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A B S T R A C T

Angiogenesis is a crucial process for the maintenance of normal tissue physiology and it is involved in tissue
remodeling and regeneration. This process is essential for adipose tissue maintenance. The adipose tissue is
composed by different cell types including stromal vascular cells as well as adipose stem cells (ASCs). In par-
ticular, ASCs are multipotent somatic stem cells that are able to differentiate and secrete several growth factors;
they are recently emerging as a new cell reservoir for novel therapies and strategies in many diseases. Several
studies suggest that ASCs have peculiar properties and participate in different disease-related processes such as
angiogenesis. Furthermore, pathological expansion of adipose tissue brings to hypoxia, a major condition of
unhealthy angiogenesis.

Recent evidences have shown that microRNAs (miRNAs) play a crucial role also on ASCs as they take part in
stemness maintenance, proliferation, and differentiation. It has been suggested that some miRNAs (MIR126,
MIR31, MIR221 MIR222, MIR17-92 cluster, MIR30, MIR100 and MIR486) are directly involved in the angio-
genic process by controlling multiple genes involved in this pathway. With the present review, we aim at pro-
viding an updated summary of the importance of adipose tissue under physiological and pathological conditions
and of its relationship with neovascularization process. In particular, we report an overview of the most im-
portant miRNAs involved in angiogenesis focusing on ASCs. Hopefully the data presented will bring benefit in
developing new therapeutic strategies.

1. Introduction

Adipose tissue is a relevant metabolic and endocrine organ involved
in various physiological functions, from heat production to hormone
secretion. Adipose tissue is constantly evolving during lifetime and its
composition changes from childhood to adulthood. It contains several
cell types such as stromal vascular cells, which includes also adipose
stem cells and endothelial progenitor cells. Adipose Stem Cells (ASCs)
are today a promising and attractive solution for regenerative medicine
due to their multipotent property (Leto Barone et al., 2013). ASCs are
characterized by a high plasticity and can differentiate both towards
mesenchymal cells such as adipocytes, osteocytes, chondrocytes, en-
dothelial cells, and towards ectodermal and endodermal cells such as

skin epithelial, digestive tract, liver, and lungs cells (Orbay et al.,
2012). They can be isolated, expanded and induced to differentiate
towards the above-mentioned lines under specific culture conditions.
Recent studies have shown that, in many cell mechanisms, such as
stemness maintenance, proliferation and differentiation of ASCs,
miRNAs play a pivot regulatory role through the modulation of several
receptors or ligands involved in these processes (Di Stefano et al.,
2018). MicroRNAs are small non-coding RNA (18–20 base pairs) that
negatively regulate gene expression by inhibiting mRNA translation.
Numerous studies have focused on the identification of a specific
miRNA signature in ASCs during maintenance, remodeling and me-
senchymal differentiation including endothelial vessel formation. For
this purpose, the term angio-miR was coined to identify specific classes
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of miRNAs that are involved in the regulation of endothelial cells dif-
ferentiation during angiogenesis (Suárez et al., 2008; Wang and Olson,
2009).

Angiogenesis is a crucial process for the maintenance of normal
tissue physiology and it is involved in tissue remodeling and re-
generation (Viallard and Larrivée, 2017) through the formation of
novel blood vessels network. The activation of angiogenesis is mediated
by specific biochemical signals (Carmeliet, 2000). Generally, this pro-
cess consists in multiple steps: stimulation and migration of endothelial
cells (ECs), degradation of the surrounding capillary basal lamina,
formation of capillary sprout and finally vessels maturation (Rajabi and
Mousa, 2017). These events start in the embryonic stage and continue
throughout life (Balaj et al., 2013). The process is finely regulated by
several pro- and anti-angiogenic factors. The main pro-angiogenic fac-
tors involved in this process are the Vascular Endothelial Growth Factor
(VEGF) family (VEGFA, VEGFB, VEGFC, VEGFD, VEGFE), and PGF1
and 2 (placental growth factor) (Mashreghi et al., 2017). VEGF binds to
Vascular Endothelial Growth Factor Receptor 1/2 (VEGFR1 and
VEGFR2), encouraging angiogenesis through the stimulation of en-
dothelial cells to produce proteolytic enzymes, which destroy the
perivascular extracellular matrix (ECM) and the basement membrane
(Rajabi and Mousa, 2017). Endothelial cells proliferate and migrate into
the perivascular area creating “primary sprouts”. The next phase leads
to the formation of capillary loops, with the subsequent synthesis of a
new basement membrane and blood vessels maturation (Koch and
Distler, 2007). Even if angiogenesis is a physiological process, patho-
logical angiogenesis is one of the crucial steps for some diseases cor-
related with adipose tissue such as obesity, diabetes, cardiovascular
diseases, tumor growth and metastasis development (Carmeliet and
Jain, 2011). Hypertrophic conditions of adipose cells cause a hypoxic
state in the tissue that leads to several pathological mechanisms in-
volved with chronic inflammation or insulin resistance (Divella et al.,
2016).

This review describes the strict correlation between adipose tissue
and angiogenic process, since there is a common ancestor. The angio-
genic microenvironment is determinant for the disease development
and adipose tissue is actively involved in this process. Furthermore, we
provide an overview of the angiogenic process in several adipose-as-
sociated diseases, providing more detailed information on the main
miRNAs directly involved (Fig. 1).

2. The link between adipose tissue and angiogenesis

2.1. Adipose tissue

Adipose tissue is mainly constituted by adipocytes and stromal
vascular cells. The latter can give rise to different cell types such as
preadipocytes, endothelial cells, pericytes, immunological cells
(monocytes and macrophages) (Ahima and Flier, 2000). The vascular
cells actively participate to growth homeostasis and adipose tissue de-
velopment. Furthermore, in adipose tissue there is a reservoir of plur-
ipotent stem cells that renews adipocytes progenitor or precursors (Zuk
et al., 2002). Anatomically adipose tissues can be divided in two main
different types, White Adipose Tissue (WAT) and Brown Adipose Tissue
(BAT), which differ in both composition and function. White adipocytes
are large cells containing a unilocular lipid droplet that occupies 90% of
the total cell area. WAT is composed by precursor and mature adipo-
cytes, but also by fibroblasts, macrophages and other cells that in-
nervate and vascularize the connective tissue. WAT main function is to
act as lipid deposit. Brown adipocytes are instead smaller than WAT
cells and in BAT cells lipid droplets are disperse in the cytoplasm. The
main physiological role of BAT is thermogenesis for heat production.
Recently, a particular type of brown-like adipose tissue has been
identified, which has intermediate characteristics between WAT and
BAT. Adipocytes of BAT deposits in adults are called brown-like/beige:
BRITE (Wu et al., 2012a). These adipocytes are enriched of uncoupling

protein 1 (UCP1) in mitochondrial contents, essential for catalysing
nonshivering thermogenesis (Heaton et al., 1978). These cells seem to
derive from a reversible transdifferentiation phenomenon also called
“beiging effect” in which the WAT, under specific stimuli (cold ex-
posure (Luo et al., 2017c), reduced light exposure, age or physical ex-
ercise (Lee, 2018)), can be transformed in BAT to supply the thermo-
genic needs or vice versa to increase storage capacity (Smorlesi et al.,
2012). Moreover, recently it has been described another adipocyte cell
type called “pink adipocytes” present during the gestation and lactation
period. They store lipids in the mammary gland and participate to se-
crete milk. After the lactation period, pink adipocytes disappear with
involution of the mammary glands (Cinti, 2018).

