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Persons with Down syndrome (DS) undergo a premature ageing with early onset of age-related diseases. The

Amyloid beta
Down syndrome
Premature ageing

main endpoint of this study was the identification of blood circulating microRNAs (c-miRs) signatures charac-
terizing DS ageing process. A discovery phase based on array was performed in plasma samples obtained from 3
young (31 =+ 2 years-old) and 3 elderly DS persons (66 + 2 years-old). Then, a validation phase was carried out
for relevant miRs by RT-qPCR in an enlarged cohort of 43 DS individuals (from 19 up to 68 years-old). A group of
30 non-trisomic subjects, as representative of physiological ageing, was compared. In particular miR-628-5p,
miR-152-3p, miR-28-5p, and let-7d-5p showed a lower level in younger DS persons (age < 50 years) respect to
the age-matched controls. Among those, miR-28-5p and let-7d-5p were found significantly decreased in phys-
iological ageing ( oldest group ), thus they emerged as possible biomarkers of premature ageing in DS. Moreover,
measuring blood levels of beta amyloid peptides, Ap-42 was assessed at the lowest levels in physiological ageing
and correlated with miR-28-5p and let-7d-5p in DS, while AB-40 correlated with miR-628-5p in the same cohort.
New perspectives in terms of biomarkers are discussed.

1. Introduction

Down syndrome (DS) is considered a segmental progeroid syndrome
since persons affected by DS appear to age earlier than non-trisomic
people, in particular the immune system and the central nervous sys-
tems are those affected early (Gensous et al., 2019). For this reason, DS
can represent a model for the study of accelerate ageing, aiming at the
identification of molecular markers and potential therapeutic targets.

There are at least three different layers of knowledge supporting the
view of DS as a disorder of accelerated ageing, i.e. clinicopathological
features, data showing the acceleration of the molecular mechanisms of

ageing and various age-related biomarkers at high levels (Franceschi
et al. (2019); Jenkins et al., 2017; Borelli et al., 2015; Horvath et al.,
2015; Cole and Franke, 2017).

Individuals with DS experience age-related cognitive decline and
subsequent dementia more frequently than the general population and
the symptoms appear at an earlier age, following a course that is similar
to the one occurring in Alzheimer’s disease (AD). Dementia is usually
preceded by changes in language skills, in executive functions and a loss
of adaptive skills (Ghezzo et al., 2014).

In this respect, the gene of amyloid precursor protein (APP) is located
in chromosome 21, thus it results triplicated in DS subjects. DS dementia
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is believed to be related to the overproduction of APP and consequent
deposition of beta-amyloid (Ap) peptides (Lott and Head, 2019). AB40
and AP42 are considered the most pathogenic amyloid peptides and
their accumulation start to develop in the childhood of DS subjects,
decades earlier compared to aged control brains (Head et al., 2016).

Moreover, several studies suggest that DS persons display remark-
able alterations for the main molecular mechanisms involved in the
ageing process, also referred as “the seven pillars of ageing” (Franceschi
et al., 2019; Kennedy et al., 2014), i.e. metabolism, stem cells and
regeneration, macromolecular damage, inflammation, adaptation to
stress, proteostasis, and epigenetics.

Among epigenetic mechanisms non-coding RNAs (ncRNAs) repre-
sent both crucial gene regulators and potential biomarkers (Tan et al.,
2013). Specifically, microRNAs (miRs) have been described as key
regulators of DS transcriptome and DS phenotypes (Bras et al., 2018).
Various miRs are encoded on HSA21 and therefore likely over-expressed
in DS, and some of them have been implicated in the development of
some DS-related pathologies (Gensous et al., 2019).

In this study, blood circulating miRs (c-miRs) and beta-amyloid
peptides (Ap-40 and AB-42) were investigated as potential modulators
and biomarkers of the ageing process in DS. DS persons were enrolled by
the unit of Bologna (Italy) and compared with an age-sex matched non-
trisomic control group in the framework of a large-scale European study,
the MARK-AGE project, pointing to identify new biomarkers of ageing
(Biirkle et al., 2015; Capri et al., 2015).

