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Background: A specific fermented papaya preparation (ORI-FPP®), has been well established with non clinical and clinical val-
idation in modulating redox and immune systems as well as mitochondrial efficiency. In addition, recent data from the Italian
NIH (National Institute of Health) have shown that this compound was able to increase telomeres length and telomerase activity
in an aged mouse model.

Objective: The purpose of the study was to test the clinical effect of ORI-FPP® in healthy middle-aged/elderly subjects in terms
of telomere dynamics and aging-related miRNAs (micro ribonucleic acids), as compared to an antioxidant formulation.
Materials: The study population comprised 107 healthy non smoker middle-aged/elderly subjects (58 women and 49 men, mean
age 56.6 + 13.8 years, age range 44-74 years) free from medications and with a mean body mass index (BMI) of 24.7 + 2.6.
Subjects were double-blinded and randomly allocated to 2 groups: (A) ORI-FPP® 4.5 g plus 1 cp of cellulose and (B) flavoured
sugar 4.5 g plus 1 cp containing a mix of antioxidants. Leucocyte telomere length (TL), gene expression related to telomere
maintenance genes (7ERT (telomerase reverse transcriptase) and Wrap53) and telomerase activity (TRAP) were assessed by
quantitative reverse transcriptase-polymerase chain reaction after both nutraceutical interventions. This was also associated
with gene expression evaluation of: SOD (superoxide dismutase), CAT (catalase), GPxI (glutathione peroxidase-1) and /0OGGI
(human 8-oxoguanine DNA glycosylase 1) as well as miRNA-146a and miRNA-181a. Dietary and psychological (10-item Cohen
Perceived Stress Scale) questionnaires were administered at the start and throughout the two-year study.

Results: TL was unaffected by treatments but a significant TL increase was observed at the end of the study in the 60—74 years
old group treated with FPP®. Gene expression of TERT and WRAP53 showed a significant upregulation (168% and 57%, re-
spectively) in group A as compared with group B starting from the 6th month observation (p < 0.01 vs group B), together with
TRAP (p < 0.05 vs group B). CAT, SOD1 and GPx1 were comparably upregulated by both treatments. However, only FPP®
upregulated #O0GG1, miRNA-146a and miRNA-181a. TERT and WRAP53 gene expressions were significantly correlated to GPx,
hOGG1, miRNA-146a and miRNA-181a gene expression.

Conclusions: These data suggest that ORI-FPP®, unlike the antioxidant control formulation, could significantly benefit TL dy-
namics. This phenomenon seemed correlated to a concomitant antioxidant and, namely, DNA (deoxyribonucleic acid)-protecting
genes upregulation and aging-related miRNAs.
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Introduction

