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MicroRNAs regulate cell proliferation and angiogenesis  
in wound healing  

ABSTRACT 
MicroRNAs (miRNAs) are a family of small non-
coding RNA molecules of 18-25 nucleotides in 
length. MiRNA expression patterns are highly 
conserved and can regulate many cellular processes 
which are essential in tissue development and 
functional maintenance. They are also crucial in 
the inflammation, repair, and remodelling response 
of tissue during wound healing. Wound healing is 
an intricate process to repair the skin or other 
organs after injury. Cell proliferation and angiogenesis 
play crucial roles in this process. MiRNAs have 
emerged as critical factors in cell proliferation, 
angiogenesis, and wound healing. In this review, 
we examine the effects of different microRNAs in 
cell proliferation and angiogenesis associated with 
wound healing. 
 
KEYWORDS:  microRNA, 3'UTR, non-coding 
RNA, angiogenesis 
 
ABBREVIATIONS 
miRNA, microRNA; mRNA, messenger RNA; 
ncRNA, non-coding RNAs; lncRNA, long non-
coding RNA; 3'UTR, 3'-untraslated region 
 
 

1. INTRODUCTION 
MicroRNAs (miRNAs) are small non-coding 
RNAs that are 18-25 nucleotides in length [1-3].  
Similar to protein coding genes, miRNA genes code 
for individual miRNAs. In some cases, miRNAs 
are transcribed as a single polycistronic transcript, 
which contain more than one miRNA precursor 
[4]. MiRNAs expressed in the same cluster may 
not share sequence similarities for gene targeting, 
but they can function together to control multiple 
target genes [4]. Many genes encoding for miRNAs 
overlap with protein coding genes or are located in 
the introns of protein-coding genes [5]. In humans, 
over 247 miRNAs occur in clusters with an inter-
miRNA spacer [6]. Some miRNAs in the clusters 
can have a high degree of homology, such as 
miR-17 and miR-20a in the miR-17~92 cluster, 
and miR-106a, miR-20b, miR-106b, and miR-93 
in the paralogs [7, 8]. Similar functions have been 
reported for miR-17 and miR-93 [8-10]. 
In mammals, most miRNAs bind through base 
pairing and target the 3’-untranslated region 
(3’UTR) of mRNAs with imperfect complementarity. 
This binding can induce mRNA degradation or 
translational repression. Binding specificity and 
targeting efficiency are determined by the seed 
sequence of miRNAs, which are located near the 
5' region, typically in nucleotides 2-8 of the 
miRNAs [11, 12]. This binding between the seed 
sequence and the mRNA also determines whether 
the target mRNA is degraded or translational 
repression occurs [13, 14]. While studies have 
shown that miRNAs can regulate mRNA stability
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indicated that miRNAs play a key role in regulating 
wound inflammation, cell proliferation, migration, 
angiogenesis, and tissue remodelling. Proper 
angiogenesis and tissue remodelling are the crucial 
processes that determine success in ischemic wound 
repair. Understanding the mechanisms of miRNA 
functions in wound inflammation, angiogenesis, 
and remodelling may lead to the development of 
therapeutic strategies for management of chronic 
non-healing wounds. 
As the largest organ of the body which protects 
against environmental hazards, most wounds 
occur in the skin [57]. The physiological functions 
of skin are strictly controlled by the gene regulatory 
networks that involve numerous factors including 
regulation of gene expression by miRNAs. 
MicroRNAs play integral roles in the maintenance 
of skin physiology. In normal skin, miRNA-200 
and miRNA-205 are highly expressed, both of 
which target Zinc finger E-box-binding homeobox 1 
(ZEB1) and survival of motor neuron protein-
interacting protein 1 (SIP1) [58, 59]. Since SIP1, 
also known as ZEB2, is a transcriptional repressor 
of E-cadherin, repression of SIP1 by these two 
miRNAs is expected to regulate E-cadherin positively 
for maintaining epithelial stability. 
During the cutaneous wound healing process, 
expression of certain miRNAs is aberrantly regulated. 
miR-210 regulates keratinocyte proliferation and 
wound repair [60]. Under the hypoxic conditions 
of chronic wound repair, this miRNA is up-
regulated [61-63]. One of the targets for miR-210 
is the transcription factor E2F3, which attenuates 
keratinocyte proliferation and wound closure [60]. 
In mammalian skin wound healing, a scarring 
phenotype is always seen, and only fetal mammalian 
skin can heal without scar formation. When 
comparing these types of skin, some miRNAs are 
found to be differentially expressed, including 
miRNA-29b, miRNA-29c, and miRNA-192 [64]. 
It is known that TGF-β, Smads, and β-catenin are 
implicated in scar formation. Repression of these 
proteins by miRNA-29b and miRNA-29c may 
influence the formation of scars [65, 66].  
Psoriasis of the skin is an immune-mediated chronic 
inflammatory disease. Several miRNAs have been 
found to be up-regulated in psoriasis including 
miRNA-203, miRNA-146a, and miRNA-21, while