2.2. Adipose microenvironment

Numerous signalling molecules compose the adipose micro-
environment that can positively and negatively modulate angiogenic
processes, homeostasis and vascular integrity regulating the interaction
between vascular system and adipocytes. For example, while adipo-
nectin negatively affects angiogenesis (Bråkenhielm et al., 2004b),
leptin induces angiogenesis, vascular fenestration and vascular re-
modelling (Bouloumié et al., 1998; Cao et al., 2001). The vascular
network performs the same functions both in WAT and BAT and its
activity depends on the metabolic state of adipocytes. In a healthy
person, vascular network of the adipose tissue has the role of trans-
porting hormones and the vessels are rich in fenestrations allowing the
passage of adipokines (Cao et al., 2001). Volume alteration of WAT
(both expansion or shrinkage), depending on energy consumption, is
needed for angiogenesis or vascular regression. For this reason, it has
been demonstrated that there is a relationship between adipose and
vascular tissue (Harwood, 2012). Adipose vasculature is also closely
related with “beiging effect” through the production of angiogenic
factors such as VEGF, interleukin 4 (IL4) or angiopoietin that are re-
leased from WAT to induce new blood vessels formation. In particular,
Park et al., demonstrated that VEGFA overexpression in adipocytes
increases the number of beige adipocytes and induces vascularization of
subcutaneous fat. This process VEGFA-induced beiging is independent
of interleukin-4 and to what happens during conventional cold-induced
beiging. These processes are rapid, reversible and the cytokine exposure
is essential for the effect. The results demonstrated that new vascular-
ization precedes the UCP1 expression and the process are independent
by adiponectin and IL4 expression but not from VEGFA (Park et al.,
2017).

2.3. Adipose tissue vasculature

Blood vessels carry the nutrient and oxygen to adipocytes and also
transport adipose precursor and stem cells to tissues districts (Gupta
et al., 2012). Recent findings have demonstrated that vessel cells, under
specific condition, can differentiate to preadipocytes and adipocytes
(Gupta et al., 2012), and they probably possess mesenchymal char-
acteristics (Corselli et al., 2010). Endothelial, pericytic and smooth-
muscle-like cells express a specific pattern of molecules (PPARG, CD34,
ACTA2 PDGFRB, NG2) that distinguish them from other cell types. It
was demonstrated that endothelial cells and adipocytes have common
progenitor cells (Planat-Benard et al., 2004). Over 40 years ago was
first reported that immature adipocytes can be found nearby capillary,
showing the close association between adipose progenitors and vascu-
larization of adipose tissue (Napolitano, 1963) and the recent study of
Gupta et al. is still supporting this evidence. Indeed, they demonstrated
that a transcriptional regulator multi-zinc finger protein 423 (Zfp423) is
expressed on preadipocytes with regulatory functions of some genes
such as PPARG. Zfp423 regulates the adipocyte commitment in both
adipose tissues (WAT and BAT) and interestingly its expression is re-
ported only in adipose tissue-derived endothelial cell (Gupta et al.,
2012).
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In angiogenic microenvironment, the mature adipocyte cells can de-
differentiated into a particular cell lines, the so-called De-differentiated
FAT cells (DFAT), able to differentiate into all mesenchymal lineages,
including endothelial cells (Cao, 2013). Initially, this particular popu-
lation does not show the typical endothelial and pericitic expression
pattern (CD31, CD146, CD34) which distinguish them from other pro-
genitor cells; DFATs are probably precursor cells that can differentiate
in various stromal cell lines (Cao, 2013). Endothelial and adipocytes
cells interact with each other through several pathways involved also in
proliferation and differentiation processes. For example, activation of
PDGFRB is involved in proliferation of pericytes but inhibits their dif-
ferentiation toward WAT adipocytes (Olson and Soriano, 2011). One
study has shown that differentiation from pre-adipocytes to mature
adipocytes is linked to high expression levels of angiogenic factors that
induces robust angiogenic responses (Castellot et al., 1982). In early
stages of embryonic development, the first sketches of adipose tissue
have a perivascular origin, this event underlines important spatial and
temporal relationships between adipogenesis and angiogenesis (Cao,
2007; Crandall et al., 1997).

3. The link between adipose tissue and angiogenesis process in
diseases development

3.1. Obesity

Obesity is a major public health problem worldwide as it determines
an increased risk of developing other relevant pathologies such as
metabolic and cardiovascular diseases, diabetes, and cancer. The main
aspects that contribute to the development of obesity are both social
(wrong diet and sedentary lifestyle) and genetic factors. Obesity is a

condition in which adipocytes increase in size and fatty acid content,
causing an increase in intercapillary distance, reduced blood perfusion
and a decrease in oxygen tension. It has been shown that tissue hypoxia,
together with the induction of an angiogenesis process, stimulates a
chronic inflammation process (Ye et al., 2007). Under hypoxic condi-
tions, white and brown adipocytes differentially activate the expression
of several genes. For example, HIF1A involvement is essential for gene
expression activation in WAT, but not in BAT (Pino et al., 2012). In this
context, VEGF expression reduces both tissue hypoxia, local fibrotic,
inflammatory processes and protects against obesity and metabolic
dysfunctions. Furthermore, Elias et al. have also demonstrated that in
adipose tissue, the over-expression of VEGF is closely associated with
the accumulation of anti-inflammatory macrophages (M2) whereas it
leads to the reduction of pro-inflammatory macrophages (M1) (Elias
et al., 2012). In obese subjects it has been observed that vascular net-
work and angiogenesis modulate the sensitivity of adipocytes to insulin.
Obese mice fed with high-fat diet (HFD) treated with an angiogenic
inhibitor TNP-470 (a synthetic analogue of the fumagillin), showed a
reduced vascular density corresponding to better insulin sensitivity
(White et al., 2012; Bråkenhielm et al., 2004b). This inhibitor can also
prevent the development of type II diabetes (T2D). However, there are
discordant opinions on the functional role of angiogenesis in obesity.
Indeed, despite some studies show that angiogenic inhibitors reduce
body mass index (Bråkenhielm et al., 2004a; Rupnick et al., 2002),
others report that VEGF overexpression hinders the expansion of adi-
pose tissue (Wang et al., 2017). An active angiogenesis is the basis of
browning or beiging process in which the adipocytes become more
active metabolically and consume more energy. Wang et al showed that
retinoic acid (RA), an active metabolite of Vitamin A, enhances the
expression of VEGFA, increasing the number of vessels in WAT. The

