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Abstract

Senescence-associated microRNAs (SA-miRNAs) are important molecules for
aging regulation. While many aging-promoting SA-miRNAs have been identi-
fied, confirmed aging-suppressive SA-miRNAs are rare, that impeded our full
understanding on aging regulation. In this study, we verified that miR-708
expression is decreased in senescent cells and aged tissues and revealed that miR-
708 overexpression can alleviate cellular senescence and aging performance.
About the molecular cascade carrying the aging suppressive action of miR-708,
we unraveled that miR-708 directly targets the 3’UTR of the disabled 2 (Dab2)
gene and inhibits the expression of DAB2. Interestingly, miR-708-caused DAB2
downregulation blocks the aberrant mammalian target of rapamycin complex
1 (mTORC1) activation, a driving metabolic event for senescence progression,
and restores the impaired autophagy, a downstream event of aberrant mTORC1
activation. We also found that AMP-activated protein kinase (AMPK) activation
can upregulate miR-708 via the elevation of DICER expression, and miR-708
inhibitor is able to blunt the antiaging effect of AMPK. In summary, this study
characterized miR-708 as an aging-suppressive SA-miRNA for the first time and
uncovered a new signaling cascade, in which miR-708 links the DAB2/mTOR
axis and AMPK/DICER axis together. These findings not only demonstrate the
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1 | INTRODUCTION

As a universal feature of higher organisms, aging can
develop at all levels in bodies, through cells to tissues
and organs." Cellular senescence is the foundation of
individual aging, featuring as cell cycle arrest, senescence-
associated secretory phenotype (SASP), metabolic disor-
ders, autophagy/mitophagy dysfunction, and etc.? Impor-
tantly, the accumulation of senescent cells in organisms is
closely related to the occurrence of aging and age-related
diseases.® Therefore, intensively exploring the molecular
mechanism of aging at the cellular level is essential for
understanding the occurrence and development of aging
and exploiting valid antiaging strategies.

Many studies have investigated the expression patterns
and the regulatory pathways of age-related proteins. The
core events which facilitate cellular senescence include
cell cycle arrest, increment in proinflammatory cytokines
expression (SASP), and metabolic disorder.*® Among
the regulatory pathways connected with senescent/aging-
progression, the mammalian target of rapamycin com-
plex 1(mTORC1) pathway and the AMP-activated protein
kinase (AMPK) pathway are two major ones, as both act
crucially for cellular homeostasis. The mTOR pathway
plays a central role in cell proliferation and survival by
governing anabolism processes, meanwhile its activation
also inhibits autophagy-mediated catabolism.” The AMPK
pathway works for energy homeostasis, and its activa-
tion promotes autophagy-mediated catabolism by multiple
mechanisms including inhibiting the mTOR pathway.®
Despite that AMPK can suppress mTORC1 by phospho-
rylating TSC1, the relationship between AMPK-driven
miRNA expression and mTORC1 activity remains largely
unknown. Of particularly importance from our view,
increasing evidence have revealed that sustained mTOR
activation promotes aging ° and AMPK activation allevi-
ates aging in various contexts,'” so that elucidating the
microRNA (miRNA)-bridged connections between mTOR
and AMPK in aging context is worthy to be challenged.

In recent decades, miRNA-involved posttranscriptional
regulation on the expression of aging associated genes
attracted increasing attentions. miRNA-mediated gene
expression also opened a new door to excavate the molec-
ular matters involving aging regulation, that basically

potential role of miR-708 in aging regulation, but also expand the signaling
network connecting AMPK and mTORCI.

aging, AMP-activated protein kinase (AMPK), Disabled 2 (DAB2), miR-708, mammalian traget
of rapamycin coplex 1 (mTORC1)

associate with the RNA stability and the protein transla-
tion of miRNA-targeted genes, with different focus from
traditional studies which largely aimed at matters of
the sequence variation and transcriptional regulation of
aging related genes, or the degradation and modification
of aging-related proteins. At present, miRNA molecules
closely implicated with aging are collectively referred to as
Senescence-associated microRNAs (SA-miRNAs).!'? The
basic feature of SA-miRNAs is the correlation of their
expression with aging. SA-miRNAs can be divided into two
categories according to their function, we named them as
aging-promoting SA-miRNAs and aging-suppressive SA-
miRNAs. Nowadays, several dozens of aging-promoting
SA-miRNAs have been identified, such as miR-21, miR-
22, and miR-34a,"*"> but only a few of aging-suppressive
SA-miRNA are known, they are miR-15b'® and miR-106b."”
It means we have limited information about if and how
miRNAs negatively regulate aging.

This study aims to discover a new aging-suppressive SA-
miRNA and analyze its working mechanism, with special
attention on the connection between mTOR and AMPK
pathways. It includes the establishment of a SA-miRNA
profile of senescent cells, the clarification of miR-708 as
an aging-suppressive SA-miRNA, the identification of dis-
abled(Dab2) as a direct target of miR-708, the confirmation
about the positive relationship of DAB2 with the mTORC1
pathway, and the regulatory effect of AMPK on miR-
708 expression. Both cellular and mouse experiments are
included. Although this work exposed a new molecular
signaling connecting mTORC1 and AMPK and identified
a novel member of aging-suppressive SA-miRNA, miR-
708, further investigation needs to be engaged for creating
antiaging approaches which work by targeting molecules
functioning in this signaling.

2 | RESULTS
2.1 | miR-708 expression is lower in
senescent cells and aged tissues

In order to screen out new SA-miRNAs that functionally
associate with aging, sub-lethal dose of hydrogen per-
oxide (H,0,)-induced senescence cell model was used,
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FIGURE 1 miR-708 expression is negatively correlated with aging. (A) Heat map of small-RNA-sequencing of NIH3T3 cells. CTL:

proliferating cells; H,0,: senescent cells, H,O0,+Met: cells received H,0, plus Met treatment (n = 3). (B) Venn diagram showing differentially

expressed miRNAs (threshold fold change >1.5 and p < 0.01). (C) Relative level of miRNAs selected from the intersection of Venn diagram;
NIH3T3 cells were employed and assessed (n = 3). (D) Relative miR-708 level in human primary fibroblasts; cells of passage 8th, passage 20™,
and Met-treated passage 20th were employed and analyzed (n = 3). (E) Relative miR-708 level in liver of mice with or without D-gal- or
Met-injection (n = 3). (F) Relative miR-708 level in brain of mice, aged at 4, 15, or 30 months (n = 3). (G) miR-708 expression human blood

with indicated ranges of age (n = 6). *p < 0.05, **p < 0.01.

because previous studies have evidenced the rationality
of this model for stress-induced premature senescence
(SIPS) model, with the most senescent characters like
those seen in replicative senescent cells.'*?! Not only, met-
formin (Met), an AMPK pathway activator, was selected
for senescence intervention.'®!°?> As shown in Figures
S1A-C, H,0,-induced senescent cells own the high level
of pl16 and p21 proteins, high rate of senescence-associated
B-galactosidase (SA-S-gal) positive cells, and the elevated
SASP production (mRNA level of Il-6 and II-8), while
these senescence markers become blunt in Met-treated
cells. Based on this characterization, H,0,-induced senes-
cent cells, Met-treated cells, and control proliferating cells
were collected in parallel and sampled for small RNA
sequencing (Figure 1A). Through analyzing the differen-

tial expression profile of miRNAs, it was found that six
kinds of murine miRNAs were apparently less expressed
in senescent cells, and fourteen kinds of miRNAs evidently
more expressed in Met-treated cells (Figure 1B). And,
among these two sets of miRNAs, three were overlapping
(Figure 1B) and this finding got confirmed by quanti-
tative real-time PCR (qPCR) experiments (Figure 1C).
Based on literature retrieval>>** and preliminary experi-
ments (Figures S2A-C), we focused further investigation
on elucidating the aging implication of mmu-miR-708-5p
(hereinafter referred to as miR-708).

