-8, MCP-1),
adhesion molecules (ICAM-1, VCAM-1, selectins), and reactive
oxygen and nitrogen species.
• They also suppress both innate (mainly inflammation) and
adaptive (T cell mediated) immune responses, which can
impair immunity to infectious and neoplastic diseases.
• In the elderly it is important to consider the possible
drawbacks of n-3 PUFA supplementation in individuals that
have impaired immune responses, and that high doses of n-3
PUFAs can increase lipid peroxidation and suppress IL-2
production and lymphocyte proliferation in older women.

• Polyphenols may influence the production of key cytokines (IL-12, IL10 and IL-1b), B cell function, increase production of protective IgA
and IgG, and partially restore the function of aged macrophages.
• Probiotics. Certain strains improve innate immune responses such as
phagocytosis and cytotoxicity in ageing people thus reducing the
incidence and severity of infectious diseases in the elderly.
• Prebiotics (FOS, galactooligosaccharides) have been shown to
enhance immune function in the frail elderly with reductions in IL-6
and TNF-a mRNA.

diet that positively impacts immune
function must contain
• adequate amounts of protein,
particularly including glutamine,
arginine and BCAA;
• high omega-3 versus lower saturated,
trans fat, and omega-6 fatty acids,
• low refined sugars,
• high fiber content such as whole grains,
and
• micronutrients including vitamins A, D,
C, E, B, Zn, Se and Fe, as well as
phytochemicals.

Gli studi che hanno valutato l’effetto di integratori sull’assetto immunitario
sono spesso caratterizzati da importanti limiti metodologici:
• selezione del campione molto variabile (comorbosità, status
infiammatorio,…)
• bassa potenza statistica
• influenza dell’alimentazione spesso non considerata
• dosaggio della sostanza variabile (da integratore a farmacologica)

• Daily consumption of several antioxidant-rich foods (fruits, vegetables, corn
products, nuts, cocoa-containing products, green tea, and red wine) may help
maintaining antioxidant defenses as measured by circulating total antioxidant
status (TAS) and vitamin C.
• Dietary supplements (vitamins A, C, E and/or Se) were not associated with either
TAS or vitamin C variation of circulating levels.
• Whether or not higher antioxidant levels exert a positive impact on the
maintenance of physiologic functions, particularly the immune and endocrine
somatotroph functions, and functional autonomy, will have to be established in a
longitudinal perspective.

• Mediterranean diet (MD) has a beneficial influence on several agerelated diseases and improves immune responses.
• The MD has been shown to influence cellular and circulating levels of
inflammatory biomarkers:

• reducing plasma concentrations of inflammatory biomarkers (sICAM-1, sVCAM1, SE-selectin, and CRP)
• down-regulating CD49d and CD40 expression among circulating monocytes
• increasing the levels of anti-inflammatory cytokines (IL-10)
• reducing the production of pro-inflammatory cytokines (IL-6, TNF-a and IL-12).
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