Several pieces of evidence support that chronic sys-
temic inflammation aggravates reactive oxygen species
(ROS)—mediated telomere dysfunction, decreasing regen-
erative potential in multiple tissues and accelerating cellu-
lar aging in the absence of any other genetic or environ-
mental factors [1-3]. The association of these detrimental
factors has been dramatically come to the spotlights dur-
ing COVID-19 pandemic [4,5]. The length of telomeres,
i.e., the tandem-repeated hexamers at the terminal of mam-
malian chromosomes, can be regarded as a biomarker of ag-
ing and age-related morbidity and mortality, the telomeric
loss being a sort of cellular aging clock [6,7]. The 4 to 15
kilobases-long telomere tends to gradually shorten by 20—
40 bases per year. Several recent studies suggest the crucial
role for the telomere biology system in the maintenance of
DNA (deoxyribonucleic acid) and cellular integrity, with
important implications for health and disease risk across
a wide range of age-related disorders and in some can-
cer survival [8—11]. Indeed, to prevent premature telom-
ere decay there is a dynamic physiological process involv-
ing also partial counteractions from telomerase, a nuclear
regulator of telomere elongation and also mitochondrial re-
active oxygen species [12,13]. Moreover, telomere length
and telomerase activity are intimately linked with immune
function due to affecting lymphocyte development, differ-
entiation and replicative ability [14]. Aging is character-
ized by a progressive shortening and morpho-functional de-
rangement of telomeres, their richness in guanine content
being highly exposed to endogenous and exogenous oxi-
inflammatory damage [15]. Given the relevant implications
of the telomere dysfunction in the development and pro-
gression of many age-related diseases [16], a growing in-
terest is being devoted to the quest of slowing down the rate
of physiological aging by several natural moieties, mostly
belonging to flavonoids, terpenoids, saponins, and polysac-
charides [17,18]. For instance, polysaccharides have been
shown to enhance telomerase activity while reducing p16
protein expression [19]. As a matter of fact the main com-
ponents of astragalus membranaceus, which is endowed by
the capacity to increase telomerase activity, are polysaccha-
rides, flavonoids, and saponins [20]. However, preliminary
positive clinical data with a proprietary astragalus formu-
lation in a clinical setting were obtained from a study lack-
ing an antioxidant positive control and with limited nutrige-
nomic studies [21]. However, the same compound showed
also a paradoxical telomere loss effect in an animal set-
ting [22]. Other natural compounds have been screened and
compared on telomere dynamics but this has taken place ei-
ther on human peripheral blood mononuclear cells [23] or is
still limited to mouse models [24]. Recent data from an Ital-
ian NIH (National Institute of Health) research group has
shown that a specific fermented papaya preparation (ORI-
FPP®), endowed with basic science and clinical validation
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as for its effectiveness on redox and immune system modu-
latory as well as on mitochondrial efficiency [25-28], was
able to beneficially affect telomeres length and telomerase
activity in an aged mouse model [29]. Further elements to
consider in this context is the finding that the knockdown
of WRAP533 determines a poor DNA (deoxyribonucleic
acid) double-strand break repair and the consequent build-
up of genetic debris impairs the recovery mechanisms af-
ter DNA insults such as shown by Henriksson et al. [30]
in experimentally-induced cell cycle arrest. Indeed, the
WD40 domain-containing protein WD40 encoding RNA
(ribonucleic acids) antisense to pS3, WRAPS53 represents a
scaffold protein involved in telomere elongation and DNA
repair. As a matter of fact, the functional loss of WRAP53
has been implicated both in carcinogenesis process and in
premature aging-associated diseases [31].

The aim of the present study was to test a patented
functional food, i.e., Fermented Papaya Preparation (ORI-
FPP®) (patent number: 6401792; Osato Research Institute,
Gifu, Japan) in telomere dynamics and miRNA (micro ri-
bonucleic acids) in healthy middle-aged/elderly subjects as
compared to an antioxidant formulation. The ORI-FPP®
is obtained from Carica papaya L, grown in selected non-
GMO (genetically modified organism) and organically-
treated Hawaiian crops. The properly cleaned fruit un-
dergoes a patented 10 months yeast fermentation process
with pharmaceutical-grade batch-to-batch control by elec-
tron spin resonance (ESR). We preferred to rely on this
compound, having several other fermented papaya extracts
failed to exert significant antioxidant effect in biological
systems as checked by ESR (Mantello P., ORI Oxidative
Stress Research Lab, Gifu, Japan. In-house data).

Materials and Methods

Study Population and Methods

The selected population comprised 107 healthy non
smoker middle-age/elderly subjects (58 women and 49
men, mean age 56.6 = 13.8 years, age range 44-74 years
and free from medications. The mean body mass index
(BMI) was 24.7 £ 2.6.

The exclusion criteria for the study were: Significant
present or past mood disorders; Vigorous physical training,
relevant drinking (>7 alcoholic drinks/week), history of
cancer; Cardiovascular disease and people reporting sleep-
apnea or consistent sleep disorders. Dietary and psycholog-
ical (10-item Cohen Perceived Stress Scale) questionnaire
were administered at the entrance and once bi-monthly. A
detailed dietary quali-quantitative questionnaire with pe-
culiar attention to antioxidant food content was followed
and participants were asked to fill out a daily food con-
sumption report on a digital support. Such food frequency
questionnaire had been internally validated against a 7 days
diet record in a pilot study. The use of food supplements
or strenuous physical activity discouraged. Subjects were
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asked to report immediately any medication intake for con-
current disease/discomfort which was considered when de-
ciding if participation in the trial should continue.

The study was conducted under double-blind fashion
and codes were cracked at the end with group A and B de-
signed on the two different treatments which were as fol-
lows: Group A was given FPP® 4.5 g, 1 sachet two times
a day and the one in the morning having a placebo cap-
sule added (vegan cellulose); Group B was given a fruit-
flavoured sugar 4.5 g, 1 sachet 2 times a day the one in
the morning including a capsule containing an antioxidant
mixture (50 mg EGCG (epigallo cathechin gallat), 20 mg
anthocyanidins, 200 mg trans-resveratrol, 80 mg ubiquinol,
5 mg zinc, 100 mg Centella asiatica extract and 200 IU (in-
ternational units) vitamin E).