The expression pattern of miR-708 was examined also
in replicative human senescent cells. Like results obtained
using H,0,-induced murine senescent cells, miR-708 level
in passage 20th cells was lower than that in passage
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8th cells, whereas miR-708 level in passage 20th cells
with Met treatment was higher than that in passage 20th
cells without Met treatment (Figure 1D). Accordingly, the
signs of senescence altered inversely with miR-708 level
(Figures 1D and S1D, E).

Three evidence from in vivo experiments were also
obtained. The first one came from the experiments
using D-galactose (D-gal) stress-induced aging-like mice
model.”>~%” As shown, the miR-708 expression in tissues
(liver, brain and kidney) of aging-like mice was less than
that of control mice, but this expression increased by Met-
intervention (Figures 1E and S3A, B). The second evidence
obtained from naturally aged mice, where the miR-708
expression in the brain of aged mice was lower than that
of young mice (Figure 1F). The third evidence got by
detecting human blood sample. It shows that miR-708
abundance in human blood declined significantly with age
(Figure 1G). These findings together suggest that miR-708
expression in cells and tissues, either mice or human, is
downregulated with aging.

2.2 | miR-708 alleviates cellular
senescence

To evaluate the causal correlation of miR-708 with senes-
cence, an overexpression strategy was adopted by transfect-
ing synthetic miR-708 mimics into cells (Figure 2A). As
shown, compared with scrambled miRNA, miR-708 mim-
ics transfection caused the decrease in p16 and p21 protein
level in H,0,-treated cells (Figure 2C), the extent of SA-
B-gal staining (Figure 2E), and the mRNA level of II-6 and
II-8 (Figure 2G). To confirm this result, adriamycin (ADR)-
induced senescence model, another commonly used SIPS
model?® was utilized. As expected, similar results were
obtained (Figures S4A and B). Not only, consistent obser-
vation collected by using human embryonic lung fibroblast
cell line (MRC-5) (Figures S4C and D). Furthermore, we
tested the influence of miR-708 on the progression of
replicative cellular senescence, by using human primary
fibroblasts and lentivirus transduction for miR-708 over-
expression (Figure 2B). As shown, the increment of both
pl6 and p21 protein level, SA-B-gal staining and the mRNA
level of 1I-6 and II-8 in senescent cells got alleviated under
miR-708 overexpression (Figures 2D, F, and H). Collec-
tively, these results suggest that miR-708 overexpression is
protective against cellular senescence.

2.3 | miR-708 restrains mouse aging

Next, adeno-associated virus serotype 9(AAV9)-miR-708
used in vivo experiments were engaged and the exper-

imental procedure shown in Figure 2I. At first, AAV9-
mediated miR-708 overexpression was ensured, showing
as AAV9-miR-708-green fluorescent protein (GFP) trans-
duction brought a fluorescent signal in different tissues
and organs with the strongest fluorescence the increased
miR-708 expression in liver (Figures S4E and F). Then,
aging-related performances were examined. The first set
of examinations is physical strength, evaluating by behav-
ior tests. As shown, D-gal mice got more electric shocks
and accomplished shorter running distance on tread-
mill machine, compared with saline-treated control mice.
Not surprisingly, the performance of the D-gal+miR-708
mice behaved remarkably better than that of D-gal mice
(Figure 2J). Consistent results were obtained from grip
and memory tests, showing as the decreased forelimb grip
power and spontaneous alteration in D-gal mice com-
paring with saline-treated mice, and the increased these
parameters in D-gal+miR-708 mice compared with D-gal
mice (Figures S4G and H). This second set of examina-
tions targets organ function and stress response. Results
showed that D-gal treatment caused the elevation of
alanine aminotransaminase (ALTL) and aspartate amino-
transferase (ASTL) activities (Figure S2I), a high level
of malondialdehyde(MDA), whereas miR-708 overexpres-
sion relieved these abnormalities. Accordingly, superoxide
dismutase (SOD) activity in liver was altered inversely
(Figure 2K). The third set of examinations focuses on the
two most accepted molecular markers for aging, the pl6
expression and the SA-f3-gal staining. As shown, miR-708
overexpression significantly decreased the abundance of
pl6 protein (Figure 2L) and the staining of SA-f-gal in
mouse liver (Figure 2M), compared with D-gal treatment
alone.

Collectively, AAV9-medicated miR-708 overexpression
alleviates aging-like performances of D-gal mice, with the
eased D-gal stress and oxidative damage in tissues and
organs

2.4 | Dab2is a direct target of miR-708

Progressing further, we analyzed the molecular pathway
that drives the action of miR-708 for aging protection. As
shown in Figure 3A, we approached to identify target genes
of miR-708 through four steps. The first step was to pre-
dict and screen target genes having a miR-708 binding site
(s) on their 3'UTR by utilizing miRNA target prediction
databases. The second step was to select the target genes,
by pinpointing the intersection of predicted target genes
with genes highly expressed in senescent cells, which have
been profiled in our transcriptome data sheet previously.?’
The third step was another round of selection, focusing on
the target genes associated with metabolic regulation and
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FIGURE 2 miR-708 overexpression prevents aging. A, C, E, G: NIH3T3 cells were transfected with miR-708 mimics or scrambled

miRNA (miR-CTL) for 24 h, followed by the senescence induction with H,0,. B, D, F, and H: Human primary fibroblasts cells (HFs) of
passage 8 were transduced with lentivirus-expressing miR-708 or miR-CTL, followed by cultivating and continuously passaging until passage
20. Cells at passage 8 and passage 20 were harvested for assays. (A and B) Relative miR-708 level. (C and D) Representative images are shown
by immunoblotting assays against p16 and p21 proteins. (E and F) Representative images are shown SA-3-gal staining (left), and average
percentages of SA-f-gal positive cells (right). (G and H) Relative mRNA level of II-6 and II-8. (I) The experimental procedure (n = 6). (J)
Electric stimuli times (left) and running distance (right), recorded by treadmill. (K) MDA level (left) and SOD activity (right) in liver. (L)
Representative images are shown by immunoblotting assays against p16 protein in liver. (M) Representative images are shown SA-3-gal
staining of liver sections. Scale bar indicates 50 um. All statistical data for cell culture experiments were calculated based on three
independent experiments. *p < 0.05, **p < 0.01, ***p < 0.001.
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stress response. Finally, we picked up gene called Dab2,
because it encodes a protein participating in the signaling
pathways likely to age progression, such as inflammation,
immunity, differentiation, and cellular homeostasis.*—
Our experimental data confirmed that the protein level of
DAB2 was elevated in senescent cells (Figure 3B), and the
mRNA level of the Dab2 increased in the liver of D-gal
mice and the brain of naturally aged mice (Figures 3C and
D). These findings suggest that Dab2 is a possible miR-708
target gene.

