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Abstract: In this paper, we present demographic, clinical, anamnestic, cognitive, and functional data, as well
as haematological, haematochemical, immunological and genetic parameters of an exceptional individual:
Antonino Turturici, a semi-supercentenarian who held the title of the oldest living Italian centenarian from
December 28, 2020, to September 23, 2021. The purpose of this study is to offer fresh insights into extreme
phenotypes, with a particular focus on immune-inflammatory parameters. To the best of our knowledge, this
study represents the first phenotypic investigation of a semi-supercentenarian, illustrating both indicators of
age-related immune phenotype (ARIP) recognized as significant gauges of biological ageing and INFLA-score,
a metric designed to assess the cumulative impact of inflammatory markers. The aim of this study was, indeed,
to advance our understanding of the role of immune-inflammatory responses in achieving extreme longevity.
The results bolster the idea that the immune system can play a role in promoting extreme longevity. However,
this does not exclude the involvement of other body systems or organs in achieving extreme longevity.

Keywords: ageing; ARIP; biological ageing; inflamm-ageing; INFLA-score; lymphocyte subsets;
longevity; semi-supercentenarian

1. Introduction

The ageing of the population is a pressing global concern that is steadily escalating. The
increasing ageing of the population poses a growing array of challenges to public health [1].
Healthcare costs in numerous countries have soared due to the rising number of individuals
experiencing health issues as they age, leading to a corresponding surge in severe age-related
disabilities. Nonetheless, laboratory experiments conducted on models have demonstrated that
ageing is not an unalterable process. In fact, interventions aimed at decelerating or delaying the

© 2023 by the author(s). Distributed under a Creative Commons CC BY license.
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ageing process and extending the period of an active life are within reach [2]. Thus, gaining insights
into the mechanisms of longevity holds the potential to partially alter the trajectory of the ageing
process.

In this context, studying models of healthy ageing and extreme longevity is of paramount
importance. Within the group of long-lived individuals (LLIs, >90), centenarians (=100 years), semi-
supercentenarians (2105 years), and supercentenarians (=110 years) are subjects of intense
investigation. Centenarians, in particular, stand out as the most exemplary individuals in successful
ageing. They have managed to evade diseases or endure age-related conditions such as cancer,
diabetes, cardiovascular disease, and stroke, making them a shining example of positive biology [3].

However, a note of caution should be taken into account, as the increasing number of
centenarians can be attributed to advancements in hygienic and sanitary conditions, as well as
improvements in the quality of nutrition. These factors have enabled a greater number of older
individuals to achieve exceptional longevity. As a result, the current and even future centenarians
are likely to be less rigorously selected compared to those of a few decade ago [4].

Semi-supercentenarians and supercentenarians constitute a highly selected population,
comprised of individuals who have survived two World Wars along with a myriad of environmental
and microbial challenges, including the Spanish flu [5-7]. Consequently, it is reasonable to deduce
that the immune system of these individuals possesses distinct characteristics that empower them to
achieve remarkable levels of human longevity. Thus, studying them can shed light on the immune-
inflammatory responses that should contribute either positively or negatively to the attainment of
extreme longevity [8,9].

In this paper, we present demographic, clinical, anamnestic, cognitive, and functional data, as
well as biochemical and genetic parameters of an exceptional individual: Antonino Turturici (A.T.),
a semi-supercentenarian who held the title of the oldest living Italian centenarian from December 28,
2020, to September 23, 2021 (Supplementary Figure S1). The purpose of this study is to offer fresh
insights into extreme phenotypes, with a particular focus on immune-inflammatory parameters. To
best of our knowledge, this is the first phenotypic study of an oldest centenarian showing ageing-
related immune phenotype indicators (ARIP), known to be markers of biological age [10], and IFLA-
score known to evaluate synergistic effect of inflammatory markers [11].

