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Abstract

MicroRNA-126 was involved in angiogenesis during physiological and pathological process. It was mainly expressed in
endothelial cells, and defined as a pivotal biological molecule associated with vascular disease. Increased microRNA-126
in endothelial cells promotes angiogenesis in ischemic stroke, repairs impaired endothelial cells in atherosclerosis, and
attenuates vascular dysfunction in diabetics. By contrast, microRNA-126 transferred from endothelial cell to smooth
muscle cells could lead to proliferation that induced intimal hyperplasia. Additionally, microRNA-126 could be a tumor
suppressor or an oncogene, which was depended on the cancer type. In this review, we summarized the function of
microRNA-126 in ischemic stroke, atherosclerosis, diabetics, tumor, and discussed the underlying mechanisms.
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INTRODUCTION

MicroRNAs (miRNAs) are 20-22 nucleotides single-strand and non-coding RNA, which are involved in
regulating diverse cellular processes. MiRNAs are originally transcribed from portion of introns of mRNA
or independent miRNA genes'. MiRNAs regulate gene expression through Ago2-RISC or Ago1-RISC,
which depends on if miRNA precisely matched with its target sequencem.

MicroRNA-126 (miR-126) is located in an intron of the epidermal growth factor-like-domain 7 gene
(EGFL7). The pri-miR-126 is transcribed from EGFL7 by RNA polymerase II. With the aid of RNase III
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Figure 1. MiR-126 is located in the 7th intron of EGFL7. RNA polymerase Il binded with EGFL7, resulting in the pri-miR-126 formation.
Pri-miRNA-126 targeted to Drosha for cleavage, giving birth to pre-miR-126. Pre-miR-126 was transferred from nucleus to cytoplasm
by exporting 5, in which it matured into miR-126. The Dicer cleaved miR-126 into single-strand and either strand of the duplex may
potentially act as a functional miRNA, integrating into RISC. The RISC with a microRNA recognized complementary mRNA molecules and

degraded or silenced them, resulting in substantially decreased levels of protein translation and effectively inhibiting the gene. EGFL7:
epidermal growth factor-like-domain 7 gene; RISC: RNA-induced silencing complex

enzyme Drosha, the pri-miR-126 generates shorter stem-loop precursors (pre-miRNA). Pre-miR-126 is
exported to the cytoplasm by exportin—s[s]. In the cytoplasm, RNase III enzyme Dicer processes pre-

miR-126 into mature 20-24 nucleotides miRNAs, which then incorporates to the RNA-induced silencing
complex (RISC, Figure 1).

MiR-126 is specifically and highly expressed in the endothelial cells (ECs), which regulates ECs migration,
cytoskeleton reorganization, capillary network stability, cell survival and apoptosism. And microRNA-126

regulates cell survival or apoptosis, depending on different cell types. Furthermore, miR-126 is necessary
for the maintenance of vascular structure in vivo"

MIR-126 PROMOTES ANGIOGENESIS AFTER ISCHEMIC STROKE

Ischemic stroke was one of the major causes of death and disability in the worldwide'®. It was classified into
large-artery, cardioembolic, and small-vessel (lacunar stroke) ischemic stroke'”. Currently, angiogenesis
was regarded as a promising therapy for the repairing and remodeling after ischemic stroke. Angiogenesis
is the growth and remodeling process of the primitive vascular network. Angiogenesis is involved in
enlargement of pre-existing vessels or formation of capillaries through trans-endothelial cell bridges[s].
Angiogenesis attenuated functional deficits and promoted behavioral recovery may through restoring the
blood flow in the ischemic area. In recent years, studies demonstrated that deletion of miR-126 in mice
embryo and zebra fish embryo reduced the integrity of vessels and decreased postnatal angiogenesis'™”.

MiR-126 regulated the response of ECs to vascular endothelial growth factor (VEGF), which was via
directly repressing negative regulators of VEGF pathway. The negative regulators were the Sprout-related
EVH1 domain-containing protein 1 (SPRED1) and phosphoinositol-3 kinase regulatory subunit 2 (PIK3R2)".
MiR-126 was an important factor, which could maintain the vascular integrity. Antago-miR-126 decreases
ischemia-induced angiogenesis in hind-limb ischemia by increasing SPRED1 and PIK3R2 [Figure 2],
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Figure 2. In endothelial cells, miR-126 inhibited PIK3R2 and SPREDT1 to facilitate angiogenesis by activating PI3K/AKT and MAPK/ERK
signal pathway indirectly. In EPCs, miR-126 inhibited EPCs EndMT inducing by TGFb through activating PI3K/AKT signal pathway. EPC:
endothelial progenitor cell; VEGF: vascular endothelial growth factor; TGFb: transforming growth factor beta; EndMT: endothelial-
to-mesenchymal transition; PIK3R2: phosphoinositol-3 kinase regulatory subunit 2; SPRED1: sprout-related EVH1 domain-containing
protein 1

