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Figure 1. The effect of age on the different components of the innate and adaptive immune systems. Stem cells from the bone marrow give rise
to the haematopoietic progenitors under signals from the different microenvironments. Age-associated defects are highlighted in the different
haematopoietic stages of development. In addition, potential therapies are described. CLP, common lymphoid precursor; CMP, common lym-
phoid progenitor; DHEAS, dehydroepiandrosterone sulphate; DN, double-negative; ETP, early thymic precursors; HSC, haematopoietic stem cell;
Ig, immunoglobulin; TFN-y, interferon-y; NE, natural killer cell; RAG, recombination activating gene; ROS, reactive oxygen species; SP, single-
positive; TCR, T-cell receptor.
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INnflammaging and ‘Garb-aging’

Claudio Franceschi,’ Paolo Garagnani,”® Giovanni Vitale,*°

Miriam Capri,>>*+* and Stefano Salvioli

Inflammaging: a term coined by
Claudio Franceschi [3] and is the
contraction of ‘inflammation + aging’
to indicate the low-grade chronic
inflammation characterizing the aging
process (Box 1, main text).

23,1

‘Garbage’: used here to indicate all
the cellular and molecular products
usually disposed of by specific
enzymes or enzymatic complexes.
These productis can also be
recognized by cleaning receptors and
phagocytosed by other cells,
activating the inflammatory response.
Here, the new term ‘garb-aging’ is
proposed (contraction of ‘garbage +
aging’). This term indicates the
production and eventually
accumulation of ‘garbage’ (i.e.,
misfolded/misplaced self-molecules)
as a cause of inflammation and
inflammaging.

Trends

Human aging is characterized by a state
of chronic, low-grade, sterile inflamma-
tion (inflammaging), the causes of which
are poorly understood.

A possible cause of inflammaging is the
continuous  stimulation of macro-
phages by molecular garbage whose
generation—disposal balance becomes
impaired with age.

Misplaced self-molecules can be
sensed by macrophage receptors
and contribute to inflammaging by acti-
vating the inflammasome.

Self-molecules (nuclear and/or mtDNA),
and other cellular garbage and signaling
molecules (MIBNAs) freely circulate in
bodily fluids within extracellular vesicles
carrying inflammatory signals that can
spread to distal cells and tissues.

Age-related mitochondrial dysfunction
could be linked to inflammaging (source
of oxidative stress) and ‘self garbage’
(MitDNA, cardiolipin, or formyl peptides)
that can be sensed by macrophages.



Cell

INnflammaging and ‘Garb-aging’

Claudio Franceschi,’ Paolo Garagnani,”® Giovanni Vitale,*°
Miriam Capri,>>*+* and Stefano Salvioli®=+

Box 2. Inflammaging and Changes in the Gut Microbiota: Implications and Perspectives