2. Materials and Methods

Recruitment

The recruitment of Mr. Turturici was conducted within the project “Discovery of molecular, and
genetic/epigenetic signatures underlying resistance to age-related diseases and comorbidities
(DESIGN)”, funded by the Italian Ministry of Education, University and Research. The Ethic
Committee of Palermo University Hospital (Sicily, Italy) approved the study protocol. The study was
conducted in accordance with the Declaration of Helsinki and its amendments. Well-trained
nutritionists and physicians administered a detailed questionnaire to collect demographic, clinical,
and anamnestic data of interest as well as cognitive and functional tests. Our questionnaire includes
several sections regarding anamnestic data, cognitive status (mini-mental state examination
[MMSE]), activities of daily living (ADL), instrumental activity of daily living (IADL), smoking,
alcohol, sleep habits, and health status, such as main pathologies and drugs, geriatric depression scale
(GDS), and eating habits [12]. We also investigate the family history. Before the enrolment, his
daughter signed the consent form to release the photos and the sensitive data. The semi-
supercentenarian underwent venepuncture, after a fasting period of 12 hours, in the morning (10
a.m.). The blood was collected in specific tubes containing EDTA or no additives.

Molecular tests

Genomic DNA was extracted from leukocytes by a commercial kit. We genotyped the single-
nucleotide polymorphism (SNP) rs2802292 G-allele (G>T) of Forkhead box O3A (FOXO3A) gene by
amplification-refractory mutation system-polymerase chain reaction (ARMS-PCR). Three genotypes
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were analysed: GG, GT, and TT. The size separation was conducted using agarose gel electrophoresis
(2%) [12]. We used the EzWayTM Direct ApoE Genotyping Kit (KOMABIOTECH INC) to analyse
Apolipoprotein (Apo)E polymorphisms by standard PCR. The genotype was defined by the
combination of three alleles €2, €3, and e4. The primer mixture of ApoE genes was enables to perform
one-step multiplex PCR. Six genotypes were analysed: €2/e2, €2/e3, €3/e3, €3/e4, e4/e4, and €2/e4. The
size separation was conducted using agarose gel electrophoresis (2.5%) [12].

Haematological and haematochemical parameters

Whole blood was used for automated differential leukocyte counts, and the results were
expressed as absolute values using the XN-2000 automated haematology analyser from Sysmex.
Lymphocyte subsets were identified through flow cytometry analysis conducted using the FACS
Canto II (BD) instrument. These tests were carried out respectively at the Department of Laboratory
Medicine and the Central Laboratory of Advanced Diagnosis and Biomedical Research at "P.
Giaccone" University Hospital in Palermo [9]. Additionally, haematochemical tests, as well as serum
electrophoresis, were performed at the Department of Laboratory Medicine, following standard
procedures as previously described [12].

Oxidative and inflammatory tests

The evaluation of ox-LDL and Uric Acid (UA) was carried out as previously described [12,13].
C-reactive protein (CRP) values were determined using an immunoturbidimetric assay on the cobas®
¢ 503 analytical unit, while interleukin(IL)-6 values were assessed through an immunoassay test
utilizing electrochemiluminescence technology on the cobas® e 801 analytical unit [9]. We also
evaluated the Neutrophil/Lymphocyte ratio (NLR) and the Platelet/Lymphocyte ratio (PLR) which
have been significantly linked to the occurrence and advancement of various inflammatory
conditions [14]. NLR was calculated by dividing the neutrophil count by the lymphocyte count, while
PLR was derived by dividing the platelet count by the lymphocyte count. The INFLA-score was
calculated for the entire Sicilian population recruited for the DESIGN project (N= 250, age range 19-
111 years). The INFLA-score was computed by generating 10-tiles for CRP, leukocyte count, platelet
count, and NLR values. These biomarker 10-tiles were assigned scores ranging from lower levels
(from -4 to -1) to higher levels (from +4 to +1), with intermediate values receiving a score of 0.
Summing the scores of the four components results in the INFLA-score, which ranges between -16
and +16 [11].

Immunological Tests

Serum levels of immunoglobulins A, G, and M (IgA, IgG, IgM) were also measured on Roche
Diagnostics cobas® 8000 modular analyser by an immunoturbidimetric assay on cobas® c¢ 503
analytical unit [Ligotti et al, 2023]. For the ageing-related immune phenotype indicators (ARIP), we
analysed CD4/CDS8 ratio, CD4 and CD8 naive percentages and the following ratios: TN (naive)/(TCM
(Central Memory)+TEM (Effector Memory)+TEFF (Effector) (referred as TN/TM) in CD4+ and CD8&+
T cells [10].