MiR-126 affected the expression of stromal cell derived factor-1 (SDF-1) from different approaches. In
normal ECs, miR-126 repressed the SDF-1 synthesis by directly binding to SDF-1 mRNA. Normal miR-126
level was enough to modulate SDF-1 and vascular cell adhesion molecule 1 (VCAM-1) expression in ECs"".
Under high glucose condition associated with ECs dysfunction, decreasing miR-126 could increase SDF-1
expression, and also directly increased progenitor cells migration and adhesion""?, and further improve
stroke outcome by differentiating into endothelial cells or through the paracrine effects. Tenreiro et al™
demonstrated endothelial cells improved ischemic recovery by differentiation into ECs. Chen et al™
demonstrated progenitor cells secreted IL-8 to promote angiogenesis during ischemia. In contrast, under
atherosclerosis miR-126 could elevate C-X-C chemokine receptor type 4 (CXCR4) expression by repressing
the function of G protein-coupled receptor (GPCR) signaling inhibitor. As a result, SDF-1 could be up-
regulated and recruited progenitor cells to the damaged area””. In the kidney ischemic condition, miR-126
overexpression in the hematopoietic compartment could attenuate CXCR4 expression on the bone marrow
stem cells and at the same time increase SDF-1 in the ischemic tissue. Thus increased SDF-1 facilitated
stem cell mobilization towards the ischemic area™. Taken together, miR-126 plays a protective role during
ischemic injury and is a potential target for ischemic stroke therapy.

MIR-126 PLAYS A DUAL-ROLE IN ATHEROSCLEROSIS

Atherosclerosis was a pathophysiologic process initiated by death of ECs ~. MiR-126 played a vital
role in atherosclerosis™®. Studies implicated the regulation of ECs proliferation and repair may reduce
atherosclerosis formation”. In atherosclerosis formation, transferring miR-126 from apoptotic bodies
to recipient cells elevated SDF-1, which promoted progenitor cell mobilization and incorporation during

[17]

plaque formation. Consequently, atherosclerotic progression was impeded"*.

Besides recruiting progenitor cells, miR-126 directly affected ECs proliferation to reduce atherosclerosis'™”
MiR-126-5p promoted ECs proliferation and limits atherosclerosis by suppressing the Noth1 inhibitor
delta-like 1 homolog (DIk1)*. MiR-126 down-regulated VCAM-1 expression, thus decreased leukocyte
adhesion and resisted vascular wall inflammation™. Likewise, up-regulating miR-126 in human aortic ECs
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Figure 3. TRAF7 activated ROS and JNK pathway. MiR-126 increased ROS and inhibited JNK pathway via binding TRAF7. Palmitate
promoted cell death and DNA damaged by inhibiting miR-126. TRAF7: tumor necrosis factor receptor-associated factor 7; TNFR: tumor
necrosis factor receptor; ROS: reactive oxygen species

(HAEC) showed a decrease of monocyte adhesion via decreasing VCAM-1 expression””. In this manner,
miR-126 played a beneficial role in atherosclerosis.

MiR-126 targeted numerous putative mRNAs to exert anti-atherosclerosis effect in varied patterns.
For example, it degraded tumor necrosis factor receptor-associated factor 7 (TRAF7) to protect ECs
from injury. TRAF7 bound to the tumor necrosis factor receptor (TNFR) and generate intracellular
reactive oxygen species (ROS), or reduce the anti-apoptotic molecule expression. MiR-126 was inhibited
by palmitate, a major saturated free fatty acid in plasma”’. MiR-126 overexpression decreased TRAF7
and rescued ECs from saturated free fatty acids (FFAs) damage™. These studies demonstrated that
miR-126 protected ECs from palmitate and relieved oxidative stress, further induced the effect of anti-
atherosclerosis [Figure 3][24].