and translation, recent studies have also shown 
that the 3’UTRs and other non-coding RNAs can 
regulate miRNA stability and functions [15-17]. 
Transgenic mice expressing versican 3'UTR displayed 
increased organ adhesion and cell adhesion [15]. 
Exogenous expression of the versican 3'UTR 
could bind and modulate functions of many 
miRNAs and regulate their stability and functions 
[15, 18, 19]. Similarly, the 3'UTR of CD44 was 
shown to regulate miR-216a, miR-330 and miR-608 
functions. This regulation increased CD44 and 
CDC42 expression and increased cell apoptosis and 
endothelial cell activities, but decreased cell 
proliferation and survival [16, 20]. Pseudogenes 
and long non-coding RNAs have also been 
implicated in the regulation of miRNA functions 
[21, 22]. 
By regulating gene expression, microRNAs have 
been shown to exert diverse biological functions 
in regulating cell activities such as cell proliferation 
[23-26], cell differentiation [10, 27, 28], autophagy 
[29], apoptosis [30, 31], morphogenesis [32], invasion 
[33-35], tissue growth [7], tumor formation  
[36-38], angiogenesis [39-41], and metastasis [10, 
42, 43]. On the other hand, miRNA function can 
also be regulated by other components, including 
3’UTRs of versican [15, 44, 45], CD44 [16], 
nephronectin [17, 46], pseudogene PTENP1 [21, 
22], long non-coding RNAs [47], circular RNAs 
[48], and miRNA-binding sponges [49, 50]. 
Experimentally, a number of strategies have been 
taken to regulate miRNA activities including the 
use of decoys, sponges, locked nucleic acids, miR-
Pirate, and antagomirs [19, 49, 51-53]. Regulation 
of miRNA has been shown to modulate cell 
proliferation, adhesion, differentiation, migration, 
invasion, and angiogenesis.  
 