2. Materials and methods
2.1. Study participants and experimental design

All samples were collected within the FP7 European MARK-AGE
project (2008-2013) with the approval of the local ethical committee
S. Orsola-Malpighi Hospital (Bologna, Italy). A total of 74 participants
enrolled in Bologna were included in the present study as follows: i. 43
individuals affected by DS (24 males and 19 females) aged between 19
and 68 years-old (mean age = 39.8 + 12.7); ii. 30 control subjects
selected randomly after sex partitioning (15 males and 15 females, as
Recruited Age-Stratified Individuals from the General population or
RASIG) and aged between 35 and 74 years-old (mean age = 56.0 +
14.8).

Participation in the study was on a totally voluntary basis and
written informed consent to participate was obtained from adult DS
persons and from parents or authorized tutors. Exclusion criteria were
current acute illnesses, hepatic, renal or cardiac insufficiency,
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Fig. 1. MiR profiling from the discovery phase. A total of 18 apparently
deregulated miRs (fold change > 2 and < —2) was identified in plasma samples
of 3 elderly DS females compared with 3 young DS females. Up-regulated c-
miRs are displayed in dark grey, while down-regulated c-miRs are displayed in
light grey. Fold change values are reported for each miR and significant changes
(p < 0.05, by Student’s t-test) are highlighted with an asterisk.
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consumption of antioxidant or nutraceutical substances (vitamins, lipoic
acid, acetylcysteine, omega 3 and 6 fatty acids, probiotics) within the
last two months. A diagnosis of DS based on karyotype was obtained in
all cases. DS persons underwent neuropsychological function evaluation
by means of tests previously described as significantly age-related in DS
(Ghezzo et al., 2014), i.e. Tower of London, Token test, Frontal Assess-
ment Battery (FAB), the Visual Object and Space Perception Battery
(VOSP), Phonemic fluency (Moreno-Villanueva et al., 2015).

2.2. RNA extraction for miRs evaluation

Total RNA was isolated from 100 pl of serum using the Total RNA
purification kit (Norgen Biotek Corporation, Thorold, ON, Canada). The
protocol was modified adding 20 fmol of cel-miR-39 (Qiagen, Hilden,
Germany) at the lysis step as spike-in control to monitor RNA isolation.

2.3. MiR profiling

MiR microfluidic card, TagMan Array Human MicroRNA A Card
(Applied Biosystems by Thermo Fisher Scientific, Waltham, MA, USA),
for the measurements of 377 human miRs, was applied to identify miR-
profiles in discovery phase testing 6 plasma samples from 3 young DS
females (age: 30, 30 and 34 years old) and 3 elderly DS females (age: 63,
66 and 68 years old).

RNA was converted to cDNA by priming with a mixture of looped
primers and then pre-amplified using the MegaPlex primer pools
(Applied Biosystems by Thermo Fisher Scientific, Waltham, MA, USA)
according to manufacturer’s instructions. The profiling was run on the
Applied Biosystems 7900 HT real-time PCR instrument.

MiRs profiling was normalized with the median of the overall miR
expression on each array (ACt). Only miRs expressed in at least five of
the six analysed samples were selected and Ct values < 32 were estab-
lished as cut-off. Fold-change (2'AACT) was calculated based on the
estimated mean difference and fold changes > 2 and < —2 were selected.

2.4. MiRs validation by RT-qPCR

Real-time quantitative PCR (RT-qPCR) was achieved using TagMan
technologies (Thermo fisher scientific, Waltham, MA, US) following the
manufacturer’s protocol. RNA was transcribed to cDNA with the Tag-
Man MicroRNA Reverse Transcription Kit (Applied Biosystems, by
Thermo Fisher Scientific, Waltham, MA, USA) and the RT-qPCR was
performed with TagMan MicroRNA Assays. Data were normalized to cel-
miR-39 evaluated in each sample and relative expression was calculated
with the delta Ct method.

2.5. Amyloid beta peptides analysis

Plasma level of amyloid beta peptides Ap-40 and Ap-42 were
measured by immunoassay ELISA (DAB140B and DAB142 kit, R&D
systems, MN, USA). The quantitative determination of human Ap-40 and
AB-42 concentration in plasma samples was obtained following the
manufacturer’s instruction and all samples were analysed in duplicate.

2.6. Statistical analysis

Statistical analyses were carried out by means of IBM SPSS software,
version 26 (SPSS Inc., USA) and p value < 0.05 was considered statis-
tically significant.

