
MicroRNA as key players in skin regeneration
and anti-aging pathways
Hanieh Azizi1, RezaMoghadasali2, Amir MohammadAmirkhani3, Ehsan Taghiabadi3,* andMohammad
Ali Nilforoushzadeh3,4,*

1Department of Advanced Biological Sciences and Technologies, University of Science and Culture, Tehran, Iran. 2Department of

Stem Cells and Developmental Biology, Cell Science Research Center, Royan Institute for Stem Cell Biology and Technology, ACECR,

Tehran, Iran. 3Skin and Stem Cell Research Center, Tehran University of Medical Science, Iran. 4Skin Repair Research Center, Jordan

Dermatology and Hair Transplantation Center, Tehran, Iran.

*Corresponds to:

Ehsan Taghiabadi, E-mail: etaghiabadi@sina.tums.ac.ir.

Mohammad Ali Nilforoushzadeh, E-mail: nilforoosh@sina.tums.ac.ir

ABSTRACT MicroRNAs (miRNAs) are a class of small non-coding RNAs

that significantly impact skin rejuvenation via gene regulation that is

involved in mechanisms such as regeneration, wound repair, and aging.

By potentially shifting pathways modulating inflammation, cell prolifera-

tion, and extracellular matrix remodeling, they can be considered as an

effective anti-aging intervention candidate. Such molecular mechanisms

of miRNAs in cutaneous homeostasis of fibroblast activity, keratinocyte

differentiation, and collagen synthesis are provided in the current re-

view. Representative miRNAs such as miRNA-124, miRNA-377, miRNA-

34 family, and miRNA-29 family, miRNA-302b-3p, miRNA-361-5p, miRNA-

146a, miRNA-21, miRNA-181-a, miRNA155 demonstrate distinct roles in

regulating wound healing, inflammatory resolution, maintaining the ex-

tracellular matrix, and handling oxidative stress. This review highlights

current knowledge of miRNA-mediated regulation in skin regeneration

and aging and synthesizes recent findings on their individual functions

in these biological processes. It also emphasizes the potential of miRNA-

based interventions as a next generation approach to skin rejuvenation,

while addressing existing challenges that must be resolved before these

strategies can be translated into clinical applications.
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INTRODUCTION

The skin comprises three layers: the epidermis, the dermis, and

the hypodermis. The outermost layer, known as the epidermis,

protects the body and contains cells like keratinocytes and

melanocytes that secrete pigment and protect it from UV

damage. Underneath, the dermis offers both strength and

elasticity with the presence of collagen fibers, supporting

the vascular system, nerve endings, glands, and hair follicles

that serve sensation and renewal. The deepest layer is the

hypodermis, composed mostly of fat cells to cushion muscles

andbonesbut to insulate thebodyand regulate temperature [1].

Skin aging results from the interplay of intrinsic biological

processes and extrinsic environmental exposures. Intrinsic ag-

ing reflects genetically programmed and metabolic changes

that progressively reduce cellular function, whereas extrinsic

factors most notably ultraviolet radiation, pollution, and lifestyle-

associated stressors accelerate structural and biochemical de-

terioration. Together, these influences lead to thinning of the

epidermis, impaired barrier integrity, and extensive remodeling

of the dermal extracellular matrix (ECM) [2].

More broadly, aging is a complex, multifactorial process

characterized by progressive structural and functional decline

across cells, tissues, and organs [3]. The skin provides

one of the most apparent reflections of this trajectory, as

intrinsic physiological changes combined with cumulative

environmental damage to produce impaired barrier function,

metabolic dysregulation, diminished repair mechanisms, and

degradation of structural proteins. Collectively, these processes

underlie the clinical and histological features associated with

aged skin [4].
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A key driver of these changes is the age-related decline in

fibroblast function. Fibroblasts are the predominant cells in der-

mal tissues and produce collagen and other ECM constituents

which maintain the structural integrity of the skin. Fibroblast

changes under aging, such as cell cycle dysregulation, DNA

damage, apoptosis, and impaired ECM turnover, are related to

dermal homeostasis and function. Fibroblast senescence is thus

identifiedasa keydriver of cutaneousaging. Excessiveoxidative

stress, genetic and epigenetic alterations, mitochondrial dys-

function, and age-associated decline in immune surveillance

are some of the mechanisms that drive this process [5].

Epigenetic changes, such as DNA methylation, histone

changes, and chromatin remodeling, are also believed to play

a crucial role in aging processes [6]. The most important task of

DNA methyltransferase 1 (DNMT1), which Bestor [7] revealed

for the first time in 1988, is to maintain DNA methylation after

replication and promote transfer of this methylation state to

descendant cells. Global levels andpatternsofDNAmethylation

with skin agingweredetected in ahigh-throughput study. In one

study [8], Tet2, DNMT3a, and DNMT3b expression significantly

reduced in mouse skin as the skin aged, but few previously

investigated DNA methyltransferase roles and mechanisms for

skin aging. Repeated and unprocessed cellular stress can lead

to cellular senescence. MiRNA response is one of the chemical

reactions that cells undergo to stress [9]. MiRNAs refer to small,

naturally occurring, single-stranded RNA that does not code

for proteins. To accomplish this, they interact with a portion of

a target mRNA molecule known as the 3’ UTR. At this point,

the translation process either stops, or the mRNA molecule is

fragmented, enabling theoperationof regulating the expression

of several genes [10]. Studies have associated miRNA profiles

with age-related properties, supporting the underlying role of

miRNA profiles in multifaceted cellular functions and systemic

aging processes overall [11].

BIOGENESISOFMicroRNAs

As of the present date, about 2700 humanmaturemiRNAs have

been identified, and they are responsible for targeting over 60%

of human protein-coding genes. In addition, miRNAs are be-

lieved to regulate theexpressionof almostone-thirdof all human

genes [12]. miRNAs are a class of small, non-coding, endoge-

nous, evolutionarily conserved RNAs that are roughly 19–24

nucleotides long. Their main functions are to control translation

and messenger RNA (mRNA) levels. Their primary function is

post-transcriptional regulation of gene expression [13].

The ability of miRNAs to cleave mRNA targets and prevent

translation results in decreased protein levels. Additionally,

miRNA binding has been demonstrated to activate mRNA

decay factors, increasingmRNA instability and degradation and

ultimately lowering expression levels [14]. Moreover, a variety

of pathobiological processes, such as cancer, age-related

illnesses, tissue degradation, apoptosis/necrosis, differentiation,

and cell proliferation, have been shown to be influenced by

miRNAs [15].

The biogenesis of miRNAs occurs through a multi-step pro-

cess that requires both nuclear and cytoplasmic phases. In the

nucleus, RNA polymerase II and III normally transcribe miRNAs

as a long primary miRNA (pri-miRNA) with a cap and a poly-

A tail. Pri-miRNA has a terminal loop composed of a double-

stranded stem of about 30 base pairs and two flanking unstruc-

tured single-stranded tails. The RNase III enzyme Drosha and

the double-stranded RNA binding protein DGCR8 (Di George

syndrome critical region 8 gene) make up the microproces-

sor complex, which breaks down pri-miRNAs into short 60–70

nucleotide stem-loop structures known as precursor miRNAs

(pre-miRNAs) [16]. The Exportin5 (XPO5) complex, a part of the

karyopherin � family attached to the Ras-related nuclear protein
(Ran) GTPase, facilitates the translocation of pre-miRNA into cy-

toplasm across the nuclear pore complex. Pre-miRNAdischarge

occurs in the cytoplasm when guanosine triphosphate (GTP) is

hydrolyzed to guanosine diphosphate (GDP) [17].

Pre-miRNA is processed by the RNase III enzyme Dicer,

which produces the miRNA duplex with phosphate at the 5′

end and a two-nucleotide overhang with a hydroxyl group at

the 3′ end. When the RNA-induced silencing complex (RISC)

is present, the miRNA duplex is loaded onto the Argonaute

(AGO) protein. AGO and its companion protein, Dicer, also

referred to as the transactivation response RNA binding protein

(TRBP), make up RISC. The guide and passenger strands in the

miRNA duplex are identified by TRBP. The protein loads the

miRNA duplex onto the AGO protein in the proper orientation

after identifying the strand with the less stable 5’ end. Only

one strand remains to form an effector complex RISC after

AGO unwinds the duplex and extracts the passenger strand

while keeping the mature miRNA molecule. After its loading

into RISC, the miRNA base-pairs with the target mRNA to

direct the posttranscriptional repression [18]. Through their

interaction with the target mRNA’s 3′ untranslated region (UTR),

miRNAs appear to have two methods of inactivating the mRNA:

either by triggering mRNA degradation or by inhibiting the

translation of the target mRNA. The first mechanism is based on

complementary binding between miRNA and mRNA, followed

by the targetmRNAbeingdeadenedanddegraded.Thesecond

mechanism, in which the RISC complex blocks the ribosomal

subunit from binding, results in translational repression [19].

SKINMORPHOGENESIS ANDTHEROLEOF
MicroRNAs

Increasing evidence establishes miRNAs as critical epigenetic

orchestrators of skin homeostasis, fine-tuning the balance be-

tween stem cell self-renewal and lineage-specific differentia-

tion [20]. For example, specific subsets of miRNAs, such as miR-

125b, are preferentially expressed in skin stem cells to maintain

their self-renewal capacity [21]. In contrast, other miRNAs like

miR-203 function as molecular switches that enforce differenti-

ation by suppressing proliferative pathways, thereby driving the

transition from basal stem/progenitor cells to stratified epithelial

layers. This miRNA-mediated regulation underscores the com-

plexity of the molecular networks governing epidermal mainte-

nance and repair [22].

The generation of transient amplifying cells from basal

epidermal stem cells is crucial for the continuous renewal of

the human epidermis. These stem cells proliferate transient

amplifying cells, which subsequently migrate outward through
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the epidermis after reaching terminal differentiation. Positioned

near the basal membrane, this process involves numerous

biological activities that are tightly regulated, with miRNAs

potentially being a contributing factor [22]. Research indicates

thatmiRNAsare vital to thismechanism; for instance, a reduction

in epithelial-specific dicer or dgcr8 genes results in abnormal

hair follicle formation, improper barrier development, and

excessive proliferation of basal interfollicular keratinocytes. The

most prevalently expressed miRNAs in skin include miR-152,

miR-143, miR-126, miR-21, miR-27a, miR-214, miR-16, miR-203,

miR-125b, miR-34a, miR-205, miR-125a, and miR-191.

Additionally, there are families such as the miR-200 family

(comprising miR-200a, miR-200b, miR-200c, miR-141, and

miR-429), the miR-199 family (which includes both variants

of mir199), as well as members from the mir19/20 family

(encompassing mir19b and mir20 alongside mir17–5p and

mir93) Figure 1. Moreover, it has recently been shown that in

skin fibroblasts; families such as mir34 and mir29 along with

mir302b–3p are associated with skin aging processes [23].

MicroRNAs’ FUNCTION IN SKIN AGING

MiRNAs and their involvement in skin control and homeostasis

have become evident in recent years. Multiple evidence-based

studies have elucidated the role of new miRNAs in regulating

gene expression in stem cell and developmental biology. As of

now, a great deal is known regarding the function of miRNAs

in several stages of physiology, pathophysiology, as well as or-

ganismal development of various illnesses. Because it is unclear

how miRNAs influence the skin during development, matura-

tion, function, and aging, studies have been conducted to un-

derstand the relevant mechanisms. This is the focus for this sec-

tion on the mechanisms by which miRNAs maintain the molec-

ular regulation of the aging process and their primary targets in

the skin (keratinocytes, dermal fibroblasts, melanocytes) [23].

MicroRNAs AS REGULATORSOFKERATINOCYTE
DETERIORATION

One of the first investigations profiling senescence-associated

miRNAs in normal human keratinocytes (NHKs) identified 126

miRNAs that were significantly altered (fold-change > 2). Of

these, a global up-regulation was observed, with 117 miRNAs

(93%) showing increased expression, while only 9 miRNAs (7%)

were down-regulated compared to exponentially replicating

NHKs. Amongall threeNHKcultures, bothmiR-137 andmiR-668

were significantly up-regulated during both organismal aging

and replicative senescence. Because they also observed

down-regulated levels of miR-137 and miR-668 in a variety of

human head and neck squamous cell carcinoma cell lines,

the researchers thought that senescence could be a potent

tumor-suppressive mechanism. Moreover, they detected a

direct correlation between those above-mentioned miRNAs

and increments in senescence-associated � -galactosidase
activity, and the senescence markers p16INK4A and p53 of

the ARF/p53 and p16INK4A/RB pathways, respectively. Apart

from preventing cancer cells from proliferating, miR-137 is also

associated with generation of cell cycle G1 arrest by targeting

CDK6 and Cdc42. MiR-137 probably suppresses the Cdc42-

PAK1-MLC or ERK signaling pathway and the growth/invasion

of colorectal cancer cells by mimicking the impact of Cdc42

knockdown [24]. miR-138, miR-181a, miR-181b and miR-130b

in keratinocytes are up-regulated in replicative senescence.