Fig. 1. The reservoir of mesenchymal stem cells renews the progenitor or precursors of adipocytes. Adipose stem cells became white (WAT), brown (BAT), beige
(BRITE) and pink adipocytes. Adipocyte cells have the ability to de-differentiate into a particular cell lines so called De-differentiated FAT cells(DFAT), which in turn
differentiate into all mesenchymal lineages, including endothelial cells, for example, activation of PDGFRB prevents differentiation towards WAT. Stromal vascular
fraction and WAT, as endocrine tissue, secreting adipokines and paracrine factors, including adiponectin, leptin, angiopoietin and interleukin 4, that modulate both
positively and negatively angiogenic processes, homeostasis and vascular integrity regulating the interaction between the vascular system and adipocytes. Retinoic
acid (RA) increasing the number of vessels, stimulating the adipose progenitor cells in perivascular area through p38 MAP kinase phosphorylation and PRMD16
expression. In adipose tissue angiogenic microenvironment, the reduction of the partial pressure of the oxygen PO₂ follows an increase of HIF1A and in turn of VEGF,
over-expression of the latter is closely associated with the accumulation of anti-inflammatory macrophages (M2) whereas it leads to the reduction of pro-in-
flammatory macrophages (M1).
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ectopic stimulation of both factors increases the PDGFRA+adipose
progenitor cells in the perivascular area, promoting their differentiation
into beige adipocytes through p38/MAPK phosphorylation and sub-
sequent PRMD16 expression (Wang et al., 2017).

3.2. Cardiovascular disease

Despite advances in medical treatment, cardiovascular diseases
(CVDs) are still major causes of adult death. To date, many degen-
erative cardiovascular system diseases, such as ischemic heart disease
and chronic limb ischemia, are subject of interest in regenerative
medicine field as stem cells could be a promising treatment option due
to their regenerative properties. The therapeutic contribution of ASCs
to tissue repair includes two main strategies: the direct differentiation
into cardiomyocytes, smooth muscle (SMCs) and endothelial (ECs) cells
in order to restore the injured cells and the paracrine action promoting
a new vessel formation (Meyer et al., 2009). Neovascularization is the
gold standard of stem cell-based therapies, leading a physical in-
corporation of transplanted cells into the lesions (Kawamoto et al.,
2003).

ASCs transplantation could represent one of the most effective
method for the treatment of myocardial infarction. Strem et al de-
monstrated for the first time in mouse model that autologous ASCs
directly injected into the left ventricular cavity start to express specific
cardiac markers such as Myosin heavy chains (MYH), NK2 homeobox 5
(NKX2-5) and Troponin I1 (TNNI1) after 14 days from inoculation
(Strem et al., 2005).

Peripheral artery disease (PAD) is another important vascular dis-
ease in which the use of mesenchymal stem cells can be advantageous.
It is usually caused by atherosclerotic occlusion, which can lead to
critical limb ischemia, tissue injuries and eventual limb loss (Raval and
Losordo, 2013; Orbay et al., 2013). Critical limb ischemia is the most
serious complication of PAD, followed by a series of problems, pain in
ambulation and unhealed ulcers in severe cases. To date, one of the
most effective methods for PAD treatment is therapeutic angiogenesis,
which aims to promote neovascularization starting from pre-existing
vessels (Ransohoff and Wu, 2012). Also, in this case ASCs could re-
present a therapeutic option; indeed, ASCs cultured in conditioned
medium secrete cytokines and growth factors that could improve neo-
vascularization. Rehman et al found that ASCs secrete VEGF up to 5
times more if they are cultured under hypoxic conditions (Rehman
et al., 2004). Additionally, the conditioned supernatant of ASCs cul-
tured under hypoxic conditions increased the growth of endothelial
cells and reduced their apoptosis (Nakagami et al., 2005). In response to
TGFB, the intramuscular injection of human ASCs could significantly
improve neovascularization and blood perfusion in hindlimb ischemia
(Park et al., 2013). Studies have shown how in a damaged tissue the
microenvironment can allow the ASCs differentiation to SMCs. In par-
ticular, prostaglandin F2α (PGF2α) secreted by IL1B-activated macro-
phages are able to promote the differentiation of ASCs into SMCs in a
hindlimb ischemia model (Lee et al., 2012). In the same model, it has
also been shown that angiogenic factors produced by mesenchymal
stem cells (bFGF, VEGF, TGFB, PDGF, angiopoietin-1, placental growth
factor (PGF), IL6, and monocyte chemotactic protein 1 (MCP1), man-
aged to facilitate vascular tissue regeneration (Kwon et al., 2014). Re-
cently, spheroids from human adipose-derived stem cells (hASCs) re-
presents a new population with improved angiogenic capabilities, in
fact when they are implanted into mouse ischemic hindlimbs, the se-
cretion of angiogenic and antiapoptotic factors is enhanced. Suk Ho
Bhang et al also demonstrated that the expression of HGF, VEGF, and
FGF2 is increased in ASCs cultured as spheroids compared to cells in
monolayer, leading to inhibition of cell apoptosis (Bhang et al., 2011).

3.3. Diabetes

Diabetes is a common chronic metabolic disease that could lead to

several complications and death. There are many factors related to
diabetes, such as sedentary lifestyles, high consumption of foods rich in
fats and sugars, overweight and obese condition especially in the young
generation. This complex scenario is due to multiple elements: en-
vironmental, genetic and social factors (Hamdy et al., 2018). The most
common therapy for diabetes is insulin treatment, in order to maintain
stable levels of glycaemia (Paek et al., 2014). Despite insulin ther-
apeutic progress, the life expectancy of diabetic patient is lower than
healthy person. For this reason, research has moved forward to find
alternative therapies. Recent studies in stem cell isolation and differ-
entiation methodologies have led to production of cell lines with the
ability to synthesize, package, and secrete insulin in response to glu-
cose. In particular, ASCs have the capability to differentiate into in-
sulin-producing cells (Nakao et al., 2010). Alternative insulin therapy in
diabetic patients is the engraftment of transplanted islets, although
there may be possible complications, including inflammation and
apoptosis process, and ASCs can be used to strengthen treatment suc-
cess. Indeed, as ASCs show angiogenic and anti-apoptotic properties,
they could improve engraftment of transplanted islets through the se-
cretion of trophic factor that enhanced vascularization and suppress
inflammation (Kim et al., 2007).

A study conducted by Brissova et al. has investigated the mor-
phology and functionality of pancreatic β-cell microvascularization
following genetic modifications through the Cre-Lox system. In parti-
cular, they have created transgenic mice for VEGFA gene. Through the
Cre-Lox system, the VEGFA gene was specifically removed in pancreatic
β-cells. Transgenic Mice (RIP-Cre: Vegf fl / fl) showed a significant
reduction in insulin production relative to the wild-type and moreover,
by means of electronic microscopic investigations, the ultra-capillary
micro-vascular structure of the β-islet in transgenic mice exhibited an
important reduction in endothelial fenestration (Brissova et al., 2006).
There are different pathways involved in ASCs behaviour, such as
Notch, Wnt-βcatenin and FGF, associated with cell survival, prolifera-
tion, pluripotency and the lineage determination of stem cells. The
main effect of these pathways in type 2 diabetes was determined by
Ferrer Lorente study. They demonstrated for the first time that diabetes
causes a decrease of ASCs pool from undifferentiated state versus adi-
pogenic commitment as well as an impairment to form a capillary
network (Ferrer-Lorente et al., 2014).