2. MicroRNAs regulate wound healing 
Chronic wounds constitute a substantial health 
and economic burden to our society. In addition to 
the 1.3–3 million individuals in the United States 
having pressure ulcers, 10–15% of the population 
with diabetes are at risk of developing diabetic 
ulcers [54, 55]. The treatment of these chronic 
wounds is estimated to cost $5–10 billion each 
year [56]. The healing process is regulated by a 
great number of factors. Emerging evidence has 
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an antiproliferative effect on endothelial cells 
[78]. In human microvascular endothelial cells 
(HMECs), silencing Dicer resulted in diminished 
tube formation and cell migration [79]. These 
studies confirmed that miRNAs are essential 
in endothelial cell activities associated with 
angiogenesis. To this point, the roles of miRNAs 
in angiogenesis have been well studied. Vascular 
Endothelial Growth Factor (VEGF) treatment 
increases expression of many miRNAs including 
miR-17, miR-18a, and miR-20a, whose activities 
are implicated in angiogenesis [78]. VEGF can 
also promote proliferation of cortical neurons 
precursors by regulating E2F expression, which is 
involved in cell proliferation and apoptosis [80, 
81]. The oncogene c-myc can activate expression 
of the miR-17~92 cluster [82], also involved in 
angiogenesis. Ectopic expression of miR-17 enhances 
formation of blood vessels by targeting the tumor 
suppressor phosphatase and tensin homolog 
(PTEN), Vimentin, and GalNT7 [8]. Endothelial 
cells transfected with miR-17 showed increased 
rates of proliferation, survival, and migration [8]. 
Other miRNAs expressed in endothelial cells 
include let-7f and miR-27b. These two miRNAs 
have pro-angiogenic effects [83]. Silencing Dicer 
and Drosha reduced lef-7f and mir-27b expression 
and sprout formation. Inhibitors against let-7f and 
mir-27b also reduced sprout formation [83]. These 
results indicated that let-7f and mir-27b promote 
angiogenesis by targeting anti-angiogenic genes. 
In breast cancer cells, hyaluronan synthase 
2 (HAS2) was identified as a target of let-7 [50]. 
Nevertheless, the let-7 family is widely accepted 
as a tumor suppressive miRNAs. How tumor 
suppressive miRNAs promoted angiogenesis await 
further investigation. There may be common 
mechanism underlying these effects. It is also 
possible that these miRNAs play different roles in 
different cell types and different functional 
environments. A member of the let-7 family, 
miR-98, has been shown to play roles in 
angiogenesis [84]. Expression of miR-98 inhibited 
breast cancer cell proliferation, survival, invasion, 
and angiogenesis. Inhibition of endogenous miR-
98 with miR-98 inhibitors or by transfection with 
an anti-miR-98 construct promoted cell proliferation, 
survival, invasion, and angiogenesis. Activin receptor-
like kinase-4 and matrix metalloproteinase-11 were
 

miRNA-125b has been found to be down-
regulated [67, 68]. These two types of miRNAs 
may play roles in regulating the pathogenesis of 
psoriasis. Systemic sclerosis is a chronic disorder 
characterized by scarring in the skin and other 
organs, whereby normal extracellular molecules are 
progressively replaced by collagen. MiRNA-29a 
can repress expression of type I and type III 
collagens and is implicated in the formation of the 
sclerosis [69]. Since cell self-renewal, proliferation, 
differentiation, survival, migration, invasion, and 
morphogenesis are key to proper healing, 
understanding the miRNA regulatory networks of 
these processes will be key for further understanding 
wound healing. Recently, we showed that the 
functions of a number of miRNAs can be regulated 
through its binding to the 3’UTR of versican in 
the process of wound repair [45], because versican 
is an essential extracellular molecule playing roles 
in mediating cell activities [70-74].  
 