These four miRNAs were found to influence the pathways that

regulate cell proliferation by concentrating on p63 and SIRT1

(Sirtuin 1) mRNAs. They also reduced cell death produced

by p53 and FOXO. In addition, the NAD-dependent SIRT1

enzyme also transformed cell differentiation, metabolism,

immune response, cellular utilization and process of energy,

stress responses, aging and metabolism, and the immune

response, as well as the SIRT1 enzyme, which utilizes NAD,

and in turn, changes in development of the aging process

were observed. SIRT1 also increased longevity of mammals,

and the suppression thereof led to cellular senescence. SIRT1

levels and their protective potential decline with age, resulting

in a variety of age-associated diseases [25]. Many cancers

have been associated with tumor-suppressor miRNAs as

down-regulated miR-138, miR-181a, miR-181b, and miR-130b,

in addition, miR-137 and miR-668. MiR-130b also targets

p63 mRNA in tandem, noted by several research groups.

The P63 gene is a transcription factor in the p53 family that

plays a pivotal role in epithelium development. Studies in

vivo and in vitro demonstrated that p63 prevents aging and

cellular senescence. Moreover, p63 directly downregulated

the expression of the senescence-related miRNAs, miR-130b,

miRNA-138, miRNA-181a, and miR-181b [25]. Studies have

shown that p63-dependent miRNA regulation of Dicer, as well

as TAp63-mediated activation of miR-130b, suppresses tumor

growth and metastasis and thereby inhibits tumorigenesis.

In keratinocytes, the senescence-associated miRNA miR-191

has been characterized in detail. MiR-191 targets CDK6 and

SATB1, thereby blocking the G1/S transition, inducing cell-

cycle arrest, and promoting a senescent state. In parallel,

miR-191 upregulates senescence-associated markers and

downregulates CDK6 and SATB1 expression. SATB1 is a

chromatin organizer that recruits coactivators such as histone

acetyltransferases (HATs) and corepressors such as histone

deacetylases (HDACs) to gene promoters, thereby acting as a

scaffold for chromatin-remodeling complexes [26].

THEREGULATIONOFDIFFERENTMELANOCYTE
PROCESSES BYAGE-DEPENDENTMicroRNAs

Melanocytes are specialized epidermal pigment-producing

cells that contribute to photoprotection by synthesizing

melanin. Their number and function decline with age, con-

tributing to age-related hypopigmentation and hair graying. In

human skin, melanocyte density decreases after approximately

age 25–30, with reported declines of about 10–20% per

decade, although chronically sun-exposed skin may show

higher melanocyte density and irregular pigmentation due

to altered melanocyte distribution and function [27]. Age-

dependentmiRNAs regulatemelanocytedeclinebymodulating

melanogenesis, senescence, proliferation, and survival

pathways, particularly through MITF, SIRT1/DNMT1, and
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FIGURE 1∙Distribution and functions of miRNAs in different layers of human skin.
p16/Rb signaling [28]. In B16-4A5 melanoma cells, miR-
141-3p and miR-200a-3p target the MITF 3’UTR, reduce TYR
activity, and inhibit melanin synthesis, whereas MITF normally
drives expression of key pigmentation genes and supports
melanocyte survival and function [29].

These miRNAs exert opposing effects on pigmentation
through distinct molecular mechanisms. miR-25 has been
reported to suppress MITF, thereby reducing the expression
of downstream melanogenic enzymes such as TYR, TYRP1,
and DCT and promoting skin lightning. In contrast, miR-
21-5p targets SOX5, a transcriptional repressor of MITF,
leading to increased MITF and TYR expression and enhanced
melanogenesis. Similarly, miR-434-5p promotes skin whitening
primarily by directly inhibiting tyrosinase and reducing melanin
production [30, 31].

Age-related loss of SCF and �-MSH may exacerbate
melanocyte dysfunction and reduce photoprotection. In
parallel, miR-34a/c upregulation can promote senescence
through SIRT1 suppression and p53/p21 activation, with
downstream effects on MITF-dependent melanogenesis [32].
Other age-associated miRNAs, including miR-217, have
been linked to senescence-associated epigenetic changes
through DNMT1 suppression and p16/pRb activation in skin
fibroblasts, whereas miR-181a-5p has been reported to inhibit
melanogenesis by targeting MITF in a hyperpigmentation
model [33, 34].

In melanoma, miR-205 is downregulated and exerts tumor-
suppressive effects by targeting E2F1/E2F5 and inhibiting pro-
liferation, whereas themiR-29 family suppressesmelanomapro-
gression in part through repression ofMAFG andMYBL2. These

findings support the broader concept that tumor-suppressive

miRNAs can restrainmelanomagrowth; however, specific repig-

mentation strategies such as anti-miR-25 or anti-miR-217 remain

insufficiently validated [35–37].

THE FUNCTIONOFMicroRNAREGULATION IN
DERMAL FIBROBLASTAGING

The ECM, which ismade up of proteins and certain polysaccha-

rides, is abundant in the dermal layer. Most of the dermal cells

are fibroblasts. Schwann cells, nerve endings, pericytes, mast

cells, tissue macrophages, endothelial cells packed in vessels,

and other immune system cells, on the other hand, make up

a minority [38, 39]. The reticular (lower) and papillary (upper)

layers make up the dermis. The reticular dermis has stronger

collagen fibers than the papillary layer, which begins at the

epidermal basement membrane and is more densely packed

with fibroblasts [40]. However, post-translational alterations or

changes in ECM protein turnover occur with aging, resulting in

a loss of ECM structure [41].

Like other cells, fibroblasts produce and replace extracel-

lular matrix components, aid in wound healing, and eventually

lose some of their functional abilities [42]. There is already a

large amount of evidence suggesting that miRNAs canmediate

fibroblast functions as well. In senescent skin fibroblasts, miR-

NAs are linked to a reduction in the production of transmem-

brane receptors (integrins, for example) and extracellular matrix

components (collagens, elastin) [43–45].

In human dermal fibroblasts that are proliferating, miR-152

and miR-181a cause senescence [44]. In fact, by specifically
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targeting and downregulating integrin �5 (ITGA5), miR-152
dramatically reduces cutaneous fibroblast adhesion. Integrin

�5 facilitates cell adhesion andmotility as a fibronectin receptor
and mediates cell-surface communication. Moreover, ITGA5

is an essential functional target of miR-205 in the epidermal

re-epithelialization process. Downregulation of miR-205 in

the migrating epithelial tongue facilitates skin wound re-

epithelialization by derepressing ITGA5, thereby increasing

keratinocyte migration, similar to the effects of TGF-�1. Notably,
elevatedmiR-181a directly targets and downregulates collagen

XVI (COL16A1) in senescent fibroblasts. Although collagen

XVI constitutes only a small fraction of the skin extracellular

matrix, it is expressed in fibroblasts, keratinocytes, smooth

muscle cells, and amnion. Collagen XVI is expressed at the

dermal–epidermal junction zone of the papillary dermis, where

it mechanically anchors extracellular matrix proteins to cells.

Remodeling of the dermal extracellular matrix in aged skin

appears to involve both miR-152 and miR-181a in a complex

manner [46, 47].

MicroRNAs ASAGINGBIOMARKERS

The expression of various miRNAs in cells, tissues, whole blood,

plasma, and serum has been shown to exhibit age-dependent

shifts, positioning these molecules as potential systemic

biomarkers [48–50]. Research assessing the regulation of

longevity and age-related pathologies across species has

identified key conserved miRNAs—such as let-7, lin-4, miR-17,

and miR-34—that are implicated in aging processes and, in

some contexts, may contribute to extended lifespans [51–53].

Within the specific context of skin physiology (summarized in

Table 1), these miRNAs function as critical regulatory hubs for

cellular senescence, ECM remodeling, and tissue regeneration.

Beyond acting as biomarkers, miRNAs are active drivers of

aging-related cellular decline [54]. For instance, miR-101

induces human fibroblast senescence through downregulation

of Ezh2, and the miR-27a-5p–SMAD2–MMP1/COL1/BCL2 axis

has been identified as a driver of G2/M cell cycle arrest and

apoptosis in primary human skin fibroblasts. These regulatory

pathways are supported by the essential machinery of miRNA

biogenesis, such as Dicer, which is expressed in both the

epidermis and the hair follicle’s outer root sheath to ensure

consistent miRNA maturation [55, 56]. The functional overlap

observed in these aging-related miRNAs is further explained by

their structural classification; miRNAs are frequently clustered

into families based on identical 5′ seed sequences (nucleotides

2–8), which serve as the primary determinant for mRNA target

recognition. This structural categorization allows for a more

holistic understanding of skin aging: miRNAs sharing the same

seed sequence often exhibit functional redundancy, enabling

them to form robust ’regulatory clusters’ that collectively

repress essential aging-related pathways. Consequently, the

observed agingphenotypes in the skin likely emerge from these

coordinated’seed-sharing’ networks rather than the stochastic

action of isolated molecules [15, 57, 58].

The roles of differentmiRNAs in skin physiology are summa-

rized in Table 1.

MIR-377

DNA methyltransferases, of which DNMT1 is the most well-

known, regulate DNA methylation. One study demonstrated

that young human skin fibroblasts (HSFs) had much higher

levels of DNMT1 expression than passage-aged HSFs, and that

DNMT1 knockdown considerably accelerated the senescence

phenotype in young HSFs. MiR-377 expression is substantially

higher in passage-aged HSFs than in immature HSFs. While

miR-377 suppression reduced senescence in passage-aged

overexpression of miR-377 in HSFs accelerated senescence in

young HSFs [8, 34].

To regulate gene expression and other functions, DNMT1

methylates DNA. A study [8] found that the expression of miR-

377 was considerably higher in passage-aged HSFs than in

young HSFs. Additionally, overexpression of miR-377 in imma-

ture HSFs increased the SA-� -gal-positive ratio and p16 expres-
sion while decreasing HSF proliferation. Conversely, inhibition

ofmiR-377 inpassage-agedHSFs reduced theSA-� -gal-positive
ratio and p16 expression while increasing cell proliferation.

DNA methylation by DNMT1 is a critical epigenetic pro-

cess that maintains stable and appropriate gene expression.

Dysregulation of DNMT1 has been implicated in numerous ill-

nesses, including autosomal dominant cerebellar ataxia with

deafness and narcolepsy (ADCADN), hereditary sensory and

autonomic neuropathy type 1E (HSAN1E), and several cancers

such as colon, gastric, and melanoma [67–69]. Elevated miR-

377 expression in passage-aged HSFs may accelerate senes-

cence by inhibiting DNMT1 activity.

MIR-124

Emerging evidence suggests that miR-124 plays a significant

role in the molecular mechanisms underlying skin aging. In a

comparative analysis of facial skin from young (0–10 years) and

elderly (80–100 years) individuals, a miRNA PCR array examin-

ing 88miRNAs involved in human cell differentiation and devel-

opment revealed a marked overexpression of several miRNAs

in senescent skin. Among these, miR-124 exhibited the greatest

increase in expression relative to young skin.

To validate these findings, real-time PCR analysis using spe-

cific primers for miR-124 was performed on an expanded sam-

ple set consisting of six senescent and three young facial skin

samples. The results confirmed a significant elevation of miR-

124 levels in senescent skin, supporting its involvement in age-

related molecular alterations of the epidermis. These data indi-

cate that miR-124 may contribute to the regulation of cellular

senescence pathways in human skin, potentially influencing

processes such as keratinocyte differentiation, proliferation, and

stress response [70].

