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Abstract: Gastric cancer (GC) is one of the most common malignancies worldwide with poor prognosis for lack of 
early detection and effective treatment modalities. The significant influence of tumor microenvironment on malig-
nant cells has been extensively investigated in this targeted-therapy era. Epithelial-mesenchymal transition (EMT) is 
a highly conserved and fundamental process that is critical for embryogenesis and some other pathophysiological 
processes, especially tumor genesis and progression. Aberrant gastric EMT activation could endow gastric epithelial 
cells with increased mesenchymal characteristics and less epithelial features, and promote cancer cell stemness, 
initiation, invasion, metastasis, and chemo-resistance with cellular adhesion molecules especially E-cadherin con-
comitantly repressed, which allows tumor cells to disseminate and spread throughout the body. Some pathogens, 
stress, and hypoxia could induce and aggravate GC via EMT, which is significantly correlated with prognosis. GC EMT 
is modulated by diverse micro-environmental, membrane, and intracellular cues, and could be triggered by various 
overexpressed transcription factors, which are downstream of several vital cross-talking signaling pathways includ-
ing TGF-β, Wnt/β-catenin, Notch, etc. microRNAs also contribute significantly to GC EMT modulation. There are cur-
rently some agents which could suppress GC EMT, shedding light on novel anti-malignancy strategies. Investigating 
potential mechanisms modulating GC cell EMT and discovering novel EMT regulators will further elucidate GC biol-
ogy, and may provide new biomarkers for early GC detection and potentially efficient targets for preventative and 
curative anti-GC intervention approaches to prevent local and distant invasions.

Keywords: Epithelial-mesenchymal transition, gastric cancer, microenvironment, transcription factor, microRNA, 
carcinogenesis, tumor progression, metastasis, prognosis, chemo-resistance

Introduction

Although the incidence and mortality have 
being declining in recent decades, gastric can-
cer (GC) remains one of the most common and 
lethal malignancies worldwide [1, 2]. Surgical 
resection is the only possibly curative therapy, 
but most patients are diagnosed with an 
advanced disease for lack of specific early-
stage symptoms and lose the opportunity of 
curative resection due to the aggressive GC 
nature, which results in poor prognosis, 
although chemoradiotherapy and targeted 
therapy have improved response rates [3-6]. 
Invasion and metastasis, the major causes of 
GC-related relapse and death, greatly impede 
the treatment efficiency [7]. A better under-
standing of the mechanism contributing to GC 
initiation and progression is warranting with the 

hope to improve early diagnosis and treatment 
efficacies.

Tumors are composed of malignant cells and 
the microenvironment, namely tumor stroma, 
and are regarded as wounds that do not heal 
[8]. Abundant evidences have revealed the 
importance of epithelial-mesenchymal transi-
tion (EMT), a process where epithelial cells are 
transformed into cells with mesenchymal phe-
notypes characterized by lost cellular polarity 
and adhesion and enhanced invasive and 
migratory properties, and an important mode 
responding to tumor microenvironment among 
cancer cells, in GC aggressiveness. The compo-
nents of the complex tumor microenvironment, 
including various tumor stromal cells and cellu-
lar factors, modulate cancer cell growth and 
regulate their malignant behaviors via EMT 
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induced by diverse intracellular signaling path-
ways which alter modes of transcription and 
translation, and which could not only regulate 
malignant cell behaviors directly, but also stim-
ulate cancer tissues indirectly via modulating 
the microenvironment [9, 10]. Diverse genes, 
proteins, and molecular pathways which are 
linked to transcriptional regulation, epigenetic 
modification, and cancer stem cells (CSCs), and 
which are potentially important during GC gen-
esis and progression, have been extensively 
investigated during aberrant activation and 
regulation of GC EMT [11]. Detailed investiga-
tion into the role of EMT in GC could further our 
understanding of GC initiation, invasion, and 
metastasis. Herein GC EMT is systematically 
reviewed, with possibly involved regulators in 
the microenvironment and potential transla-
tional significance facilitating diagnosis and 
treatment discussed.

EMT

EMT is a multistage reprogramming process in 
which epithelial cells are closely arranged with 
weak deformability dedifferentiation. The epi-
thelial cells may undergo phenotypic switch to 
acquire mesenchymal phenotype similar to 
fibroblasts that are loosely arranged with strong 
mobility, as well as stem cell properties. The 
common processes during EMT, which is impor-
tant during embryogenesis and commonly 
found in various pathophysiological processes 
including wound healing, inflammation, and 
fibrosis [12], are epithelial marker repression, 
aberrant mesenchymal marker (e.g. vimen- 
tin, fibronectin, and α-smooth muscle actin 
[α-SMA]) up-regulation, loss of polarity and 
intercellular adhesion, cytoskeleton disorgani-
zation promoting motility, and surrounding 
microenvironment remodeling facilitating inva-
sion [13]. It is believed that the leading cause of 
post-EMT biological behavior change is EMT-
induced cytoskeleton-associated structure re- 
construction [14]. During EMT, type I cadherin 
(epithelial-cadherin, E-cadherin, encoded by 
the CDH1 gene at human chromosome 16q- 
22.1), which sustains key intracellular binding 
structures like desmosomes and claudins, is 
switched to neural cadherin (N-cadherin, en- 
coded by the CDH2 gene), which is mostly 
expressed among mesenchymal cells. The 
reduction of E-cadherin with the immunoglobu-
lin-like domain on cellular surface which is able 