Statistics

No formal statistical analysis has been conducted. For comparison purposes, the reference range
values are presented in the various tables, which, unless specified otherwise, pertain to a sample of
the Sicilian population aged between 18 and 65 years.

doi:10.20944/preprints202309.0839.v1
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3. Results

A.T. was born on January 18, 1912, and passed away on September 23, 2021, in Caltabellotta
(Agrigento, Sicily, Italy) (Figure 1). He lived his entire life in Caltabellotta. He completed his military
service in Sciacca but did not serve on the front lines due to being the only male in his family. His
parents, Pellegrino Turturici and Biagia Ragusa, passed away at the ages of 79 (cause unknown) and
93 (due to a heart attack), respectively. They had five other daughters, four of whom lived to
advanced ages (101, 94 [died of colon cancer], 92, 91), and one who passed away at the age of 80 due
to hepatitis. Antonio was married and had two children, a male who lived for only six days and a
female who is currently 62 years old and dealing with hypertension. Antonio himself completed
primary school (5 years of education). As a landowner, he had a consistent income throughout his
life, which allowed him to live without financial difficulties. He even travelled extensively within
Italy and abroad until the age of 88. After his wife passing in 2017, he continued to reside in his own
home, receiving care from his daughter.

Figure 1. The picture depicts the semi-supercentenarian, Antonino Turturici, with Dr. Anna Aiello

and Prof. Calogero Caruso. Photo used with permission.

He never smoked, slept around 6 hours per night, and drank a few half glasses of wine at table.
He was treated with lansoprazole for oesophageal reflux, diuretics and digoxin for heart failure and
choline alfoscerate, a dietary supplement. In 2000 he had melena from antiplatelet agents. Over the
past few years, he fell multiple times, with the last incident occurring in June 2020 when he fractured
his femur. He successfully underwent surgery and was discharged after 4 days without requiring
any transfusions.

With a height of 1 meter and 58 centimetres and a weight of 62 kilograms, he had a body mass
index (BMI) of 24.8, while the waist circumference measured 85 centimetres. Finally, his blood
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pressure was good (110/60 mmHg), while his heart rate was somewhat elevated (105 beats per
minute).

The administration of the GDS demonstrated the absence of depression. Accordingly, he had an
optimistic view of his life, which he considered the best imaginable. The MMSE was not administered
due to both visual and hearing impairments. The evaluation of activities of daily living (ADL, such
as personal hygiene, dressing, bathroom use/continence, walking, eating) showed that assistance has
been required (for about 8 years) regarding basic physical needs. Instrumental activities of daily
living (IADL, such as, food preparation, financial management, house cleaning, phone use, and
medication responsibility) revealed an inability to perform these complex household functioning
behaviours for an extended period.

Regarding eating habits during childhood (up to the age of 15), A.T.’s diet was fairly adherent
to the Mediterranean diet (MedDiet), due to limited consumption of red meat (once a week) and the
consumption of fruits or vegetables twice a day, as well as bread or pasta. Eggs were consumed two
to three times a week, while fish and sweets were consumed occasionally. Regarding the
consumption of legumes, they were regularly consumed, especially fava beans during the winter and
spring.

As for current eating habits, A.T. hasn't shown close adherence to the Mediterranean diet, except
for the consumption of grains like pasta, extra virgin olive oil, milk, fruits, and vegetables, which
were consumed once a day. Legumes were consumed two to three times a week. On the contrary,
there was a high consumption of sweets (such as cookies, small pastries, and sugar) twice a day and
of red meat (in pureed form) once a day.-

Table 1 presents the APOE and FOXO3A data. Regarding ApoE, he did not possess either the
favourable €2 allele or the detrimental €4 allele. Concerning the FOXO3A gene, A.T. did not carry the
longevity-associated G SNP [15]. Then, Table 2 illustrates how the haematological values, including
the main lymphocyte subsets, fell within the laboratory reference range.

Table 1. Molecular Tests.

Variable AT. Young Adults N=29  Centenarians N =22
APOE N alleles N alleles N alleles
€3 2 5 4
€2 49 39
ed 4 1
FOXO3A rs2802292 N alleles N alleles N alleles
G 25 17
T 2 33 27

A.T. = Amtonino Turturici; N = Number; Young Adults (18-39 years); Centenarians (100-111 years).