THEMIR-34 FAMILY

The miR-34 family (miR-34a, miR-34b, miR-34c) is directly

induced by p53 and is one of the best-characterized miRNA

groups in aging and cellular senescence. In human skin, miR-

34a is upregulated inbothchronologically agedandphotoaged

samples, includinghigher expression in sun-exposedcompared

with sun-protected sites across different age groups, which
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TABLE 1∙ The role of different miRNAs in skin physiology .
Type of miRNA Role in Skin Rejuvenation Target Genes/Pathways Applications References

MIR-21 (Pro-
aging)

Inhibition reduces fibroblast
senescence and fibrosis

PTEN→ PI3K/Akt; Smad7→
TGF-�/SMAD2/3 activation

Anti-fibrotic, wrinkle reduction [59]

MIR-29 (Pro-
aging)

Inhibition restores collagen
synthesis

COL1A1, COL1A2, ECM
genes→ ↓matrix production

Dermal thickening, elasticity
restoration

[60]

MIR-146a
(Anti-aging)

Suppresses inflammation and
oxidative stress

IRAK1, TRAF6→ NF-�B
signaling inhibition

Anti-inflammatory skincare, aging
prevention

[61]

MIR-217
(Pro-aging)

Inhibition reduces fibroblast
senescence

DNMT1→ p16/pRb
hypomethylation

Anti-senescence therapy [34]

MIR-181a (˜Pro-
aging)

Inhibition reduces
mitochondrial stress and
senescence

SIRT1, PDIA6, p63, MITF→
mitochondrial dysfunction,
senescence

Senescence modulation, treatment
of hyperpigmentation, restoration
of mitochondrial function

[62]

MIR-126
(Anti-aging)

Enhances angiogenesis and
improves blood flow to
damaged skin

SPRED1, PIK3R2→
VEGF/PI3K/AKT activation

Skin rejuvenation, vascularization,
wound healing

[62]

MIR-203 (Pro-
aging)

Inhibition promotes
keratinocyte proliferation and
barrier repair

p63, survivin→ proliferation
vs. differentiation boundary

Skin barrier repair, epidermal
renewal, anti-scar

[22, 63]

MIR-31 (Anti-
aging)

Overexpression enhances
re-epithelialization and wound
closure

EMP1, Rasa1/Spred1→
RAS/MAPK (ERK)→
keratinocyte migration

Accelerated wound healing, skin
injury repair

[64, 65]

MIR-135a
(Anti-aging)

Overexpression promotes
fibroblast migration and ECM
production

LATS2 (Hippo pathway)→
↑fibroblast activation,
migration, ECM

Skin elasticity improvement,
wrinkle reduction

[66]

indicates that its expression reflects a combination of intrinsic
aging and cumulative UV damage. Members of the miR-34
family promote senescence by causing G1 cell-cycle arrest
and suppressing proliferation, acting through inhibition of
key targets such as cyclin D1, CDK4, SIRT1, and other pro-
survival or pro-regenerative factors. In primary keratinocytes and
embryonic skin, miR-34-mediated repression of these targets
leads to a senescent-like phenotype, reduced regenerative
capacity, and enhanced apoptosis. Beyond its direct effects
on cell-cycle control, miR-34 also contributes to the structural
manifestations of skin aging. In the dermis, increased miR-34
activity is linked to activation of matrix metalloproteinases
(MMPs) and subsequent collagen degradation, thereby
promoting extracellular matrix deterioration and wrinkle
formation. Pathway analyses of miR-34a targets in aged or
photo exposed skin highlight enrichment in adherens junction,
MAPK, Notch, and p53 signaling pathways, underscoring its
central role at the intersection of DNA damage responses,
stress signaling, and tissue remodeling. Taken together, these
findings support the view that the miR-34 family functions as a
key pro-aging miRNA cluster in skin, acting upstream as a p53-
responsive driver of keratinocyte and fibroblast senescence
and downstream as a facilitator of collagen breakdown and
photoaging-associated structural changes [71–75].

THEMIR-39 FAMILY

The miR-29 family (miR-29a, miR-29b, miR-29c) is best known
for its role as a central negative regulator of ECM genes,
including multiple collagens, fibronectin, laminin, and other
matrix-associated proteins. Numerous experimental studies in
fibroblasts and tissues have shown that miR-29 directly targets
mRNAs encoding fibrillar collagens such as COL1A1, COL1A2,
COL3A1, as well as basement-membrane components like
type IV collagen, leading to reduced collagen synthesis and

altered matrix organization. In the context of aging, miR-29

expression is consistently found to be elevated in several

organs and models, and this upregulation correlates with

downregulation of collagen and ECM pathways and with

phenotypes such as tissue thinning, weakened structural

support, and impaired repair capacity. Recent in vivo work

has strengthened the view of miR-29 as an active driver of

aging-related changes rather than a passive marker. In mouse

models, overexpressionofmiR-29 is sufficient to inducemultiple

features of an aging-like phenotype, including reduced skin

thickness and abnormal collagen deposition in the dermis and

epidermis, while genetic or experimental reduction of miR-29

can delay certain premature aging manifestations and extend

lifespan in accelerated aging (progeria-like) settings. These

findings indicate that excessive miR-29 activity promotes an

imbalance between collagen synthesis and degradation that

contributes to structural frailty of tissues, including skin. For

cutaneous aging, the miR-29 family can therefore be framed as

apivotal anti-fibroticmiRNAcluster: its age-associated induction

suppresses collagen production and basal-membrane integrity,

cooperates with matrix-degrading enzymes to drive dermal

thinning and wrinkling, and represents a candidate target for

interventions aimed at preserving or restoring dermal ECM in

aged skin [60, 76–78].

MIR-302b3p

miR-203b-3p has recently been identified as a senescence-

associated miRNA with a direct impact on epidermal stem-cell

maintenance and structural aging of the epidermis. Increased

expression of miR-203b-3p has been observed in aged

compared with young skin in both human and murine models,

suggesting that its upregulation is a conserved feature of

cutaneous aging. Functionally, miR-203b-3p targets the mRNA

OPEN ACCESS | www.cell-stress.com 93 Cell Stress | Vol. 10

https://www.cell-stress.com


H. Azizi et al. (2026) miRNAs in Skin Regeneration and Aging

of collagen type XVII �1 (COL17A1), a key hemidesmosomal
component that anchors basal keratinocytes to the basement

membrane and is essential for epidermal stem-cell adhesion,

polarity, and long-term fitness. By binding to the 3′-untranslated

region of COL17A1, miR-203b-3p suppresses its expression,

leading to reduced COL17A1 protein levels and compromised

hemidesmosome integrity in aged epidermis.

Experimental models have shown that loss or downregu-

lation of COL17A1 results in diminished clonogenic capacity

of epidermal stem cells, thinning of the epidermal layer, and

increased skin fragility, all of which are characteristic features

of aging skin. The age-dependent rise inmiR-203b-3p therefore

likely contributes to epidermal atrophy and impaired regenera-

tive potential by weakening the structural and molecular niche

required for stem-cell maintenance. In this context, miR-203b-

3p can be viewed as a pro-aging miRNA that links altered post-

transcriptional regulation to stem-cell decline and barrier deteri-

oration in aging skin. Thismechanistic axis highlightsmiR-203b-

3p and COL17A1 as a potential target pair for interventions

aimedat preservingepidermal stem-cell function and improving

the structural integrity of aged skin [79–81].

MIR-361-5p

MiRNA patterns linked to cellular senescence and polyphenol-

induced senescence reversal were found in a study conducted

in human primary endothelial cells. They discovered that

in response to senescence and rejuvenation, miR-361-5p

expressed itself differentially. The study found that applyingmiR-

361-5p mimic to late passage human endothelial cells reduced

the culture’s senescent burden by 14%. RNAi gene knockdown

of conserved miR-361-5p target genes, however, resulted in

adverse effects on longevity and/or health span in a C. elegans

model. Even though miR-361-5p may reduce some aspects

of the senescence phenotype in human primary endothelial

cells, several of its validated target genes are necessary for

the formation or regulation of the cytoskeletal network or its

interface with the extracellular matrix. These processes are

essential for both cell survival and cell function [82].

MIR-146a

Since miR-146a interacts with several biological processes as-

sociated with skin aging, including collagen synthesis, cell-to-

cell communication, cell damage repair, cell proliferation, and

circadian rhythm machinery, it might be an aim for anti-aging

skin care. Adansonia digitata extract can boost miR-146a ex-

pression, which benefits skin cell health. Skin fibroblasts were

treated with an extract from the Baobab tree (Adansonia digi-

tata) to prevent the negative effects of miR-146a downregula-

tion. Numerous biological characteristics of baobab, including

its antiviral, antioxidant, and anti-inflammatory qualities, may aid

in reversing the aging process of the skin and promoting skin

rejuvenation. The expression levels ofmiR-146aweremeasured

in normal human dermal fibroblasts (NHDFs) from donors who

were 19, 27, 40, and 62 years of age.While the hsa-mirVanamiR-

146a inhibitor decreased miR-146a expression, the Adansonia

digitataextract increased it. The Impactsonskin aging indicators

such as collagen-1 synthesis, cell proliferation, and inflamma-

tory cytokines were evaluated. They demonstrate that dermal

fibroblasts’ expression of miR-146a declines with age, and that

blocking miR-146a in NHDFs between the ages of 19 and 62

led to notable alterations in key clock genes, suggesting a con-

nection to circadian rhythm regulation.Moreover, DNAdamage,

collagen-1synthesis, cellularproliferation, andpro-inflammatory

indicators areall decreasedbydownregulatingmiR-146a.When

miR-146a was activated with the Adansonia digitata extract, the

negative effects of miR-146a inhibition were lessened, andmiR-

146a transport by exosome transfer increased [83].

MIR-21

The development of pathological skin disorders, such as psori-

asis, cancer, and poor wound healing, is significantly influenced

by miRNA-21 [84] . A study by [85] looked at the expression of

miR-21 in the skin of human female donors (ages 48, 60–62,

and 78) and mice of different ages (8 weeks vs. 2 years). As a

control for this study, the amount of miRNA-199a, which is not

present in the epidermis of either human or mouse skin, stayed

constant as human skin aged, in contrast to miR-21. Pro-miR-21

mimicorSATB1-expressing lentiviral particleswereused toover-

express SATB1 and miR-21 in keratinocytes to investigate the

potential functional link between miR-21 and SATB1 in skin ag-

ing. Using RT-qPCR, we verified that primary mouse epidermal

keratinocytes exhibited increased levels of Satb1 (SATB1 Leti +

miR-Control) or miR-21 (Control Leti + pro-miR-21). They show

that SATB1 expression and miR-21 have an inverse relationship

in both young and old skin, that miR-21 is indeed directly tar-

geted by Satb1 in keratinocytes, and that miR-21 expression is

higher in aging skin in both humans and mice. Consequently,

by controlling SATB1 in epidermal keratinocytes, miR-21 may

make people more vulnerable to age-related degenerative dis-

orders like cancer. Additionally, it might foster the development

of enhancer-promoter networks and higher-order chromatin re-

modeling, both of which are critical for epidermal differentia-

tion [85].

MIR-181a

During replicative senescence, keratinocyteshaveup-regulated

levels ofmiR-181a,which targetp63andSirtuin1mRNAsandaf-

fect cell proliferation pathways. This up-regulation is connected

to the aging process in skin cells and results in aging symptoms

and a decline in cellular function. In dermal fibroblasts, miR-

181a-5p is one of the aging indicators that influence telom-

ere preservation and various phases of the cellular life cycle.

This suggests that miR-181a plays a role in the broader con-

text of cellular aging as well as in keratinocytes. MiR-181a has

been implicated in skin immunosenescence, specifically affect-

ingLangerhanscells. Adiminished immune responsemay result

fromthe failureof thesecells,whichareessential for theskin’s im-

munological response, becauseofmiR-181aupregulation inag-

ing skin [86]. Human amniotic stem cell (hASC) exosomes pro-

duce miR-181a-5p, which has been demonstrated to suppress

melanogenesis by reducing MITF (microphthalmia-associated

transcription factor), a crucial regulator of melanin formation.
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Hyperpigmentation, a typical problem with aging skin, is less-

ened by this technique. Furthermore, by triggering autophagy,

miR-181a-5pencourages thebreakdownofmelanosomes.MiR-

181a may be used to treat age-related pigmentation problems

because of its dual roles in preventing melanin synthesis and

encouraging its breakdown [87].

MIR-155

miR-155 has emerged as a key regulator that affects

keratinocyte (KC) development and has significant therapeutic

potential in the context of skin rejuvenation. MiR-155’s function

has been investigated in clinical trials, in vitro, and in vivo.

In vitro, it has been demonstrated that miR-155 negatively

regulates keratinocyte differentiation. In human skin models, it

has been demonstrated that inducing miR-155 to overexpress

results in a marked diminished expression of Loricrin, a protein

essential for forming the skin’s protective barrier. While miR-155

expression is downregulated during keratinocyte differentiation

in healthy skin, it is significantly upregulated in psoriatic lesions,

indicating that miR-155 contributes to disrupted keratinocyte

differentiation in skin disorders [88] . The function of miR-155 in

the inflammatory milieu of psoriatic skin has been highlighted

by the demonstration that pro-inflammatory cytokines such

as IL-17, IL-1� , and IFN-
 cooperate to increase miR-155

expression in keratinocytes during inflammatory conditions.

Potential therapeutic prospects for skin rejuvenation by miR-

155 modulation are suggested by the complex link between

miR-155 and keratinocyte activity [89].

Further evidence for the role of miR-155 in skin health

and rejuvenation comes from in vivo studies. Studies using

mouse models of skin diseases, such as atopic dermatitis

(AD), have shown that silencing miR-155 can decrease

epidermal thickness and inflammatory cell infiltration, restoring

the function of the skin barrier [90]. Modifying tight junction

(TJ) proteins, which are essential for maintaining the integrity

of the epidermis, is also associated with targeting PKI� , a
direct target of miR-155-5p. TJ protein repair after miR-155-5p

suppression implies that it is essential for maintaining the

skin’s barrier function in inflammatory conditions [91]. Another

study showed that by inhibiting the JAK/STAT3 signaling

pathway, miR-155 knockdown decreased inflammation and

autoimmune disease in rats with chronic skin diseases [92] .