Further experiments the direct interplay between miR-
708 and the Dab2 gene. One experiment ensured the
influence of miR-708 expression on Dab2 expression. miR-
708 overexpression lowered DAB2 protein level in cells
(Figure 3E). Another experiment affirmed the physical
interaction and functional association between miR-708
and the Dab2 gene. As shown in Figure 3F, there was
an element on the 3’UTR of the Dab2 gene which com-
pletely matched with the core sequence of miR-708. So
that, luciferase expressing reporter genes with wild type or
mutant 3’UTR of the Dab2 gene (pF-wDab2 or pF-mDab2)
were constructed (Figure 3G). By cotransfecting these
reporter genes and with miR-708 mimics, it turned out
that miR-708 overexpression only reduced the luciferase
activity in wild tyle reporter transfected cells, but not
in mutant reporter transfected cells (Figure 3H). These
results demonstrate that miR-708 functionally targets the
Dab2 gene by interacting with a specific binding site on the
gene’s 3UTR.

Then, we tested the correlation of miR-708-mediated
DAB?2 downregulation with the role of miR-708 in senes-
cence protection. Results showed that (1) the extent of
endogenic DAB2 expression correlated with pl6 protein
abundance, SA-G-gal staining level, and SASP factors
expression in cells (Figures 3I-K); (2) the ectogenic over-
expression of DAB2 vanished miR-708 mimics-induced
reductions in these senescence indicators (Figures 31-K);
(3) siRNA-DAB2 vanished miR-708 inhibitor-induced
increments in these senescence indicators (Figures 3L-N).
These results suggest that the DAB2 works downstream

Open Access,

of miR-708 and plays negatively for the role of miR-708 in
protection from senescence.

2.5 | MiR-708 withstands senescence
through suppressing DAB2/mTOR
signaling

As DAB2 is an adaptor protein interplaying with the AKT-
mTOR pathway and the known association of this pathway
with aging regulation,** we next investigated the rela-
tionship of miR-708 and DAB2 with mTOR activity and the
implication of this relationship for senescence occurrence.
As shown in Figure 4, both phosphorylations of mTOR
and p70/S6K were elevated in senescent cells, signing the
status of the aberrant activation of mTOR. Importantly,
these elevated phosphorylations were blunted when cells
with miR-708 overexpression, but persisted when cells
with miR-708 overexpression plus DAB2 overexpression
(Figure 4A). In contrast, these elevated phosphorylations
got strengthened by miR-708 inhibition, not by miR-708
inhibition with DAB2 silence (Figure 4B). We also mea-
sured the cellular autophagy status due to it is negatively
regulated by mTORCland positively correlated with aging
prevention. As shown in Figures 4C and D, miR-708 over-
expression remarkably relieved the aberrant accumulation
of p62 protein in senescent cells, a well-accepted indica-
tion of autophagy impairment, but this relief was vanished,
and when DAB2 silenced. The negative implication of
mTORC1 on the antiaging effect of miR-708 was further
collected. As shown, either MHY1485, a chemical activa-
tor of mTORCI, or siRNA against GASTOR, an inhibitory
protein of mTORCI, erased the decline of pl6 protein
abundance in senescent cells caused by miR-708 over-
expression (Figures 4E and F). Likewise, MHY1485 and
si-GASTOR blunted the miR-708 overexpression-caused
decline of SA-B-gal staining (Figures 4G-J). Altogether,
these results indicate that the suppression of DAB2 expres-
sion and mTOR activity are of importance for the role of
miR-708 in senescence protection.

scramble miRNA (miR-CTL) received H,0,- or ADR-senescence induction treatment. Representative images immunoblot assay are shown
(left) and the relative level of DAB2 protein normalized by f-actin level were shown (right). (F) miR-708 sequence matching element on the
Dab2 3’ UTR and the designed mutation version. (G) The maps of luciferase-expressing reporter plasmids. pF-CTL: without Dab2 3’ UTR;
pF-wDab2: with Dab2 3’ UTR containing wild type miR-708 matching element; pF-mDab2: with Dab2 3'UTR containing mutated miR-708
matching element. (H) Luciferase activity in HEK293 cells transfected by indicated reporter plasmids with miR-708 mimics or miR-CTL.

Relative folds of luciferase activity were shown. (I-N) NIH3T3 cells were transfected with miR-708 mimics (miR-708) alone or plus Dab2
expression plasmid (DAB2), or with miR-708 inhibitor (anti-miR-708) alone or plus siRNA for the Dab2 gene (si-DAB2), then cells
receivedH,0,-senescence induction treatment. (I and M): Representative images are shown by immunoblotting assays against DAB2 and pl6
proteins. (K and L) Relative mRNA level of II-6 and II-8. (J and N) Representative images are shown SA-f3-gal staining (left) and average

percentages of SA-B-gal positive cells (right). Scale bar represents 50 pm. All experiments repeated at least three times. n.s. p > 0.05, *p < 0.05,

#p < 0.01, **p < 0.001.
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2.6 | MiR-708 expression is positively
regulated by AMPK

In addition to the downstream signaling of miR-708,
the upstream signaling of miR-708 was also addressed.
As shown in Figure 1C, miR-708 expression not only
decreased in senescent cells, but also increased in
metformin-treated cells, consistent with the finding that
metformin can upregulate the expression of miR-708 in
human breast cancer cells.>> Considering that metformin
is an AMPK activator, we set about to evaluate the relation-
ship between AMPK and miR-708 expression. Both phar-
macological and genetic approaches were applied. As the
result, AICAR, a direct agonist of AMPK, and Compound
C, a direct inhibitor of AMPK, clearly altered the expres-
sion of miR-708 (Figure 5C), similarly as they did for the
phosphorylation of AMPK (Figure 5A) and the transcrip-
tion of the Fas gene and the Cpt-1 gene, both accept the
positive regulation of AMPK>® (Figure 5B). Accordingly,
wild type AMPK overexpression resulted in the increment
of miR-708, while the inactive mutant AMPK overexpres-
sion did not (Figures 5D-F). These results ascertain that
AMPXK is a positive regulator of miR-708 expression.