Table 2. Haematological Parameters.

Variable (Unit) Values Laboratory Reference Range Value

Red Blood Cells (10°uL) 4.39 4.20-5.50

Haemoglobin (g/dL) 13.70 12.00-18.00
Platelets (10°uL) 230 150-450

Leukocytes (10°uL) 7.61 4.00-11.00
Neutrophils (10° uL) 4.12 2.00-8.00
Eosinophils (10° uL) 0.37 0.00-0.80
Basophils (103 uL) 0.05 0.00-0.20
Monocytes (10° uL) 0.94 0.16-1.00
Lymphocytes (10° uL) 2.12 1.00-5.00
CD3 (10%/uL) 1.25 0.81-2.13
CD4 (10%/pL) 0.70 0.02-1.88

CD8 (10%/uL) 0.51 0.06-0.74
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Concerning the haematochemical parameters (Table 3), endocrine and iron markers fell within
the laboratory reference range. Lipid markers also aligned with the laboratory reference range,
although HDL values were at the lower limits. A distinct situation arised with the liver markers, as
albumin and total protein values were reduced. On the other hand, transaminases, GGT, and
bilirubin values were within the reference range. Concerning the catabolic parameters, creatinine and
urea fall within the laboratory reference range, while considering bone markers, ALP values were
higher than the reference range, and the Vitamin D values were extremely low.

Table 3. Haematochemical Parameters.

Variable (unit) Values  Laboratory Reference Range Value
ENDOCRINE MARKERS
TSH (uIU/mL) 0.56 0.27-4.20
FT3 (pg/mL) 2.65 2.00-4.40
FT4 (ng/dL) 1.31 0.93-1.70
Insulin (uU/mL) 3.28 2.60-24.90
HOMA Index 0.56 0.47-3.19
Glycaemia (mg/dL) 69 70-100
LIVER MARKERS
ALT (U/L) 13 <41
AST (U/L) 23 <40
GGT (U/L) 53 8-61
Bilirubin (mg/dL) 0.85 <1.20
Albumin (g/L) 33.4 38-48
Proteins (g/L) 58.6 66-87
IRON MARKERS
Iron (ug/dL) 85 37-145
Ferritin (ng/mL) 91 15-400
Transferrin (mg/dL) 266 200-360
LIPID MARKERS
Total Cholesterol (mg/dL) 133 <200
LDL (mg/dL) 64.4 >65
HDL (mg/dL) 56 >50
Triglycerides (mg/dL) 63 <200
BONE MARKERS
Osteocalcin ng/mL 334 14.00-46.00
ALP (U/L) 175 40-129
Calcium (mg/dL) 8.61 8.40-10.20
Magnesium (mg/dL) 2.13 1.60-2.60
Vitamin D (ng/mL) 3.75 (>30)
CATABOLIC PARAMETERS
Creatinine (mg/dL) 1.01 0.5-1.2
Urea (mg/dL) 33.5 16.8-48.5

Values out of range are in bold, italic and underlined. TSH, Thyroid-stimulating hormone; T3, triiodothyronine;
T4, thyroxine; HOMA=homeostasis model assessment; ALT, alanine transaminase; AST, aspartate transaminase;
ALP, alkaline phosphatase; GGT, gamma glutamyl transferase; LDL, low density lipoprotein; HDL, high density
lipoprotein.

As shown in Table 4 (oxidative and inflammatory tests), IL-6 values and INFLA-scores were
higher than the control values, whereas the other parameters are within the reference range. In Table
5, serological and cellular immunological tests are presented. In terms of serological tests, IgG and
IgM fell within the laboratory reference range, whereas IgA levels were higher. Regarding ARIP,
CD4+ Naive, CD4/CD8 ratio, and TN/TM (CD4) ratio values were within the laboratory reference
range, whereas CD8+ Naive and TN/TM (CD8) ratio were outside the reference range.
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Table 4. Oxidative and inflammatory tests.