The changes occurring in the GM of older people can have far-reaching biological consequences owing to the important
physiological anti-inflammatory role of SCFA and the complex role of Trp in brain physiology within the gut—brain axis [81].
SCFA (acetate, n-propionate and n-butyrate) are produced in high amounts by commensal bacteria (e.g., clusters IV and
XV of Clostridia) that, in addition to being an important energy source, are strong anti-inflammatory molecules that
regulate host metabolism and immunity [86]. Butyrate contributes to intestinal homeostasis because it acts as an energy
source for colonic epithelial cells, facilitates the differentiation of CD4+ T cells into Treg cells, induces TGF-3 secretion by
epithelial cells, and triggers the production of IL-10 and retinoic acid by dendritic cells and macrophages [86]. These
actions promote the resolution of intestinal inflammation, thus avoiding the leakage of bacteria and bacterial-derived
inflammatory compounds into the blood [86]. Reduced plasma levels of Trp are related to increased immune activation
and can contribute to inflammaging [1E8]. It has been observed that the GM of older people and centenariansis enriched in
bacteria that consume Trp, affecting its bicavailability; accordingly, a reduction in Trp in the plasma of centenarians has
been cbserved [12]. Given that the GM heavily impacts the health of its host and is involved in inflammaging [87], the
possibility to modify and adapt it towards a personalized prohealth ecological system is attractive. Indeed, both physical
exercise and diets such as a Mediterranean diet, can modify GM, and physical exercise can attenuate the dramatic effect
of a high-fat diet, reducing inflammation [85,88,89]. Moreover, the administration of pre- and probiotics can also help to
modulate GM composition in older people.
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Fig. 1. Major molecular pro-inflammatory pathways involved in aging and age-
related diseases. RS, reactive species; MAPK, mitogen-activated protein kinases,
NIK, NFx-Beinduced kinase; IKK, IxB kinase; AMs, adhesion molecules; iNOS,
inducible NO synthase; COX-2, cycloaxygenase.
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FiGgure 1: The relationship between inflamm-aging and diseases.
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Fig. 1. Inflammation is widely theorized to act as a significant contributor to Alzheimer’s disease pathogenesis. Neuroinflammmation is associated with activation of microglia
and astrocytes, which increase expression of pro-inflammatory cytokines that can promote accumulation of the pathological proteins p-amyloid and hyper-phosphorylated
tau. Genetic (APOE4), environmental (obesity, air pollution) factors that increase Alzheimer’s risk are associated with elevated inflammation. Sex steroid hormones may affect

Alzheimer’s risk in part by inhibiting inflammation, modulating glial cells, and regulating interactions among risk factors. Illustration was generated using images from
www.mindthegraph.com.
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producen como respuesta. Por inflamm-aging se conoce la
regulacion al alza de determinadas citoquinas proinflamatorias
que ocurre en la edad adulta y durante las enfermedades cronicas
asociadas al envejecimiento, destacando la IL-6, IL-1, TNF-o, IL-2 y
el IFN-o. Esta activacion de citoquinas produce como efectos
deletéreos inflamacion cronica, liberacion de reactantes de fase
aguda hepaticos, insulinorresistencia y actividad osteoclastica.
Para contrarrestar este estado inflamatorio, el organismo actaa a
través de las citoquinas antiinflamatorias IL-4, IL-10 e IL-13
produciendo activacion del eje hipotalamohipofisosuprarrenal, y
originando una elevacion del cortisol que causara secundaria-
mente, y como efectos no deseados, resorcion oOsea, lipolisis,
catabolismo proteico, gluconeogénesis y disfunciéon inmune segan
el sistema sobre el que actue, produciendo en ualtimo término
fragilidad y enfermedad cronica. La coexistencia de fenomenos
inflamatorios y antiinflamatorios en el anciano va a tener un
efecto negativo sobre el metabolismo, la densidad 6sea, la fuerza,
la tolerancia al ejercicio, el sistema vascular, la cognicion y el
afecto, colaborando en ultima instancia a desencadenar el
fenotipo de fragilidad.

Otro aspecto que recientemente ha recibido gran atencion es la
relacion entre el estado de resistencia insulinica y el sindrome de
fragilidad. Abbatecola y Paolisso publican una revisiéon en la que
desgranan los mecanismos mediante los cuales la insulinorresis-
tencia puede participar en la patogénesis de la fragilidad®. Se
conoce que la insulinorresistencia produce pérdida de fibras
musculares, aumento de las citoquinas mediadoras de la infla-
macion (IL-6, TNF-a, PCR y NF-kp), disfuncion endotelial y
disminucion del flujo sanguineo muscular, favoreciendo
la reduccion del metabolismo muscular y produciendo, por
consiguiente, sarcopenia, aspecto central de la fragilidad. La
insulinorresistencia produce a nivel cerebral una disminuciéon de
la accidon del receptor de insulina, un aumento de las placas de
amiloide y un aumento de los ovillos neurofibrilares'®, favore-
ciendo el deterioro cognitivo que se ha visto asociado a fragilidad.
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