This implies that by addressing the underlying inflammatory

processes in chronic skin illnesses, targeting miR-155 may

improve skin regeneration. The development of miRNA-based

therapeutics for dermatological conditions is of great interest,

despite the paucity of clinical trials investigating miR-155

alteration for human skin rejuvenation currently. The field of

miRNA therapeutics has shown promise overall, despite the

lack of information regarding clinical trials that specifically target

miR-155. Research focuses on developing small chemicals and

delivery systems that effectively alter miRNA expression [93]. As

our knowledgeofmiR-155 to skin illnesses continues to expand,

future clinical trials are anticipated to explore its modulation as

a potential therapeutic technique for skin renewal and repair.

MIR-22

It has been discovered that miR-22 is an essential miRNA that

plays a significant role in skin renewal, especially when taking

keratinocyte function and skin health into account. In addition to

therapeutic application implications, MiR-22 research includes

both in vitro and in vivo investigations. In keratinocytes, miR-22

is known to control both cell division and apoptosis. By trigger-

ing the Wnt/� -catenin signaling pathway, which is essential for
keratinocyte maintenance and differentiation, it enhances stem

cell characteristics [94].

It has been demonstrated that miR-22 alters pro-

inflammatory reactions in cutaneous models. It may play a

function in skin rejuvenation treatments that target inflammation

because it takes part in inflammatory processes that are

frequently dysregulated in skin disorders [95].

Research has shown that miR-22 plays a vital role in skin

development, influencing skin regeneration by regulating hair

follicle regression and aiding in the differentiation of hair follicle

stem cells (HFSCs) [96]. By altering cellular behavior and en-

couraging apoptosis in sick cells, miR-22 may protect against

diseases likecutaneousT-cell lymphoma, according to research

on skin disorders [97]. This implies that increasing miR-22 activ-

itymayhelp the skin indiseasedconditionsheal and regenerate.

Although there aren’t many clinical trials focusing onmiR-22 for

skin renewal, there is the promise of creating treatments based

on its modulation. Future research may concentrate on miR-

22’s therapeutic uses in clinical settings, namely targeting skin

aging and illnesses, given its documented functions in cellular

differentiation and inflammatory responses [98].

MIR-23a

Mir-23a-3p, the major mature strand derived from the MIR-23A

precursor, has been identified as a pro-senescence miRNA in

skin. Its expression is increased in aged human dermal fibrob-

lasts and in aged murine skin, where it directly targets hyaluro-

nan synthase 2 (HAS2), leading to downregulation of HAS2

and a consequent reduction in hyaluronic acid (HA) synthe-

sis. This loss of HA, a key determinant of dermal hydration, vis-

coelasticity, and extracellular matrix organization, is accompa-

nied by an upregulation of senescence-associated markers, in-

cluding increased SA-� -gal activity and p21, and a reduction
in fibroblast proliferative capacity. Overexpression of miR-23a-

3p in young fibroblasts reproduces this senescent phenotype,

whereas pharmacological inhibition of HA synthesis or knock-

down of HAS2 mimics the effects of miR-23a-3p, confirming

that the miR-23a-3p–HAS2–HA axis is functionally implicated in

fibroblast aging [99].

MIR-24

The significance of miR-24 for skin rejuvenation is becoming

more widely recognized, especially in keratinocyte differentia-

tion, proliferation, wound healing, and inflammation response.

Numerous facetsof skinhealth that areessential for rejuvenation

treatments have been the focus of research investigations look-

ing into miR-24. According to research, miR-24 triggers epider-

maldifferentiationviacontrollingactincytoskeleton remodeling,
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which isessential for theskin’s structural integrity and functional-

ity. Keratinocyte migration and adhesion, two crucial processes

in skin repair and renewal, are impacted by this mechanism.

MiR-24 has been shown to affect the growth and multiplication

of primary keratinocytes. Its expression is specifically increased

during keratinocyte differentiation, suggesting that it may help

transition from a proliferative to a differentiated state. According

to studies, miR-24 influences the migration and proliferation of

skin fibroblasts, both of which are necessary for efficient wound

healing. Its control could affect the regeneration of skin after

injury, improving skin rejuvenation outcomes. MiR-24 has been

connected to the control of collagen synthesis and other ex-

tracellular matrix components, which are crucial for maintaining

the skin’s elasticity and structure. Rejuvenating treatment tech-

niquesmay targetmiR-24 since variations in collagen levels can

directly affect the resilience and texture of the skin [100].

MIR-125b

miR-125b has emerged as a key miRNA in skin rejuvenation

research, particularly about keratinocyte differentiation, prolifer-

ation, and the inflammatory response associated with skin con-

ditions. The followingpaper summarizes key findings frommany

studies on miR-125b in connection to skin regeneration. Re-

searchhas shown thatmiR-125b isdownregulated inconditions

like psoriasis, indicating that it controls keratinocyte differenti-

ation and proliferation. This suggests that targeting miR-125b

may enhance keratinocyte activity, which is essential for the

integrity and regeneration of the epidermal barrier. One of the

signaling pathways thatmiR-125b is involved in is the Fibroblast

Growth Factor Receptor 2 (FGFR2) pathway, which is crucial for

keratinocyte proliferation and differentiation. MiR-125b may be

a helpful therapeutic target for improving skin health because of

its capacity to modulate various pathways [101].

Recent studies have shown that increasing miR-

125b expression significantly expedited wound healing in

elderly mice. This improvement was attributed to increased

myofibroblast differentiation and fibroblast migration, both

of which are required for efficient wound healing. The study

found that exosomes carrying miR-125b are released by young

fibroblasts, which promote the migration and transformation

of old fibroblasts into myofibroblasts, ultimately promoting

wound healing [102]. ECMdeposition is facilitated bymiR-125b

through the fibroblast-to-myofibroblast transition (FMT), which

is essential for wound healing. It has been shown that its

overexpression in exosomes generated from young fibroblasts

restores the ability of aged fibroblasts to regenerate.

miR-125b controls the expressiveness of the key inflamma-

tory genes, including those that are part of the NF-�B signaling
cascade. This modulation is especially crucial in inflammatory

skin conditions like psoriasis, where an imbalance in inflamma-

tory responses canmake skin problems worse [103].

MIR-7 and let7

MiRNA-7 and the let-7 family both participate in pathways rele-

vant to skin biology, but experimental evidence places them at

different levels of validation in the context of skin aging. miR-7 is

primarily supported by in vitro and preclinical studies, whereas

let-7 has been integrated into broader experimental frameworks

on skin and organismal aging [104, 105].

In keratinocyte models, modulation of miR-7 has been

shown to alter proliferation and differentiation marker

expression, indicating a role in epidermal renewal and barrier

maintenance, and experimental manipulation of miR-7 levels

can reduce pro-inflammatory cytokine production in skin cells,

supporting an anti-inflammatory, potentially “pro-youthful”

effect. In dermal-oriented systems, overexpression or inhibition

of miR-7 has been linked to changes in collagen synthesis and

degradation, partly via effects onmatrixmetalloproteinases, and

someUV/oxidative stressmodels report thatmiR-7 upregulation

increases antioxidant enzyme expression and improves

cellular resistance to reactive oxygen species. These findings

collectively suggest that miR-7 can enhance regenerative

capacity and stress resilience, but they are largely confined

to cell culture and experimental models, with limited direct

demonstration in aged human skin [106].

By contrast, let-7 family members have been repeatedly

implicated in experimental studies of aging. In primary human

dermal fibroblasts, age-associated increases in let-7 expression

correlate with reduced proliferative capacity and altered extra-

cellular matrix gene expression, and experimental overexpres-

sion of specific let-7 isoforms can suppress pro-regenerative or

pro-collagen transcripts, consistentwith amore “senescent-like”

phenotype. In animal and tissue models, modulation of let-7

impacts pathways such as cell cycle control, stem/progenitor

cell function, and chronic inflammatory signaling, all of which

are central to organismal and cutaneous aging. UV-exposure

andstress-responseexperiments further show that let-7 is part of

the miRNA signature that shifts in response to cumulative dam-

age, aligning its expression profile with established aging and

photoagingmarkers. Taken together, experimental data support

presenting let-7 as a well-validatedmiRNA axis directly involved

in fibroblast aging, matrix remodeling, and stress-driven skin

changes, while miR-7 is more appropriately described as an

emerging regulator with promising but still predominantly pre-

clinical evidence for roles in regeneration, inflammation control,

and protection against environmental insults [107].

MIR-223

Research indicates that miR-223 inhibits apoptosis and

promotes skin cell proliferation, particularly in keratinocytes

that have been stimulated by IL-22. This occurs through the

PTEN/Akt signaling pathway, highlighting miR-223’s role as

a promoter of skin cell proliferation [108]. Numerous studies

indicate that miR-223 promotes the production of collagen,

which is necessary to maintain the skin’s suppleness and

integrity. For instance, it has been shown that miR-223 mimics

increase the secretion of alpha-smooth muscle actin (�-SMA)
and collagen I and III in cultured cardiac fibroblasts, suggesting

that skin fibroblasts may experience a similar effect [109].

This finding demonstrates how miR-223 might promote the

production of extracellular matrix components that support skin

repair and regeneration.
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Research indicates that miR-223 might be a suitable target

for skin-rejuvenating therapies. BecausemiR-223 promotes col-

lagen synthesis, cell proliferation, and inflammation reduction,

its usage in treatment regimens may enhance skin health and

rejuvenation [110].

MIR-130b

MIR-130b has been implicated as an important regulator of epi-

dermal and dermal homeostasis. In keratinocytes, miR-130b-3p

targets desmoglein 1 (Dsg1), a key component of desmosomes

that is required for proper keratinocyte growth and stratifica-

tion; functional studies have shown that miR-130b-3p inhibits

Dsg1 expression and thereby restrains keratinocyte proliferation

and differentiation. These findings suggest that modulation of

miR-130b levels could influenceepidermal regenerationby fine-

tuningDsg1-dependent keratinocyte dynamics. In linewith this,

experimental overexpression of miR-130b in keratinocytes ef-

fectively suppresses differentiation marker expression but does

not, by itself, markedly accelerate senescence, indicating that

miR-130b primarily maintains a more progenitor-like, prolifera-

tive state rather than directly driving senescence. Under pro-

senescence stressors such as replicative exhaustion, oxidative

stress, or UV exposure, upregulated miR-130b promotes ker-

atinocyte progenitor proliferation by suppressing differentiation

(via �Np63/Dsg1 targeting), potentially delaying terminal differ-
entiation while contributing to senescence-like phenotypes in

the epidermal compartment [111].

In the dermis, miR-130b has been linked to the control

of collagen synthesis and fibroblast activation, processes

that are critical for maintaining skin elasticity and structural

integrity. In fibrotic and scarring models, elevated miR-130b

expression correlates with enhanced fibrotic responses,

including increased collagen deposition and myofibroblast

activation, suggesting that miR-130b promotes a pro-fibrotic

phenotype. This dual involvement in epidermal regulation

and dermal fibrosis has spurred interest in miR-130b as a

therapeutic target. Modulating miR-130b through miRNA

mimics or inhibitors may, in principle, be exploited either to

support regenerative responses (for example, by transiently

enhancing keratinocyte proliferative potential) or to attenuate

pathological fibrosis and thus holds potential relevance for both

skin rejuvenation and anti-scarring strategies [112].

MIR-203

It is well established that keratinocyte development depends

on miR-203, the predominant keratinocyte-specific miRNA

in the epidermis [113]. Research indicates that miR-203

has an antiproliferative effect that promotes keratinocyte

differentiation and inhibits excessive proliferation. It specifically

targets transcription factors such as their 3’ untranslated

region (UTR) and p63, which is an essential regulator of

keratinocyte stemness and proliferation. Additionally, miR-

203 possesses anti-inflammatory properties, which are critical

for skin health and rejuvenation. By focusing on pathways

linked to inflammatory reactions, miR-203 may reduce chronic

inflammation, which contributes to skin aging, according to

research [114]. Its ability to lessen inflammation-related skin

issues has been confirmed by the discovery that keratinocytes

with overexpressed miR-203 release less inflammatory

cytokines [115] . Collagen is necessary to maintain the skin’s

suppleness and structure, and miR-203 has been connected

to regulating collagen synthesis. It has been demonstrated

that anti-miR-203 treatments influence extracellular matrix

remodeling by enhancing collagen reassignment and wound

closure [116]. Therefore, modifying miR-203 levels could

be a therapeutic strategy to promote the skin’s flexibility

and structural integrity. MiR-203 may be useful in treating

dermatological issues like psoriasis and chronic wounds due

to its regulatory functions. Targeting key genes involved in skin

regeneration, it offers a path toward developing treatments that

enhance wound healing and cosmetic skin rejuvenation [117].