In general, endothelial progenitor cells (EPCs) differentiated into ECs to repair damaged intima. However,
bone marrow derived EPCs also trans-differentiated into a smooth muscle cell lineage, regarded as
endothelial-to-mesenchymal transition (EndMT). Smad3 and Smad4 formed a complex with FoxO3,
which played an essential role in cell differentiation. MiR-126 activated PI3K/AKT pathway, and indirectly
inhibited FoxO3/Smad4, which was associated with EPC EndMT [Figure 2] el

Although numerous researches indicated that miR-126 benefited anti-atherosclerosis, studies also
demonstrated the adverse effect of miR-126 on atherosclerosis. It was noted that smooth muscle cells (SMCs)
could be activated and proliferate in atherosclerosis”, meanwhile SMC apoptosis caused vulnerable
plagues[27]. Transmission of miR-126 to SMCs mediated Forkhead box O3 (FoxO3), B-cell lymphoma-2
(BCL2) and insulin receptor substrate-1 (IRS1) expression, thus affected SMC proliferation, cell cycle
progression, and apoptosis*. Zhou et al.”” did not detect microRNA-126 in SMC during atherosclerosis,
and a recent study showed that microRNA-126 was up-regulated in atherosclerosis mice””

Taken together, miR-126 in SMCs exacerbated atherosclerosis despite it had beneficial effects on endothelial
functions. Gene regulation of biological processes extremely complex. Therefore, to explore the modulation
mechanism between miRNAs and mRNA seems important.

MIR-126 IS A POTENTIAL TARGET IN DIABETIC ECS DYSFUNCTION

Malfunction of ECs was one of the distinct changes in the arterial wall by diabetes induced metabolic
abnormalities”™”’. Sprout-related EVH1 domain-containing protein 1 (SPRED1) was a Ras/ERK signaling
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inhibitor, which was involved in the regulation of several cellular processes such as differentiation,
survival, motility and cell cycle™". MiR-126 affected EPC function via its target SPRED1"”". PI3K/AKT/
eNOS pathway played a role in preventing high glucose-induced cell injury[“]. As mentioned above,
miR-126 activated PI3K/AKT/eNOS signal pathway and rescued EPC function by degrading PIK3R".
MiR-126 expression was down-regulated in type II diabetic derived EPCs. MiR-126 overexpression in
EPCs promoted EPC proliferation, migration, and inhibited EPC apoptosis”". Experiments demonstrated
that endothelial micro-particles derived from glucose-treated ECs had lower amounts of miR-126, which
reduced endothelial repair capacity in vitro and in vivo"™. It could speculate that miR-126 up-regulation in
glucose-damaged ECs protected them from glucose-induced dysfunction.

In consistent with above reports, Zampetaki et al.® demonstrated that loss of miR-126 was associated
with diabetics. MiR-126 level in endothelial apoptotic bodies was reduced in a glucose-dependent fashion.
Low plasma miR-126 level caused VEGF resistance and endothelial dysfunction, which related to diabetics

complications™’

MiR-126 activated VEGF signaling by repressing SPRED1 and PI3R2. Circulating miR-126 has been
proposed as a marker for endothelial dysfunction in diabetics. Therefore, up-regulating miR-126 in plasma
provided a unique approach for the therapy of endothelial injury.

MIR-126 AND TUMOR

There was no doubt that miR-126 was related to tumorigenic process. Studies showed that MiR-126 was not
. [34-39] . .

only a tumor suppressor, but also an oncogene depending on the type of cancer . MiR-126 negatively

cancer cell proliferation, migration, invasion and survival while it also accelerated cancer progression

through the promotion of microvessel formation™"

Increase of miR-126 was beneficial for the acute myelocytic leukemia (AML) through degrading HOXAo.
HOXA9 was an oncogene and often elevated in myelocytic leukemia™'. However, miR-126 overexpression
in AML was associated with poor survival and higher chance of relapse™. Decrease of miR-126 expression
in AML cells reduced cell growth by inducing apoptosis in vitro™.

Transferring miR-126 mimics into colon cancer cells reduced cell viability, migration, and invasion by
degrading CXCR4™". SDF-1 binding to CXCR4 activated NF-kB pathway and increased MMP-2, MMP-9,
VEGEF and nitric oxide expression. These factors promoted tumor cell invasion through degradation of the
extracellular matrix and promotion of angiogenesis, hematopoiesis, ECs growth[“].

MiR-126 is an inhibiting microRNA on the tumor development”®*”. Studies demonstrated that VEGE-A
was a target of MiR-126, which could down-regulate miR-126 and increase VEGF-A expression in
tumors™”. In malignant mesothelioma, miR-126 indirectly increased FOXO1 by targeting IRS1 leading to
apoptosis, cell cycle arrest, and stress resistance in various tissues™

According to current researches, miR-126 was down-regulated in most tumors such as colorectal cancer,
gastric cancer, lung cancer, breast cancer. However, miR-126 was up-regulated in the acute myeloid
leukemia™. MiR-126 could be a tumor marker in a non-invasive diagnostic method"”.

In conclusion, miR-126 is a double-edged sword and plays distinct roles in different cell types and
microenvironment. It could be a potential therapeutic target and prognostic biomarker for the vascular
disease, diabetics and tumor. Exploring the effects and underlying mechanisms of miR-126 is important
and timely.
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