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Abstract: Epithelial-mesenchymal transformation(EMT) is a coordinated process in which polarized epithelial cells
are induced to lose adhesion from the basement membrane and obtain the properties of mesenchymal cells,
including invasion and metastasis. It has been proved that EMT greatly contributes to the invasion and therapeutic
resistance of various solid human cancers. However, the role of EMT in brain glioma has not yet been fully clarified.
So in this review, we mainly elaborate the latest progression about the related regulatory transcription factors, key
signaling pathways and microRNAs (miRNAs) of EMT in gliomas.
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MicroRNAs

Background
Epithelial-mesenchymal transformation(EMT) was first
observed in breast cancer in 1890s. Zhang J. et al. found
that the EMT and mesenchymal-to-epithelial transition
(MET, its reverse process), were reduplicative and alternatively occurred in chicken’s epithelial cells [1]. In the
recent 30 years, EMT becomes a hot research field and
is generally divided into three different subtypes [2].
While type 1 EMT takes effect in the process of embryonic development and differentiation. Type 2 EMT
mainly appears in the process of adult inflammation and
tissue repair in the condition of wound healing and
organ fibrosis. Type 3 EMT is active in tumorigenesis,
involving the acquisition of new phenotype, enhancement of motility and lose of the original morphology,
and also a diversified dynamic process regulated by
multiple factors [3].
Almost all kinds of cancers will undergo invasion and
metastasis with transformation from epithelial phenotype (marked with E-cadherin, Claudin) to mesenchymal
phenotype (marked with N-cadherin, Vimentin, Fibronectin, etc), which is similar to the features of EMT.
Therefore, EMT is considered as a potential target in
cancer diagnosis and treatment, and the critical function
of EMT in tumor formation and metastasis has been intensely studied.
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Gliomas are the most common primary malignant
brain cancers with an extremely high mortality. Despite
the great efforts in both clinical and basic research, the
prognosis of malignant gliomas remains quite poor. As
the most aggressive and lethal malignant gliomas (WHO
grade IV), glioblastoma multiforme (GBM) are intractable and resistant to the comprehensive therapy that
consists of surgery, radiotherapy and chemotherapy. So
the imperative task is to antagonize gliomas in a better
way. Targeting EMT has demonstrated an anti-neoplasm
effect in many solid cancers like hepatocellular and
breast cancers. However, the role of EMT in gliomas has
been rarely studied so far. In this review, we mainly discussed some key factors relating to EMT in gliomas,
each seemingly working through its individual pathway,
such as essential transcriptinal factors (Snail, Slug, Twist,
etc), signaling pathways (Notch and Wnt signal pathway,
etc), miRNAs and tumor hypoxia microenvironment.
Long-noncoding RNA as a new field of study, appears in
a small number of references in the article. And the critical connection or crosstalk between these factors were
also discussed (Fig. 1).

EMT-transcriptional factors(EMT-TFs) in Glioma
EMT is a dynamic process regulated by many kinds of
specific transcription factors, called EMT-TFs, such as
Twist, nuclear factor-kappa B(NF-κB) and the Zinc
Finger E-box-binding Homeobox(ZEB1), which can
down-regulate the metastasis-suppressor E-cadherin and
up-regulate mesenchymal phenotype.
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Fig. 1 The relative regulatory transcription factors, key signaling pathways and microRNAs(miRNAs) of EMT in gliomas

Snail

Snail was firstly found participate in the mesoderm formation of Drosophila melanogaster. Three Snail family
proteins have been identified in vertebrates: Snail, Slug
and Smuc. Snail and Slug, as two master regulators of
the epithelial-mesenchymal transition, mainly mediate
E-cadherin repression and are overexpressed in glioma
cells during EMT. Snail also can be induced by TGF-β,
Notch and has crosstalk with many signaling molecules.
Snail correlates with the tumor grade and invasion, and
the high expression of Snail indicates a poor prognosis
in glioma [4]. Researchers find that the Sonic Hedgehog/
GLI signaling pathway directly participates in upregulation of Snail [5]. Evidence sustains that Snail is also the
target of EMT-related protein, like IL-8 can induced glioma cells invasion by increasing NF-κB and Snail [6]. Intriguingly, autophagy can achieve GBM cells from
mesenchymal phenotype to epithelial-like phenotype by
down-regulation of snail and slug [7].
ZEB1