3. MiRNAs regulate angiogenesis  
Angiogenesis is the process by which new vessels 
develop from pre-existing blood vasculature. Under 
normal conditions, the vascular endothelium is 
quiescent in adults, but stimuli, such as stroke, 
injury and cancer, can initiate an angiogenic 
response. New vasculature is usually formed in 
regions of tissue where blood circulation is required. 
The formation of new blood vessels is regulated 
by many factors and recent studies have indicated 
that microRNAs play an important role in 
angiogenesis. A number of miRNAs have been 
identified to be abundantly expressed in angiogenesis-
associated endothelial cells. Using an in silico 
approach, some of these miRNAs have been 
predicted to target angiogenic factors. For example, 
miR-221 and miR-222 target c-kit, a receptor 
tyrosine kinase that binds stem cell factors and 
mediates VEGF expression [75]. Transfection of 
miR-221/222 represses c-kit protein expression 
without affecting mRNA level.  
Endothelial cell activities play important roles in 
angiogenesis. miR-126 is an endothelial cell-
specific miRNA[76] and it is enriched in highly 
vascularized tissues [77]. Since all miRNAs are 
processed by Dicer, silencing Dicer impairs the 
development of capillary-like structures and exerts
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marker CD133 [90]. miR-125 has also been shown 
to repress the expression of matrix metallopeptidase 
13 (MMP13) and inhibit cell proliferation, thus, 
playing a role as a tumor suppressor [91].  
Although miR-221 has been characterized as an 
oncogenic miRNA, it has also been shown to play 
a role in injury-induced phenotypic modulation of 
Schwann cells. Increased expression of miR-221 
has been shown to promote Schwann cell 
proliferation in vitro, while inhibiting its expression 
decreases cell proliferation [25]. The longevity 
assurance homologue 2 (LASS2) was a direct target 
of this miRNA. Over-expression of miR-221 
repressed both mRNA and protein levels of 
LASS2. miR-222 is a paralog of miR-221 and it 
plays similar roles in regulating Schwann cell 
activities [25]. miR-222 has also been shown to be 
up-regulated in gastric mucosa and gastric cancer. 
miR-222 transfection promoted cell proliferation 
and colony formation in vitro by targeting RECK 
[92]. The cell cycle regulator p27 is also a target 
of the miR-221/222 cluster in chronic lymphocytic 
leukemia cells. Increased levels of miR-221/222 
cluster in the chronic lymphocytic leukemia cell 
line MEC1 repressed p27 expression and conferred a 
proliferative advantage to the transduced cells and 
promoted faster progression of the cell cycle [93]. 
The regulation was also seen in glioblastomas and 
prostate cancer, where deregulated expression of 
miR-221/222 increased cancer growth by 
repressing p27 expression [94, 95]. Expression of 
the miR-221/222 cluster is also up-regulated in 
vascular smooth muscle cells (VSMCs) during 
vascular wall injury. In cultured VSMCs, treatment 
with growth stimulators increased expression of 
miR-221 and miR-222, while silencing miR-221 
and miR-222 resulted in decreased cell 
proliferation [96].  
 
5. MiRNAs inhibit cell proliferation  
MiRNAs that can inhibit cell proliferation were 
initially reported using a loss-of-function allele in 
mice. The myeloid-specific miR-223 can negatively 
regulate progenitor proliferation and granulocyte 
differentiation [97]. It was identified that Mef2c, a 
transcription factor that promotes myeloid progenitor 
proliferation, is a target of the miRNA. Genetic 
ablation of Mef2c was shown to suppress progenitor 
expansion and reverses the neutrophilic phenotype

identified as the targets of miR-98. Specific 
siRNAs silencing these molecules inhibited cell 
proliferation, cell survival, and angiogenesis [84]. 
By identifying miRNA signatures for angiogenesis, 
investigators maybe able to identify previously 
unknown targets through novel miRNA recognition 
elements. This may lead to the identification of 
new approaches for innovative therapies in 
angiogenesis-related diseases. 
 