Intriguingly, AMPK activation only upregulated the
mature form of miR-708, named as miR-708, but not its
precursor, pre-miR-708 in our study (Figures 5C and F).
It enlightened us to play the particular attention on
the posttranscriptional regulation of AMPK on miR-708
expression. Grounding on the information that DICER, a
master enzyme governing the processing program from
pre-miRNA to mature miRNA, was downregulated during
aging and AMPK activation could upregulate its expres-
sion (Figures 5G and H), we thought of the possibility
that AMPK-upregulated miR-708 expression may depend,
at least in part, on AMPK-mediated DICER expression.
As expected, silencing Dicer by siRNA approach lowered
the level of AMPK-mediated miR-708 upregulation, while
not the level of pre-miR-708 in senescent cells (Figure 5I).
These results demonstrate that miRNA maturation is cru-
cial step for the influence of AMPK on miR-708 expression,
in which AMPK elevates DICER expression and DICER
promotes miR-708 maturation.

2.7 | MiR-708 mediates the anti-aging
effect of AMPK

Further experiments were performed for affirming the
functional implication of miR-708 on the antiaging effect
of AMPK. In cell culture experiments, the transfection of
miR-708 inhibitor (anti-miR-708) significantly weakened
the suppressive effect of metformin on SA-B-gal staining,
pl6 and p21 expression, and also the expression of SASP

factors (Figures 6A-D). To get in vivo evidence, the AAV-
mediated intervention in mice was engaged (Figure 6E). As
shown, the transduction of AAV9-anti-miR-708-mCherry
(anti-miR-708) got succeed as strong fluorescence accumu-
lated in mouse liver, consistently with the molecular assay
data showing this transduction effectively suppressed miR-
708 expression (Figure S5A). Importantly, this transduc-
tion counteracted the upregulation effect of metformin
on miR-708 expression (Figure S5B). As for aging-related
parameters, anti-miR-708 blunted the restoring effects of
metformin on physical strength and memory ability of
mice (Figures 6F and S5C and D), and also weakened the
improving effects of metformin on ALTL activity and MDA
generation, although no influence for the effect of met-
formin on ASTL activity and SOD activity (Figures 6G and
S5E). Finally, AAV9-anti-miR-708-mCherry transduction
impaired the suppressive effects of metformin on the p16
expression and the SA-$-gal staining in liver of aging-like
mice (Figures 6H and I). These findings reveal that miR-
708 acts downstream of AMPK and plays as a part for the
antiaging effect of AMPK in mice.

3 | DISCUSSION

In combination with differential expression detection,
bioinformatic analysis, and experimental investigation, we
identified a new SA-miRNA, miR-708, in this study and
analyzed its mechanism. We found: (1) miR-708 is an anti-
aging miRNA; (2) the antiaging mechanism of miR-708
is associated with its direct targeting of DAB2, that then
inhibits mTOR activity and improves autophagic activity;
(3) miR-708 expression is positively regulated by AMPK
activity, depending on AMPK-elevated DICER expression
and DICER-driven miR-708 maturation. These findings
propose for the first time that miR-708 is an antiaging SA-
miRNA and displays originally that this role of miR-708 is
dependent on a cascade that connects mMTORC1 and AMPK
together, in which miR-708 suppressed DAB2 expression
acts as a key step that passes the negative implication
of AMPK on mTORCI1. We hope these distinct findings
could inspire further investigation for aging regulation
mechanism and the biomedical value of miR-708.

Aging is a complex biological process, progressing via
various molecular mechanisms, such as cell cycle arrest,
telomere shortening, inflammatory process, metabolic
disorder, and organelle dysfunction.’’” All these mecha-
nisms affect gene expression, regulating at the transcrip-
tional level and/or posttranscriptional level. Many studies
explored transcriptional regulation mechanisms for aging-
related genes, such as the pl6 gene and inflammatory
genes.’®*° Posttranscriptional regulation mechanisms of
aging-related genes are known relatively less but attract
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induction with or without Met, AICAR or Compound C addition. (D-F) The expression of wild type AMPK (T172) or inactive mutated AMPK
(mT172) and control (Vector) NTH3T3 cells were treated with H,O,-senescence induction procedure. (A and D) Representative images are
shown by immunoblotting assays against indicated proteins. (B and E) Relative mRNA levels of FAS and CPT-1 genes were evaluated. (C and
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increasing attention in recent years, partially owing to the
improved understanding of the biological role of miRNAs.
Up to now, several dozens of aging-related miRNAs have
been identified, generally named as SA-miRNAs. From a
functional point of view, the most identified SA-miRNAs
act for aging promotion, by targeting genes involved in the
regulation of cell cycle, inflammatory response and telom-
ere replication.''>*" That is different from miR-708 we
identified in this study.

The most of knowledge for miR-708 is about its involve-
ment in tumorigenesis and immune response.*** But a
few studies indicated the alteration of miR-708 expres-
sion in aging. For example, Noren et al.?*> showed that
miR-708 expression reduced in blood of the elderly; Lee
et al.”** reported that miR-708 expression positively asso-
ciated with longer lifespan of mice. Consistent with these
clues, the aging protective role of miR-708 got cleared
by in the present study, with the causal relationship
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verification based on in vitro and in vivo experiments.
Although experimental data from naturally aged mice
should be more ideal, our results from D-gal-injected
mice are still valuable since plenty of investigations have
revealed the presenile phenotypes, molecular and patho-
physiologic aging alterations of this model mice, such as
decreases in physical power and cognition ability, elevated
signs of oxidative stress and DNA damage, higher expres-
sion of pl6 and proinflammation factors in tissues, and
obvious degenerative alterations in organs.>>~%’

Our finding that miR-708 can directly target DAB2 is
intriguing and interesting. Although DAB2 expression can
be regulated by other miRNAs, like miR-93 and miR-
191,%3#** its relationship with SA-miRNAs has not been
reported before. In a matter of speaking, several pieces of
information are supportive for our finding, which demon-
strated the implication of DAB2 in AKT-mTOR pathway
regulation,® or the aging-promoting implication of con-
sistent mTOR activation.***® Moreover, the association
between DAB2 and autophagy has been reported in pre-
vious. The relevant stated that DAB2 can obstruct the
formation of the BECLIN-1-VPS34 complex and subse-
quently inhibit autophagy processes.’’ In the present
study, we explored another mechanism to explain the
autophagy-inhibitory role of DAB2, that is the mTORC1
pathway activation. It is worth to mention that the find-
ing based on this study seems contradictory to some other
studies, which demonstrated that DAB2 acts for AKT inac-
tivation and protein synthesis suppression,***’ whereas in
our study context, DAB2 worked positively for senescent-
associated mTOR activation. We could not explain this
discrepancy confidently up to now, just keep two possi-
bilities in mind for further consideration. One possibility
is that DAB2 may work with a protein complex different
from complex AKT involved, and this complex affects pos-
itively mTOR activity in the senescence context. Another
possibility is that the effect of DAB2-mediated AKT inac-
tivation on mTORC]1 activity may become reprogrammed
in a context where mTORCI is sustainedly activated,
like in senescent cells, where a novel reciprocal rela-
tionship established between AKT-mTORC]1 cascade and
mTORC2-AKT cascade.*® Anyway, we believe that either
the relationship between miR-708 and DAB2, or the asso-
ciation between DAB2 and mTORCI, is not one-to-one
specific, so that other pathways and mechanisms could not
be neglected when discussing about the aging-protective
role of miR-708 and the aging-promoting role of DAB2.