ZEB proteins contain ZEB1 and ZEB2. ZEB1 is responsible for DNA binding and ZEB2 is known as SMAD1interacting protein, high levels of which involves in
malignant transformation. As a dominating metastasis
factor, ZEB1 suppresses E-cadherin, resulting in the loss
of cell-cell adhesion and gain of mesenchymal characteristics, ZEB1 is associated with glioma invasion and poor
prognosis. What’s more, further study also reveals that
in IDH1-mutant lower-grade gliomas ZEB1 expression is

relatively increased [8]. In gliomas,ZEB1 renders EMT
via activating PDGFA/PDGFRα signaling, leading to the
enhancement of tumor growth and invasion [9]. ZEB1
also contributes to therapeutic resistance in various
cancers via EMT-dependent or EMT-independent mechanisms. One study confirms CBX7 can block ZEB1 expression and suppress EMT in LN229, T98G cells and
primary glioma cells [10].
NF-κB

The mammalian transcription factor NF-κB family also
involves in the process of EMT. In canonical pathway,
NF-κB inhibitory protein (IκB) is phosphorylated by the
IκB kinase complex, resulting in the activation of NF-κB.
Activated NF-κB translocates to nuclear and initiates
transcprition of different target genes. A series of experiments show that NF-κB induces EMT and metastasis,
inhibits apoptosis in numerous kinds of tumor cells. Accumulating evidences show that PI3K/Akt or MAPK
ERK pathways can trigger the NF-κB signaling. SENP1, a
member of SENPs family, which play a pro-oncogenic
role in many types of cancer including glioma, can work
as a upstream of NF-κB pathway [11]. In addition, IL-8,
a new prognostic factor for glioma, can activate EMT
through ELMO1-NF-kB-Snail signaling [6]. As a upstream factor, NF-κB can also enhance other key factors,
such as Snail and Yin Yang 1 (YY1). The interaction
described above forms a Snail/NF-κB/YY1/RKIP circuit,
which promotes metastasis and restrains apoptosis. The
loop can be inhibited by the Nitric Oxide via
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nitrosylation of NF-κB, YY1 and Snail, consequently
leading to EMT suppression [12]. In tumor treatment,
Piperlongumine has been a new pharmacotherapy for
glioma, which can selectively kill GBM cells but not normal astrocytes [13].
Twist

Twist consists of two proteins: Twist1 and Twist2, which
have a basic helix-loop-helix (bHLH)structure. Although
the upstream or downstream signaling pathways of Twist
are not completely elucidated yet, Twist has been found
important in cancer metastasis, tissue fibrosis, and early
embryonic morphogenesis. Usually Twist is identified as
Twist1 and Twist1 is thought more significant in cancer
metastasis than Twist2. Twist1 is upregulated in multiple
carcinomas and indicates a poor prognosis [14]. In the
progression of cancer, Twist acts independently of Snail to
suppress E-cadherin and upregulate N-cadherin and fibronectin. At present the well-known upstream and downstream factors of Twist pathway are abundant and on the
rise. It has been verified that Notch has a significant
association with Twist through a Notch1/STAT3/Twist
signaling axis. Moreover, Akt is found to be another vital
upstream factor of Twist [15]. Twist is also a target for
new treatment due to its important function in EMT. For
instance, cell differentiation agent-2 (CDA-2) was used to
suppressing Twist/Slug signaling in glioma [16]. IQGAP1
is aberrantly expressed in several tumor types. Recently
IQGAP1-small interfering (si)RNA is discovered to inhibit
U251 and U373 cells through inhibition of Snail and
Twist, but the impact on EMT is not elaborated [17].

Signaling pathways involving in Glioma EMT
A number of different molecular processes are jointly
activated to initiate EMT and make it develop orderly,
consequently achieving the transformation from the polarized epithelial cells to mesenchymal cells.
Notch signaling pathway