Researchers are increasingly looking into MiR-203 as a

possible target for therapeutic approaches that encourage

skin rejuvenation and repair. Figure 2.

MIR-217

miR-217 has emerged as a key pro-aging miRNA that

accelerates human skin fibroblast senescence through

epigenetic reprogramming of classical senescence pathways.

In aged human skin tissues and serially passaged dermal

fibroblasts from elderly donors, miR-217 expression is markedly

upregulated and exhibits a strong inverse correlation with

DNMT1 levels [34]. Functional studies demonstrate that miR-

217 directly targets the 3′ untranslated region of DNMT1mRNA,

suppressing its translation and thereby impairing maintenance

DNA methylation capacity. This epigenetic disruption leads to

promoter hypomethylation and derepression of the canonical

senescence effectors p16^INK4a and phosphorylated

retinoblastoma protein (pRb). The resulting molecular cascade

manifests as increased senescence-associated � -galactosidase
(SA-� -gal) activity, elevated p16 and phospho-Rb protein

levels, and significantly reduced proliferative capacity in

fibroblasts. Gain-of-function experiments confirm causality:

overexpression of miR-217 in young, proliferative human skin

fibroblasts induces a full senescence program, while inhibition

of miR-217 in passage-aged fibroblasts partially reverses the

senescent phenotype, restoring proliferation and reducing

SA-� -gal positivity [118, 119]. Notably, re-expression of DNMT1
in miR-217-overexpressing cells rescues the senescence

phenotype, establishing the miR-217→DNMT1→p16/pRb axis

as the primary mechanism. These findings position miR-217 as

amechanistically defined driver of dermal fibroblast exhaustion,

contributing to the age-related decline in extracellular matrix

production and dermal structural integrity. Therapeutic

inhibition of miR-217 therefore represents a promising strategy

for mitigating fibroblast senescence and preserving skin

regenerative capacity, highlighting the potential of epigenetic

miRNAmodulation in anti-aging dermatology [120].

CONCLUSION

One emerging area of investigation has been to elucidate these

involved molecular machineries of skin health associated with
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FIGURE 2 ∙ miRNA-203 functions as a regulatory switch that balances keratinocyte proliferation and differentiation in the adult epidermis,
thereby playing a key role in skin morphogenesis. Key related factors include TPA (12-O-tetradecanoylphorbol-13-acetate), which activates PKC
(protein kinase C), and AP-1 (activator protein-1), which are involved in this regulatory process.

aging through the mediated mechanisms of miRNAs and their

action in skin repair. This miRNA-mediated regulation of major

aspects of bio-physiological action such as keratinocyte pro-

liferation, inflammation, differentiation and extracellular matrix

remodeling is facilitatedespeciallymiR-203,miR-130b,miR-223,

and miR-21. Several miRNAs have been shown to regulate the

expression level of keratinocyte-linked genes. In other words,

miR-203 was found to maintain an efficient epidermal barrier

through differentiation and regulate excessive proliferation to

name a few. In like manner, miR-223 enhances keratinocyte

migration and re-epithelialization inwoundhealing, highlighting

its powerful therapeutic potential in regenerative dermatology.

The let-7 family acts tomodulate the abnormal cellular functions

commonly observed in skin aging and disease by inhibiting

carcinogenic pathways. Moreover, there is evidence to support

the anti-inflammatory role of miRNAs in skin rejuvenation. The

ongoing lifelong inflammation effects that cause skin diseases

and contribute to premature aging can be alleviated by the

modulation of inflammatory cytokines expression, and therefore

miRNA-modulated inflammatory pathways are important to per-

sonalize inflammatory disease therapies and provide a strategic

path forward. Since miRNAs affect collagen synthesis and the

extracellular matrix structure, this demonstrates that they pos-

sess medicinal potential, as they are important for dermal struc-

tural and/or functional health andwell-being. Thispaves theway

fornewtherapeuticapproaches thatcouldfindmiRNAs to inhibit

aging markers of skin, reactivate, even restore skin health, and

enhance clinical outcome in various skin diseases. The applica-

tion of miRNA in clinical practice can change the paradigm of

skin rejuvenation. To clarify the whole potential of miRNAs as

therapies, more work has been conducted on miRNA-specific

functions, as well as specific regulatory networks. The research

on miRNA-based treatments is also underdeveloped, so there

are areas where researchers have opportunities for fresh and

innovative solutions to tackle issues in aging that go beyond

mere facials. This also includes skin health maintenance and

benefits.

ACKNOWLEDGMENTS

The authors would like to thank their colleagues for valuable

discussions and insights during the preparation of this review.

CONFLICTOF INTEREST

The authors declare no conflict of interest.

COPYRIGHT

©2026 Azizi et al. This is an open-access article released under

the terms of the Creative Commons Attribution (CC BY) license,

whichallows theunrestricteduse, distribution, and reproduction

in any medium, provided the original author and source are

acknowledged.

Please cite this article as: Hanieh Azizi, Reza Moghadasali, Amir Mo-

hammadAmirkhani, Ehsan Taghiabadi, MohammadAli Nilforoushzadeh

(2026). MicroRNA as key players in skin regeneration and anti-aging

pathways.Cell Stress 10: 88-102. doi: 10.15698/cst2026.10.322

OPEN ACCESS | www.cell-stress.com 98 Cell Stress | Vol. 10

https://www.cell-stress.com


H. Azizi et al. (2026) miRNAs in Skin Regeneration and Aging

REFERENCES
1. Yousef H, Alhajj M, Fakoya AO, Sharma S (2026). Anatomy, Skin (Integu-
ment), Epidermis, in: StatPearls, Treasure Island (FL): StatPearls Publish-
ing

2. Hussein RS, Bin Dayel S, Abahussein O, El-Sherbiny AA (2025).
Influences on Skin and Intrinsic Aging: Biological, Environmental,
and Therapeutic Insights. J Cosmet Dermatol 24 (2): e16688.
doi:10.1111/jocd.16688

3. Maldonado E, Morales-Pison S, Urbina F, Solari A (2023). Aging Hall-
marks and the Role of Oxidative Stress. Antioxidants 12 (3): 651.
doi:10.3390/antiox12030651

4. Baker P, Huang C, Radi R, Moll SB, Jules E, Arbiser JL (2023). Skin Barrier
Function: The Interplay of Physical, Chemical, and Immunologic Proper-
ties.Cells 12 (23): 2745. doi:10.3390/cells12232745

5. Boraldi F, Lofaro FD, Bonacorsi S, Mazzilli A, Garcia-Fernandez
M, Quaglino D (2024). The Role of Fibroblasts in Skin
Homeostasis and Repair. Biomedicines 12 (7): 1586.
doi:10.3390/biomedicines12071586

6. An Y, Wang Q, Gao K, Zhang C, Ouyang Y, Li R, Ma Z, Wu T, Zhou L,
Xie Z, Zhang R, Wu G (2025). Epigenetic Regulation of Aging and its
Rejuvenation.MedComm6 (9): e70369. doi:10.1002/mco2.70369

7. Bestor T, Laudano A, Mattaliano R, Ingram V (1988). Cloning and se-
quencing of a cDNA encoding DNA methyltransferase of mouse cells.
The carboxyl-terminal domain of the mammalian enzymes is related to
bacterial restriction methyltransferases. J Mol Biol 203 (4): 971–983.
doi:10.1016/0022-2836(88)90122-2

8. Xie H, Liu Y, Du R, Wang B, Chen M, Zhang Y, Deng Z, Li J (2017).
miR-377 induces senescence in human skin fibroblasts by targeting
DNA methyltransferase 1. Cell Death Dis 8 (3): e2663. doi:10.1038/cd-
dis.2017.75

9. Bu H, Wedel S, Cavinato M, Jansen-Dürr P (2017). MicroRNA Regula-
tion of Oxidative Stress-Induced Cellular Senescence. Oxid Med Cell
Longev 2017: 2398696. doi:10.1155/2017/2398696

10. Ranganathan K, Sivasankar V (2014). MicroRNAs - Biology and clini-
cal applications. J Oral Maxillofac Pathol JOMFP 18 (2): 229–234.
doi:10.4103/0973-029X140762

11. Turko R, Hajja A, Magableh AM, Omer MH, Shafqat A, Khan MI,
Yaqinuddin A (2025). The emerging role of miRNAs in biological ag-
ing and age-related diseases. Noncoding RNA Res 13: 131–152.
doi:10.1016/j.ncrna.2025.05.002

12. Gerasymchuk M, Cherkasova V, Kovalchuk O, Kovalchuk I (2020). The
Role of microRNAs in Organismal and Skin Aging. Int J Mol Sci 21 (15):
n5281. doi:10.3390/ijms21155281

13. Bhaskaran M, Mohan M (2014). MicroRNAs: History, Biogenesis, and
Their Evolving Role in Animal Development and Disease. Vet Pathol 51
(4): 759–774. doi:10.1177/0300985813502820

14. Valinezhad Orang A, Safaralizadeh R, Kazemzadeh-Bavili M (2014).
Mechanisms ofmiRNA-MediatedGene Regulation fromCommonDown-
regulation to mRNA-Specific Upregulation. Int J Genomics 2014:
970607. doi:10.1155/2014/970607

15. Turko R, Hajja A, Magableh AM, Omer MH, Shafqat A, Khan MI,
Yaqinuddin A (2025). The emerging role of miRNAs in biological ag-
ing and age-related diseases. Non-Coding RNA Res 13: 131–152.
doi:10.1016/j.ncrna.2025.05.002

16. Matsuyama H, Suzuki HI (2019). Systems and Synthetic microRNA Biol-
ogy: FromBiogenesis to Disease Pathogenesis. Int JMol Sci 21 (1): 132.
doi:10.3390/ijms21010132

17. Brownawell AM,Macara IG (2002). Exportin-5, a novel karyopherin,medi-
ates nuclear export of double-stranded RNA binding proteins. JCell Biol
156 (1): 53–64. doi:10.1083/jcb.200110082

18. Alaei A, Kakumani PK (2025). MicroRNA chemical modifications in post-
transcriptional gene silencing and human diseases. Mol Ther Nucleic
Acids 36 (4): 102745. doi:10.1016/j.omtn.2025.102745

19. Rykova E, Ershov N, Damarov I, Merkulova T (2022). SNPs in 3′UTR
miRNA Target Sequences Associated with Individual Drug Susceptibility.
Int JMol Sci 23 (22): 13725. doi:10.3390/ijms232213725

20. Yu Z, Li Y, Fan H, Liu Z, Pestell RG (2012). miRNAs regulate
stem cell self-renewal and differentiation. Front Genet 3 (191).
doi:10.3389/fgene.2012.00191

21. Zhang L, Stokes N, Polak L, Fuchs E (2011). Specific MicroRNAs Are
Preferentially Expressed by Skin Stem Cells To Balance Self-Renewal
and Early Lineage Commitment. Cell Stem Cell 8 (3): 294–308.
doi:10.1016/j.stem.2011.01.014

22. Yi R, Poy MN, Stoffel M, Fuchs E (2008). A skin microRNA promotes
differentiation by repressing ‘stemness.’. Nature 452 (7184): 225–229.
doi:10.1038/nature06642

23. Banerjee J, Sen CK (2013). MicroRNAs in Skin and Wound Healing.
MethodsMol Biol CliftonNJ 936: 343–356. doi:10.1007/978-1-62703-
083-0_26

24. Gerasymchuk M, Cherkasova V, Kovalchuk O, Kovalchuk I (2020). The
Role of microRNAs in Organismal and Skin Aging. Int J Mol Sci 21 (15):
5281. doi:10.3390/ijms21155281

25. Rivetti di Val Cervo P, Lena AM, Nicoloso M, Rossi S, Mancini M,
Zhou H, Saintigny G, Dellambra E, Odorisio T, Mahé C, Calin GA,
Candi E, Melino G (2012). p63-microRNA feedback in keratinocyte
senescence. Proc Natl Acad Sci U S A 109 (4): 1133–1138.
doi:10.1073/pnas.1112257109

26. Lena AM, Mancini M, Rivetti di Val Cervo P, Saintigny G, Mahé C, Melino
G, Candi E (2012). MicroRNA-191 triggers keratinocytes senescence by
SATB1 and CDK6 downregulation. Biochem Biophys Res Commun
423 (3): 509–514. doi:10.1016/j.bbrc.2012.05.153

27. Gilchrest BA, Blog FB, Szabo G (1979). Effects of aging and chronic
sun exposure on melanocytes in human skin. J Invest Dermatol 73 (2):
141–143. doi:10.1111/1523-1747.ep12581580

28. Chen C, Zhou M, Ge Y, Wang X (2020). SIRT1 and aging
related signaling pathways. Mech Ageing Dev 187: 111215.
doi:10.1016/j.mad.2020.111215