AMPK-prompted miR-708 maturation is also an intrigu-
ing finding of this study. It was first hinted in our miRNA
differential expression profile, and then ensured by com-
paring the effect of metformin on pre miR-708 expression
and maturated miR-708 expression. Like the majority of
other miRNAs, miR-708 processing goes through the for-

mations of pri-miR-708, pre-miR-708, and mature miR-708
in succession, where the stage for the transition from pre-
miR-708 to miR-708 are managed by DICER and AGO
enzymes.*’ Consistent with the information that AMPK
activity can increase the expression of DICER and both
of them declined with aging,”*>' our investigation verified
that AMPK can upregulate DICER expression and DICER
is necessary for miR-708 expression. In fact, these find-
ings are consistent with those proposed by others, even
though previous studies are not executed in the aging-
or senescence-relevant system. For instance, Tan et al.®
found that miR-708 expression was significantly elevated
in metformin-treated human breast cancer cell lines in a
dose-dependent manner. From this point of view, miR-708
is an important mediator for the antiaging effect of AMPK.

In conclusion, this study demonstrates that miR-708
poses antiaging property, and acts at least in part by the
direct inhibition of DAB2 expression. It also proposes a
novel signaling cascade where AMPK and miR-708 at
upstream, and DAB2 and mTORCI1 at downstream, and
reveals a mechanism by which AMPK promotes miR-708
maturation via upregulating DICER, and miR-708 sup-
presses DAB2 expression that consequently blocks the
aberrant mTOR activation, so that to prevent cellular
senescence and aging. This finding has promising sig-
nificance for further studies, because it identified a new
antiaging molecule miR-708 and figured out a new but
targetable cascade for aging regulation. Not only, the
elucidated miR-708 action and regulation expand our
understanding about the aging protection mechanism of
AMPK. Evidence needs to be collected to solidly verify
the molecular cascade flux we proposed, particular those
sampling from primate and human body.

4 | MATERIALS AND METHODS

4.1 | Cell culture and treatments

NIH3T3, MRC-5 and HEK293 were purchased from Shang-
hai Institutes for Biological Sciences of Chinese Academy
of Sciences (Shanghai, China); human primary fibrob-
lasts cells (HFs) were obtained from the human primary
sphenoid sinus mucosa tissues.

H,0,-induced cellular senescence: NIH3T3 and MRC-5
cells were treated with H,O, (400 or 100 uM, respec-
tively) for 1 h and then incubated with complete medium
for 3 days as described previously.'"®!” ADR-induced cel-
lular senescence: NIH3T3 cells were treated with 1 uM
of ADR for 6 days, with once medium change on the
third day. Replicative senescence: HFs cells were cultured
routinely and split 1:3 for passaging until they reached
apparent growth arrest with phenotypes of senescence as
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previously described.”> Cells were incubated with Met
(8 mM), AICAR (10 uM), Compound C (10 uM), or
MHY1485 (10 nM) in senescence process.

4.2 | Acquisition and analysis of miRNA
expression profile

H,0,-induced senescent cells, Met-intervened senescent
cells and their homologous proliferating cells (NIH3T3)
were cultured and collected for small RNA sequencing.
Nine samples from three dependent experiments were
sequenced by Novogene (Beijing, China) and analyzed
by Chengdu Bayer Biotechnology Corporation (Chengdu,
China). DESeq analysis was used to identify differentially
expressed miRNAs with a threshold of fold change >1.5
and p < 0.01.

4.3 | miRNA and siRNA transfection

Cells were transfected with miRNA/siRNA (50 nm)
using transfection reagent (jetPRIME; Polyplus, France)
for 6-8 h, then replaced with fresh DMEM medium.
The miRNA and siRNA preparations were synthesized by
GenePharma (Shanghai, China) with following sequences:
mmu-miR-CTL: CAGUACUUUUUGUGUAGUACAA,
mmu-miR-708 mimics, the synthetic RNA fragment with
the sense sequence of miR-708 (miR-708): AAGGAGCUU
ACAAUCUAGCUGGG, mmu-miR-708 inhibitor, the
synthetic RNA fragment with the antisense sequence of
miR-708 (anti-miR-708): CCCAGCUAGAUUGUAAGCU
CCUU, pre-miRNA: CUGUGUUUUGAAAUGGGGACU
GCCCUCAAGGAGCUACAAUCUAGCUGGGGGUAGAU
GACUUGCACUUGAACACAACUAGACUGUGAGCUUC
UAGAGAGGGCAGGGGCCUUA, mmu-si-CTL positive
strand: ”-UUCUCCGAACGUGUCACGUTT-", antisense
strand ’-ACGUGACACACGUUCGGAGAATT-”, mmu-si-
Dab2 positive strand: ”-GAGTCAATGTCCAAATACT-”,
antisense strand ”-AGTATTTGGACATTGACTC- .

4.4 | Quantitative real-time PCR

RNA samples were collected using Trizol reagent (San-
gon Biotech, Shanghai, China) following the manufac-
turer provided protocol. For cDNA synthesis or miRNA
RT-PCR, reverse transcription was performed using RT
SuperMix (R123-01; Vazyme, Nanjing, China) or All-in-
One™ miRNA First-Strand cDNA Synthesis Kit (QP114;
GeneCopeia, Guangzhou, China), respectively, according
to manufacturer’s protocols. Real-time PCR was conducted
using the 2* SYBR Green qPCR Master Mix (B21202;

Bimake) on the Real-Time System (ABI, USA). Primer
sequences are listed in Table SI.

4.5 | Western blot

Collecting, blotting, imaging, and quantification of pro-
tein samples were conducted using the standard reagents
and protocols. The following antibodies and dilutions were
used: f-actin (bs-10966R; Bioss Antibodies; 1:1000), p16
(ab51243; Abcam; 1:1000), p21 (2947S; CST; 1:1000),DAB2
(12906S; CST; 1:500), p70 (A5512; Bimake; 1:1000), p-p70
(9204S; CST; 1:1000), mTOR (2983S; CST; 1:1000), p-mTOR
(5536S; CST; 1:1000), p62 (abl09012; Abcam; 1:2000),
AMPKa (5831S; CST; 1:1000), p-AMPKa (2535S; CST;
1:1000), DICER (ab227518; Abcam; 1:500), goat anti-Rabbit
IgG (H&L) HRP conjugate (701051; ZEN-BIOSCIENCE;
1:10000).