Notch signaling pathway, which acts on embryonic development, is a key pathway in EMT. In mammals, five
canonical transmembrane ligands (Delta1/3/4, Jagged1/
2) and four transmembrane Notch receptors (Notch1/2/
3/4) are expressed. After complex biochemical process,
the Notch pathway finally activate HES and HEY family.
Studies have demonstrated that Notch1 promotes tumor
progression via regulating EMT correlative factors (activating E-cadherin, inhibiting N-cadherin, Vimentin) [18].
Recent findings elucidated that inhibitor of Notch1 restrained invasion and migration of glioma cells via inhibiting Notch1-HES1 signaling, and simultaneously
induced cell autophagy [19]. Previous studies have illustrated that Notch1 and Jagged1 could depress the Ecadherin by regulating Slug and Snail, then facilitating
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the EMT. Moreover, Notch1 inhibitor suppresses the expression of Slug and Snail. TUG1, as a downstream
target of Notch, can maintains tumorigenicity and stemness features of glioma stem cells (GSCs) [20]. Acting as
a promoter of epithelial-mesenchymal tranformation in
glioma, ZFAS1 also activites Notch signaling pathways
[21]. Recent researchers focus on non-coding RNA
which correlates with notch, one study have uncovered
that miR-107 restrained invasion and migration via regulating Notch2 expression in glioma cells [22], but the
whole mutual effect between Notch and other factors
needs further investigation.
WNT signaling pathway

In many types of cancer, abnormal activation or mutations in the WNT pathway have been reported. Emerging evidence has suggested that deregulation of the
Wnt pathway is relevant to brain tumors. In canonical
Wnt signaling pathway, combination of Wnts with receptor Frizzled is the mark of cascade stimulation, in
which LRP provides assistance. Frizzled recruits Disheveled (Dsh) and LRP recruits Axin, contributing to the
formation of downstream degradation complex. The
degradation complex comprises of Axin, glycogen synthase kinase (GSK-3β) and APC, which together induce
β-catenin phosphorylation and inhibit the degradation of
β-catenin. Then accumulating β-catenin translocates to
the nucleus where it activates the transcriptional factors
TCF/LEF then regulate target genes referring to cellular
proliferation, differentiation, survival, and apoptosis [23].
Previous data reported that Wnt2 and Wnt5a was
expressed in gliomas, and knockout of Wnt2 in human
U251 glioma cells inhibited cell proliferation, invasive
ability, and induces apoptosis [24]. Another experiment
showed that the expression of Wnt5a was positively correlated with the proliferation of glioma cells in vitro.
Moreover,Frizzled 4 promotes EMT by regulating
Snail1, resulting in acquisitions of mesenchymal
phenotype, neurosphere formation and invasion [25].
Furthermore, there is also a positive feedback between
Snail1 andβ-catenin. Another study showed that
HOXA13 may be a potential diagnostic biomarker for
glioma which induce progression of glioma in
TGF-βor Wnt-dependent way [26]. And Wnt/β-catenin signaling also can be depressed by IDH1-R132H
in vitro. As a member of long noncoding
RNA(lncRNA) family, CCND2-AS1 Synchronizes with
Wnt/b-catenin signaling and the highly expression of
CCND2-AS1 activates cell proliferation in glioma
[27].In the opposite, another lncRNA, thyroid
carcinoma susceptibility candidate 3 (PTCSC3) keeps
a low level in glioma cells, and it can suppress the
Wnt/β-catenin signaling pathway and then inhibit
EMT of glioma [28].
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Hh signaling pathway

Hedgehog family members are of great importance in
regulating the embryo-genesis, EMT and tumorigenesis. Hedgehog signaling contains three primary
signaling proteins: Desert Hedgehog (Dhh), Indian
Hedgehog (Ihh), and Sonic Hedgehog(Shh). In inactive state, downstream 7-pass transmembrane protein Smoothened(Smo) bonds to the Patched family
members(including PTCH1 and PTCH2)) which are
the receptor of Hedgehog. After Hedgehog binding to
Patched family receptors, Smoothened is released
from the Patched-dependent suppression, and the target gene GLI is activited through the SmoothenedGLI signaling cascade [29]. Previous studies have
found that the Hedgehog signals indirectly induced
EMT via relevant target gene JAG2 and up-regulating
EMT regulators [30]. Twist1, similar to Snail is another direct target gene of Gli. Hh signaling pathway
has complex crosstalk with other factors. A recent
study revealed that TGF-β1 is a key upstream factor
of Shh signaling [31]. Meanwhile, the negative regulation of Wnt pathway by Gli activity has been
described in human cancers cells. Gli1 and Gli3R
were shown to suppress Wnt signaling pathway and
then inhibit the proliferation of cancer cells. Together
these facts indicate that Hh pathway is important in
EMT and deserves further study [32].
TGF-β Signaling pathway