29. Itoh T, Fukatani K, Nakashima A, Suzuki K (2020). MicroRNA-141-3p and
microRNA-200a-3p regulate �-melanocyte stimulating hormone-
stimulated melanogenesis by directly targeting microphthalmia-
associated transcription factor — Scientific Reports. Sci Rep 10 (1):
2149. doi:10.1038/s41598-020-58911-w

30. Wang P, Zhao Y, Fan R, Chen T, Dong C (2016). MicroRNA-21a-
5p Functions on the Regulation of Melanogenesis by Targeting
Sox5 in Mouse Skin Melanocytes. Int J Mol Sci 17 (7): 959.
doi:10.3390/ijms17070959

31. Wu DT, Chen JS, Chang DC, Lin S-L (2008). Mir-434-5p mediates skin
whitening and lightening. Clin Cosmet Investig Dermatol 1: 19–35.
doi:10.2147/ccid.s4181

32. Rokavec M, Li H, Jiang L, Hermeking H (2014). p53/miR-34 axis
in development and disease. J Mol Cell Biol 6 (3): 214–230.
doi:10.1093/jmcb/mju003

33. Zhang X, Zhu J, Zhang J, Zhao H (2023). Melanocyte stem
cells and hair graying. J Cosmet Dermatol 22 (6): 1720–1723.
doi:10.1111/jocd.15652

34. Wang B, Du R, Xiao X, Deng ZL, Jian D, Xie HF, Li J (2017). Microrna-217
modulates human skin fibroblast senescence by directly targeting DNA
methyltransferase1.Oncotarget8 (20): 33475–33486.doi:10.18632/on-
cotarget.16509

35. Dar AA, Majid S, de Semir D, Nosrati M, Bezrookove V, Kashani-Sabet
M (2011). miRNA-205 Suppresses Melanoma Cell Proliferation and In-
duces Senescence via Regulation of E2F1Protein.JBiolChem286 (19):
16606–16614. doi:10.1074/jbc.M111.227611

36. Vera O, Bok I, Jasani N, Nakamura K, Xu X, Mecozzi N, Angarita A,Wang K,
Tsai KY, Karreth FA (2021). A MAPK/miR-29 Axis Suppresses Melanoma
by TargetingMAFG andMYBL2.Cancers 13 (6): 1408. doi:10.3390/can-
cers13061408

37. Noguchi S, Iwasaki J, Kumazaki M, Mori T, Maruo K, Sakai H, Yamada
N, Shimada K, Naoe T, Kitade Y, Akao Y (2013). Chemically modified
syntheticmicroRNA-205 inhibits thegrowthofmelanomacells invitroand
in vivo.Mol Ther 21 (6): 1204–1211. doi:10.1038/mt.2013.70

38. Kisiel MA, Klar AS (2019). Isolation and Culture of Human Dermal Fibrob-
lasts. Methods Mol Biol 1993: 71–78. doi:10.1007/978-1-4939-9473-
1_6

OPEN ACCESS | www.cell-stress.com 99 Cell Stress | Vol. 10

http://dx.doi.org/10.1111/jocd.16688
http://dx.doi.org/10.3390/antiox12030651
http://dx.doi.org/10.3390/cells12232745
http://dx.doi.org/10.3390/biomedicines12071586
http://dx.doi.org/10.1002/mco2.70369
http://dx.doi.org/10.1016/0022-2836(88)90122-2
http://dx.doi.org/10.1038/cddis.2017.75
http://dx.doi.org/10.1038/cddis.2017.75
http://dx.doi.org/10.1155/2017/2398696
http://dx.doi.org/10.4103/0973-029X140762
http://dx.doi.org/10.1016/j.ncrna.2025.05.002
http://dx.doi.org/10.3390/ijms21155281
http://dx.doi.org/10.1177/0300985813502820
http://dx.doi.org/10.1155/2014/970607
http://dx.doi.org/10.1016/j.ncrna.2025.05.002
http://dx.doi.org/10.3390/ijms21010132
http://dx.doi.org/10.1083/jcb.200110082
http://dx.doi.org/10.1016/j.omtn.2025.102745
http://dx.doi.org/10.3390/ijms232213725
http://dx.doi.org/10.3389/fgene.2012.00191
http://dx.doi.org/10.1016/j.stem.2011.01.014
http://dx.doi.org/10.1038/nature06642
http://dx.doi.org/10.1007/978-1-62703-083-0_26
http://dx.doi.org/10.1007/978-1-62703-083-0_26
http://dx.doi.org/10.3390/ijms21155281
http://dx.doi.org/10.1073/pnas.1112257109
http://dx.doi.org/10.1016/j.bbrc.2012.05.153
http://dx.doi.org/10.1111/1523-1747.ep12581580
http://dx.doi.org/10.1016/j.mad.2020.111215
http://dx.doi.org/10.1038/s41598-020-58911-w
http://dx.doi.org/10.3390/ijms17070959
http://dx.doi.org/10.2147/ccid.s4181
http://dx.doi.org/10.1093/jmcb/mju003
http://dx.doi.org/10.1111/jocd.15652
http://dx.doi.org/10.18632/oncotarget.16509
http://dx.doi.org/10.18632/oncotarget.16509
http://dx.doi.org/10.1074/jbc.M111.227611
http://dx.doi.org/10.3390/cancers13061408
http://dx.doi.org/10.3390/cancers13061408
http://dx.doi.org/10.1038/mt.2013.70
http://dx.doi.org/10.1007/978-1-4939-9473-1_6
http://dx.doi.org/10.1007/978-1-4939-9473-1_6
https://www.cell-stress.com


H. Azizi et al. (2026) miRNAs in Skin Regeneration and Aging

39. Xue M, Zhao R, March L, Jackson C (2022). Dermal Fibroblast Hetero-
geneity and Its Contribution to the Skin Repair and Regeneration. Adv
WoundCare 11 (2): 87–107. doi:10.1089/wound.2020.1287

40. Brown TM, Krishnamurthy K (2022). Histology, Dermis, in:
StatPearls, Treasure Island, FL: StatPearls Publishing, Available
at: https://www.ncbi.nlm.nih.gov/books/NBK535346/ [Accessed
05/30/2026]

41. Birch HL (2018). Extracellular Matrix and Ageing. Subcell Biochem 90:
169–190. doi:10.1007/978-981-13-2835-0_7

42. Nan L, Guo P, Hui W, Xia F, Yi C (2025). Recent advances in der-
mal fibroblast senescence and skin aging: unraveling mechanisms
and pioneering therapeutic strategies. Front Pharmacol 16: 1592596.
doi:10.3389/fphar.2025.1592596

43. HondaN, JinninM, Kira-Etoh T,Makino K, Kajihara I, Makino T, Fukushima
S, Inoue Y, Okamoto Y, Hasegawa M, Fujimoto M, Ihn H (2013). miR-150
down-regulation contributes to the constitutive type I collagen overex-
pression in sclerodermadermal fibroblasts via the inductionof integrin�3.
AmJPathol182 (1): 206–216. doi:10.1016/j.ajpath.2012.09.023

44. Mancini M, Saintigny G, Mahé C, Annicchiarico-Petruzzelli M, Melino G,
Candi E (2012). MicroRNA-152 and -181a participate in human der-
mal fibroblasts senescence acting on cell adhesion and remodeling
of the extra-cellular matrix. Aging 4 (11): 843–853. doi:10.18632/ag-
ing.100508

45. Li T, Yan X, JiangM, Xiang L (2016). The comparison ofmicroRNA profile
of the dermis between the young and elderly. J Dermatol Sci 82 (2):
75–83. doi:10.1016/j.jdermsci.2016.01.005

46. Collagen Type 16 - an overview — ScienceDirect Topics. Available at
https://www.sciencedirect.com/topics/neuroscience/collagen-type-16
[Accessed 05/30/2026].

47. Wang T, Zhao N, Long S, Ge L, Wang A, Sun H, Ran X, Zou Z, Wang
J, Su Y (2016). Downregulation of miR-205 in migrating epithelial
tongue facilitates skin wound re-epithelialization by derepressing ITGA5.
Biochim Biophys Acta BBA - Mol Basis Dis 1862 (8): 1443–1452.
doi:10.1016/j.bbadis.2016.05.004

48. Sheinerman K, Tsivinsky V, Mathur A, Kessler D, Shaz B, Umansky S
(2018). Age- and sex-dependent changes in levels of circulating brain-
enriched microRNAs during normal aging. Aging 10 (10): 3017–3041.
doi:10.18632/aging.101613

49. Hatse S, Brouwers B, Dalmasso B, Laenen A, Kenis C, Schöffski P,
Wildiers H (2014). Circulating MicroRNAs as Easy-to-Measure Aging
Biomarkers in Older Breast Cancer Patients: Correlation with Chronolog-
ical Age but Not with Fitness/Frailty Status. PLoS One 9 (10): e110644.
doi:10.1371/journal.pone.0110644

50. Noren Hooten N, Fitzpatrick M, Wood WH 3rd, De S, Ejiogu N, Zhang
Y, Mattison JA, Becker KG, Zonderman AB, Evans MK (2013). Age-
related changes in microRNA levels in serum. Aging 5 (10): 725–740.
doi:10.18632/aging.100603

51. Chawla G, Deosthale P, Childress S, Wu YC, Sokol NS (2016). A let-
7-to-miR-125 MicroRNA Switch Regulates Neuronal Integrity and Lifes-
pan in Drosophila. PLoS Genet 12 (8): e1006247. doi:10.1371/jour-
nal.pgen.1006247

52. Wang C, Yuan X, Fu Y (2025). microRNA-34 family: A
multifunctional miRNA family. Arch Biochem Biophys 768: 110382.
doi:10.1016/j.abb.2025.110382

53. Zhao T, Li J, Chen AF (2010). MicroRNA-34a induces endothelial pro-
genitor cell senescence and impedes its angiogenesis via suppressing
silent information regulator 1.AmJPhysiol - EndocrinolMetab 299 (1):
E110–E116. doi:10.1152/ajpendo.00192.2010

54. Turko R, Hajja A, Magableh AM, Omer MH, Shafqat A, Khan MI,
Yaqinuddin A (2025). The emerging role of miRNAs in biological ag-
ing and age-related diseases. Noncoding RNA Res 13: 131–152.
doi:10.1016/j.ncrna.2025.05.002

55. Greussing R, Hackl M, Charoentong P, Pauck A, Monteforte R, Cavinato
M, Hofer E, Scheideler M, Neuhaus M, Micutkova L, Mueck C, Trajanoski
Z, Grillari J, Jansen-Dürr P (2013). Identification ofmicroRNA-mRNA func-
tional interactions in UVB-induced senescence of human diploid fibrob-
lasts.BMCGenomics14: 224. doi:10.1186/1471-2164-14-224

56. Jiang S, Lu Y, Liu T, Li L, Wang H, Wu Y, Gao X, Chen H (2020). UVA
influenced the SIRT1-miR-27a-5p-SMAD2-MMP1/COL1/BCL2 axis in hu-
man skin primary fibroblasts. J Cell Mol Med 24 (17): 10027–10041.
doi:10.1111/jcmm.15610

57. Themes UFO, and admin (2016). MICRORNAS IN SKIN PHYSIOLOGY.
Plast. Surg. Key.

58. Tomasello L, Distefano R, Nigita G, Croce CM (2021). The MicroRNA
Family Gets Wider: The IsomiRs Classification and Role. Front Cell Dev
Biol 9: 668648. doi:10.3389/fcell.2021.668648

59. Xie J, Wu W, Zheng L, Lin X, Tai Y, Wang Y, Wang L (2022). Roles of
MicroRNA-21 in Skin Wound Healing: A Comprehensive Review. Front
Pharmacol 13: 828627. doi:10.3389/fphar.2022.828627

60. Thiagarajan L, Sanchez-Alvarez R, Kambara C, Rajasekar P, Wang Y, Hal-
loy F, Hall J, Stark HJ, Martin I, Boukamp P, Kurinna S (2025). miRNA-29
regulatesepidermalandmesenchymal functions in skin repair.FEBSLett
599 (12): 1795–1817. doi:10.1002/1873-3468.70051

61. Zhang L, Wang IC, Meng S, Xu J (2024). miR-146a Decreases Inflamma-
tion and ROS Production in Aged Dermal Fibroblasts. Int J Mol Sci 25
(13): 6821. doi:10.3390/ijms25136821

62. Lederer EM, Fenzl FQ, Krüger P, Schroll M, Hartinger R, Djabali K (2025).
Impact ofmiR-181aonSIRT1ExpressionandSenescence inHutchinson-
Gilford Progeria Syndrome. Diseases 13 (8): 245. doi:10.3390/dis-
eases13080245

63. Viticchiè G, Lena AM, Cianfarani F, Odorisio T, Annicchiarico-
Petruzzelli M, Melino G, Candi E (2012). MicroRNA-203 contributes
to skin re-epithelialization. Cell Death Dis 3 (11): e435.
doi:10.1038/cddis.2012.174

64. Li D, Li XI, Wang A, Meisgen F, Pivarcsi A, Sonkoly E, Ståhle M, Landén
NX (2015). MicroRNA-31 Promotes Skin Wound Healing by Enhancing
Keratinocyte Proliferation and Migration. J Invest Dermatol 135 (6):
1676–1685. doi:10.1038/jid.2015.48

65. Shi J, Ma X, Su Y, Song Y, Tian Y, Yuan S, Zhang X, Yang D, Zhang
H, Shuai J, Cui W, Ren F, Plikus MV, Chen Y, Luo J, Yu Z (2018).
MiR-31 Mediates Inflammatory Signaling to Promote Re-Epithelialization
during Skin Wound Healing. J Invest Dermatol 138 (10): 2253–2263.
doi:10.1016/j.jid.2018.03.1521

66. Chen T, Gao S, Hao Y, Zhang F, Tang X, Wei Z, Wang D, Qi J (2020).
[Experimental studyof humanamnioticmesenchymal stemcell exosome
promoting fibroblasts migration through microRNA-135a]. Zhongguo
Xiu Fu Chong Jian Wai Ke Za Zhi 34 (2): 234–239. doi:10.7507/1002-
1892.201907136

67. Baets J, Duan X, Wu Y, Smith G, Seeley WW, Mademan I, McGrath NM,
Beadell NC, Khoury J, BotuyanM-V, Mer G, Worrell GA, Hojo K, DeLeon J,
Laura M, Liu Y-T, Senderek J, Weis J, Van den Bergh P, Merrill SL, Reilly
MM, Houlden H, Grossman M, Scherer SS, De Jonghe P, Dyck PJ, Klein
CJ (2015). Defects of mutant DNMT1 are linked to a spectrum of neuro-
logical disorders. Brain 138 (4): 845–861. doi:10.1093/brain/awv010

68. DNMT1 and Associated Diseases - Creative Biolabs. Available at https:
//www.creative-biolabs.com/gene-therapy/dnmt1-and-associated-disea
ses.htm [Accessed 05/30/2026].