Each subject recruited for the study was fully informed
in compliance with the guidelines of the Declaration of
Helsinki. Participants were recorded by a code number
to protect their privacy. To avoid circadian biological ef-
fects, all samples were withdrawn between 8:00 AM and
9:00 AM using EDTA (etheylenediaminetetraacetic acid)-
added tubes following a regular overnight fast. The partic-
ipants were required to avoid any late hours work or social
life activity and no caffeine or alcohol was allowed for 2
days preceeding the blood test. A 40 mL sample of venous
blood was retrieved from each participant. Peripheral blood
mononuclear cell (PBMC) were isolated in Vacutainer Cell
Preparation Tubes (Vacutainer® CPT; Bekton Dickinson,
Franklin Lakes, NJ, USA), treated with the anticoagulant
K3-ethylenediaminetetraacetic acid by gradient centrifuga-
tion (2000 x rpm/20 minutes) using Lymphoprep (ELITech-
Group, Benelux, Luxenbourg). Biochemical and gene ex-
pression tests were carried out at the entry and at 1, 3, 6, 12
and 24 months afterward.

Telomere Length Measurement

PBMCs were isolated by entity gradient centrifuga-
tion of venous peripheral blood from patients and cryop-
reserved. Later on, DNA was purified from total nucleic
acid using Ambion RNase I kit (Thermo Fisher Scientific,
Milano, Italy). Relative mean DNA telomere length was
assayed by qPCR (quantitative polymerase chain reaction)
test and confirmed by Southern blot TRF (telomere restric-
tion fragment) comparative analysis. Relative TL was cal-
culated by dividing the normalized telomere sequence (T)
by normalized single copy gene sequence (S). The T/S ratio
was then calculated for each sample by applying the for-
mula (T/S ratio 1 = 538 bp), to measure telomere length
in kb for all samples and related to human genomic DNA
reference sample. By doing so, an ICC (intra class corre-
lation) >0.97 intra- and inter-plate repeatability could be
confirmed each time. This parameter was tested at entry
and at 3, 6 and 24 months.
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Telomerase Activity Assay

Out of 1 mL of cryopreserved sample, a total of 1
x 10° viable PBMCs were analysed. Telomerase activ-
ity was assayed by real-time telomeric repeat amplification
protocol (TRAP). All patients’ samples were run on the
same plate in triplicate together with controls and TRAP
buffer dilutions mixed to a 50 L of reaction mixture. This
yielded a correlation coefficients versus the standard curves
above 0.98 and overall efficiency of 96-100%. A Bio-
Rad CFX96/C1000 qPCR was employed with the follow-
ing steps: An initial denaturation at 95 °C/2 minutes fol-
lowed by 37 cycles of 95 °C/35 seconds, 50 °C/35 seconds
and 72 °C/90 seconds. The coefficients of variation (CV)
of intraassay Ct values for the standard dilutions was 1.3%
and inter-assay was 0.43%. The PCR (polymerase chain re-
action) products were used for the ELISA (enzyme-linked
immunosorbent assay) assay using a multiplate reader set
at 450 nm absorbance reference wavelength of 690 nm.

Telomerase and Anti-Oxidant Gene Expression
Measurement

Reverse transcription was carried out with random
hexamers using the High Capacity cDNA Reverse Tran-
scription Kit (Life Technologies, Carlsbad, CA, USA) fol-
lowing the manufacturer’s instructions. Human ATERT
(human telomerase reverse transcriptase) TagMan Assay
(Applied Biosystem) was employed to assess telomerase
gene expression.

