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A B S T R A C T   

Autoimmune diseases (ADs) are one of the groups of chronic illnesses that impose a significant burden of disease 
and health costs worldwide. Age is a crucial risk factor for the onset of ADs. Theoretically, it is inferred that with 
organic and immune system aging, the loss of immune tolerance and specificity of immune activity becomes 
more intense, the probability of autoimmunity is increasing. However, there is a group of individuals whose 
prevalence of ADs is very low or non-existent, despite the biological aging. This paradox in autoimmunity raises 
questions. Centenarians, individuals who are over 100 years old, are possibly the most successful model of 
biological aging in humans. Most of these individuals exhibit a favorable health phenotype. To date, primary data 
evidence and potential hypotheses explaining this phenomenon are lacking globally, even though this paradox 
could provide valuable, original, and relevant information regarding the understanding of risk or protective 
factors, biological drivers, and biomarkers related to autoimmunity. Herein we discuss some hypothesis that may 
explain the absence of ADs in centenarians, including inflammaging, immunosenescence and immune resilience, 
immune system hyperstimulation, proteodynamics, and genetics.   

1. Introduction 

Autoimmune diseases (ADs) constitute one of the most prevalent 
chronic conditions, with higher healthcare costs and a greater disease 
burden worldwide [1]. The intensity and persistence of symptoms are 
among the most important and disabling factors among these patients 
[2]. For this reason, they represent great interest for public health and 
global health, with their control, resolution, and personalized approach 
being a priority [3]. 

It is well known that the etiology of these diseases is multifactorial, 
where they all share characteristics and a common origin [4]. Heritable 
and environmental factors interacting over time are the main causes of 
ADs. The loss of tolerance, specifically the lack of specificity during the 
immune response for the recognition of self-antigens, is one of the most 
relevant pathophysiological mechanisms in understanding these condi-
tions [4]. The more frequent the AD and the later it appears, the more 
women are affected, indicating that genetics together with female hor-
mones are drivers of autoimmunity [5]. During the aging process and 
through continuous exposure to various stressors, pathogens, and other 
environmental factors throughout life (i.e., exposome), accompanied by 
the aging of the immune system (i.e., immunosenescence) and the onset 

of age-related chronic diseases, a persistent proinflammatory systemic 
environment theoretically increases the probability of developing an AD 
[6]. This is because the immune system’s responsiveness would be lower 
and irregular when exposed to a greater number of stressors and causes 
of cellular dysregulation. For this reason, age has been considered to be 
an important risk factor for autoimmunity [6,7]. 

Aging implies a complex array of changes and remodeling in ho-
meostatic mechanisms that control the immune system, both in terms of 
numbers and functions of the different cellular subsets. Rather than 
being a mere process of immunosenescence, age-related transformations 
redesign the immune architecture and the balance between proin-
flammatory and anti-inflammatory protective factors [8]. Cellular 
senescence occurs in response to endogenous and exogenous stresses, 
including telomere dysfunction, oncogene activation and persistent 
deoxyribonucleic acid (DNA) damage [9]. Immunosenescence includes 
three events: a reduction in immune response, an increase in the in-
flammatory and oxidation background (inflammaging and oxiin-
flammaging), and a production of autoantibodies [8]. 

However, there is a group of humans, increasingly observed, that 
contradicts this paradigmatic view, and whose health phenotype raises 
numerous questions for which there are currently no answers. Cente-
narians represent the most successful model of biological aging in 
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humans [10]. These individuals, who have a chronological age equal to 
or greater than 100 years, have special health characteristics, mostly 
partially known [11,12], that contradict the previously described 
theoretical concept of autoimmunity in the elderly. Unfortunately, there 
is a lack of robust evidence describing or discussing autoimmunity in 
centenarians. Even studies describing the health phenotypes of cente-
narians worldwide report that the prevalence of ADs in this population is 
practically nil, except for some series mentioning imprecise data and 
methodology [13–15]. Therefore, this field represents a niche of orig-
inal, novel, and relevant knowledge for the in-depth understanding of 
new pathophysiological mechanisms, protective and risk factors for 
autoimmunity, based on the identification of new markers, signaling 
pathways, and targets related to aging, adaptation, or remodeling of the 
immune system. Herein we discuss current questions and gaps regarding 
the understanding of autoimmunity in centenarians, proposing possible 
hypotheses that would explain this scenario. 