3.4. Cancer

Several articles suggest that ASCs show cancer-promoting properties
and participate in different processes including angiogenesis and tumor
microenvironment modifications. The tumor angiogenesis begins when
a tumour extends massively and cannot be sustained by diffusion of
oxygen and nutrients. The hypoxic environment stimulates tumour cells
to increase the expression of genes responsible for the synthesis of pro-
angiogenic proteins (Folkman, 2002), (Hanahan and Folkman, 1996).
ASCs seem to be involved in promoting tumour expansion through
stimulation of new vascularization and participating in the tumorigenic
activity through the formation of inflammatory conditions (Bielli et al.,
2014). As previously mentioned, WAT is the major component of adi-
pose tissue and it that can expand through hypertrophic and hyper-
plastic state of white adipocytes maintaining a healthy condition with
minimal inflammation. Conversely, pathological expansion of adipose
tissue brings to hypoxia and production of reactive oxygen radicals
(ROX) (Trayhurn, 2014). It is well known that in healthy cells, oxygen
tension is a key regulator of angiogenesis and ECs and SMCs have
various oxygen-sensing mechanisms, including oxygen-sensitive
NADPH oxidases, endothelial nitric oxide synthase (eNOS) and he-
meoxygenases. In order to grow or metastasize, tumor needs oxygen
and nutrients that are provided by blood vessels. All these events lead to
inflammation that is the main risk factor for cancer development.
Several studies suggest that dysfunctional adipocytes are able to de-
regulate angiogenic process and therefore they are involved in cell
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proliferation in prostatic, ovarian, breast and colon cancer (Bielli et al.,
2014), (Zhang et al., 2010). ASCs derived from abdominal sub-
cutaneous adipose tissue are able to induce breast cancer cell pro-
liferation in vitro and more interestingly they improve breast cancer
cells tumorigenicity in vivo. Indeed, after co-culturing with ASCs,
breast cancer cells showed a modified gene expression profile, espe-
cially regarding the oestrogen receptor-alpha (ESR1). ASCs may sti-
mulate tumor progression through the secretion of adipokines, such as
adiponectin and leptin (Bertolini et al., 2012), In particular, the in-
volvement of ASCs in inducing angiogenesis is due to migration of these
cells toward tumor-conditioned media via the platelet-derived growth
factor subunit B/ platelet-derived growth factor receptor beta (PDGFB/
PDGFRB) signalling pathway (Freese et al., 2015). Furthermore, in
2010 Razmkhah at al. demonstrated that ASCs stimulate the production
of VEGF in breast cancer (Razmkhah et al., 2010). Indeed in ASCs
isolated from breast cancer patients the relative quantification of VEGF,
IGF1, HGF and IL8 is 2 times higher compared to controls. These
findings demonstrated that breast cancer growth and progression could
be supported by the presence of resident ASCs inside the scaffold of
breast cancer tissue that favour the expression of tumor promoting
factor. Colon rectal cancer (CRC) is characterized by several genetic
mutations such as APC, TP53, PI3K, KRAS, BRAF, PTEN, microsatellite
and chromosomal instability, epigenetic alterations (locus-specific CpG
island methylation, global DNA hypomethylation). Environmental fac-
tors such as diabetes, obesity and metabolic syndrome are involved in
CRC onset, and this demonstrates the strict relationship between ex-
cessive body weight and CRC. Tumor local adipocytes exhibit a phe-
notype that determines the secretion of specific factors directly in-
volved in cell cycle activation and regulation, in angiogenesis process
and also in inflammation regulation. Furthermore, cancer cells secrete
some inflammatory cytokines (TNFA, IL6) that allow the activation of
guest cells of the tumor microenvironment (TME) forming a paracrine/
autocrine loop. The evolution of tumor and its progression is de-
termined by direct communication between resident adipocytes and
colon cancer cells. To better understand this behaviour, it will be ne-
cessary to analyze the transcriptomic and the metabolomics of local
colon cancer adipocytes (Tabuso et al., 2017).

3.5. Angio-miR produced by ASCs

Several biological processes in ASCs are controlled by small non-
coding RNAs, so-called microRNAs (miRNAs). In particular, angio-miR
constitutes a specific class of miRNAs that actively contributes to an-
giogenesis regulation and vessels remodelling. Many articles described
that miRNAs can be transported from ASCs to other cells through ve-
sicles (Chen et al., 2010). In particular, extracellular vesicles (EVs) are
divided by size in apoptotic bodies (1–5mm), exosomes (50 to 100 nm)
and microvesicles (100 nm to 1mm), which are secreted by almost
every cell types including dendritic cells (Liu et al., 2016), epithelial

cells (Borges et al., 2013) and mesenchymal stem cells (Shabbir et al.,
2015). They play a fundamental role in cellular communication, re-
leasing active molecules (mRNAs and miRNAs) in the physiological and
pathological microenvironment. MiRNAs can play pro- or anti-angio-
genic role during new vascular formation (Wang and Olson, 2009). In
tissue environment, endothelial cells have a high plasticity and can be
influenced by various factors, such as oxygen tension and biomecha-
nical factors (velocity and flow patterns) derived from circulating
blood. It has been demonstrated that endothelial cells modify their
behaviour according to culture conditions and they are subjected to
cellular aging in in vitro model. Therefore, culture conditions affect the
endothelial miRNA profile or “endomiRNAs”. In fact, Kuosmanen
showed that freshly isolated endothelial cells from umbilical cords have
a distinct miRNA profile compared to cultured cells in different stages
(Kuosmanen et al., 2017). Noteworthy several specific miRNAs are re-
sponsible of controlling the angiogenic process, many of them have
been studied related to carcinogenesis but they are also involved in
adipose tissue-related diseases (Table 1).

3.6. MIR126

MicroRNA 126 plays an essential role in both angiogenesis and
vascular integrity maintenance (Wang et al., 2008). The most important
targets of MIR126 are VEGF, SPRED1, VCAM1 and PIK3R2 that play a
fundamental role in endothelial cell signalling or vascular function
(Togliatto et al., 2016). In particular, SPRED1 inhibits the activation of
MAP kinase pathways, while PIK3R2 negatively regulates the activity of
PI3 kinase. These factors determine downstream changes in the phos-
phorylation status of ERK and AKT that are involved in cellular pro-
liferation. Furthermore, a functional role of MIR126 is to modulate the
expression of adhesion molecules and to control vascular inflammation
influencing the leukocyte adhesion to endothelial cells through VCAM1
expression (Harris et al., 2008). Normally, stimulation of endothelial
cells with VEGF determines a reorganization of cytoskeleton, but this
rearrangement is defective in MIR126 knockdown cells (Fish et al.,
2008). Cells with reduced levels of MIR126 were less responsive to
VEGF and other growth factors, such as PDGFA, -B, -C and –D (Cao
et al., 2002; Li et al., 2003). Similarly, EphrinB2, that inhibits MAP
kinase signalling (Kim et al., 2002), is upregulated in both human and
zebrafish endothelial cells with decreased MIR126 expression.