Relative gene expression was also measured as fol-
lows. Total qPCR reaction of 20 uL, contained 5 uL
cDNA, 10 uL TagMan Multiplex Master Mix, 1 uL TERT
(telomerase reverse transcriptase) TagMan Assay and 1
uL GAPDH (glyceraldehyde-3-phosphate dehydrogenase)
TagMan Assay. Each 20 L qPCR reaction contained, 5
1L cDNA, 10 L. TagMan Multiplex Master Mix (Applied
Biosystem) and 1 uL. GAPDH Assay at 95 °C for 20 sec-
onds, followed by 45 thermal cycles (95 °C for 1 second
and 60 °C for 20 seconds). The threshold cycle values
were extrapolated and retrieved via the Expression Suite for
QuantStudio Real-Time PCR System (Applied Biosystems,
Thermo Fisher Scientific, Carlsbad, CA, USA). The soft-
ware calculates the relative individual threshold cycle so
to calculate the corrected efficiency of each reaction. The
comparative threshold (CT) cycle was normalized accord-
ing to the formula ACT = CT (tested gene) — CT (house-
keeping gene) (Table 1). Then, the relative gene expres-
sion value was extrapolated by the formula: AACT = ACT
sample — ACT calibrator and the obtained value was ex-
pressed as fold change (FC) = 2724C% The quality of
RNA was confirmed by an Automated Electrophoresis Sta-
tion (Bio Rad, Hercules, CA, USA).

miRNA Analysis

For this purpose, 200 L of plasma was collected
in aliquots into RNase (recombinant ribonuclease)/DNase
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Table 1. Primer sequences used for analyzing.

Gene Forwards primer Reverse primer Rs

SOD1 AGCGAGTTATGGCGACGAAG CAGCCTGCTGTATTATCTCCA 1800668
CAT CAGCCTGCTGTATTATCTCCA CCTCACAGATTTGCCTTCTCC 7943316
GPx-1 CCCGTGCAACCAGTTTGG TGAGGGAATTCAGAATCTCTTCGT 1800668
SIRT-1 TGTGGTAGAGCTTGCATTGATCTT GGCCTGTTGCTCTCCTCAT 7895833
FOX03 CTCCCGTCAGCCAGTCTAT AGTCACTGGGGAACTTGTCG 2802292
h-hOGG1 ACTGTCACTAGTCTCACCAG AGGGGAAGGTGCTTGGGGGAA 1052133

SODI, superoxide dismutase; CAT, catalase; GPx-1, glutathione peroxidase-1; Sirt-1, sirtuin 1; FOXO3, forkhead box O3; hOGG1,

human 8-oxoguanine DNA glycosylase 1.

(deoxyribonuclease)-free tubes and stored at —80 °C for fur-
ther analysis. All samples were extracted and tested in a sin-
gle batch in order to minimize unnecessary repeated freeze
and thaw handling. Total RNA was purified using the mir-
VANA Isolation kit (Thermo Fisher Scientific, Waltham,
MA, USA) according to the manufacturer’s protocol. In
each case, a spectrophotometer-based analysis (NanoDrop
Lite; Thermo Fisher Scientific, Milano, Italy) confirmed
the, quali-quantitative sample characteristics. Then, sam-
ples were processed for hybridization by Agilent Human
miRNA array yielding a further robust quality control be-
fore proceeding to analysis. Sample-to-sample variation in
miRNA quantification was normalised by adding a mix-
ture of 50 pmol/L of 5 fmol/uL Caenorhabditis elegans
miRNA-39 and 0.7 uL of RNA, MS2 (Roche, Indianapo-
lis, IN, USA) to each plasma sample during extraction. All
the samples were eluted with 100 uL of RNase-free water.
The amplification was followed by using Real-Time PCR
System, version 4.0 (Illumina, San Diego, CA, USA), ac-
cording to the manufacturer’s instructions, with denatura-
tion at 50 °C/2 minutes and at 95 °C/10 minutes followed
by cycling at 95 °C/15 seconds and at 60 °C/1 minute for
50 cycles. From our prior in-house miRNA analysis in an
aged population, two miRNAs were analysed in duplicate
(miR181a and miR146a) using the TagMan microRNA re-
verse transcription (RT). For each assay, a high-density scan
(600 fields of view) was performed. miR-16 was selected as
an internal control and the expression level of the selected
miRNAs was calculated using comparative cycle threshold
CT method. This was carried out as described above with
fold miRNA expression change measurement as the AACt
method. Experiments were performed in duplicate. PCR
reactions were as follows: Denaturation at 95 °C for 15
minutes, followed by 50 amplification cycles of 94 °C for
15 seconds, 55 °C for 30 seconds, and 70 °C for 30 seconds.
Tests were done at entry, 3, 6, 12 and 24 months afterwards.