In centenarians, natural autoimmunity prevails over latent autoim-
munity. The former refers to a network that serves to protect the or-
ganism from outer and inner danger but may also contribute to ADs 
[16]. The later corresponds to the presence of pathogenic autoantibodies 
or autoimmune biomarkers in the absence of clinical symptoms or 
fulfillment of classification criteria for AD [17]. Natural autoimmunity is 
characterized by IgM autoantibodies, protection against infection and a 
protagonist role in gut microbiota homeostasis. Their ability to bind 
both self and non-self-molecules allows them to inhibit pathogenic 
autoimmunity [16]. This explains why centenarians may disclosed 
natural autoantibodies but not ADs [18]. In fact, a discrepancy between 
a high prevalence of autoantibodies and the absence of ADs in cente-
narians has been described [14,19–25] (Table 1). 

On the contrary, latent autoimmunity is defined by the presence of 
biomarkers, including IgG and IgM autoantibodies, that anticipate the 
development of clinical signs and symptoms of an AD, and therefore 
they are predictors of disease [17]. The transit from latent autoimmunity 
to clinically manifest autoimmunity will depend upon several factors 
including the pathogenicity of autoantibodies (i.e., affinity, isotype 
switching, glycosylation, rise in the titers, epitope spreading), the milieu 
(e.g., tertiary lymphoid structures), environmental factors and both 
epigenetic and genetic characteristics of the individual (discussed in 25). 
Therefore, the study of autoimmunity and centenarians will examine 
several and unknown mechanisms of self-antigen response [26]. 

2. Immunosenescence and inflammaging in the aging process: 
immune system decline or favorable evolutionary response? 

Immunosenescence is a multifactorial phenomenon resulting from 
cellular aging, affecting both the innate and adaptive immune systems 
[27]. This condition has been significantly associated with numerous 
age-related chronic diseases due to changes in the immune response, 
alteration of cellular regulation, reduced activity in inflammation con-
trol, and loss of autophagy (i.e., a highly conserved pathway that de-
grades cellular components through lysosomes), and cellular waste lysis 
capabilities [28]. Immunosenescence is intimately related to a persistent 
state of low-grade inflammation during aging, known as inflammaging 

Abbreviations 

ADs Autoimmune diseases 
CMV Cytomegalovirus 
CRP C-reactive protein 
DNA Deoxyribonucleic acid 
EBV Epstein-Barr virus 
SARS-CoV-2 Severe acute respiratory syndrome coronavirus 2 
GWAS Genome-wide association study  

Table 1 
Autoantibodies reported in healthy Centenarians.  

N Autoantibody Comment Year, 
(reference) 

34 Tg (2.9%), TPO (5.8%), 
PCA (0), AC (0) 

The prevalence of serum 
anti-Tg and anti-TPO 
antibodies was low in 
centenarians as compared 
with older adults and did not 
differ from that in younger 
healthy controls. 

1992 [19] 

26 PCA (0), Tg (4%), ACA 
IgG (58%), ACA IgM 
(23%), ANA (27%), ds- 
DNA (0), ENA (0), h-GAL 
(58%)  

2002 [20] 

140 Tg (10.7%), TPO (9.3%) Of an initial cohort of 209 
centenarians, 6 (2.87%) 
disclosed hypothyroidism, 
and another 6 
hyperthyroidism. The 140 
centenarians evaluated were 
free of thyroid disease. 