Togliatto et al. demonstrated that MIR126, VEGF and MMP2 are
expressed in low concentration in extracellular vesicles (EVs) secreted
by ASCs from obese patients compared to ASCs from normal patients.
EVs from obese patients are biologically inactive for new vessel for-
mation, but the number and size of EVs don’t change in obese and non-
obese subjects (Togliatto et al., 2016). It has been also demonstrated
that exosomes secreted by MIR126 overexpressing ASCs are able to
prevent myocardial damage by protecting myocardial cells from
apoptosis, inflammation, fibrosis, and increased angiogenesis (Luo

Table 1
Overview of miRNAs correlated with angiogenesis and adipose tissue related diseases.

miRNAs Targets Roles

MIR126 VEGF, SPRED1, PIK3R2, VCAM1 Angiogenesis and vascular integrity maintenance/ Cellular proliferation/ Vascular inflammation/ Positive predictive
marker for cardiovascular events

MIR31 RASA1, LATS2, PPPR2A, VEGF, HIF1A Oncomir/ Angiogenesis regulation/ Tumor suppressor/ Biomarker obesity
MIR17-92 cluster THBS1, CTGF, BIM, p21, JAK1 OncomiR/ Tumor angiogenesis/ Regulator growth blood vessels/ Tumor suppressor/ ASCs paracrine factor
MIR221/MIR222 TIMP2, TIMP3, PTEN, c-Kit, ERα,

GLUT4
Angiomir/ Oncomir/ Vessel and tumor growth/ Cell proliferation/ Insuline resistance

MIR21 TGFB, TIMP3, BCL2, PTEN, SMAD7 Oncomir/ Apoptosis/ Invasion/ inflammation/ Angiogenesis/ Tissue neovascularization/ Insulin resistance
deterioration

MIR100 TWIST1/SNAIL/ZEB1/SMARCA5/
HOXA1/mTOR

Tumor suppressor/ Cell proliferation/ Vascularization/ EMT/ Anti-angiogenic factor

MIR486 PTEN/CLDN10/CITRON/FGF9/BCL2 Tumor suppressor/ Prognostic factor/ Suppresses transformation, migration and growth of tumor cells/ Regulation
hematopoiesis/ Mesenchymal differentiation/ Hypoxia

MIR30 DLL4/PAI1/ ALK2 Mesenchymal differentiation/ Angiomir/ Cancer development/ Regulator growth blood vessels
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et al., 2017b). Moreover, increased level of circulating MIR126 was
found in patients with hypertension and cardiac ischemia (Ren et al.,
2013; Kontaraki et al., 2014). Interestingly plasma concentration of
MIR126 is significantly associated with plasma levels of cardiac tro-
ponin I, thus indicating hearth injury. The levels of circulating MIR126
can, therefore, be used as a marker to identify people that show a higher
risk of future cardiovascular events (Khanaghaei et al., 2016).

EV’s containing MIR126 seems also to play a crucial role in diabetic
patients; indeed, MIR126 expression is decreased in the EV’s isolated
from uncontrolled diabetes patients. However, there was no significant
difference in MIR126 expression between EVs from healthy controls
and well-controlled diabetes patients (Wu et al., 2016).

3.7. MIR31

MIR31 is considered both an oncomir and a tumor suppressor that
plays a crucial role in several tumour types. In colonrectal cancer,
MIR31 stimulates cells growth, playing, as an oncomir, an important
role in RAS activity through the inhibition of RASA1 translation (Sun
et al., 2013). In mouse and human lung cancers, MIR31 is over-ex-
pressed and seems to act oncomir mainly on 2 targets, large tumor
suppressor 2 (LATS2) and PP2A regulatory subunit B alpha isoform
(PPP2R2A) (Liu et al., 2010). In the Schmittgen study, instead, MIR31
acts as tumor suppressor, breast cancer patients with higher MIR31
expression, had prolonged survival (Schmittgen, 2010). MIR31 is also
involved in angiogenesis regulation through VEGF pathway. VEGF is
present at high levels in tissues in which the angiogenesis is active such
as cancer and, in this context, it stimulates the production of MIR31.
This regulation involves the activation of ERK and AKT signalling,
driving to inhibition of TNFSF15 (TNF superfamily member 15) ex-
pression. TNFSF15a is an inhibitor of vascularization and, in contrast to
VEGF, is upregulated in normal tissues whereas diminishes in angio-
genic and cancer tissues, through a mechanism regulated by miRNAs
(Deng et al., 2017). In fact, in ovarian cancer, TNFSF15 inhibits tumor
growth and causes the arrest of endothelial cell proliferation (Deng
et al., 2012) likewise MIR31 is correlated with chemio-resistance in
ovarian cancer cell line. Mitamura et al demonstrated that up-regula-
tion of MET downregulates MIR31 expression, causing drugs resistance
to paclitaxel in ovarian cancer (Mitamura et al., 2013).

Recently, Tsai et al. suggested that MIR31 and MIR21 induce the
migration and invasiveness of endothelial cells in the Kaposi's sarcoma
associated herpesvirus (KSHV) by inducing matrix metalloproteinase
expression (MMP1, MMP2 and MMP9). In particular, the M-Type K15
protein regulates miRNA expression determining cancer cell migration
and invasion (Tsai et al., 2009; Qian et al., 2007).

Furthermore, it was demonstrated that MIR31 is abundant in mi-
crovesicles when ASCs are cultured in a preconditioned endothelial
differentiation medium. In particular, MIR31 in the microvesicles
contributes to the induction of angiogenesis by targeting factor-in-
hibiting HIF-1 (FIH1) in vascular endothelial cells (Kang et al., 2016).

In diabetic patients, endothelial dysfunction results in vascular
disease, in this process endothelial progenitor cells (EPCs) play a crucial
role, as they are responsible for functional preservation of the vascular
endothelium. Indeed, the amount of circulating EPCs in diabetic pa-
tients is reduced resulting in vascular dysfunctions (Boehncke and
Boehncke, 2011). MIR31 seems to be involved in the regulation of
diabetic EPC function via the interaction with Satb2. An over-expres-
sion of MIR31 has been reported in diabetic EPCs and this up-regulation
seems to be due to elevated glucose level. Therefore the reduced
amount of EPCs in diabetic patients could be due to MIR31 up-reg-
ulation, which is triggered by glucose-elevated levels (Lian et al., 2018).
These findings show that MIR31 may be a target to prevent vascular
disease in diabetic patients.

MIR31 is also a relevant regulator in adipose tissue and it is in-
volved in metabolic disease, such as obesity. MIR31 gene is located in a
very prominent obesity quantitative trait loci (QTL) and it is reported

that its expression is significantly higher in visceral adipose tissue of
obese patients than healthy subjects (Gottmann et al., 2018). Moreover
MIR31 was found to be upregulated in plasma samples of overweight or
obese pre-pubertal children in a European cohort of subjects, and it
could represent a novel biomarker of obesity and metabolic dysfunction
(Iacomino et al., 2016).