Student’s t-test was performed to compare relative expression of
miRs between the two cohorts included in the discovery phase, i.e.
young DS and elderly DS.

Mann Whitney Nonparametric test was applied to evaluated changes
in terms of miRs’ expression obtained by RT-qPCR in the validation
phase and amyloid beta levels.

In addition, correlations between validated miRs expression,
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Fig. 2. MiR expression levels comparing DS with controls. C-miRs from DS subjects (N = 43) compared with controls (CTR, N = 30). Three miRs resulted signifi-
cantly different i.e., miR-628-5p, miR-152-3p, miR-28-5p. Data are reported as box plot of data distribution (median value and quartile ranges). Statistical analysis
was performed by Mann-Whitney Nonparametric U test. * = p < 0.05. Regression analyses alongside the box plots show miR relative expression level with age for

both the two cohorts. Coefficients R? are indicated.

amyloid beta peptides, i.e. Ap-40 and Af-42, and neuropsychological
function tests were investigated using Spearman’s Rank-Order Correla-
tion tests.

2.7. Bioinformatic miR targets and pathway analysis
Bioinformatics analysis using the web-server DIANA-Tarbase v8.0
(Karagkouni et al., 2018) was employed to identify common validated

targets of the identified miRs. Subsequently, pathway analysis was
carried out using the KEGG PATHWAY database.

3. Results
3.1. Discovery phase and miR profiling

MiRs profiling was performed through cards array analysis, aiming

at the identification of miRs changes in plasma samples obtained from
young and elderly DS. The discovery phase was carried out analysing
plasma samples obtained by 3 young and 3 elderly DS females. Differ-
entially expressed miRs were identified according to fold changes, i.e. >
2 and < —2. A total of 18 miRs satisfied such prerequisite, as shown in
Fig. 1.

Relative expression of miR profiling was calculated and Student’s t-
test was performed to verify the statistical significance of miRs variation
in elderly DS compared with young DS. Among the 18 identified miRs, 3
miRs were significantly different, i.e. miR-28-5p, miR-152-3p and miR-
628-5p, as highlithted with an asterisk in Fig. 1.

3.2. Validation phase of selected miRs by RT-qPCR

The 3 identified miRs from the discovery phase were selected for the
following validation phase, together with let-7d-5p, which is thought to
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Fig. 3. MiRs and age (< 50 and > 51 years) in physiological ageing. The control cohort (CTR) of physiological ageing was divided into two age groups (< 50 years,
N = 13; > 51 years, N = 17). MiR-28-5p and let-7d-5p significantly decrease in the oldest group. Data are reported as box plot of data distribution (median value and
quartile ranges). Statistical analysis was performed by Mann-Whitney Nonparametric U test. * = p < 0.05.

be associated with cognitive decline (Chen et al., 2018; Kumar et al.,
2013; Zhao et al., 2013). Furthermore, miR-155-5p and miR-21-5p
were added to the validation analysis, given their established role in
inflammation (inflamma-miRs) and in the ageing process (Olivieri et al.,
2013). Overall, a total of 6 miRs were considered for the subsequent
validation phase carried out by RT-qPCR in the enlarged cohort of 43 DS
plasma samples. MiRs expression was also evaluated in 30 plasma
samples obtained from the control group of age and sex matched
subjects.

3.3. MiRs and age analysis

Comparing the two cohorts of DS and control group, three miRs
showed significant lower plasma levels in DS, i.e. miR-628-5p, miR-
152-3p and miR-28-5p, as reported in Fig. 2. MiRs were also analysed
according to age, the regression plots of the above mentioned three miRs
are illustrated in Fig. 2 while Fig. 1S shows the regression plots of let-7d-
5p, miR-155-5p and miR-21-5p. No significant correlations were found
between miR and age in DS, while in the control group only miR-28-5p
negatively correlates with age (p =0.029) as well as let-7d, but
marginally (p = 0.054).

Sex was also considered in both cohorts, 19 females and 24 males in
DS group, 15 females and 15 males in control group. No significant
differences emerged according to sex (data not shown).