1999 [14] 

20 RF (25%), ANA (15%) ANA were positive in three 
centenarians at titers 
>1:160, by IFI. Authors 
hypothesized that a raised 
sCD30 levels in 
centenarians, could be 
responsible, at least in part, 
for the appearance of 
circulating autoantibodies 
without definite clinical 
consequences at advanced 
age 

2001 [21] 

26 PCA (0), Tg (4%), ACA 
IgG (58%), ACA IgM 
(23%), ANA (27%), ds- 
DNA (0), ENA (0), h-GAL 
(58%)  

1997 [22] 

24 Tg (4.16%), TPO 
(4.16%) 

The occurrence of anti-Tg 
and anti-TPO positivity was 
lower in centenarians than 
in old and in young controls 

2002 [23] 

52–140 Tg (11.4%), TPO (10%), 
PCA (18.6%), ANA 
(14.3%), IgM RF 
(26.6%), IgA RF 
(18.7%), MPO-ANCA 
(10.8%), ANCA (18%), 
PR3-ANCA (7.2%), 
oxLDL (15%), IgM ACA 
(14.3%), IgG ACA 
(2.1%), PR3-ANCA 
(7.2%), Histone (3.8%), 
Ro (1.9%) 

Anti-La, anti-Sm, anti- 
U1RNP, and IgG/IgM 
antibodies to β2GP1 were 
not detected. 

2004 [24] 

77 IgG β2GP1 (54.3%), IgM 
β2GP1 (8.6%), IgG ACA 
(20.7%), IgM ACA 
(2.59%) 

Lupus anticoagulant was not 
detected. No vascular events 
were reported. 

2004 [18] 

33 PARP Class I 8 (24,24%), Class II 
13 (39.4%), Class III 12 
(36.36%). Classes depended 
on the magnitude of optical 
density results. 

2009 [25] 

Abbreviations: AC: adrenal cells; ACA: anti-cardiolipin antibodies; ANA: anti- 
nuclear antibodies; ANCA: antineutrophil cytoplasmic antibodies; β2GP1: beta 
2 glycoprotein 1; h-GAL: natural anti-h-galactosyl antibodies; ds-DNA: anti- 
double strand DNA; ENA: anti-extractable nuclear antigens; IFI: indirect 
immunofluorescence; MPO: myeloperoxidase; oxLDL: oxidized low-density li-
poprotein; PARP: poly(ADP-ribose) polymerase; PCA: parietal cell antibodies; 
RF: rheumatoid factor; Tg: thyroglobulin; TPO: thyroid peroxidase. 
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[6,29]. Decreased proteasome activity, mitochondrial dysfunction, 
disruption in control, and increased circulation of pathogen-associated 
molecular patterns, damage-associated molecular patterns, elevated 
expression of inflammatory cytokines, and advanced glycation end 
products are some of the mechanisms that establish the state of 
inflammaging, linked to immunosenescence [6,27–29]. 

The causal association between being centenarian and disclosing an 
AD may not exist [14,30]. What explains this phenomenon? In recent 
years, some authors have attempted to explain that both immunose-
nescence and inflammaging could be favorable evolutionary responses 
rather than just the decline of the immune system [6]. 

An aged, senescent immune system has a causal role in driving sys-
temic ageing and therefore represents a key therapeutic target to extend 
healthy ageing [31]. Further, immune resilience, defined as the capacity 
to preserve and/or rapidly restore immune functions that promote dis-
ease resistance (immunocompetence) and control inflammation in in-
fectious diseases as well as other causes of inflammatory stress, is a trait 
observed across the age spectrum aligned with a specific 
immunocompetence-inflammation balance linked to favorable 
immunity-dependent health outcomes [32]. People with optimal im-
mune resilience have health and survival advantages [32]. This, in turn, 
may reduce the chance of developing cancer, ADs, pulmonary condi-
tions, or cardiometabolic diseases, even when exposed to risk factors 
throughout life [10,32]. 

During the aging process, both senescence and persistent inflam-
mation generate systemic damage to target organs, triggering metabolic, 
vascular, neuroendocrine, and other alterations that facilitate the onset 
of age-related chronic diseases such as essential hypertension, type 2 
diabetes mellitus, dyslipidemia, cancer, dementia, and others [29,33, 
34]. However, the prevalence of these diseases in centenarians is 
significantly lower compared to younger age groups [10]. This suggests 
a unique and specific property of a successful response to cellular dys-
regulation. This observation has led certain authors to discuss 
age-related immunological changes because of a mix between resilience 
and immunological remodeling versus immunological maladaptation 
[28]. 