3.8. MIR17-92 cluster

The MIR-17-92A1 cluster, also known as oncomir-1, was among the
first miRNA that were linked to tumor angiogenesis. The cluster re-
presents a prototypical polycistronic miRNA gene, encoding 6 mature
miRNAs: MIR17, MIR18 A, MIR19 A, MIR20 A, MIR19B1, and
MIR92A1; all processed from a single primary transcript, which are
tightly grouped within an 800 base-pair region of human chromosome
(Mendell, 2008) and is transcriptionally regulated by c-Myc (Dews
et al., 2006). While the anti-angiogenic role of MIR92A1 is widely de-
monstrated, the others members probably have a pro-angiogenic action
suppressing antiangiogenic molecules such as thrombospondin1 (TSP1)
and connective tissue growth factor (CTGF) in tumor cells (Kuhnert and
Kuo, 2010). However, there are contradictory studies that still do not
define a clear role of the cluster in angiogenesis process. Doebele et al.,
for example, demonstrated anti-angiogenic properties of MIR17,
MIR18 A, MIR19 A, and MIR20 A in endothelial cells, downregulating
sprouting in ECs. The MIR17, MIR18 A over-expression inhibited the
spheroid sprouting in vitro and matrigel plug neovascularization in vivo
(Doebele et al., 2010). The main targets of MIR17 are BIM (a pro-
apoptotic protein,) p21 (a cell-cycle inhibitor) and JAK1 (a tyrosine
kinase, involved in apoptotis, cell cycle progression and migration of
endothelial cells).

MIR92 A is considered a critical regulator of normal and patholo-
gical growth of blood vessels; it is expressed during the trans-differ-
entiation from mesenchymal (adipose or bone marrow) to endothelial
cells, in ischemic tissues (Bonauer et al., 2009; Iaconetti et al., 2012).
Overexpression of MIR92 A in adipose stem cells suppresses ASCs
ability to stimulate tube formation by HUVECs through down-regula-
tion of its target, fibronectin receptor integrin subunit α5 (ITGA5) and a
mitogen-activated protein kinase 4 (MEK4). Furthermore, this up-reg-
ulation also suppresses angiogenic growth factors production, such as
HGF, secreted by MSCs. In particular, it was demonstrated that if the
amount of HGF was restored with exogenous ones in endothelial dif-
ferentiation medium (EDM)-preconditioned ASCs, the capacity to form
vessels is re-established (Kalinina et al., 2015). While MIR92A1 in-
hibition induced a high increase of both phosphorylated ERK1/2 and
JNK in ECs leading to cell proliferation and serum response factor (SRF)
levels, a downstream mediator of VEGF signalling through MEK–ERK
activation in ECs (Iaconetti et al., 2012).

The MIR17-92 cluster is also involved in cardiac development and
its modifications seems to influence the genesis of several cardiovas-
cular disease, such as cardiomyopathy, arrhythmias, heart failure and
cardiac hypertrophy (Gu et al., 2017; van Almen et al., 2011; Danielson
et al., 2013). In myocardial infarction (MI) MIR19A1 is able to stimu-
late the proliferation of cardiomyocytes through the regulation of PTEN
and therefore it can represent a therapeutic target to protect heart from
the ischemic injury caused by MI (Chen et al., 2013). MIR92A1 is
normally highly expressed in endothelial cells; nevertheless, under is-
chemic conditions MIR92A1 over-expression in those cells inhibit an-
giogenesis in a mouse model (Bonauer et al., 2009). Also, in patients
with coronary artery disease MIR17 and MIR92A1 exhibited higher
levels compared with endothelial cells from healthy controls (Tijsen
et al., 2012; Fichtlscherer et al., 2010).

3.9. MIR221/MIR222

microRNA 221 and microRNA222 are two flanking miRNAs that
belong to the same family and are essential for vascular biology. This

A.B. Di Stefano et al. European Journal of Cell Biology 98 (2019) 53–64

58



miRNA cluster regulates endothelial cells (ECs) development and dif-
ferentiation by inhibiting their proangiogenic roles (Chistiakov et al.,
2015). They are also involved in tumor growth (Poliseno et al., 2006).
In glioblastoma and prostate cancer, MIR221/222 are suggested to act
as oncomiRs (le Sage et al., 2007), the overexpression of the cluster
correlate with poor prognosis as well decreased p27Kip1 levels (a cell
cycle inhibitor and tumor suppressor) in cancer patients (le Sage et al.,
2007; Galardi et al., 2007). Furthermore, in glioblastoma the over-ex-
pression of MIR221/222 determines a down-regulation of anti-angio-
genic factor such as TIMP2, an inhibitor of metalloproteinases. This
mechanism at the end promotes cell proliferation, angiogenesis and
metastasis, by regulating the activity of metallopeptidases (MMPs)
(Yang et al., 2015). Similarly in non-small cell lung cancer and hepa-
tocellular carcinoma, the cluster acts by down-regulating TIMP3 and
PTEN expression, causing cellular migration by AKT and ERK phos-
phorylation and invasion by MMP3 and MMP9 activity (Garofalo et al.,
2009). C-Kit is another direct target of MIR221/MIR222 cluster in
physiological and pathologic condition. C-Kit is a receptor for stem cell
factor (SCF), a growth factor involved in angiogenesis. The transfection
of HUVEC with MIR221 and MIR222 determines a down-regulation of
C-Kit expression leading to the deregulation of cell migration and tubes
formation capacity (Poliseno et al., 2006).

Nicoli et al supported an important role for MIR221 in endothelial
tip cell proliferation and migration, in particular, they found that
MIR221 is an essential for angiogenesis positive regulation in em-
bryonic zebrafish by influencing cells sprouting through the down-
regulation of two targets, CDKN1b and PIK3R1. The first is a cyclin
dependent kinase inhibitor and the second is a p85-alpha regulatory
subunit of the phosphoinositide-3-kinase (PI3K) complex. Over-ex-
pressions of the two targets reduced intersegmental vessel length and
endothelial cell numbers in vitro zebrafish model (Nicoli et al., 2012).
Other studies, instead, support their anti-angiogenic role, MIR221 and
MIR222 have been shown to inhibit endothelial cell migration, pro-
liferation and angiogenesis by targeting C-Kit (Urbich et al., 2008). An
upregulation of MIR221/MIR222 in arterial ECs appears to be proa-
therogenic since these miRNAs downregulate endothelial nitric oxide
synthase (eNOS) and inhibit angiogenesis essential for vascular repair
(Rippe et al., 2012). Moreover, these miRNAs are down-regulated
during adipogenesis and are associated with BMI in human adipose
tissue samples (Ortega et al., 2010). MIR221/MIR222 cluster dereg-
ulation seems also to be involved in metabolic disease (Deiuliis, 2016).
In particular MIR222 negatively regulate adipocyte insulin sensitivity
in human by repressing ERα and GLUT4 expression (Shi et al., 2014);
accordingly, its level is higher in murine models of diabetes
(Chartoumpekis et al., 2012; Herrera et al., 2010) and in the omental
adipose tissue of women with gestational diabetes (Shi et al., 2014).
MIR221 is also involved in insulin resistance by down-regulating adi-
ponectin expression. In obese patients, plasma levels of MIR221 are
decreased (Ortega et al., 2013), while in non-obese females with me-
tabolic syndrome it is increased (Wang et al., 2013).