Then, a threshold of 50 years old was set considering the age mean
value of the entire population (that corresponds to 46.4 years), ac-
cording with the previous literature suggesting the premature ageing of
DS persons (Ghezzo et al., 2014; Ravaioli et al., 2022). MiRs changes
were analysed in these two age groups (< 50, > 51). A significant
decrease of miR-28-5p and let-7d-5p emerged in non-trisomic elderly
subjects (age > 51 years old), as reported in Fig. 3. As far as DS persons
are concerned, no significant differences of selected c-miRs were re-
ported comparing the two age groups (data not shown).

Lastly, DS and controls of the same age group (< 50 years old and >
51 years old) were compared, as illustrated in Fig. 4. The levels of miR-
628-5p, miR-152-3p, miR-28-5p and let-7d-5p were lower in DS than
controls under 50 years old, whereas miR-155-5p and miR-21-5p were
not different comparing the two groups. No significant miR variations
emerged between the two cohorts aged > 51 years (data not shown).

3.4. Beta amyloid peptides analysis and correlations

AB-40 and AB-42 peptides were measured in all samples, both DS and
control group. The two peptides resulted significantly lower in controls
than DS, as shown in Fig. 5 also including the regression plots that
confirmed the differences between the two cohorts.

Analysis was also performed considering sex, 19 females and 24
males in DS group, 15 females and 15 males in control group. No sig-
nificant differences were found (data not shown). The ratio AB-42/Af-40
was also considered, but no significant difference was found (data not
shown).

Following the same method applied for miRs evaluation, amyloid
peptides were further analysed considering the threshold of 50 years old.
Ap-42 was significantly lower in physiological ageing (age > 51years
old) (Fig. 6 panel A), while AB-40 was significantly higher in young DS
respect to young controls (< 50 years old) (Fig. 6 panel B). Correlation
analysis among miRs and beta amyloid peptides in DS cohort are listed
in Table 1, showing a positive correlation of Ap-42 with miR-28-5p and
let-7d-5p, while AB-40 positively correlates with miR-628-5p. Neuro-
psychological function tests were also correlated with miRs and beta
amyloid peptides, but no significant values were observed (data not
shown).

3.5. Bioinformatic analysis considering validated targets and possible
pathways involved

Validated and common targets of miR-628-5p, miR-152-3p, miR-
28-5p and let-7d-5p, which showed significant changes in DS persons
under 50 years old compared to control group, were considered. The
analysis was conducted using DIANA-TarBase v8.0 to identify common
validated targets for the 4 selected miRs then, KEGG pathway database
was used to investigate the pathways which the identified target genes
are involved in.

Interestingly, Insulin-like Growth Factor 1 Receptor (IGFR1) mRNA
was found to be a common target of all 4 miRs. According to KEGG
analysis, IGFR1 is involved in the Longevity regulating pathway re-
ported in Fig. 7 panel A, having an important role in the ageing process.

Sigma Non-Opioid Intracellular Receptor 1 (SIGMAR1) mRNA was
also reported to be a common target of the investigated 4 miRs, and this
receptor was found to be involved in multiple pathways of neuro-
degeneration, as shown in Fig. 7 panel B.

4. Discussion

The premature ageing occurring in DS has been investigated in two
cohorts enrolled in the above-mentioned MARK-AGE project i.e., DS
individuals and non-trisomic controls aged between 19 and 74 years-
old.

Since miRs play an essential role in the epigenetic regulation of gene
expression, they have rapidly become a research target to investigate
many biological fields, including DS-phenotype and healthy ageing. The
aim of this study was to identify a c-miR signature of ageing in plasma
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Fig. 4. MiRs significantly differ comparing younger DS with age-matched controls. MiR-628-5p, miR-152-3p, miR-28-5p, and let-7d-5p significantly decrease in DS (N = 36) in comparison with controls (N = 13, CTR)
in the younger age group < 50 years. The decreased levels of miR-28-5p, and let-7d-5p occurs early in DS (< 50 years) compared to non-trisomic physiological ageing (Fig. 2). Data are reported as box plot of data
distribution (median value and quartile ranges). Statistical analysis was performed by Mann-Whitney Nonparametric U test. * = p < 0.05.
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Fig. 5. Beta amyloid peptides concentration in DS and controls. Amyloid peptides concentration in plasma samples from DS subjects (N = 43) and compared to
control group (N = 30, CTR). Data are reported as box plot of data distribution (median value and quartile ranges). Statistical analysis was performed by Mann-
Whitney Nonparametric U test. * = p < 0.05. Regression analyses alongside the box plots show amyloid peptides concentration with age for both the two co-

horts. Coefficients R? are indicated.