4. MiRNAs promote cell proliferation  
Cellproliferation is a crucial event in tissue 
patterning during animal development and in 
tissue remodelling during wound repair. Cell 
apoptosis is another critical event coordinated 
with cell proliferation during tissue development, 
wound healing, and tumor growth. Many proteins 
that play roles in cell proliferation and apoptosis 
have been identified. Recently, it has become 
clear that miRNAs regulate expression of many 
proteins associated with cell proliferation and 
apoptosis. Interestingly, individual microRNAs 
have been found to simultaneously stimulate cell 
proliferation and prevent apoptosis, depending on 
the biological context [85]. It appears that this 
regulation may occur through the Hippo signaling 
pathway which controls tissue growth [86]. In 
general, overall reduction in miRNA expression 
may favor cellular proliferation, since impaired 
miRNA processing results in global repression of 
miRNA maturation, promoting cellular growth 
[87]. Nevertheless, an increasing number of 
studies have shown that individual miRNAs have 
diverse activities in both promoting and inhibiting 
cell proliferation. Thus, the functions of individual 
miRNAs remain to be dissected in different 
functional environments and in different signaling 
pathways associated with cell proliferation, cell 
cycle progression, and cell apoptosis.  
One of the earliest miRNA studies showed that 
depletion of miR-125b had a profound effect on 
the proliferation of adult differentiated cancer 
cells [88]. It was later found that expression of 
miR-125b could be induced by CD154 and this 
contributed to regulating proliferation by targeting 
BCL2 [89]. Another target identified for miR-125b 
was found to be E2F2. Repression of E2F2 
inhibits proliferation of CD133 positive glioma 
stem cells and reduced the expression of stem
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effects observed when miR-9 was over-expressed 
by decreasing cell viability and increasing apoptosis. 
In primary breast tumor specimens, miR-9 and 
MTHFD2 were shown to be inversely related [101]. 
miR-9 has also shown to be inversely correlated 
with the expression of cyclin D1 and the oncogene 
Ets1 in gastric cancer tissues and cancer cell lines 
[102]. Both mRNAs were shown to be targeted by 
miR-9. Expression of cyclin D1 and Ets1 were 
repressed by ectopic expression of miR-9 but 
promoted by miR-9 knockdown in gastric cancer 
cell lines SGC-7901 and AGS. Silencing cyclin 
D1 or Ets1 expression partially mimicked the effects 
of miR-9 over-expression on cell proliferation, 
migration and invasion of gastric cancer cells, 
while an anti-miR-9 inhibitor promoted these 
processes [102]. MiR-9 was also shown to inhibit 
proliferation of glioma cells by directly targeting 
cyclic AMP response element-binding protein 
(CREB) [103]. Since CREB controls miR-9 
transcription, this regulation forms a negative 
feedback minicircuitry [103].  
Many additional miRNAs have been reported 
to inhibit cell proliferation. MiR-29a can inhibit 
epididymal epithelial cell proliferation by targeting 
nuclear autoantigenic sperm protein (NASP) 
[104]. MiR-29a can also inhibit cell proliferation 
and induces cell cycle arrest in human gastric 
cancer by repressing p42.3 expression at both the 
mRNA and protein levels via directly binding to 
its 3'UTR [105]. MiR-149 was reported to inhibit 
proliferation and cell cycle progression through 
targeting the transcription factor ZBTB2 in human 
gastric cancer [106]. miR-210 can disturb mitotic 
progression by regulating a group of mitosis-
related genes [26]. Both miR-127 and miR-26a can 
suppress hepatocyte proliferation [107, 108], while 
miR-219-5p and miR-1 can inhibit hepatocellular 
carcinoma cell proliferation [109, 110]. MiR-182 
can inhibit Schwann cell proliferation and migration 
by targeting Fibroblast Growth Factor 9 (FGF9) 
and Neurotrimin (NTM) [111], while miR-195 and 
miR-483-5p are able to inhibit human glioma cell 
proliferation by targeting Cyclin D1 and Extracellular 
signal-regulated kinase 1 (ERK1), respectively  
[112, 113]. 
 
6. The roles of miR-21 in cell proliferation  
Although an individual miRNA may play different 
roles in different cell types, some miRNAs have 