The secretive protein TGF-β is a wide key factor in
EMT. TGF-β is well conserved in evolution, and it regulates multiple cell phenotypes such as adhesion, growth,
apoptosis, differentiation and fibrosis [33]. In human
cells, the TGF-β signaling pathway contains three ligand
isoforms TGF-β1/2/3) and two TGF-β transmembrane
receptors (TGFBR I/II). TGF-β invokes many downstream pathways. But the only specific downstream target for the TGF-βfamily is SMAD. Two molecules of
phosphorylated SMADs(SMAD2/3) and a commonmediator SMAD(SMAD4) forms one trimer. Then the
trimer will activate target genes through binding to specific EMT-TFs, individually or with other co-activators,
and finally perform on biological process [34]. There is
also the inhibitory SMADs (SMAD6/7) which will compose a negative segment in the cascade of TGF-β pathway by competing with SMAD4 [35]. There are also
several other TGF-β pathways, such as TGF-β/TRAF6/
p38/Jun or TGF-β/RhoA axis. What deserves to be mentioned is that no matter in canonical or noncanonical
TGF-β pathway, TGF-β participates in driving EMT.
Receptor-associated SMADs interact with EMT-TFs
such as AP-1 and Snail [36].TGF-β1 treatment induces a
significant change of cellular morphology depicted by increasing α-SMA and N-cadherin and corresponding
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decreased E-cadherin via a SMAD2/SMAD3-dependent
manner. Notably, α-SMA and N-cadherin increases are
dependent on both SMAD2 and SMAD3, whereas Ecadherin is down-regulated by TGF-β1 only in a
SMAD3-dependent manner [37]. Some studies have
confirmed that E-cadherin also could be suppressed by
TGF-β through ZEB, Snail and HMGA2. Another interesting finding is the discrepant expression of TGF-β
existing between the necrotic and non-necrotic areas of
many tumors [33].

PI3K/Akt signaling pathway

Akt is a key intermediate activator and involved in several cascades regulating EMT-TFs in gliomas. In consideration of the complex regulation mechanism, we will
clarify this cascade based on PI3K/Akt signaling pathway, which has been widely investigated for its effects in
EMT and tumorigenesis. Akt can be activated by diversified stimuli such as phosphoinositide 3-kinase (PI3K),
integrin-linked kinase (ILK), extracellular matrix components (ECM), growth factors (TGF-βate, HDGF) via
phosphorylation events in cytoplasm. As a core activator,
PI3K generates phosphatidylinositol-3,4,5-trisphosphate
(PIP3) and leads to phosphorylation in Thr308 and partial activation of Akt. Then the full activation of Akt is
marked with phosphorylation of Akt-Ser473. Activated
Akt will start physiological processes, including apoptosis, metabolism and migration [38]. Recent research
reports that high level of p-AKT is associated with worse
overall survival in gliomas [39]. For example, GSK-3β as
a constituent part of degradation complex in Wnt/β-catenin signaling can be degraded after PI3K/Akt activation. On the other hand, GSK-3β participates in the
degradation of Snail, which means that PI3K/Akt pathway participates in Wnt/β-catenin signaling and Snail
activation. An recent study shows that radicol can suppresses Akt/mTOR/p70S6K pathway through GSK-3β
activation and then induces apoptosis in temozolomideresistant glioma cell, which is undoubtedly an exciting
news [40]. Another research reports that AKT takes effect in Notch1-induced activation of β-catenin and
NF-κB in EMT of glioma cells,and inhibition of Akt will
depress the process [41]. Furthermore, SHH–Gli1 signaling can activate Akt in the process of EMT in gliomas.
IGF acts as a activator in PI3K/Akt signaling. Inhibition
of Imp2 and Osthole were also found to block IGF1 and
IGF2 respectively, resulting in restrain of GBM malignancy and EMT [42, 43]. The increase of E-cadherin expression induced by matrin can be attributed to the
inhibition of AKT signaling [44]. Apigenin which has
been mentioned before can inhibit phosphorylation of
AKT Ser473 and attenuate atherogenesis through inducing macrophage apoptosis [45].
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EMT-related MicroRNAs in Gliomas
MicroRNAs (miRNAs) are small noncoding RNAs which
play fundamental roles in modulating the expression of
target RNAs by initiating mRNA degradation or inhibiting protein translation. At present we know there exists
a large amount of miRNAs relating to EMT in glioma.
Microarray analysis proves that the miR-205 and miR200 family may be crucial in EMT. The overexpression
of miR-200 clusters inhibits EMT via up-regulating Ecadherin and targeting the ZEB. What’s more, ectopic
expression of miR-200 in mesenchymal cells induced
MET [46]. The later research showed the existence of an
autocrine TGF-β/ZEB/miR-200 signaling regulatory network that controlled the transformation between mesenchymal and epithelial status. Furthermore, miR-200 can
cooperate with miR-205 to induce a MET process by
suppressing ZEB [47]. Many other miRNAs also affect
some EMT-TFs. MiR-590-3p suppresses cells migration
and invasion by regulating ZEB1 and ZEB2 in GBM. For
gliomas, miR-340 can dramatically induce cell cycle arrest and apoptosis, promote autophagy, suppress cell
motility and inhibit glioma cell proliferation via inhibiting different targets such as ROCK1 or p-AKT [48].
Over-expression of miR-9 plays an core role in gliomas
progression and predicts an unfavorable prognosis. Upregulation of miR-9 leads to suppression of Cadherin-1
(CDH1) and enhancement of cell motility and invasiveness [49]. Likewise, studies demonstrated that miR-204
could directly target TGF-βRII and Snail2. A reduction
in miR-204 expression suppressed Snail, which was rapidly induced by TGF-β signaling during EMT [50]. In
addition, a recent research found elevated miR-181,
which consists of 181a/b/c, indicates a better prognosis,
could inhibit glioma cell invasion and proliferation via
suppressing KPNA4 or TGF-β and reverse EMT [51].
Two newly found MicroRNAs, mir-361-5p and mir-194
both significantly reduced in glioma cell lines, and overexpression of mir-361-5p and mir-194 inhibited EMT in
glioma cell, respectively targeting their downstream
Twist1 and Bmi1 [52, 53]. Certain integrated studies list