samples from DS persons. Initially, miR expression profiling was per-
formed on 3 elderly DS compared to 3 young DS, using arrays. Four miRs
were selected for a subsequent RT-qPCR validation analysis, i.e. miR-
628-5p, miR-152-3p and miR-28-5p. Additionally, let-7d-5p, miR-
155-5p and miR-21-5p were included in the validation phase due to
their well-established role in inflammation, ageing (inflamma-miRs)
(Olivieri et al., 2013) and cognitive decline (Chen et al., 2018; Kumar
etal., 2013; Zhao et al., 2013). The validation phase was conducted in an
enlarged cohort of 43 DS together with 30 plasma samples obtained
from a control group of age-sex matched subjects. This group was
adopted as reference for physiological ageing in terms of blood miRs
levels. Comparing the two cohorts of DS and controls, three miRs
resulted lower in DS than control group, i.e. miR-628-5p, miR-152-3p
and miR-28-5p. Surprisingly, these miRs did not correlate with age in
DS, even if a trend of increase was observed. Similarly, stratifying data
by the sex variable, no significant differences emerged.

Afterward, a threshold of 50 years old was set considering the age
mean value of the entire population, as the literature indicate a pre-
mature ageing of DS persons (Ghezzo et al., 2014; Ravaioli et al., 2022).
No significant variations resulted comparing DS before and after 50
years old. In this respect, the discrepancy between discovery and vali-
dation phases could partially be explained by the different normaliza-
tion methodology of raw data, being the median of the overall miR
expression adopted for arrays, while cel-miR-39 CT values are adopted
for the RT-qPCR data normalization (standard procedure in plasma
samples). Indeed, the lack of confirmation of profiling data with the
validation phase has already been reported for plasma samples (Kangas
et al., 2017).

A significant decrease of the expression level of miR-628-5p, miR-
152-3p, miR-28-5p and let-7d-5p, was identified in younger DS (< 50

years), when compared with age-matched control, while no significant
miR changes were observed between the two different cohorts at older
ages (>51 years). Interestingly, miR-28-5p and let-7d-5p decreased in
the oldest control group, while the same miRs were found at lowest
levels in younger DS (< 50 years), thus they may be proposed as bio-
markers of premature ageing in DS. In this respect, miR-628-5p and
miR-152-3p seem to be mostly associated with DS phenotype, being not
found associated with physiological ageing. These results suggest that
the age-acceleration/premature phenomenon characterizing DS could
be predominant in the first 50 years of life, when compared with
physiological ageing.

Immunoassay of beta amyloid peptides Ap-40 and AB-42 was per-
formed in all plasma samples. The two peptides resulted significantly
different comparing the two entire cohorts of DS and controls regardless
of age. Using the same threshold of 50 years old, AB-42 significantly
decreased in physiological ageing (> 51 years group), while AB-40
increased in young DS respect to age-matched controls (< 50 years). It
was already reported that amyloid peptides are higher in DS respect to
controls (Fortea et al., 2020) and they doesn’t change with age (Startin
et al., 2019).

Ap-42 was found negatively correlated in physiological ageing (Lue
etal., 2019), even if discordant data are reported with fluctuations of the
protein plasma levels, likely influenced by age (Zecca et al., 2021).
AB-42 positively correlated with miR-28-5p and let-7d-5p, while AB-40
positively correlated with miR-628-5p. These data suggest a different
role of circulating amyloid peptides in the two cohorts, accordingly with
the finding that in plasma of DS without dementia, only AB-40 is
increased respect to controls (Fang et al., 2020). Moreover, it is neces-
sary to highlight that the current data obtained in plasma samples are
not necessarily the mirror of what it might be found in cerebrospinal
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Fig. 6. Amyloid peptides both in physiological ageing and in younger DS vs age-matched controls. Panel A. Ap-40 and Ap-42 plasma concentrations in physiological
ageing were reported. Panel B. Ap-40 and Ap-42 plasma concentrations in younger DS subjects were compared with age-matched controls (CTR) (< 50 years). Data
are reported as box plot of data distribution (median value and quartile ranges). Statistical analysis was performed with Mann-Whitney Nonparametric U test.