It is known that there are multiple routes to achieve an exceptional 
longevity. In fact, centenarians are categorized in survivors, delayers, 
and escapers from the major diseases because of their heterogeneous 
phenotypes and probably genotypes [35]. Most of centenarians disclose 
the escaper phenotype [10,35]. 

To address the absence of ADs in centenarians, we shall discuss five 
connected hypotheses:  

1) Inflammaging, is an evolutionary response that allows controlling a 
pathogenic and injurious process for some tissue or organ. Thus, it 
could be argued that centenarians, as a model of more successful 
biological aging, possess a unique inflammaging, remodeled and 
adapted to their organic status, with an adequate immune response 
that prevents the acceleration of systemic aging. C-reactive protein 
(CRP), IL-12, TNF-α, IFN-γ, IL-6, and IL-10 are increased in plasma of 
centenarians as compared with young adults and old adults, while 
IL/23, IL-1β, and Th17/Treg cell ratio are decreased [36]. Decreased 
Treg cells in centenarians are prone to secrete more 
anti-inflammatory cytokines. According to the authors, these results, 
suggest that centenarians alleviated inflammaging by decreasing the 
ratio of Th17/Treg cells and changing them into anti-inflammatory 
secretory phenotypes, which provided a novel mechanism for 
anti-aging research [36].  

2) Immunosenescence in centenarians has a specific cellular signature 
and phenotype, result of a favorable adaptation to the exposure to 
stressors throughout their lives. In this way, the loss of immuno-
logical activity is minimal compared to other younger age groups. 
However, to demonstrate this, evidence is needed that distinguishes 
between the expression of biomarkers and molecular regulators 
associated with biological aging and the health phenotype of 

centenarians compared to other age groups. If this is true, immu-
nosenescence would evidently be a favorable adaptive evolutionary 
response and not just the decline of the immune system. Alterna-
tively, escaper centenarians may disclose an immune resilience 
erosion-resistant phenotype [32]. As mentioned, immunosenescence 
is intimately related to inflammaging [6,29].  

3) Autoimmune ecology refers to the interactions between individuals 
and their environment leading to a breakdown in immune tolerance 
and, therefore, to the development of one or more ADs in such an 
individual [37]. Hyperstimulation of the individual’s immune sys-
tem by diverse environmental factors, will lead to the production of 
inflammatory cytokines, autoantibodies, and auto-reactive T- and 
B-cells, and eventually to the development of ADs [38]. If the hy-
perstimulation is long lasting it may lead to lymphoma (B large cell 
lymphoma) or to multiple myeloma [39]. Infections (i.e., 
Epstein-Barr virus, cytomegalovirus, SARS-CoV-2, Herpes virus) [40, 
41], chemical substances, which are widely used in pharmacology 
and medicine, including vaccines [42,43], external adjuvants [44], 
and immune checkpoint inhibitors [45] are among the main envi-
ronmental factors that may provoke immune hyperstimulation, ul-
timately leading to an autoimmune response (Fig. 1). 

Centenarians may outgrow hyperstimulation or may not have been 
exposed to strong external stimuli (i.e., low grade exposome). Addi-
tionally, as will be discussed below, they may have a genetic and 
epigenetic background that protects them from hyperstimulation.  

4) Proteodynamics, defined as the process of regulating the synthesis, 
modification, and elimination of proteins at the cellular level [46] is 
based on an efficient and self-regulated proteostasis signature, which 
delays or avoids proteostenosis and the establishment of a ger-
oproteome based on proteins with deficient functionality, mutated, 
leading to the accumulation of residues resistant to proteolytic sys-
tems. This implies that, compared to the elderly, centenarians have a 
more effective DNA maintenance capacity, better transcriptional fi-
delity, translation with lower error frequency, and a better response 
to post-translational modifications and autophagy [46]. In this way, 
a better cellular and molecular response to stressors would be 
maintained, avoiding injurious mechanisms to tissues and organs, 
and delaying oxidation, dysfunction, and cellular aging (Fig. 2).  