in the miR-223 mutant mice. Granulocytes lacking 
miR-223 were hypermature and hypersensitive to 
activating stimuli. As a consequence, the miR-223 
null mice developed inflammatory pathology and 
tissue destruction when the mice were challenged 
with endotoxin [97]. In HeLa cells, miR-u223 
significantly inhibited cell proliferation and 
colony formation [98]. Tumor formation in nude 
mice was suppressed in cells expressing miR-223. 
Insulin-like growth factor-1 receptor (IGF-1R) 
was identified as the functional target of miR-223 
in the inhibition of cell proliferation. The 
downstream signalling pathway of IGF-1R, 
Akt/mTOR/p70S6K, was inhibited by miR-223 as 
well. Silencing IGF-1R expression produced 
similar inhibitory result as miR-223 did. Rescuing 
IGF-1R expression in the cells that over-expressed 
miR-223 reversed the inhibitory effect on cell 
proliferation caused by miR-223 [98]. Over-
expression of miR-223 was also shown to down-
regulate IGF-1R expression and activity in 
vascular smooth muscle cells (VSMCs) under 
stretch stress. As a consequence, over-expression 
of miR-223 inhibited stretch stress-enhanced 
VSMC proliferation and the activity of PI3K-
AKT signalling [99]. Thus, miR-223 may be a 
viable therapeutic target for mechanical stretch-
induced neointimal hyperplasia in vein grafts [99]. 
In a number of cancer cell lines including 
HCT116 colorectal cancer cells, HeLa cervical 
cancer cells and HuH-7 hepatoma cells, miR-223 
is expressed at low levels [100]. Ectopic expression 
of miR-223 in these cells inhibited cell proliferation. 
Expression levels of forkhead box protein 01 
(FOXO1) mRNA and protein levels became 
significantly lower in these cells than those of 
their controls. It appears that miR-223 inhibited 
proliferation by regulating FOXO1 expression [100].
As under-expression of miR-9 occurs in many 
cancer types, miR-9 may be classified as tumor 
suppressive miRNA. In human breast cancer 
cell lines MDA-MB-231 and MCF-7, miR-9 
expression is down-regulated as compared with 
the normal breast cell line MCF-10-2A [101]. 
Increasing miR-9 expression in breast cancer  
cells inhibited cell proliferation and invasion. 
Methylenetetrahydrofolate dehydrogenase 2 
(MTHFD2) was identified as a miR-9 target gene. 
Silencing MTHFD2 expression mimicked the
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STAT3 were repressed by over-expression of 
miR-21 [117]. 
A large body of literature indicates that miR-21 
plays roles in the development of a number of 
cancers. Expression of miR-21 was found to be 
significantly higher in 15 esophageal cancer cell 
lines [118]. Cells transfected with pre-miR-21 
showed increased rates of proliferation, while cells 
transfected with anti-miR-21 had decreased rates 
of proliferation [118]. In HEK293 and several 
colorectal cancer cells, the levels of miR-21 were 
found inversely correlated with ras homolog gene 
family member B (RhoB) expression. Exogenous 
expression of miR-21 was able to mimic the effect 
of RhoB knockdown, which promoted cell 
proliferation and inhibited cell apoptosis. Expression 
of miR-21 significantly suppressed luciferase 
activity when the construct contained RhoB 3' UTR, 
but the inhibitory effect was abolished when the 
miR-21 target sites were mutated, confirming a 
direct repression of the tumor suppressor RhoB by 
miR-21 [119]. miR-21 was found over-expressed 
in endometrioid endometrial cancer (EEC) and was 
inversely correlated with protein levels of PTEN, 
a well-studied tumour suppressor [120]. Direct 
targeting of PTEN by miR-21 was confirmed 
using a dual-luciferase reporter assay. In renal 
carcinoma cells, miR-21 also decreases PTEN 
expression and augments Akt phosphorylation 
[121]. Over-expression of a miR-21 sponge was 
employed as an approach to quench endogenous 
miR-21 levels, which inhibited renal cancer cell 
proliferation. Down-regulation of PTEN prevented 
miR-21 sponge-induced inhibition of renal cancer 
cell proliferation [121]. The PTEN, PI3K and, Akt 
signalling pathways are also regulated by miR-21 
during early Diabetic nephropathy. Repression of 
PTEN increased PI3K and p-Akt levels in miR-21-
treated mesangial cells and db/db mice [122]. P12 
(CDK2AP1) is another tumor suppressor protein 
that has been predicted computationally to be 
targeted by miR-21. An inverse correlation of 
miR-21 and CDK2AP1 was observed experimentally 
[123]. Direct repression of P12(CDK2AP1) by 
miR-21 was confirmed by luciferase assay. In 
addition, anti-miR-21-transfected Tca8113 cells 
showed an increased CDK2AP1 levels and decreased 
cell proliferation, while increased expression of 
miR-21 promoted cell proliferation in cultured 
cells [123]. 
 