Statistical Analysis

All tests were performed by SPSS version 22 (IBM
Inc., Armonk, NY, USA). Results are presented with
means =+ standard deviations (SD) for continuous variables.
Whenever the “antioxidant”-control group didn’t show any
significant difference per s¢ during the study, we used also

baseline value of FPP® to analyze its time-course changes
of significance. No separation into groups based on phys-
ical activity was performed, given the overall lack of any
significant workload among participants. Differences be-
tween study participants were assessed by #-tests following
Gaussian distribution, and Chi2-tests and a critical alpha
level of 0.05 was used for all analyses. When analysing the
60—74 years old subgroups, because of the limited sample
size, Mann-Whitney U tests and chi-square tests were used
to study intergroup differences.

Results

All subjects completed the study and no drop out or
substantial protocol violation occurred. No adverse effect
connected to any of the treatments employed were reported
by participants and no significant change occurred in the
routine blood chemistry or stress score which remained
within baseline normal limits (data not shown).

Telomere Length Measurement

Telomere length values recorded before and along the
treatments showed a picture of scattered values distribution
with a non-significant trend increase in the group treated
with FPP® (Fig. 1). However, this trend reached a sta-
tistically significant value from the 6th month onwards in
the 60—74 years age group supplemented with FPP® when
analysed as age-adjusted differences TL z score (p < 0.05
vs group B and vs baseline, Fig. 2.) The telomere length
either when considered as a whole and when listed within
each specific age-cluster group, showed no significant cor-
relation with BMI, gender or stress score.

Telomerase Activity

When testing the telomerase activity at the end of the
study, as compared to pre-supplementation values, it ap-
peared that FPP but not antioxidant mixture yielded a ro-
bust enzymatic enhancement (over 50%, p < 0.01, Fig. 3).
Such an effect significantly occurred from the sixth month
observation (data not shown).


https://www.biolifesas.org/

Journal of

BIOLOGICAL REGULATORS

and Homeostatic Agents

kb

0 3mo 6mo 12mo 24mo

Fig. 1.

months treatments in all patients, irrespective of the age. No

Time course Telomerase length profile during 24

significant difference appeared as a whole between the two differ-
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Fig. 2. Age- and baseline-adjusted differences changes in TL z
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period. *p < 0.05 vs antioxidant-supplemented group.
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Fig. 3. Telomerase activity: Effect of nutraceutical supple-
mentations at 24 months. NS, Not statistically significant. *p
< 0.01 vs antioxidant-supplemented group (over 50% increase).

Telomerase Maintenance Genes

Human telomerase reverse transcriptase (h#TERT) was
unaffected by the antioxidant cocktail administration (data
not shown) whereas FPP® consumption determined a sta-
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tistically significant increase starting already at the third
month observation and the same occurred with WRAPS53 (p
< 0.05, Fig. 4). No correlation with either BMI, age and
stress score was noted.

Anti-Oxidant, FOXO3 and Sirtuins Gene Expression
Measurement

Both treatment groups brought about a comparable
statistically significant upregulation of SOD1 (superoxide
dismutase) and CAT (catalase) gene expression (p < 0.05
vs baseline, Fig. 5). Unlike the group supplemented with
an antioxidant cocktail, showing an upregulation of GPx-1/
(glutathione peroxidase-1), the FPP®-administered group
showed a significantly stronger upregulation of GPx-/ and
also of hfOGG1 (human 8-oxoguanine DNA glycosylase 1)
(p < 0.01 vs group B and 0.01 vs baseline). This effect
appeared at the third month observation and kept a steady
state throughout the whole observation period. On the other
hand, the other gene expressions tested (Sirt/ (sirtuin 1),
FOXO3 (forkhead box O3), the latter showing a not signifi-
cant trend upregulation) did not significantly vary following
any of the two investigational treatments (data not shown).
hTERT and WRAP53 gene expressions were significantly
and directly correlated to GPxI and hOGGI gene expres-
sion in the FPP®-treated group (r: 0.76, p < 0.05, Fig. 4)
but not to the other gene expressions tested.

miRNA Analysis

Irrespective of the age group and unrelated to BMI
and gender, FPP® supplementation yielded a statistically
significant upregulation of miR181a and miR146a (fold in-
crease: +1.7 and +1.8, respectively, p < 0.01 vs baseline,
Fig. 6) starting from the third month’s observation.