69. Kanai Y, Ushijima S, Nakanishi Y, Sakamoto M, Hirohashi S (2003).
Mutation of the DNA methyltransferase (DNMT) 1 gene in human
colorectal cancers. Cancer Lett 192 (1): 75–82. doi:10.1016/S0304-
3835(02)00689-4

70. Harada M, Jinnin M, Wang Z, Hirano A, Tomizawa Y, Kira T, Igata
T, Masuguchi S, Fukushima S, Ihn H (2017). The expression of miR-
124 increases in aged skin to cause cell senescence and it de-
creases in squamous cell carcinoma. Biosci Trends 10 (6): 454–459.
doi:10.5582/bst.2016.01102

71. Zhang L, Liao Y, Tang L (2019). MicroRNA-34 family: a potential tumor
suppressor and therapeutic candidate in cancer. JExpClinCancer Res
38 (1): 53. doi:10.1186/s13046-019-1059-5

72. Zhao M, Qi Q, Liu S, Huang R, Shen J, Zhu Y, Chai J, Zheng H, Wu H, Liu
H (2022). MicroRNA-34a: A Novel Therapeutic Target in Fibrosis. Front
Physiol 13: 895242. doi:10.3389/fphys.2022.895242

73. Okada N, Lin CP, Ribeiro MC, Biton A, Lai G, He X, Bu P, Vogel H, Jablons
DM, Keller AC, Wilkinson JE, He B, Speed TP, He L (2014). A positive
feedbackbetweenp53andmiR-34miRNAsmediates tumor suppression.
Genes Dev 28 (5): 438–450. doi:10.1101/gad.233585.113

OPEN ACCESS | www.cell-stress.com 100 Cell Stress | Vol. 10

http://dx.doi.org/10.1089/wound.2020.1287
http://dx.doi.org/10.1007/978-981-13-2835-0_7
http://dx.doi.org/10.3389/fphar.2025.1592596
http://dx.doi.org/10.1016/j.ajpath.2012.09.023
http://dx.doi.org/10.18632/aging.100508
http://dx.doi.org/10.18632/aging.100508
http://dx.doi.org/10.1016/j.jdermsci.2016.01.005
http://dx.doi.org/10.1016/j.bbadis.2016.05.004
http://dx.doi.org/10.18632/aging.101613
http://dx.doi.org/10.1371/journal.pone.0110644
http://dx.doi.org/10.18632/aging.100603
http://dx.doi.org/10.1371/journal.pgen.1006247
http://dx.doi.org/10.1371/journal.pgen.1006247
http://dx.doi.org/10.1016/j.abb.2025.110382
http://dx.doi.org/10.1152/ajpendo.00192.2010
http://dx.doi.org/10.1016/j.ncrna.2025.05.002
http://dx.doi.org/10.1186/1471-2164-14-224
http://dx.doi.org/10.1111/jcmm.15610
http://dx.doi.org/10.3389/fcell.2021.668648
http://dx.doi.org/10.3389/fphar.2022.828627
http://dx.doi.org/10.1002/1873-3468.70051
http://dx.doi.org/10.3390/ijms25136821
http://dx.doi.org/10.3390/diseases13080245
http://dx.doi.org/10.3390/diseases13080245
http://dx.doi.org/10.1038/cddis.2012.174
http://dx.doi.org/10.1038/jid.2015.48
http://dx.doi.org/10.1016/j.jid.2018.03.1521
http://dx.doi.org/10.7507/1002-1892.201907136
http://dx.doi.org/10.7507/1002-1892.201907136
http://dx.doi.org/10.1093/brain/awv010
https://www.creative-biolabs.com/gene-therapy/dnmt1-and-associated-diseases.htm
https://www.creative-biolabs.com/gene-therapy/dnmt1-and-associated-diseases.htm
https://www.creative-biolabs.com/gene-therapy/dnmt1-and-associated-diseases.htm
http://dx.doi.org/10.1016/S0304-3835(02)00689-4
http://dx.doi.org/10.1016/S0304-3835(02)00689-4
http://dx.doi.org/10.5582/bst.2016.01102
http://dx.doi.org/10.1186/s13046-019-1059-5
http://dx.doi.org/10.3389/fphys.2022.895242
http://dx.doi.org/10.1101/gad.233585.113
https://www.cell-stress.com


H. Azizi et al. (2026) miRNAs in Skin Regeneration and Aging

74. Gerasymchuk M, Cherkasova V, Kovalchuk O, Kovalchuk I (2020). The
Role of microRNAs in Organismal and Skin Aging. Int J Mol Sci 21 (15):
5281. doi:10.3390/ijms21155281

75. Czerwińska J, Owczarczyk-Saczonek A (2025). Matrix Metallopro-
teinases in Inflammatory Dermatoses. Int J Mol Sci 26 (21): 10319.
doi:10.3390/ijms262110319

76. Harmanci D, Erkan EP, Kocak A, Akdogan GG (2017). Role of the
microRNA-29 family in fibrotic skin diseases.BiomedRep6 (6): 599–604.
doi:10.3892/br.2017.900

77. Kriegel AJ, Liu Y, Fang Y, Ding X, Liang M (2012). The miR-29 fam-
ily: genomics, cell biology, and relevance to renal and cardiovascu-
lar injury. Physiol Genomics 44 (4): 237–244. doi:10.1152/physiolge-
nomics.00141.2011

78. Swahari V, Nakamura A, Hollville E, Hung YH, Kanke M, Kurtz CL, Car-
avia XM, Roiz-Valle D, He S, Krishnamurthy J, Kapoor S, Prasad V, Flow-
ers C, Beck M, Baran-Gale J, Sharpless N, López-Otín C, Sethupathy
P, Deshmukh M (2024). miR-29 is an important driver of aging-related
phenotypes — Communications Biology. Commun Biol 7 (1): 1055.
doi:10.1038/s42003-024-06735-z

79. Mei Q, Li K, Tang T, Cai S, Liu Y, Wang X, Jia Y, Zhang L, Li H, SongH, Zhai
J, Xiang W (2024). miR-203-3p promotes senescence of mouse bone
marrowmesenchymal stem cells via downregulation of Pbk. Aging Cell
23 (11): e14293. doi:10.1111/acel.14293

80. Tan J, Hu L, Yang X, Zhang X, Wei C, Lu Q, Chen Z, Li J (2020).
miRNA expression profiling uncovers a role of miR-302b-3p in regu-
lating skin fibroblasts senescence. J Cell Biochem 121 (1): 70–80.
doi:10.1002/jcb.28862

81. Sun JC, Sun TJ, Shen ZA, Zhao HQ, Liu XZ, Zhang YJ (2022). Effects of
collagen type X VII �1 on epidermal stem cells in aging skin and the mi-
croRNA intervention mechanism. Zhonghua Shao Shang Yu Chuang
Mian Xiu Fu Za Zhi 38 (9): 839–848. doi:10.3760/cma.j.cn501120-
20210829-00293

82. Manni E, Jeffery N, Chambers D, Slade L, Etheridge T, Harries
LW (2023). An evaluation of the role of miR-361-5p in
senescence and systemic ageing. Exp Gerontol 174: 112127.
doi:10.1016/j.exger.2023.112127

83. Stafa K, Rella A, Eagle W, Dong K, Morris K, Layman D, Corallo K, Trivero
J, Maidhof R, Goyarts E, Pernodet N (2024). miR-146a is a critical target
associatedwithmultiplebiological pathwaysof skinaging.FrontPhysiol
15: 1291344. doi:10.3389/fphys.2024.1291344

84. MulhollandEJ,DunneN,McCarthyHO (2017).MicroRNAasTherapeutic
Targets for ChronicWound Healing.Mol Ther - Nucleic Acids 8: 46–55.
doi:10.1016/j.omtn.2017.06.003

85. Ahmed MI, Pickup ME, Rimmer AG, Alam M, Mardaryev AN, Poterlowicz
K, Botchkareva NV, Botchkarev VA (2019). Interplay of MicroRNA-21 and
SATB1 in Epidermal Keratinocytes during Skin Aging. J InvestDermatol
139 (12): 2538–2542, e2. doi:10.1016/j.jid.2019.04.022

86. Mancini M, Saintigny G, Mahé C, Annicchiarico-Petruzzelli M, Melino G,
Candi E (2012). MicroRNA-152 and -181a participate in human der-
mal fibroblasts senescence acting on cell adhesion and remodeling
of the extra-cellular matrix. Aging 4 (11): 843–853. doi:10.18632/ag-
ing.100508

87. Wang X-Y, Guan X-H, Yu Z-P, Wu J, Huang Q-M, Deng K-Y, Xin H-B
(2021). Human amniotic stem cells-derived exosmal miR-181a-5p and
miR-199a inhibit melanogenesis and promotemelanosome degradation
in skin hyperpigmentation, respectively. Stem Cell Res Ther 12: 501.
doi:10.1186/s13287-021-02570-9

88. Beer L, Kalinina P, Köcher M, Laggner M, Jeitler M, Abbas Zadeh S, Copic
D, Tschachler E, Mildner M (2020). miR-155 Contributes to Normal Ker-
atinocyte Differentiation and Is Upregulated in the Epidermis of Psoriatic
Skin Lesions. Int JMolSci21 (23): 9288. doi:10.3390/ijms21239288

89. Xiuli Y, Honglin W (2021). miRNAs Flowing Up and Down: The Concerto
ofPsoriasis.FrontMed8:646796.doi:10.3389/fmed.2021.646796

90. Ma L, Xue H-B, Wang F, Shu C-M, Zhang J-H (2015). MicroRNA-155may
be involved in the pathogenesis of atopic dermatitis by modulating the
differentiation and function of T helper type 17 (Th17) cells. Clin Exp
Immunol 181 (1): 142–149. doi:10.1111/cei.12624

91. Wang X, Chen Y, YuanW, Yao L, Wang S, Jia Z, Wu P, Li L, Wei P, Wang X,
HongM (2019). MicroRNA-155-5p is a key regulator of allergic inflamma-
tion, modulating the epithelial barrier by targeting PKI� .Cell DeathDi 10
(12): 884. doi:10.1038/s41419-019-2124-x

92. An Y, Yuan R, Wang S, Yang S, Zhang Q (2024). Knockdown of miR-155
alleviates skin damage in ratswith chronic spontaneous urticaria bymod-
ulating the JAK/STATsignalingpathway.AllergyAsthmaClin Immunol
Off J Can Soc Allergy Clin Immunol 20: 38. doi:10.1186/s13223-024-
00902-x

93. Wang Z, Peng Y, Zhou H, Zhang M, Ju D, Chen Z (2025). MiRNA-based
drugs: challenges and delivery strategies. Appl Microbiol Biotechnol
109 (1): 247. doi:10.1007/s00253-025-13620-0

94. YuanS, ZhangP,WenL, JiaS,WuY, ZhangZ,GuanL, YuZ, ZhaoL (2021).
miR-22 promotes stem cell traits via activatingWnt/� -catenin signaling in
cutaneous squamous cell carcinoma. Oncogene 40 (39): 5799–5813.
doi:10.1038/s41388-021-01973-5