3.10. MIR21

microRNA 21 is one of the most widely studied angiogenic miRNAs
in several tumors, among which breast, colon and prostate cancers
(Hicklin and Ellis, 2005; Krichevsky and Gabriely, 2009). Several stu-
dies suggest that MIR21 plays an important role in mediating angio-
genesis, tissue neovascularization and then it is considered an oncogene
involved in apoptosis, necrosis and invasion. The deregulation of
MIR21 is also involved in other human pathologies where inflammation
and cell proliferation play a critical role (Zhao et al., 2013; Heusschen
et al., 2010).

Liu et al. showed that MIR21 down-regulation could decrease the
expression of VEGF in prostate tumor, blocking tumor angiogenesis.
The upregulation of the HIF1A and VEGF expression is controlled by
AKT and ERK1/2 pathways (Liu et al., 2011). Shin et al demonstrated

that inhibition of MIR21 or TGFB treatment increased the levels of
VEGF and interleukin-6 in human adipose stem cells (hASCs) and in-
creased tumor growth and angiogenic action of hASC in a hind limb
ischemia model (Shin et al., 2012). Tumor growth decreased with the
inhibition of transforming growth factor beta receptor II (TGFBR2)
likewise MIR21 overexpression, while increased with co-transplanta-
tion with siSTAT3-hADSCs, indicating a modulation of TGFB signaling
by MIR21.

The tissue inhibitor of matrix metalloproteinase 3 (TIMP3) is tar-
geted by MIR21. Hu et al. demonstrated that MIR-21 causes the re-
duction of TIMP3 promoting the matrix metalloproteinase-2 (MMP2)
and matrix metalloproteinase-9 (MMP9) expression in spinal cord in-
jury in vivo and in ischemic/reperfusion HUVEC condition in vitro (Hu
et al., 2016). MIR21 is also widely studied in retinal microvascular cells
that require a healthy angiogenic process and where a deregulation of
this process leads to retinopathy, for example in diabetes (Guduric-
Fuchs et al., 2012). The studies demonstrated the pro-angiogenic ac-
tivities of MIR21 in vitro and in vivo systems. Gutsaeva et al. showed that
over-expression of MIR21 promotes tube formation of human retinal
endothelial cells (HREC) under hypoxia condition, with an initial up-
regulation of STAT3 and a final downregulation of TIMP3 (Gutsaeva
et al., 2017). Finally, it was demonstrated also that knock-down of
MIR21 had a distinct negative effect on neointimal lesion formation,
thus suggesting again a pro-angiogenic effect of MIR21 by regulating
PTEN and BCL2 levels (Ji et al., 2007). The angiogenic potential of
ASCs seem also to be related to MIR21. Indeed, it has been shown that
MIR21 is packed inside EVs secreted by ASC and it is able to regulate
the angiogenic process.

In obese patients MIR21 expression in omental and subcutaneous
adipose tissue did not show significant difference, however when the
patients were subdivided according to the presence of diabetes it was
reported and MIR21 is overexpressed in adipose tissue from patients
with diabetes. Therefore, MIR21 seems to be linked to insulin-resistance
deterioration within its pathophysiologic progression from obesity to
diabetes (Guglielmi et al., 2017). Moreover, in diabetic patients treated
with metformin, an anti-diabetic drug commonly used, MIR21 was
shown to be strikingly downregulated by metformin in a time- and
dose-dependent manner by directly targeting the 3′-UTR of PTEN and
SMAD7 (Luo et al., 2017a).

3.11. MIR100

microRNA 100 was described in several tumor (oral squamous,
nasopharynx and breast carcinoma). It plays a role as tumor suppressor
but it is also correlated with cell proliferation and vascularization. In
breast cancer, MIR100 could represent a possible biomarker for cancer
diagnosis and prognosis, because it is downregulated in all subtypes of
breast cancer (Chen et al., 2014). The authors described for the first
time that the expression of MIR100 can induce epithelial-mesenchymal
transition (EMT) controlling EMT genes such as TWIST, SNAIL and
ZEB1. Mechanistically, MIR100 induces EMT by targeting SMARCA5,
an epigenetic regulator of E-cadherin, and inhibits tumorigenesis, mi-
gration and invasion by targeting HOXA1 and his downstream targets
MET, SMO (smoothened) and SEMA3c (semaphoring 3c) (Chen et al.,
2014). MIR100 over-expression may sensitize tumor cells to radio- or
chemotherapy, while its down-regulation may have a negative prog-
nostic role. In particular, it was demonstrated that MIR100 can suppress
in vitro angiogenesis through modulation of pro-angiogenic factors in-
cluding VEGF (Grundmann et al., 2011). Pakravan et al demonstrated
that MIR100 present in BM-MSC derived exosomes caused the down-
regulation of VEGF in breast cancer cells, via mTOR pathway (Pakravan
et al., 2017). mTOR plays a key role in proliferation and angiogenesis
process (Humar et al., 2002), by positively control HIF1A expression
that implies VEGF transcription (Pakravan et al., 2017). Through a
paracrine mechanism, exosomal MIR100 may alter the function of
breast cancer cells acting as an anti-angiogenic factor during
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tumorigenesis. The antiangiogenic behaviour of MIR100 was also de-
monstrated in association with endothelial and vascular smooth muscle
cells. The authors described the expression of MIR100 in these cells,
demonstrating that its over-expression, during ischemia, decrease pro-
liferation, tube formation, and sprouting activity of endothelial cells.
Moreover, it acts as endogenous repressor of mTOR: a serine/threonine
protein kinase mammalian target of rapamycin; requiring after hypoxia
process for angiogenesis and endothelial cell proliferation. Inhibition of
MIR100 could be a novel approach for the modulation of blood vessel
growth (Grundmann et al., 2011). In obese normoglycemic subjects
circulating MIR100 was significantly lower compared to obese subjects
with diabetes (Pek et al., 2016).