5) Genetic and epigenetic factors. Various studies have explored the 
correlation between specific genetic variants and inflammation, 
longevity, and extreme longevity phenotypes in humans [47,48]. 
These variants are frequently situated in genes that play roles in the 
regulation of metabolism, inflammation, immunity, and stress 
response. Some of these genes also contribute to the regulation of 
chromatin state and histone methylation, indicating an epigenetic 
dimension to longevity and the centenarian phenotype. Recent 

Fig. 1. The development of autoimmunity through hyperstimulation from 
environmental factors. Abbreviations: EBV: Epstein-Barr virus; CMV: 
cytomegalovirus. 
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studies have particularly focused on genes such as FOXO3A, APOE, 
IL10, and TP53, as summarized in Table 2. 

Notably, two major functional categories emerge for these four 
genes: cellular mechanisms of inflammatory regulation and cell cycle 
control. For example, FOXO3A is activated by oxidative stress and in-
hibits the production of pro-inflammatory cytokines like IL-6 and TNF-α. 

Genetic variants such as rs2802292, rs13217795, rs2764264, and 
rs7762395 have been predominantly associated with extreme longevity 
across various centenarian cohorts [47]. 

APOE, known for its ε4 variant linked to an increased risk of Alz-
heimer’s disease and cardiovascular disease, exerts pro-inflammatory 
effects. APOE ε4 heightens the expression of inflammatory mediators 
such as IL-1β, IL-6, and C-reactive protein. Studies indicate that the ε2 
genotype (rs429358) is positively linked to longevity, supported by the 
low prevalence of the APOE ε4 allele among centenarians [47]. 

At the immune response level, the rs1800896 variant in IL10 has 
demonstrated an association with elevated levels of IL-10. Centenarian 
cohorts from Japan, Italy, Jordan, and Bulgaria exhibit a higher fre-
quency of the GG genotype, suggesting a role of IL-10 gene in extreme 
longevity phenotypes [47]. 

Regarding cell cycle regulation, the position identified as rs1042522 
in TP53, traditionally known for its role in an individual’s cancer risk, 
has now been associated with aging. Studies across diverse cohorts 
consistently support a positive association of this SNP with longevity 
and extreme longevity [47]. 

HLA genes and longevity has been an ongoing area of interest, and as 
of the present date, there are still no definitive conclusions linking its 
genetic variation to longevity phenotype (Table 2). There is an ever- 
growing interest in longevity and centenarian phenotypes, which 
highlight the need for new studies that utilize consider cutting-edge 
molecular technology, which can support and refine the current data. 
Overall, current state of the art sequencing methods such as whole 
genome sequencing efforts, as well as homogeneous analysis methods 
are needed to conclusively demonstrate the role of genetics, including 
HLA system, in extreme longevity (Table 2). 

In the realm of methylations and histone modifications, the mecha-
nisms through which genetic and environmental factors regulate 
longevity are captivatingly elucidated by their influence on chromatin 
states. Chromatin states, governed by modifications such as DNA 

Fig. 2. Factors associated with onset of ADs during longevity. Potential determinants are disclosed, which determine the quality of immune adaptation, balance, and 
remodeling (regulated or unregulated inflammaging) during the aging process (immunosenescence). The paradox is presented that, even in the presence of risk 
factors and immunosenescence, possibly the quality of proteodynamics (representing the quality, quantity, and activity of proteostasis) is essential in immune 
regulation during aging. This establishes a pattern of immune adaptation, balance, and remodeling, allowing the triggering of a regulated/unregulated inflammaging 
phenotype, leading to specific health outcomes in older adults (successful aging and protection against ADs or decline and premature death). Abbreviations: lnc-RNA: 
Long non-coding RNA; miRNA: MicroRNA; mRNA: Messenger RNA; tRNA: Transfer RNA. 

Table 2 
Summary of genes associated with inflammation and extreme longevity.  

Gene Functiona 

FOXO3A At 6q21, encodes a master transcription factor that regulates the 
expression of genes involved in cellular stress response, apoptosis, and 
inflammation. 