Variable (unit) Values Laboratory Reference Range
Values
LDL Ox (mIU/ml) 47 44.6-87.3
Uric Acid (mg/dL) 6.0 2.4-7.0
CRP (mg/dL) 3.37 <5 mg/dL
IL-6 (pg/ml) 17,8 <7pg/ml
NLR 1,95 0.92-2.84
PLR 108,02 074.71-193.34
INFLA-score 8 -1.25*

Values out of range are in bold, italic and underlined; NLR neutrophil/lymphocyte ratio; PLR
Platelet/Lymphocyte ratio; *Mean of the scores of 99 adults (19-65 years).

Table 5. Immunological Tests.

Variable (unit) Values Laboratory Reference Range Values
IgG (mg/dL) 1145 700-1600
IgA(mg/dL) 551 70-400
IgM (mg/dL) 94.2 40-230
3 O,
CD4+ Naive (CD45RA+CD27+) (%) 24.0 457
3 0,
CD8+ Naive (CD45RA+CD27+) (%) i 1078
CD4/CD8 1.37 0.85-5.04
TN/TM (CD4) 0.32 0-05-1.35
TN/TM (CDS8) 0.10 0.11-3.48

Values out of range are in bold, italic and underlined. TN T naive; TM T memory.

Finally, Figure 2 illustrates the serum electrophoresis pattern that confirms the immunological
and haematological data. In fact, the electrophoretic pattern highlights a decrease in the percentage
of albumin, an increase in B2 globulins, and a slight increase the y globulin.

Figure 2. Serum protein electrophoresis percentages (reference range in parentheses). Albumin 51.8%
(54.5-65.0), ol globulins 3.4% (3.1-6.0), o2 globulins 10.8% (7.1-11.8), f1 globulins 7.1 (5.0-7.2),
B2globulins, 8.0 (3.2-6.5),y globulins 18.9 (10.5-18.8).

4. Discussion

It is beyond doubt that A.T. belongs to a long-lived family. However, it is important to clarify
that in the human species, family ties do not necessarily imply a genetic connection but can also
involve shared environment and lifestyle. As for the genetics, it should not come as a surprise that,
in Sicilian centenarians including A.T., there is no association with the FOXO3A and APOE genes.
As stated below, it is essential to consider the dynamic interplay between genetic variations and
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environmental factors in the development of individual differences in health [16], and therefore, in
longevity. On the other hand, there is emerging evidence that multiple rare and protective variants
(varying among different long-lived families) are associated with healthy ageing and extreme
longevity [17].

In our Sicilian studies [12,15,18,19], longevity concerns individuals living in small towns or
villages situated in the mountainous regions of inland Sicily, far away from major polluted cities. In
these villages, the older population has experienced different working conditions compared to those
in large cities, as well as distinct lifestyles, including reduced smoking and alcohol abuse and a
MedDiet during childhood. In particular, a physically active lifestyle, with regular outdoor activities
for commuting to work, is common in these areas due to the generally steep terrain, which is believed
to contribute to extended and intense physical activity. This, in turn, improves the cardiorespiratory
and immune capacity of the inhabitants [20,21]. Furthermore, in these small towns and villages,
people have greater access to family support and social networks. This results in better healthcare
and lower mortality rates, especially when there are female offspring. It is intriguing that A.T. spent
his entire life in Caltabellotta, a mountainous village (949 meters above sea level) with a population
of 3,314, living with his family and receiving care from his daughter. All of this has made his
optimistic outlook on life possible, which in turn may have contributed to his longevity [22].

Regarding the diet, it was rich in bioactive Mediterranean foods such as fruits and legumes, but
it did not adhere to the traditional MedDiet. Starting from the 1960s, the consumption of meat, fish,
fats, and sugars significantly increased in the southern regions of Italy, while the consumption of
bread, pasta, cereals, vegetables, and olive o0il began to decrease. During this nutritional transition,
there was likely a substantial change in A.T.'s diet, as in the rest of Italians. On the other hand, our
study of Sicilian centenarians confirms their adherence to the MedDiet at a young age due to food
scarcity rather than choice: nutritional options were closely tied to seasons, and the quantity of food
was sufficient but never excessive [12,23]. The diet was quite monotonous, often centred around
legumes as the primary choice [15,18,19]. All of this could have potentially influenced an individual's
ability, including A.T. to achieve extreme longevity through epigenetic modifications [24].