4.6 | SA-B-gal staining

SA-B-gal activity in cells was measured detected in situ
using f-galactosidase staining kit (G1580; Solarbio, Bei-
jing, China) according to manufacturer’s protocol. The
percentage of SA-S-gal positive cells with blue-green
coloring were calculated based on the images from
a phase contrast microscopy. Five random fields of
microscope were selected for counting in each group,
and the experiment was repeated at least three times
independently.

4.7 | Human blood sample acquisition
and detection

The study was approved by the Medical Ethics Committee
of The Second People’s Hospital of Changzhi City. Human
venous blood was drawn in the morning after 12 h fast-
ing and centrifuged at 600 g for 10 min and discard the
supernatant. Precipitation is fully lysed by red blood cell
lysate (B541001; Sangon Biotech), and centrifuged at 900 g
for 10 min. Separated specimens were stored in a —80°C
refrigerator or performed subsequent miRNA extraction
and detection.

4.8 | Animal experiments

6—8 week-aged male C57BL/6J mice were purchased from
the HuaFuKang Biotechnology Company (Beijing, China).
Mice were kept in an SPF-grade environment with free
access to feed and water.
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D-gal-induced accelerated aging model were performed
as described previously.”>?” After 2 weeks of adaptive
feeding, mice were randomly divided into five groups
(n = 6): the control group (saline group), the aging-
like model group (D-gal group), miR-708 intervention
group (D-gal+miR-708 group), Met intervention group
(D-gal+Met group), and miR-708 and Met cointerven-
tion group (D gal+Met+anti-miR-708 group). Saline group
mice were given saline only, D-gal group mice accepted
daily 125 mg/kg D-gal injection (i.p.) for 3 months,
and D-gal+miR-708 group mice accepted D-gal injection,
together with one-time injection of miR-708/GFP-AAV9
(AA09-MmiR3115-MR14-400; GeneCopoeia, Guangzhou,
China) at the beginning of the experiment (2 x 10U
GC), D-gal+Met group mice accepted D-gal injection also,
together with Met (100 mg/kg/day), and D-gal+Met+anti-
miR-708 group mice accepted D-gal and Met injection
together with anti-miR-708/mcherry-AAV9. D-gal was
purchased from Sigma-Aldrich (St. Louis, MO, USA);
Met was purchased from MUSTBIO technology (Chengdu,
China); AAV9 carrying miR-708 and anti-miR-708 were
constructed and packaged by GeneCopoeia (AA09-MmiR-
ANO0783-AMO07-400). Aging-related indices were evaluated
after 3 months and after mice were sacrificed. After the gav-
age, the blood, liver, brain, and kidney tissues were isolated
completely and collected for subsequent experiments.

4.9 | The ethological experiments

(1) Endurance test: mice were put on a mouse treadmill
(Ugo Basile, Milan, Italy), that was set at an incline
of 5%, running speed of 15 m/min, running time of
1 h, electrical stimuli (current intensity of 1 mA and
the threshold of 50 shocks). As running practice, mice
were accustomed to run on the treadmill 30 min/day
for 3 consecutive days before the experiment. The
endurance of mice was assessed based on the running
distance and the number of electrical stimuli.

(2) Grip strength test: a grip strength meter (Saiangsi,
Jiangsu, China) was used to assess the grip strength of
mice forelimbs. When the griping net was attached to
the forelimb of mice, the tail of each mouse was pulled
back gently and in parallel, and the tension reading
was defined as the forelimb grip strength (g) before
net was released by mouse. Each mouse accepted three
consecutive tests and the mean of grip strengths was
taken.

(3) Memory test: the short memory of mice was evaluated
using a Y-maze apparatus (Saiangsi). The experiment
was divided into training phase and formal phase. In
training phase: the novel arm was closed, and each
mouse was put into the start arm, who are allowed

to move freely in the start arm and the other arm
for 10 min. In formal phase: After 1 h of training,
the novel arm was opened, and each mouse put into
the start arm moved freely in all three arms and its
trace were recorded for 5 min. The memory of each
mouse was calculated as a score of spontaneous alter-
ation = total number of alterations/total number of
arm entries X 100%.

4.10 | MDA level and SOD activity
measurement

MDA level or SOD activity in liver was measured using
an MDA content detection kit (BC0025; Solarbio) or SOD
activity detection kit (BCO0175; Solarbio) following the
manufacturer’s protocol.

4.11 | Lentivirus construction and
cell-line screening

The coding region fragment of Dab2 was obtained by
amplifying mouse cDNA with Phanta® Super-Fidelity
DNA Polymerase (P511-01; Vazyme), then inserted into the
pLVX-Puro lentiviral expression vector (Clontech, Shiga,
Japan). miR-708 and miR-CTL plasmids were purchased
from GeneCopoeia (Guangzhou, China). The lentivirus of
Dab2, miR-708 and miR-CTL were separately packaged,
transduced, and screened according to standard protocol.

4.12 | Dual-luciferase reporter assay

Two special luciferase expressing reporters were estab-
lished, carrying the wide type 3'UTR of the Dab2 gene
(pF-wDab2), and the mutated 3'UTR of the Dab2 gene (pF-
mDab2), respectively. The mutated one lost the miR-708
binding site, and an empty reporter without the 3'UTR
of the Dab2 gene was used as the negative control (pF-
CTL). These reporters were cotransfected with miR-708
mimics or miR-CTL into HEK293 cells using the trans-
fection reagent (jetPRIME; Polyplus). After 48 h, the cells
were collected and the luciferase activities were measured
sing a dual-luciferase reporter assay (Vazyme; DD1205-01)
according to manufacturer’s protocol. Three independent
experiments were carried out.

4.13 | Statistical analysis

The statistical data were represented as the mean + SD
from at least three independent experiments. GraphPad
Prism 8 software were used to assess statistical signifi-
cance. Comparisons between two groups were performed
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using an unpaired Student’s ¢-test. Differences were ana-
lyzed one-way ANOVA followed by Dun’s test for multiple
comparisons. Statistical significance was set at p < 0.05.

AUTHOR CONTRIBUTIONS

Jian Zhang designed and supervised the study, carried
out most of the experiments, analyzed the data, pre-
pared the figures, and wrote the draft of the manuscript.
Hui Gong, Tiepeng Li, Ming Yang, Chuhui Gong, Ning
Huang, Yu Yang, and Cuiying Zhang performed some
experiments. Tingting Zhao, Weitong Xu, Honghan Chen,
Fangfang Wang, and Jin Liu contributed to data analy-
sis and manuscript preparation. Hengyi Xiao conceived
and designed the concept of this study, and revised this
manuscript. All authors reviewed and approved the final
version of the manuscript.