When plotting these two miRNAs against #”TERT at
the end of the study period in the FPP®-supplemented
group, a robust positive correlation appeared (r: 0.86, p <
0.01, Fig. 7).

Conclusions

Telomere shortening or attrition can follow several ge-
netic and environmental modifiers (nutritional abnormal-
ities, redox system imbalance etc) [32—35]. These detri-
mental telomere events have been advocated for as sub-
stantial factors leading to a damage of DNA checkpoint
response with irreversible growth arrest as the senescence
endpoint of p53-growth inhibitory mechanisms activation
[36,37]. Given the overall good physical with lack of
stress-related health conditions and of our study popula-
tion, it was not surprising to note that the average telomere
length was grossly comparable to a younger healthy con-
trol (data in house). However, by retrospectively apply-
ing the age-related analysis, a significant shortening was in-
deed observed. Although we haven’t measured inflamma-
tory markers, one cannot rule out that such older subjects
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had a co-existent low grade inflammation. The relevance
of these two factors, i.e., aging and inflammation, conjur-
ing up in affecting telomere health has been shown in re-
cent years [38]. On the other hand, data dating back over
ten years has shown that this fermented supplement yielded
a significant curbing action on pro-inflammatory gene ex-
pression, as we were the first worldwide to report it [39,40].
Hence, it was of interest to note that, although both tested
supplements upregulated the SOD1 and CAT redox balance
genes, only the functional food supplement FPP® enabled
also a telomere elongation counterpart in the older subjects.
Concomitantly, FPP® but not the antioxidant cocktail posi-
tively affected telomerase activity, i.e., the enzyme respon-
sible for the telomere maintenance, in all subjects, irre-
spective of age. Similar effects have been reported by an

astragalus-based food supplement in one independent study
but addressing patients with metabolic syndrome and not
generally healthy individuals, besides the study had a far
limited follow up [41,42]. Similarly, the “walnut study”
[32] addressed a large population of elderly with a variety
of concurrent chronic diseases/bad lifestyle habits (hyper-
tension, diabetes, dyslipidemia, smoking etc). Thus, the
present study is the first independent study in healthy, non-
obese, middle-aged/elderly subjects in whom a nutraceuti-
cal intervention proved to have beneficial effect on telomere
dynamics. The peculiarity of action of FPP®, as compared
to a conventional antioxidant cocktail but also to prior nat-
ural telomerase activators, also emerged in its upregulation
of Wrap53 which is a natural p53 antisense transcript con-
trolling p53 induction upon DNA damage. This data was in-
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deed in accordance with the upregulation of a typical DNA
repair gene, i.e., hOGGI [43] as observed in the FPP®-
treated group. Along these functional genomic unfolding
efforts, we also investigated into some miRNAs since these
non-coding molecules play a crucial gene expression regu-
latory role by binding to specific target messenger RNAs to
halt its translation or fostering its degradation [44]. We fo-
cused our attention to two specific miRNAs, miRNA-181a
and miRNA-146a, which have been reported to be associ-
ated to aging process per s¢ [45—48]. These miRNAs were
indeed highly correlated to telomere dynamics, GPx-1 and
hOGG]1 gene expression. One limitation of our study was
the unfeasibility to compare these data with other miRNAs
trials. This is because, like in our case, most works in this
area have availed themselves of relative expression method
which generate arbitrary units which are not amenable to ro-
bustly discriminate between physiological and pathological

aging.

However, these preliminary data suggest that FPP®,
while confirming its oxidative stress curbing nutrigenomic
effect, could also significantly increase telomerase activ-
ity and telomerase maintenance genes unlike the antioxi-
dant control formula. This phenomenon seemed to be cor-
related to a concomitant antioxidant- and DNA-protecting
genes upregulation. This study cannot certainly claim to
unveil the profound aging mechanisms machinery with its
specific alterations in genome architecture and interaction
between telomeres and particular loci. However, these re-
sults may shed light on the rationale for a foreseeable larger
healthspan strategy to pursue effective functional nutraceu-
ticals interventions.

Further studies gathered from far larger samples of
healthy subjects and with standardized methods for miRNA
detection, will allow the identification of the age-tailored
reference range of normality in the quest to face the evil trio
of oxidative damage, telomere shortening associated with
replicative cell senescence and oncogenesis [38].
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