95. Kang YJ (2023). MicroRNA-22 Regulates the Pro-inflammatory
Responses and M1 Polarization of Macrophages by Targeting
GLUT1 and 4-1BBL. J Immunol Res 2023: 2457006.
doi:10.1155/2023/2457006

96. Yuan S, Li F, Meng Q, Zhao Y, Chen L, Zhang H, Xue L, Zhang X, Lengner
C, YuZ (2015). Post-transcriptional Regulation of Keratinocyte Progenitor
Cell Expansion, Differentiation and Hair Follicle Regression by miR-22.
PLoSGenet 11 (5): e1005253. doi:10.1371/journal.pgen.1005253

97. Martinez-Escala ME, Choi J (2018). Are MicroRNAs Key to Developing
Biomarkers for Cutaneous T-Cell Lymphoma? J Invest Dermatol 138
(9): 1906–1908. doi:10.1016/j.jid.2018.04.012

98. Wang J, Li Y, Ding M, Zhang H, Xu X, Tang J (2016). Molecular
mechanisms and clinical applications of miR-22 in regulating malignant
progression in human cancer (Review). Int J Oncol 50 (2): 345–355.
doi:10.3892/ijo.2016.3811

99. Röck K, Tigges J, Sass S, Schütze A, Florea A-M, Fender AC, Theis FJ,
Krutmann J, Boege F, Fritsche E, ReifenbergerG, Fischer JW (2015). miR-
23a-3p causes cellular senescence by targeting hyaluronan synthase 2:
possible implication for skin aging. J Invest Dermatol 135 (2): 369–377.
doi:10.1038/jid.2014.422

100. Amelio I, LenaAM, ViticchièG, Shalom-Feuerstein R, Terrinoni A, Dinsdale
D, Russo G, Fortunato C, Bonanno E, Spagnoli LG, Aberdam D, Knight
RA, Candi E, Melino G (2012). miR-24 triggers epidermal differentiation
by controlling actin adhesion and cell migration. J Cell Biol 199 (2):
347–363. doi:10.1083/jcb.201203134

101. Xu N, Brodin P, Wei T, Meisgen F, Eidsmo L, Nagy N, Kemeny L, Ståhle
M, Sonkoly E, Pivarcsi A (2011). MiR-125b, a microRNA downregulated
in psoriasis, modulates keratinocyte proliferation by targeting FGFR2. J
InvestDermatol131 (7): 1521–1529. doi:10.1038/jid.2011.55

102. Xia W, Li M, Jiang X, Huang X, Gu S, Ye J, Zhu L, Hou M, Zan T (2022).
Young fibroblast-derived exosomal microRNA-125b transfers beneficial
effects on aged cutaneous wound healing. J Nanobiotechnology 20
(1): 144. doi:10.1186/s12951-022-01348-2

103. Nagpal V, Rai R, Place AT, Murphy SB, Verma SK, Ghosh AK, Vaughan DE
(2016).MiR-125b isCritical for Fibroblast-to-Myofibroblast Transition and
Cardiac Fibrosis. Circulation 133 (3): 291–301. doi:10.1161/CIRCULA-
TIONAHA115.018174

104. Midgley AC, Bowen T, Phillips AO, Steadman R (2014). MicroRNA-7 in-
hibition rescues age-associated loss of epidermal growth factor receptor
and hyaluronan-dependent differentiation in fibroblasts. Aging Cell 13
(2): 235–244. doi:10.1111/acel.12167

105. Toledano H (2013). The role of the heterochronic microRNA let-
7 in the progression of aging. Exp Gerontol 48 (7): 667–670.
doi:10.1016/j.exger.2012.08.006

106. Chen C, Guo M, Zhao X, Zhao J, Chen L, He Z, Xu L,
Zha Y (2023). MicroRNA-7: A New Intervention Target for
Inflammation and Related Diseases. Biomolecules 13 (8): 1185.
doi:10.3390/biom13081185

107. Wang Y, Zhao J, Chen S, Li D, Yang J, Zhao X, Qin M, Guo M, Chen C, He
Z, Zhou Y, Xu L (2022). Let-7 as a Promising Target in Aging and Aging-
Related Diseases: A Promise or a Pledge. Biomolecules 12 (8): 1070.
doi:10.3390/biom12081070

OPEN ACCESS | www.cell-stress.com 101 Cell Stress | Vol. 10

http://dx.doi.org/10.3390/ijms21155281
http://dx.doi.org/10.3390/ijms262110319
http://dx.doi.org/10.3892/br.2017.900
http://dx.doi.org/10.1152/physiolgenomics.00141.2011
http://dx.doi.org/10.1152/physiolgenomics.00141.2011
http://dx.doi.org/10.1038/s42003-024-06735-z
http://dx.doi.org/10.1111/acel.14293
http://dx.doi.org/10.1002/jcb.28862
http://dx.doi.org/10.3760/cma.j.cn501120-20210829-00293
http://dx.doi.org/10.3760/cma.j.cn501120-20210829-00293
http://dx.doi.org/10.1016/j.exger.2023.112127
http://dx.doi.org/10.3389/fphys.2024.1291344
http://dx.doi.org/10.1016/j.omtn.2017.06.003
http://dx.doi.org/10.1016/j.jid.2019.04.022
http://dx.doi.org/10.18632/aging.100508
http://dx.doi.org/10.18632/aging.100508
http://dx.doi.org/10.1186/s13287-021-02570-9
http://dx.doi.org/10.3390/ijms21239288
http://dx.doi.org/10.3389/fmed.2021.646796
http://dx.doi.org/10.1111/cei.12624
http://dx.doi.org/10.1038/s41419-019-2124-x
http://dx.doi.org/10.1186/s13223-024-00902-x
http://dx.doi.org/10.1186/s13223-024-00902-x
http://dx.doi.org/10.1007/s00253-025-13620-0
http://dx.doi.org/10.1038/s41388-021-01973-5
http://dx.doi.org/10.1155/2023/2457006
http://dx.doi.org/10.1371/journal.pgen.1005253
http://dx.doi.org/10.1016/j.jid.2018.04.012
http://dx.doi.org/10.3892/ijo.2016.3811
http://dx.doi.org/10.1038/jid.2014.422
http://dx.doi.org/10.1083/jcb.201203134
http://dx.doi.org/10.1038/jid.2011.55
http://dx.doi.org/10.1186/s12951-022-01348-2
http://dx.doi.org/10.1161/CIRCULATIONAHA115.018174
http://dx.doi.org/10.1161/CIRCULATIONAHA115.018174
http://dx.doi.org/10.1111/acel.12167
http://dx.doi.org/10.1016/j.exger.2012.08.006
http://dx.doi.org/10.3390/biom13081185
http://dx.doi.org/10.3390/biom12081070
https://www.cell-stress.com


H. Azizi et al. (2026) miRNAs in Skin Regeneration and Aging

108. Wang R, Wang FF, Cao HW, Yang JY (2019). MiR-223 regulates
proliferation and apoptosis of IL-22-stimulated HaCat human
keratinocyte cell lines via the PTEN/Akt pathway. Life Sci 230: 28–34.
doi:10.1016/j.lfs.2019.05.045

109. Yu R-B, Li K, Wang G, Gao G-M, Du J-X (2019). MiR-23 enhances cardiac
fibroblast proliferation and suppresses fibroblast apoptosis via target-
ing TGF-�1 in atrial fibrillation. Eur Rev Med Pharmacol Sci 23 (10):
4419–4424. doi:10.26355/eurrev_201905_17950

110. Jiao P,Wang X-P, Luoreng Z-M, Yang J, Jia L, Ma Y,Wei D-W (2021). miR-
223: An Effective Regulator of Immune Cell Differentiation and Inflamma-
tion. Int J Biol Sci 17 (9): 2308–2322. doi:10.7150/ijbs.59876

111. Li CX, Li HG, Huang LT, Kong YW, Chen FY, Liang JY, Yu H, Yao ZR
(2017). H19 lncRNA regulates keratinocyte differentiation by targeting
miR-130b-3p — Cell Death & Disease. Cell Death Dis 8 (11): e3174.
doi:10.1038/cddis.2017.516

112. Li S, Geng J, Xu X, Huang X, Leng D, Jiang D, Liang J, Wang C,
Jiang D, Dai H (2016). miR-130b-3p Modulates Epithelial-Mesenchymal
Crosstalk inLungFibrosisbyTargeting IGF-1.PloSOne11 (3): e0150418.
doi:10.1371/journal.pone.0150418

113. McKenna DJ, McDade SS, Patel D, McCance DJ (2010). MicroRNA 203
Expression in Keratinocytes Is Dependent onRegulation of p53 Levels by
E6.JVirol84 (20): 10644–10652. doi:10.1128/JVI00703-10

114. Rivetti di Val Cervo P, Lena AM, Nicoloso M, Rossi S, Mancini M, Zhou H,
SaintignyG, Dellambra E, Odorisio T,MahéC, Calin GA, Candi E,MelinoG
(2012). p63–microRNA feedback in keratinocyte senescence.ProcNatl
Acad Sci U S A 109 (4): 1133–1138. doi:10.1073/pnas.1112257109

115. Primo MN, Bak RO, Schibler B, Mikkelsen JG (2012). Regulation
of pro-inflammatory cytokines TNF� and IL24 by microRNA-
203 in primary keratinocytes. Cytokine 60 (3): 741–748.
doi:10.1016/j.cyto.2012.07.031

116. Viticchiè G, Lena AM, Cianfarani F, Odorisio T, Annicchiarico-
Petruzzelli M, Melino G, Candi E (2012). MicroRNA-203 contributes
to skin re-epithelialization. Cell Death Dis 3 (11): e435.
doi:10.1038/cddis.2012.174

117. Mostafa SA, Mohammad MHS, Negm WA, Batiha GES, Alotaibi SS, Al-
bogami SM, Waard MD, Tawfik NZ, Abdallah HY (2022). Circulating mi-
croRNA203 and its target genes’ role in psoriasis pathogenesis. Front
Med 9: 988962. doi:10.3389/fmed.2022.988962

118. Khor Y-S, Wong P-F (2025). Regulation of endothelial cell senes-
cence via the miR-217/FOXO3 axis. Biogerontology 26 (4): 147.
doi:10.1007/s10522-025-10290-3

119. Park MN (2026). Redox-Guided Epigenetic Signaling in Cancer:
miRNA–DNMT Feedback Loops as Epigenetic Memory Modulates.
Antioxidants 15 (3): 295. doi:10.3390/antiox15030295

120. Wang Z, Shi D, Zhang N, Yuan T, Tao H (2021). MiR-217 promotes en-
dothelial cell senescence through the SIRT1/p53 signaling pathway. J
Mol Histol 52 (2): 257–267. doi:10.1007/s10735-020-09945-x

OPEN ACCESS | www.cell-stress.com 102 Cell Stress | Vol. 10

http://dx.doi.org/10.1016/j.lfs.2019.05.045
http://dx.doi.org/10.26355/eurrev_201905_17950
http://dx.doi.org/10.7150/ijbs.59876
http://dx.doi.org/10.1038/cddis.2017.516
http://dx.doi.org/10.1371/journal.pone.0150418
http://dx.doi.org/10.1128/JVI00703-10
http://dx.doi.org/10.1073/pnas.1112257109
http://dx.doi.org/10.1016/j.cyto.2012.07.031
http://dx.doi.org/10.1038/cddis.2012.174
http://dx.doi.org/10.3389/fmed.2022.988962
http://dx.doi.org/10.1007/s10522-025-10290-3
http://dx.doi.org/10.3390/antiox15030295
http://dx.doi.org/10.1007/s10735-020-09945-x
https://www.cell-stress.com

	MicroRNA as key players in skin regeneration and anti-aging pathways
	INTRODUCTION
	BIOGENESIS OF MicroRNAs
	SKIN MORPHOGENESIS AND THE ROLE OF MicroRNAs
	MicroRNAs’ FUNCTION IN SKIN AGING
	MicroRNAs AS REGULATORS OF KERATINOCYTE DETERIORATION
	THE REGULATION OF DIFFERENT MELANOCYTE PROCESSES BY AGE-DEPENDENT MicroRNAs
	THE FUNCTION OF MicroRNA REGULATION IN DERMAL FIBROBLAST AGING
	MicroRNAs AS AGING BIOMARKERS
	MIR-377
	MIR-124

	THE MIR-34 FAMILY
	THE MIR-39 FAMILY
	MIR-302b3p
	MIR-361-5p
	MIR-146a
	MIR-21
	MIR-181a
	MIR-155
	MIR-22
	MIR-23a
	MIR-24
	MIR-125b
	MIR-7 and let7
	MIR-223
	MIR-130b
	MIR-203
	MIR-217

	CONCLUSION
	ACKNOWLEDGMENTS
	CONFLICT OF INTEREST
	COPYRIGHT