ACKNOWLEDGEMENTS

This work was supported by the grants from the National
Natural Science Foundation of China (Grant Nos. 82071589
to Hengyi Xiao), the National Key R&D Program of China
(Grant Nos. 2018YFC2000400 to Hengyi Xiao), Chongging
Postdoctoral Science Foundation Project (Grant Nos.
2023NSCQ-BHX0074 to Jian Zhang), National Natural Sci-
ence Foundation of China (Grant Nos. 82101629 to Hui
Gong), Post-Doctor Research Project, West China Hospi-
tal, Sichuan University (Grant Nos. 2021HXBHO003 to Hui
Gong), and the China Postdoctoral Science Foundation
(Grant Nos. 2022M722282 to Hui Gong).

CONFLICT OF INTEREST STATEMENT
The authors declare that they have no conflict of interest.

DATA AVAILABILITY STATEMENT

The small-RNA sequencing data included in this study
are available in the NCBI Sequence Read Archive
(SRA). The SRA under the following accession numbers:
SRR10828466, SRR10828465, SRR10828464, SRR10828463,
SRR10828462, SRR10828461, SRR10828460, SRR10828459,
and SRR10828458. Other data in this study are available
from the corresponding author upon reasonable request.

ETHICS STATEMENT

In this study, the collection of clinical samples has obtained
the approval of the Medical Ethics Committee of The Sec-
ond People’s Hospital of Changzhi City (CZEYLI-007).
All animal experiments were conducted in accordance
with protocols approved by the Laboratory Animal Ethics
Committee of West China Hospital, Sichuan University
(IACUC, 2022081204), and all operating procedures fol-
lowed the guide for the Care and Use of Laboratory
Animals.

ORCID
Jian Zhang © https://orcid.org/0000-0001-7862-7119
REFERENCES

1. Campisi J. Senescent cells, tumor suppression, and organismal
aging: good citizens, bad neighbors. Cell. 2005;120(4):513-522.

2. Gorgoulis V, Adams PD, Alimonti A, et al. Cellular senescence:
defining a path forward. Cell. 2019;179(4):813-827.

3. Khan SS, Singer BD, Vaughan DE. Molecular and physiologi-
cal manifestations and measurement of aging in humans. Aging
Cell. 2017;16(4):624-633.

4. Rufini A, Tucci P, Celardo I, et al. Senescence and aging: the
critical roles of p53. Oncogene. 2013;32(43):5129-5143.

5. Rayess H, Wang MB, Srivatsan ES. Cellular senescence and
tumor suppressor gene pl6. Int J Cancer. 2012;130(8):1715-1725.

6. Wiley CD, Campisi J. The metabolic roots of senescence:
mechanisms and opportunities for intervention. Nat Metab.
2021;3(10):1290-1301.

7. Kim YC, Guan KL. mTOR: a pharmacologic target for autophagy
regulation[J]. J Clin Invest. 2015;125(1):25-32.

8. XulJ,JiJ, Yan XH. Cross-talk between AMPK and mTOR in reg-
ulating energy balance[J]. Crit Rev Food Sci Nutr. 2012;52(5):373-
381.

9. Johnson SC, Rabinovitch PS, Kaeberlein M. mTOR is a
key modulator of ageing and age-related disease. Nature.
2013;493(7432):338-345.

10. Salminen A, Kaarniranta K. AMP-activated protein kinase
(AMPK) controls the aging process via an integrated signaling
network. Ageing Res Rev. 2012;11(2):230-241.

11. Munk R, Panda AC, Grammatikakis I. Senescence-Associated
MicroRNAs. Int Rev Cell Mol Biol. 2017;334:177-205.

12. Ma X, Zheng Q, Zhao G, et al. Regulation of cellular senescence
by microRNAs. Mech Ageing Dev. 2020;189:111264.

13. Ito T, Yagi S, Yamakuchi M. MicroRNA-34a regulation of
endothelial senescence[J]. Biochem Biophys Res Commun.
2010;398(4):735-740.

14. Zheng Y, Xu Z. MicroRNA-22 induces endothelial progeni-
tor cell senescence by targeting AKT3. Cell Physiol Biochem.
2014;34(5):1547-1555.

15. Zhu S, Deng S, Ma Q, et al. MicroRNA-10A* and MicroRNA-21
modulate endothelial progenitor cell senescence via suppressing
high-mobility group A2. Circ Res. 2013;112(1):152-164.

16. Lang A, Grether-Beck S, Singh M, et al. MicroRNA-15b regulates
mitochondrial ROS production and the senescence-associated
secretory phenotype through sirtuin 4/SIRT4. Aging (Albany
NY). 2016;8(3):484-505.

17. Borgdorff V, Lleonart ME, Bishop CL, et al. Multiple microR-
NAs rescue from Ras-induced senescence by inhibiting
p21(Wafl/Cipl). Oncogene. 2010;29(15):2262-2271.

18. Han X, Tan H, Wang X, et al. AMPK activation protects cells
from oxidative stress-induced senescence via autophagic flux
restoration and intracellular NAD(+) elevation. Aging Cell.
2016;15(3):416-427.

19. Gong H, Chen HH, Xiao P, et al. miR-146a impedes the anti-
aging effect of AMPK via NAMPT suppression and NAD*/SIRT
inactivation. Signal Transduct Target Ther. 2022;7(1):66-79.

20. Salmon EE, Breithaupt JJ, Truskey GA. Application of oxida-
tive stress to a tissue-engineered vascular aging model induces
endothelial cell senescence and activation. Cells. 2020;9(5):1292.


https://orcid.org/0000-0001-7862-7119
https://orcid.org/0000-0001-7862-7119

woris | MedComm

ZHANG ET AL.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Open Access,

Lee JJ, Ng SC, Hsu JY, et al. Galangin reverses H,0,-induced
dermal fibroblast senescence via SIRT1-PGC-1a/Nrf2 signaling.
Int J Mol Sci. 2022;23(3):1387.

Podhorecka M, Ibanez B, Dmoszyniska A. Metformin—its poten-
tial anti-cancer and anti-aging effects. Postepy Hig Med Dosw.
2017;71(0):170-175.

Noren HN, Abdelmohsen K, Gorospe M, et al. microRNA
expression patterns reveal differential expression of target genes
with age. Plos One. 2010;5(5):€10724.

Lee BP, Buric I, George-Pandeth A, et al. MicroRNAs miR-
203-3p, miR-664-3p and miR-708-5p are associated with median
strain lifespan in mice. Sci Rep. 2017;7:44620.

Azman KF, Rahimah Zakaria R. D-Galactose-induced acceler-
ated aging model: an overview. Biogerontology. 2019;20(6):763-
782.

Lu J, Zheng YL, Wu DM, et al. Ursolic acid ameliorates cog-
nition deficits and attenuates oxidative damage in the brain of
senescent mice induced by D-galactose. Biochem Pharmacol.
2007;74(7):1078-1090.

Sun K, Yang P, Zhao R, et al. Matrine attenuates D-galactose-
induced aging-related behavior in mice via inhibition of cel-
lular senescence and oxidative stress. Oxid Med Cell Longev.
2018;2018:7108604.