 

consistent functions in cell proliferation in different 
cell types. A very well studied example is miR-21. 
This miRNA has been identified as a unique 
miRNA over-expressed in a wide variety of 
cancer cells. Initially, it was found that inhibition 
of miR-21 expression in HeLa cells suppressed 
cell proliferation [114]. miR-21 was found to be 
involved in adventitial fibroblast (AFs) and 
myofibroblast (MFs) proliferation, while also  
playing important roles in vascular remodelling 
[115]. Both AF and MF cells over-express miR-21. 
Over-expression of miR-21 by transfection with 
pre-miR-21 increased proliferation and decreased 
apoptosis of both AF and MF cells, while 
inhibition of miR-21 decreased proliferation and 
increased apoptosis of AF and MF cells. In these 
cells, programmed cell death 4 (PDCD4) was 
validated as a direct target of miR-21 by a dual-
luciferase reporter assay and gain and loss of 
function experiments. This conclusion was supported 
by the observation that repressing PDCD4 expression 
by miR-21 increased JNK/c-Jun activity, while 
enhancing PDCD4 levels by miR-21 inhibition 
decreased JNK/c-Jun activity [115]. miR-21 may 
play a critical role in regulating proliferation and 
apoptosis of AF and MF cells associated with 
vascular remodelling. Human aortic smooth 
muscle cells (HASMCs) represent another cell type 
in the vascular system. Expression of miR-21 is 
modulated by mechanical stretch of cultured 
HASMCs. Stretch up-regulates miR-21 expression 
and cell proliferation, which may regulate expression 
of p27 and phosphorylated retinoblastoma protein 
(p-Rb). Endothelial cells are a large population of 
cells in the vascular system. Treatment of 
endothelial cells with rapamycin can suppress 
endothelial cell proliferation, which leads to delayed 
re-endothelialization. It was found that rapamycin 
treatment increased expression of miR-21 in 
human umbilical vein endothelial cells (HUVECs). 
Down-regulation of miR-21 function by miR-21 
inhibitor abolished the negative effects of 
rapamycin on endothelial cell growth. RhoB 
appears to be a direct target of miR-21 in 
mediating endothelial cell proliferation [116]. In 
high-fat diet (HFD)-induced obesity mice, miR-21 
regulates mesenchymal stem cell proliferation. 
Over-expression of miR-21 inhibited cell 
proliferation, whereas miR-21 inhibitor increased 
proliferation. Both protein and mRNA levels of
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Given that a wide cascade of biological processes are 
involved in the recovery and repair of wounds, 
current drugs targeting single molecules have shown 
to be less effective. Since individual miRNAs can 
target multiple genes, miRNA gene therapy may 
represent a new avenue towards developing new 
approaches for treating chronic wounds. 
Nevertheless, since the same miRNAs have often 
been found to have differential functions based on 
tissue-specific and spatiotemporal expression 
patterns, they should be investigated cautiously in 
any translational work. Understanding the network 
of genetic regulatory elements in wound repair 
and biological processes such as cell proliferation 
and angiogenesis will be critical in translating 
miRNA research into the clinic. 
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CONCLUSION 
Since the discovery of miRNAs, the interest and 
research within this field has dramatically increased. 
New knowledge and results have also opened up 
the potential for innovative therapeutic opportunities.
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