*=p <0.05.
Table 1
Crrelations of Ap-40 and Ap-42 and selected miRs in DS cohort.
Sperman’s rho Ap-40 AB-42
miR-628-5p Correlation coefficient 0.316 0.266
Sig. (2-tailed) 0.04 0.09
N 43 43
miR-152-3p Correlation coefficient 0.087 0.149
Sig. (2-tailed) 0.58 0.34
N 43 43
miR-28-5p Correlation coefficient 0.255 0.304
Sig. (2-tailed) 0.15 0.05
N 43 43
let-7d-5p Correlation coefficient 0.254 0.301
Sig. (2-tailed) 0.10 0.05
N 43 43

fluid or in brain (Zlokovic, 2011). In fact, no significant correlations
were found among neuropsychological function tests and beta amyloid
peptides expression, as already described (Yun et al., 2021). Various
evidences have shown that the ratio between the two peptides,
Ap-42/40, is not only an important marker for AD both in CSF (Lewczuk
et al., 2020) and in plasma (Pérez-Grijalba et al., 2019), but also in
cognitive impairment for the prediction of dementia progression.
Nevertheless, this ratio was not found to be significantly modified in the
current work, likely suggesting a non-specific role in DS.

Literature indicates that the most relevant differences according to
premature ageing phenotype can be found in early life of DS. In a study
by Ghezzo et al., older DS persons show lower neuropsychological
functions (short memory skills, frontal lobe functions, visuo-spatial
abilities, adaptive skills) compared to younger ones and the decline of
these skills starts very early, preceding by about 20-30 years the onset of

dementia in DS persons, while it occurs mostly after the age of 60 years
in physiological ageing. Therefore, the study suggests that anti-dementia
treatment may not be effective in older DS persons, as their neuropsy-
chological functions and adaptive skills have already declined (Ghezzo
et al., 2014). Similarly, a recent study indicates that DS persons younger
than 35 years tend to show DNA methylation levels of ribosomal DNA
similar to that of older euploid subjects (Ravaioli et al., 2022).

As far as the identified miRs are concerned, miR-628-5p expression
levels was found decreased with ageing in skeletal muscle tissue. A
possible role of miR-628-5p in the STARS (Striated Muscle Activator of
Rho) signalling pathway was predicted, and it was described critical for
skeletal muscle growth, repair, and function over the lifespan (Russell
et al., 2017). Moreover, a recent study by Liu et al. (2021) reported that
miR-628-5p overexpression may inhibit progressive neurodegeneration
in AD by targeting TYROBP. TYROBP is a type I transmembrane protein
necessary for the activation signal transduction and typically expressed
on microglial cells in the brain (Paloneva et al., 2000).
TYROBP-mediated signalling participates in regulating the expression
levels of multiple genes in the brain, including TREM1 and TREM2
(Satoh et al., 2012). It was proposed that activated microglia acts as
contributor to the progression of chronic neurodegeneration in AD,
rather than simply being a consequence of the pathology. In AD pro-
gression, chronic microglia activation leads to chronic neuro-
inflammation, which likely contributes to neuronal dysfunction, injury,
and loss (Streit et al., 2004). Therefore, the significant lower expression
level of miR-628-5p found in DS subjects may lead to an increased
expression of TYROBP, potentially contributing to the early onset of
neurodegeneration (or AD). Overall, these findings suggest that
miR-628-5p might have an important role in fundamental age-related
processes, making it a potential biomarker of biological age.

MiR-152-3p expression level was found significantly decreased in
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NK cells of patients affected by Chronic Fatigue Syndrome/Myalgic
Encephalomyelitis (CFS/ME) in comparison with non-fatigued controls
(Brenu et al., 2012). Clinically, CFS/ME is characterized by chronic,
multi-system symptoms including post-exertional malaise (PEM), unre-
freshing sleep, significant fatigue, pain, muscle weakness, and cognitive
impairment (Jason et al., 2015). Proposed risk factors include altered
immunity, infection, environmental exposures, allergies, genetics, and
stress acting through alterations in immune and inflammatory re-
sponses. The symptoms and risk factors for CFS/ME have features in
common with those for accelerated ageing/premature immunose-
nescence (Rajeevan et al., 2018). Therefore, the significantly decreased
expression level of miR-152-3p in DS subjects may be associated with a
similar age-acceleration phenomenon and may serve as an effective
biomarker of ageing in DS.