In relation to BMI, usually centenarians are underweight but, in this case, A.T. had normal
weight. Moreover, his BMI as well as the waist circumference were within the range. These findings
are interesting considering that underweight and overweight conditions, as well as reduction or
increase of BMI are unfavourable for longevity [12].

The ApoEe4 allele, known for its pro-inflammatory properties, poses a risk factor for the
development of both Alzheimer's disease and cardiovascular diseases. Consequently, it exerts a
detrimental influence on longevity, whereas the €2 allele presence promotes it. On the other hand,
the €3 allele is considered neutral [25]. Our survey on Sicilian centenarians failed to establish a
correlation between ¢2 and longevity, although the prevalence of the €4 allele was lower compared
to the general population [12]. Accordingly, our semi-supercentenarian carried the genotype
€3/e3.These findings can be elucidated by a study indicating that the protective impact of €2 is less
pronounced in populations originating from Southern Italy, and that 4 lacks a harmful effect, hinting
at the pivotal role of the MedDiet adhered to by the centenarians during their early years [25].

The transcription factor FOXO3A assumes vital regulatory functions in insulin-like growth
factor signalling. Activation of this pathway by a diet abundant in animal proteins and refined sugars
curtails its transcription, ultimately fostering unsuccessful ageing [26]. Investigations conducted
across several populations have unveiled an association between the SNP rs2802292 (allele G) and
longevity, most likely due to escalated FOXO3A expression implicated in homeostatic responses [27].
Conversely, our semi-supercentenarian was of the TT genotype. On the other hand, within the survey
encompassing Sicilian centenarians, this longevity-linked association was not evident, plausibly
attributed to the aforementioned rationale, this generation early-life diet closely aligned with the
MedDiet.

All haematological parameters, including lymphocyte subsets, were within the reference ranges
of adult people. Moreover, the values of the lymphocyte subsets were higher or equal to the average
values of individuals over ninety years old (data not shown).
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Concerning endocrine markers, the low levels of HOMA index clearly demonstrate good
glucose control, reduced risk of type 2 diabetes, and a lower likelihood of associated health
complications [28]. A.T. displayed decreased levels of albumin and total proteins, consistent with
findings obtained in various centenarian studies [12,29]. Although this data has been used as a
biochemical indicator of nutritional status, it is more likely that in the oldest people, including A.T.,
the low levels reflect the chronic inflammatory state of advanced age, given that albumin is a negative
acute-phase protein. All iron markers were found to fall within the laboratory reference range,
despite an anticipated decrease in serum iron levels due to the chronic inflammatory state associated
with ageing [30].

The lipid marker data we obtained from Sicilian centenarians were largely in agreement with
existing literature findings [12]. Literature data indicate that the levels of total cholesterol, LDL, and
HDL among centenarians do not significantly differ from or are not lower than those observed in
their older adult counterparts, while triglyceride levels were comparable to those of healthy older
adults [29]. Nevertheless, the lipid measurements of our semi-supercentenarian virtually fell within
the reference range provided by the laboratory.

Interestingly, not only were magnesium values within the expected reference range [12], but also
calcium levels were maintained within the range, despite the apparent deficiency in vitamin D,
possibly due to inadequate dietary intake or, more likely, limited exposure to sunlight [12,31].
Concerning ALP increase, osteoporosis is often associated with an imbalance between bone
resorption and bone formation. Most ALP is produced by osteoblasts. In people with osteoporosis,
there can be an alteration in bone turnover, leading to changes in ALP levels. Elevated ALP levels
might suggest increased bone remodelling, as the body attempts to restore bone density [32].

It is worth noting that urea and creatinine values remained within the reference range, which
contrasts with the anticipated increase associated with the age-related gradual decline in kidney
function [33].

UA is the end product of purine metabolism. The role of UA is contentious, as it has been
reported to increase oxidative stress, while other studies suggest that UA acts as a scavenger of
reactive oxygen species, thus exerting an antioxidant effect [34,35]. Notably, in our recent proteomic
study, several proteins exhibited correlations with both age and UA, potentially forming a distinctive
signature for healthy ageing [36]. However, UA levels as well as oxLDL levels are within the reference
ranges. These findings align with the majority of the literature that reports a decrease in oxidative
stress in the long-lived. In fact, in most studies, centenarians have demonstrated lower levels of lipid
peroxides and higher plasma levels of the antioxidant vitamin E compared to older controls,
suggesting that they might be better equipped to counter oxidative stress [37].