APOE At 19q13.32, encodes a protein that transports cholesterol and lipids in 
the blood and brain. APOE gene has three common alleles (ε2, ε3 and ε4) 
and six related genotypes (ε3ε3, ε3ε2, ε2ε2, ε3ε4, ε4ε4, and ε2ε4). 

CHRNA3 At 15q25.1, encodes the cholinergic receptor nicotinic alpha 3 subunit. 
Despite being associated with several pathologies, a variant near this 
locus affecting extreme longevity has also been suggested. 

IL10 At 1q32.1, encodes the immunoregulatory cytokine IL-10 who main 
function is to limit and terminate inflammatory response, mediating the 
inhibition of effects of T cells, monocytes and macrophages. 

TP53 At 17p13.1, encodes a tumor suppressor protein containing 
transcriptional activation, DNA binding, and oligomerization domains. 
The encoded protein responds to diverse cellular stresses to regulate 
expression of target genes, thereby inducing cell cycle arrest, apoptosis, 
senescence, DNA repair, or changes in metabolism. 

HLA At 6p21. The main function of HLA class I gene products (HLA-A, -B, and 
-C) is to present endogenous peptides to responding CD8+ T cells while 
the class II coded molecules HLA-DR, -DP, and –DQ have restricted 
expression and process exogenous peptides for presentation to CD4+

helper T cells. The association of HLA genes with longevity seems to be 
population and gender specific. There are no definitive conclusions 
linking its genetic variation to centenarian’s phenotype.  

a Adapted from GeneCards (https://www.genecards.org). 
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methylation and histone modification, play a pivotal role. Histone 
modifications, including acetylation and methylation, are often labeled 
as ‘epigenetic’ since they don’t alter the genetic sequence itself but 
rather impact the accessibility and function of DNA [49]. Specific his-
tone marks are linked to distinct chromatin states and gene expression 
patterns, such as H3K4me3 associated with gene activation and 
H3K27me3 with gene repression [49,50]. 

The involvement of methylations and histone modifications in life-
span strategies, favoring a reversible nature of chromatin modifications, 
suggests that therapeutically targeting chromatin regulators could 
extend both lifespan and health span, contributing to the phenotype of 
centenarians. 

Currently, research into genes with a positive relationship to the 
aging process and exceptional longevity, as well as the methylation 
states and histone modifications of centenarian genomes, is in its early 
stages. Ongoing and future investigations should prioritize Genome- 
Wide Association Studies (GWAS) enriched by tools facilitating the 
study of genome methylation states and histone modifications in in-
dividuals with extreme longevity. This focus is crucial for demonstrating 
the interactions established by different genes and their regulatory 
processes, thereby clarifying their positive relationship with longevity 
and the phenotype of extreme longevity. 

Despite the existence of studies demonstrating how certain protein 
signatures are inherited from centenarians to their offspring [51,52], 
and how these individuals acquire strengths and properties of cellular 
responses that would allow maintaining adequate proteodynamics [51, 
52], translational biomarkers, signaling pathways, and specific de-
terminants during the different phases of the immune system’s proteo-
dynamics are still unknown. These factors would explain the difference 
between immunosenescence in rapidly aging humans who develop a 
phenotype of poor health, and the immune resilience, remodeling, and 
adaptation in centenarians that confer a certain delay or protection in 
the development of age-related chronic diseases. 

3. Organic and immunological remodeling in centenarians 

Unique age-related changes in centenarians have been described, 
and compared to younger age groups, allowing for an understanding of 
specific pathways through which centenarians age more slowly, better, 
and exhibit better cellular plasticity that could delay or modify the 
cellular senescence signature. In addition to the known decrease of 
Th17/Treg cell ratio [36], a recent study analyzing a multi-modal profile 
of peripheral blood cells from seven subjects, identified that individuals 
with extreme longevity (including centenarians) have alterations in 
various immune cell populations [53]. The increase in the mye-
loid/lymphocyte ratio, compared to younger age groups (20–89 years), 
as well as the proportion of cytotoxic CD4+ T cells (more pronounced in 
men than in women), and the decrease in the population of naive and 
memory CD4+ T cells are some of these variations specific to individuals 
with extreme longevity. The shift in the distribution of these cell pop-
ulations, which also include B cells, natural killer cells, monocytes with 
CD14+ and CD16+ subtypes, and dendritic cells with myeloid and 
plasmacytoid subtypes, has sparked interest in forming three clusters of 
immune cell types related to aging: 1) Cluster of cells aging-related 
(which increases or decreases according to the aging process); 2) Clus-
ter of cells specific to extreme longevity (which increase or decrease 
exclusively in individuals with extreme longevity); 3) Cluster of cells 
specific to aging but not extreme longevity (which increase or decrease 
with age, but these changes do not continue into extreme longevity) 
[53]. 