MiR-28-5p has been reported to be involved in numerous kinds of
cancer, but its role in DS and ageing has to be investigated yet. Thus, the
results obtained in the current work may reveal a possible involvement
of miR-28-5p in the ageing process and its potential function as a
biomarker of premature ageing in DS.

Numerous studies investigated the role of let-7d-5p in the patho-
genesis of AD. For instance, a systematic bioinformatics analysis found a
significant down-regulation of let-7d-5p in patients affected by AD
compared to healthy controls (Chen et al., 2018). Similar results were
achieved revealing significantly decreased expression levels of let-7d-5p
in plasma samples from AD patients compared to healthy control donors
(Kumar et al., 2013). It has been demonstrated that let-7d-5p can
regulate multiple aspects of neurogenesis, including neural stem cell
proliferation, differentiation, and neuronal migration in the mammalian
brain (Zhao et al., 2013). Moreover, a study by Luo et al. (2015)
demonstrated that amyloid precursor protein (APP) mRNA is a direct
target of let-7d-5p and reported a significant down-regulation of this
miR in an animal model, where expression levels of APP and Ap were
higher in the learning and memory impaired rats. Overall, these findings
suggest that low expression level of let-7d-5p may participate in the
development of age-related neurodegeneration and likely may have also
a role in premature ageing of DS persons.

To further investigate the role of the identified miR signature in
ageing and DS, a bioinformatic analysis was performed, with the aim of
finding common validated targets. Interestingly, Insulin-like Growth
Factor 1 Receptor (IGF1R) mRNA was found to be a validated target of
miR-628-5p, miR-152-3p, miR-28-5p and let-7d-5p, significantly
modified in DS < 50 years. The crucial role of IGF1R as regulator of
longevity is already well described in literature. It has been reported that
centenarians, the best example of successful ageing, have lower plasma
IGF-I levels (Paolisso et al., 1997) and genetic variants of IGF1R are
significantly associated with longevity (Franceschi et al., 2020). Ac-
cording to these findings, the significant down-regulation of
miR-628-5p, miR-152-3p, miR-28-5p and let-7d-5p reported in DS
subjects compared to controls under 50 years old may contribute to an
up-regulation of IGF1R, but further experiments are needed to verify this
issue, which could be associated to life span average of DS persons and
its possible therapeutic approach.

The bioinformatic analysis identified another interesting common
target of the 4 miRs i.e., Sigma-1 Receptor (SIGMAR1). This receptor has
a neuroprotective activity demonstrated in various models of neurode-
generative disorders and some of the neuroprotective effects mediated
by SIGMAR1 have been attributed to anti-inflammatory actions of its
ligands (Ruscher and Wieloch, 2015). These findings seem to be in
contrast with the results obtained, but current data report that SSIGMAR1
is regulated by at least 62 miRs (Tarbase v8.0) and, interestingly, it is
targeted by let-7c-5p, miR-125b-5p and miR-155-5p, which are located
on human chromosome 21. Therefore, it is possible that reduced
expression of miR-628-5p, miR-152-3p, miR-28-5p, and let-7d-5p does
not directly reflect an overexpression of SIGMAR1 in the brain of DS
individuals, considering that the analysis was performed on c-miRs and
the results obtained do not necessarily mirror what happens in different
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districts of body.

Data emerged from this study suggest that miR-628-5p, miR-
152-3p, miR-28-5p and let-7d-5p may represent a blood miRs signature
for the characterization of the segmental ageing in DS persons. Partic-
ularly, miR-28-5p and let-7d-5p, could be potential biomarkers of the
premature ageing in DS before the age of 50, since they decrease later in
non-trisomic physiological ageing.

Future researches should be focused on therapeutic approaches to
counteract or slow-down the ageing process in DS persons. Until now, no
approved treatment exists, even if metformin was proposed as promising
candidate to counteract the cognitive decline in DS, due to its anti-
ageing effects (Franceschi et al., 2019). Here, new identified miRs are
proposed for a further enlarged analysis aiming at the identification of
gene/epigenetic changes that contribute to abnormalities in cognitive
function and behaviour and likely to the identification of successful
treatments applicable across the life span for people with DS (Bartesaghi
et al., 2022).
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