Abdelgawad 1Y, Sadak KT, Lone DW. Molecular mechanisms
and cardiovascular implications of cancer therapy-induced
senescence. Pharmacol Ther. 2021;221:107751.

Han X, Chen H, Gong H, et al. Autolysosomal degradation
of cytosolic chromatin fragments antagonizes oxidative stress-
induced senescence. J Biol Chem. 2020;295(14):4451-4463.
Jiang'Y, Woosley AN, Sivalingam N, et al. Cathepsin-B-mediated
cleavage of Disabled-2 regulates TGF-beta-induced autophagy.
Nat Cell Biol. 2016;18(8):851-863.

Ogbu SC, Musich PR, ZhangJ, et al. The role of disabled-2 (Dab2)
in diseases. Gene. 2021;769:145202.

Vuong NH, Salah SO, Vanderhyden BC. 17beta-Estradiol sensi-
tizes ovarian surface epithelium to transformation by suppress-
ing Disabled-2 expression. Sci Rep. 2017;7(1):16702.

Goldbraikh D, Neufeld D, Eid-Mutlak Y, et al. USP1 deubiquiti-
nates Akt to inhibit PI3K-Akt-FoxO signaling in muscle during
prolonged starvation. EMBO Rep. 2020;21(4):e48791.

Tsai HJ, Huang CL, Chang YW, et al. Disabled-2 is required for
efficient hemostasis and platelet activation by thrombin in mice.
Arterioscler Thromb Vasc Biol. 2014;34(11):2404-2412.

Tan W, Tang H, Jiang X, et al. Metformin mediates induc-
tion of miR-708 to inhibit self-renewal and chemoresistance of
breast cancer stem cells through targeting CD47. J Cell Mol Med.
2019;23(9):5994-6004.

Ronnett GV, Kim EK, Landree LE, et al. Fatty acid metabolism
as a target for obesity treatment. Physiol Behav. 2005;85(1):25-35.
Di Micco R, Krizhanovsky V, Baker D, et al. Cellular senescence
in ageing: from mechanisms to therapeutic opportunities. Nat
Rev Mol Cell Biol. 2021;22(2):75-95.

Duan JL, Ruan B, Song P, et al. Shear stress-induced cellu-
lar senescence blunts liver regeneration through Notch-sirtuin
1-P21/P16 axis. Hepatology. 2022;75(3):584-599.

Sun L, Zhao Q, Xiao Y, et al. Trehalose targets Nrf2 signal to alle-
viate d-galactose induced aging and improve behavioral ability.
Biochem Biophys Res Commun. 2020;521(1):113-119.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

Gerasymchuk M, Cherkasova V, Kovalchuk O, et al. The role
of microRNAs in organismal and skin aging. Int J Mol Sci.
2020;21(15):5281.

Huang W, Wang WT, Fang K, et al. MIR-708 promotes phago-
cytosis to eradicate T-ALL cells by targeting CD47. Mol Cancer.
2018;17(1):12.

Sun SN, Hu S, Shang YP, et al. Relevance function of microRNA-
708 in the pathogenesis of cancer. Cell Signal. 2019;63:109390.
Yang K, Li YW, Gao ZY, et al. MiR-93 functions as a tumor
promoter in prostate cancer by targeting disabled homolog
2 (DAB2) and an antitumor polysaccharide from green tea
(Camellia sinensis) on their expression. Int J Biol Macromol.
2019;125:557-565.

Tian X, Zhang Z. miR-191/DAB2 axis regulates the tumori-
genicity of estrogen receptor-positive breast cancer. [IUBMB Life.
2018;70(1):71-80.

Cayo A, Segovia R, Venturini W, et al. mTOR activity and
autophagy in senescent cells, a complex partnership. Int J Mol
Sci. 2021;22(15):8149.

Cadena SM, Heberle AM, Rehbein U, et al. mTORCI crosstalk
with stress granules in aging and age-related diseases. Front
Aging. 2021;2:761333.

Yan ZX, Wu LL, Xue K, et al. MicroRNA187 overexpression is
related to tumor progression and determines sensitivity to borte-
zomib in peripheral T-cell lymphoma. Leukemia. 2014;28(4):880-
887.

Ballesteros-Alvarez J, Andersen JK. mTORC?2: the other mTOR
in autophagy regulation. Aging Cell. 2021;20(8):e13431.
Matsuyama H, Suzuki HI. Systems and synthetic microRNA
biology: from biogenesis to disease pathogenesis. Int J Mol Sci.
2019;21(1):132.

Liu J, Liu W, Ying H, et al. Analysis of microRNA expres-
sion profile induced by AICAR in mouse hepatocytes. Gene.
2013;512(2):364-372.

Noren HN, Martin-Montalvo A, Dluzen DF, et al. Metformin-
mediated increase in DICERI1 regulates microRNA expression
and cellular senescence. Aging Cell. 2016;15(3):572-581.
Ricciarelli R, Azzi A, Zingg JM. Reduction of senescence-
associated beta-galactosidase activity by vitamin E in human
fibroblasts depends on subjects’ age and cell passage number.
Biofactors. 2020;46(4):665-674.

SUPPORTING INFORMATION
Additional supporting information can be found online

in

the Supporting Information section at the end of this

article.

How to cite this article: Zhang J, Gong H, Zhao
T, et al. AMPK-upregulated microRNA-708 plays as
a suppressor of cellular senescence and aging via
downregulating disabled-2 and mTORC1 activation.
MedComm. 2024;5:e475.
https://doi.org/10.1002/mco02.475


https://doi.org/10.1002/mco2.475

	AMPK-upregulated microRNA-708 plays as a suppressor of cellular senescence and aging via downregulating disabled-2 and mTORC1 activation
	Abstract
	1 | INTRODUCTION
	2 | RESULTS
	2.1 | miR-708 expression is lower in senescent cells and aged tissues
	2.2 | miR-708 alleviates cellular senescence
	2.3 | miR-708 restrains mouse aging
	2.4 | Dab2 is a direct target of miR-708
	2.5 | MiR-708 withstands senescence through suppressing DAB2/mTOR signaling
	2.6 | MiR-708 expression is positively regulated by AMPK
	2.7 | MiR-708 mediates the anti-aging effect of AMPK

	3 | DISCUSSION
	4 | MATERIALS AND METHODS
	4.1 | Cell culture and treatments
	4.2 | Acquisition and analysis of miRNA expression profile
	4.3 | miRNA and siRNA transfection
	4.4 | Quantitative real-time PCR
	4.5 | Western blot
	4.6 | SA-b-gal staining
	4.7 | Human blood sample acquisition and detection
	4.8 | Animal experiments
	4.9 | The ethological experiments
	4.10 | MDA level and SOD activity measurement
	4.11 | Lentivirus construction and cell-line screening
	4.12 | Dual-luciferase reporter assay
	4.13 | Statistical analysis

	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGEMENTS
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT

	ETHICS STATEMENT
	ORCID
	REFERENCES
	SUPPORTING INFORMATION