Fig. 2 Relative miRNAs and relevant pathways in glioma EMT
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some microRNAs as follows: miR-10a,-124,-107,-222
and −221 can suppress mesenchymal markers and
inhibit invasion. In contrast, miR-182, −21, −130b
and -30e play an opposite role (Fig. 2), while the function
of miR16 in the glioma progression is controversial.

EMT microenvironment in Glioma
There is no doubt that the microenvironment is responsible for tumor recurrence, metastasis and chemotherapy
resistance. Hypoxia is a key microenvironment element
in many solid tumors and promotes the development of
EMT mainly by activating the related cytokines. Hypoxia
inducible factors(HIFs) are the core effectors of hypoxia,
which consist of HIF-α and HIF-β [54]. HIF-1α is most
important in correlation with metastasis, prognostic outcomes in cancers. Knockdown of HIF-1α remarkably enhances drug sensitivity and reduces tumor invasion and
metastasis in glioma cells [55]. Studies have established
the decisive role of HIF in EMT under the condition of
hypoxia through the direct regulation of ZEB1 in glioma
[56]. Some other hypoxia-induced factors like PLOD2
also can promote glioma cells proliferation, migration
and invasion via change the expression ofβ-catenin, snail
and slug [57]. A recent research discovered the inhibition of p75 neurotrophin receptor enhances EMT in glioma cells and there exists an inverse expression between
p75NTR and HIF-1α: HIF-1a over-expression could
down-regulate the expression of p75NTR, which indicated that p75NTR might be a significant downstream
factor of hypoxia-induced EMT [58]. The culminating
expression of Urokinase receptor(uPAR) under hypoxia
induces EMT, and intermittent hypoxia transcriptional
inactivation of uPAR enhances the apoptotic response in
medulloblastoma cells. A recent study reported that the
mesenchymal EMT-TFs C/EBP-βand C/EBP-δwere
highly expressed in GBM, especially in necrotic zones
suffering from hypoxic conditions [33]. Hypoxia associates with most processes of EMT and more mechanisms
are being discovered, so targeting HIF can be a new
method to restrain EMT. A recent research has tested
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the HIF inhibitor as adjuvant therapy for anti-EMT therapy. Another study reports that hypoxia can activate
EGFR/PI3K/AKT pathway and promote EMT, meanwhile LRIG1 can block the whole process [59].

Conclusions
In this review, we have made an introduction of some
key factors involving in the EMT process. It has been
well recognized that EMT are associated with aggressive
tumor growth, distant colonization, and therapeutic resistance. EMT in malignant gliomas has attracted more
and more attention. With the continuous efforts of
many researchers in this field, great progresses have
been made. Elucidation of the complex mechanisms
underlying EMT in gliomas will improve the clinical
treatment of this refractory cancer. At last, this review
will offer some help for people to understand the EMT
in brain gliomas.
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