In line with prior studies [21,37-39], we observed a rise in inflammatory markers IL-6 and
INFLA-score in our oldest centenarian [9]. IL-6 is known to escalate in response to inflammatory
triggers [40]. The INFLA-score contributes to evaluate the possible synergistic effect of inflammatory
biomarkers, that may produce multi-collinearity when simultaneously studied, ignoring the
variability presented by the differences in units, mean intakes and biological actions [11]. The increase
in 2globulins also indicates the chronic inflammatory state of A.T.. In our comprehensive
immunological investigation carried out among Sicilians, we noted a progressive rise in
inflammatory markers with advancing age, although certain oldest centenarians displayed
inflammatory markers akin to those found in younger counterparts [9]. However, this is not the
scenario with A.T., whose levels appeared elevated. Nevertheless, the detrimental impacts of
inflamm-ageing among centenarians could potentially be mitigated through various mechanisms
[41-43]. On an alternate note, considering that A.T. passed away just a year after the blood sample
was obtained, these elevated levels align with the notion that inflammation should be a predictive
factor for centenarian mortality [15,44].

Regarding the immunological tests, IgG and IgM were within the reference range, while IgA
levels are elevated. In fact, IgA values are in perfect alignment with values observed in a previous
study [45] involving 11 centenarians (99-108 years old). We did not detect any suspicious band at
serum electrophoresis, but second-level investigations for detecting it were not performed, and the
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presence of an inconspicuous monoclonal component cannot be ruled out. Lastly, it is important to
highlight that there is emerging evidence suggesting an inflammatory role for IgA [46]. Much more
importantly, the semi-supercentenarian displays ARIP marker values such as naive CD4+ cells, the
CD4+/CD8+ ratio, and CD4+TN/TM within the range of young adult individuals, suggesting that his
immune system has a biological younger age compared to his chronological age [10]. The levels of
naive CD8 cells and the TN/TM ratio in CDS8 cells below the normal range are known not be
associated with biological age or chronological age but with chronic Cytomegalovirus (CMV)
infection (A.T., like all ultranonagenarians in Sicily, was CMV-positive) which, even though latent,
continually stimulates the immune system [9,21,47].

The potential role of the immune system in contributing to longevity is a subject that lacks
universal acceptance. This is due to the fact that centenarians display changes in their immune
systems associated with ageing, i.e., immunosenescence [9,47]. Nonetheless, insights garnered from
studies involving semi- and supercentenarians, provide support for the notion that the ageing of the
immune system in oldest age might be a specialized adaptation rather than a general immune
overhaul. From this perspective, it becomes apparent that the oldest centenarians have effectively
adjusted to a lifetime of exposure to various antigens. As a result, they have achieved remarkable
longevity, a feat that can be partly attributed to modifications in their immune systems [9,47-49].
However, the ARIP of A.T,, as briefly discussed earlier, distinctly illustrates that his immune system
appears to be "younger" than his chronological age. This finding serves to bolster the idea that the
immune system can play a role in promoting longevity.

5. Conclusions

While exploring the role of the immune system in attaining extreme longevity, it is essential to
acknowledge that the immune system of older people has been subject to more extensive and in-
depth research compared to other bodily systems and organs, primarily due to its amenability to ex
vivo studies. On the other hand, immune ageing and the preservation of a relatively robust immune
response, may only represent components of the overall deterioration or, conversely, the general
well-functioning of the organism, which is regulated by factors beyond the immune system (such as
the brain and the endocrine system governed by the brain). Nevertheless, both immune ageing and
good immune function could play pivotal roles in the processes of ageing and longevity, respectively.
Consequently, the immune system assumes a significantly influential role in the quest for longevity,
yet this does not preclude the involvement of other bodily systems or organs.

However, on the whole present findings are consistent with the hypothesis that both semi-
supercentenarians and supercentenarians exhibit increasing relative resistance to age-related
diseases, approaching the limits of human functional reserve to successfully combat acute causes of
death [15,50]..
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