The discovery of these changes in the expression and distribution of 
immune cell populations in different age groups supports the hypothesis 
of remodeling and adaptive or maladaptive evolutionary response, 
determining the biological aging and health status of the individual 
during aging. Particularly, the identification of different clusters 
reflecting the specific expression of certain cell populations allows 

distinguishing which cell lines are related to a more significant dynamic, 
self-regulation, and proteodynamics for healthy aging, compared to 
others. Other similar studies have also identified this trend of immune 
signatures [32,54], suggesting it as the basis for the immune resilience 
characteristic of centenarians who, despite inflammatory stress during 
exposure to harmful factors and pathogens, maintain their longevity and 
favorable health outcomes, including resistance to infections [32,54]. 
All of the above represents the maintenance of favorable immunological 
tolerance, with proper control of inflammation and cellular regulation 
and plasticity. This could possibly explain the finding of low or no 
prevalence of ADs in centenarians. 

Nevertheless, the phenotype of healthy aging that allows for extreme 
longevity is a multifactorial condition, depending on the integrity and 
proper functionality of other organs. Metabolomic and proteomic sig-
natures, as well as metagenomic findings, have identified changes spe-
cific to the metabolic response, regulation, and recolonization of 
microbiota in centenarians, which have been associated with a better 
health status [51,55–60]. The accumulation of residues, therefore, the 
concentration of certain compounds is associated with common causes 
of disease and death [55,57,61]. Thus, self-regulation, proper proteo-
dynamics, and effective cellular plasticity and adaptation (including 
immunosenescence and inflammaging) would be determinants in the 
complex remodeling of cellular functions and populations in extreme 
longevity, allowing the evasion or delay of age-related chronic diseases, 
including ADs (Fig. 2). 

To better understand this phenomenon, it is necessary to precisely 
identify the biological drivers that determine the regulation of protein 
expression or co-expression in different cell lines related to aging and 
extreme longevity, and establish common pathways that allow the 
identification of potential therapeutic targets for the development of 
senolytics (a class of drugs that selectively clear senescent cells) that 
delay or prevent the establishment of a senescent signature associated 
with cellular damage. Still, much is unknown about immunosenescence, 
immune resilience, inflammaging, and evolutionary immune remodel-
ing in centenarians, as evidence remains heterogeneous, and there are 
gaps in the study of complex variables such as ancestry, exposome, 
gender, and heritability, which, are also important determining factors 
in the pathophysiology of ADs. 

Lastly, the search for universal senescence biomarkers is constantly 
challenged by the evidence that senescence phenotypes are highly het-
erogeneous and may differ depending on the initial trigger and the cell 
type under study [9]. Transcriptomic and proteomic studies up to the 
single-cell level in relevant cell and tissue types will be of paramount 
importance to find unique or common markers of the senescence state 
and may represent a turning point for senescence-based translational 
medicine applications [9]. 

4. Conclusion 

Although it is inferred that centenarians should present ADs and 
other types of pathologies related to immunosenescence and immune 
resilience, the truth is that the evidence does not confirm this assertion. 
One key question is how the central and peripheral tolerance are 
maintained in centenarians to allow natural autoimmunity but avoid 
ADs. The reasons to explain this phenomenon is the object of current 
research. Nevertheless, factors explaining the absence of ADs in cente-
narians include but are not limited to inflammaging, immunosenescence 
and immune resilience, immune system hyperstimulation, proteody-
namics, and genetics (Fig. 3). 
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