3.12. MIR486

microRNA 486 is a tumor-suppressor that is often down-regulated in
multiple cancers such as myeloid leukemia, gastric adenocarcinoma
and lung cancer, but its function in cancer is still not fully understood
(Li et al., 2018). A recent study showed that this miRNA suppresses the
transformation, migration and growth of tumor cells in lung cancer.
MIR486 expression in lung cancer cell line is significantly reduced
compared with normal cell and this behaviour is due to ANK1 expres-
sion. ANK1 is a gene that encodes for the adapter protein ankyrin-1.
MIR486 is positioned in the intron region of ANK1 (Shaham et al.,
2015). In lung cancer patients, MIR486 and ANK1 are co-expressed and
epigenetically repressed through hypermethylation of ANK1 promoter.
Ren et al. focused on prognostic value of MIR486-5p expression in
cancers of the digestive tract and they have demonstrated that in oe-
sophageal and gastric tumors a reduced of unchanged MIR486-5p ex-
pression compared with surrounding normal tissues is associated with
poor prognosis, whereas high MIR486-5p expression is associated with
a better prognosis (Ren et al., 2016). This correlation is associated with
microRNA 486 targets: tumor-suppressor as PTEN and invasion and cell
proliferation genes as CLDN10 and CITRON. MIR486 is also able to
inhibits FGF9, a family member of the fibroblast growth factor which is
involved in a variety of biological processes, including embryonic de-
velopment, cell growth, morphogenesis, tissue repair, tumor growth
and invasion. In gastric cancer, high expression of MIR486 is correlated
with shorter overall survival (OS) (Chen et al., 2015).

Several evidences demonstrate that MIR486 is also involved in
regulation of hematopoiesis and it participates to osteogenic and adi-
pogenic differentiation of mesenchymal stem cells (MSCs) through Sirt1
gene (Shi et al., 2016). Shi et al. speculated that MIR486 could be
regulated by hypoxia determining the secretion of angiogenic growth
factors in BM-MSCs, in particular it was up-regulated, with HGF and
VEGF, in time dependent manner after exposure to hypoxia in vitro
model. In this condition, MIR486 was regulated through PTEN/AKT
signalling. Hypoxia and MIR486 overexpression determine the down-
regulation of PTEN and upregulation of pAKT (Shi et al., 2016).

MIR486 play also a relevant role in cardiomyocytes. Indeed, it is
implied in the regulation of cardiomyocytes apoptosis, a common pa-
thological manifestation that occurs in several heart diseases. In parti-
cular MIR486 regulate cardiomyocyte apoptosis via p53-mediated BCL2
associated mitochondrial apoptotic pathway (Sun et al., 2017).

3.13. MIR30

The components of the microRNA 30 family have the same sequence
and are coded by 6 genes located on human chromosomes 1, 6 and 8.
Members of the MIR30 family are implicated in mesenchymal differ-
entiation (osteogenesis and adipogenesis) (Wu et al., 2012b), angio-
genesis and cancer development (Lung, Breast, Thyroid etc.) (Braun
et al., 2010). Especially, MIR30 is correlated with physiological and
pathological epithelial-mesenchymal transition (EMT) and vice versa
(MET). In vitro experiments demonstrated that the overexpression of
MIR30B on non-tumorigenic murine hepatocyte cell line (AML12)

inhibit the TGFB-induced EMT, blocking cells migration through the
down-regulation of Snail1 and E-cadherin levels. The others members,
MIR-30C, -30D and -30E are widely down-regulated from TGFB1-in-
duced Snail1 upregulation in AML12 cells compared to MIR30 A, that it
is slightly regulated in EMT process (Zhang et al., 2012).

MIR30 family regulates a vascular sprouting and vessels branching,
through modulation of Delta-like 4 (DLL4) ligand. DLL4 is highly ex-
pressed in endothelial cell, primarily, during pathologic angiogenesis,
but also during the correct development of intersegmental vessel IVS in
Zebrafish (Bridge et al. 2012). Bridge et al. demonstrated that MIR30
overexpression, in particular MIR30B and MIR30C, in HUVECs cells
promotes angiogenic sprouting. In this situation when DLL4 signalling
or expression is inhibited by over expressing of MIR30B, there is an
excessive sprouting from existing vessels (Bridge et al. 2012). MIR30C
was also investigated during mesenchymal differentiation versus adi-
pogenesis in obese conditions. Karbiener et al demonstrated that
MIR30C expression was regulated during early adipocyte differentia-
tion, through two direct targets such as PAI-1 (Plasminogen activator
inhibitor-1) and ALK2 (activin receptor-like kinase-2) (Karbiener et al.,
2011).

Furthermore, another pro-angiomiR is MIR30B. The overexpression
of this miRNA enhanced the pro-angiogenic capacity of endothelial
cells through the treatment with exosomes secreted from MSCs.
MIR30B present in exosomes significantly increased the cumulative
tube length and the formation of tubular structures (Gong et al. 2017).

4. Conclusion

The potential application of ASCs in regenerative therapies is both
innovative and promising. ASCs possess highly plasticity and can dif-
ferentiate primarily in many lineages such as adipocytes, osteocytes,
chondrocytes, endothelial cells and others (Orbay et al., 2012). ASCs
have been studied for a long time for their capability in medicine fields
and several studies are focusing on the involvement of these cells in the
development of different diseases. The physiological functions of ASCs
are the replacement of connective tissues by differentiation into specific
mesenchymal cells; nevertheless, it has been recently demonstrated that
ASCs actively participate in the generation on new blood vessels. In-
deed they seem to be involved in tumor expansion promotion through
stimulation of new angiogenic network, carrying out a pro-tumor action
due to an inflammatory microenvironment (Bielli et al., 2014). The
excess of abdominal adipose tissue has been already associated with
several pathological conditions. Indeed, obesity represents an im-
portant risk factor for stroke, hypertension, type II diabetes and dif-
ferent cancer types such as breast, colon and endometrial cancer. Re-
gard this topic it is necessary to deepen the studies to clarify the impact
of adiposity on cancer incidence. Many studies have demonstrated that
angiogenic factors are able to stimulate the differentiation of ASCs from
pre-adipocytes to mature cells. WAT, as endocrine tissue, is an active
secretory tissue releasing adipokines and paracrine factors, signalling
molecules that compose the adipose microenvironment and can mod-
ulate both positively and negatively angiogenic processes, homeostasis
and vascular integrity, regulating the interaction between the vascular
system and adipocytes. This process is known as angiogenic switch in
which there is a mutual change between adipocytes and endothelial
cells (Szöke and Brinchmann, 2012).

The main aim of our review is to understand the role of miRNAs in
angiogenesis process and if they can modulate the ASCs response. There
are still few studies that focus on this aspect. Several biological pro-
cesses, such as maintaining stemness, proliferation, differentiation and
angiogenesis of adipose stem cells are controlled by microRNAs. Our
literature analysis showed that MIR126, MIR31, MIR92a, MIR221,
MIR30, MIR100 and MIR486, secreted by ASCs, are directly involved in
angiogenesis process by controlling pathways involved in this event.
These important findings offer the possibility to speculate on exploiting
these small nucleic acids in the therapeutic field, where miRNAs could
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become pharmacological targets for the treatment of vascular diseases
associated with obesity or cancer. Consequently, miRNAs could be used
as prognostic biomarkers that support the angiogenesis process stimu-
lated by ASCs in different types of cancer and adipose tissue related
diseases.

These findings require further investigation to validate the miRNAs
and their target genes to be used in clinical practice. Moreover, the
therapeutic success could be dependent on in-depth mechanistic un-
derstanding of angiogenesis role in the modulation of adipose tissue
expansion and regression.
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