to combine adjacent cells, and the intracellular 
region which is able to link α- and β-catenin to 
the actin cytoskeleton sustaining cell shape 
and polarity, is regarded as an important EMT 
feature which plays critical roles in EMT by 
changing the components of intercellular adhe-
sion and regulating diverse signaling pathways 
[15]. E-cadherin down-regulation and initiation 
and execution of EMT are caused by several 
microRNAs (miRNAs) and various key EMT-
inducing transcription factors (TFs) including 
Snail1 (Snail), Snail2 (Slug), Twist, Zeb1, Zeb2 
(Sip1), forkhead box C2 (FoxC2), E47, Krüppel-
like factor (KLF)4, KLF8, goosecoid, Sox9, et 
al., which interact with each other, and which 
are downstream in important signaling path-
ways activated by transforming growth factor-β 
(TGF-β), Wnt, Notch, integrin, interleukin (IL)-5, 
IL-6, fibroblast growth factor (FGF), signal trans-
ducer and activator of transcription-3 (STAT-3), 
epidermal growth factor (EGF), hepatic growth 
factor (HGF), nuclear factor-κB (NF-κB), et al. 
[16, 17]. Other cellular surface proteins, extra-
cellular matrix (ECM) proteins, and cytoskeletal 
markers including fibronectin, vimentin, fibro-
blast specific protein 1 (FSP1), β-catenin, and 
α-SMA might also characterize EMT, and are 
closely associated with tumor invasive ability 
[18]. TGF-β1-induced abnormal β-catenin nu- 
clear translocation and its target gene transac-
tivation are key processes activating EMT [19]. 
The complex mechanism of EMT regulated by 
various factors and signaling pathways makes 
it a hot topic.

EMT in tumor biology

The developmental reactivation in tumor cells 
generates EMT, leading to cell dissemination 
and playing a vital role in tumor progression 
[20]. In tumor cells, an essential EMT step is 
the down-regulation of E-cadherin, therefore 
disassembling the intercellular contact [21]. 
The E- to N-cadherin switch has critical func-
tions in cancer progression for being essential 
for enhanced motility and migration [22]. 
Decreased expression of E-cadherin activates 
β-catenin which then translocates into the 
nucleus and transcriptionally modulates ex- 
pression of various proteins including cyclin D1, 
CD44, c-Myc, and vascular endothelial growth 
factor (VEGF), promoting tumor initiation and 
progression [23]. Recently, EMT-associated re- 
programming properties have been linked to 
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improved cancer cell plasticity, as illustrated by 
its ability to induce a “CSC” phenotype [24]. 
The EMT-induced stemness endows cancer 
cells with the ability to self-renew, and to over-
express chemo-resistance-related genes, re- 
sulting in a challenging issue named multiple 

drug resistance (MDR) in cancer treatment 
[25]. 

In addition to tumorigenesis, aberrant EMT  
activation, which provides cancer cells with 
enhanced adaptability and migratory and inva-
sive properties, and which prevents senes-
cence and apoptosis and induces immunosup-
pression, also promotes tumor progression 
which is a multi-step process with EMT as one 
of the key links, gradually transforming early 
weakly-invasive tumor cells into cells with stron-
ger metastatic abilities [17]. It is considered as 
the most important and common process dur-
ing tumor local infiltration and distant metasta-
sis [26]. When aberrant EMT is activated, 
N-cadherin expression could facilitate cell-stro-
ma adhesion. Data from human solid cancers, 
xenograft models, and cell culture show that 
the EMT phenotype leads to poor outcome and 
enhances cell migration and invasiveness [27]. 
In both in vitro and in vivo studies, progression 
of cancer cells to metastatic ones frequently 

Figure 1. Key inducers and regulators of EMT in gastric cancer. ACK1, activated Cdc42-associated kinase 1; AQP3, 
Aquaporin 3; BMP2, bone morphogenetic protein-2; Cag, Cytotoxin-associated gene; EGF, epidermal growth fac-
tor; EMT, epithelial-mesenchymal transition; EphA2, Erythropoietin-producing hepatocellular A2; ERK, extracellular 
signal-regulated kinase; ETV1, Ets variant gene 1; FGF, fibroblast growth factor; FoxC2, forkhead box C2; GSK-3β, 
glycogen synthase kinase-3β; HIF1α, hypoxia inducible factor 1α; HMGA2, high mobility group protein A2; Hp, Heli-
cobacter pylori; IGF-I, Insulin-like growth factor I; KLF, Krüppel-like factor; MAPK, mitogen-activated protein kinase; 
Mh, Mycoplasma hyorhinis; NF-κB, nuclear factor-κB; NICD, activated form of Notch; PI3K, phosphoinositide 3-ki-
nase; PRRX1, Paired-related homeobox 1; STAT3, signal transducer and activator of transcription-3; TF, transcrip-
tional factor; TGF-β, transforming growth factor-β; ZIPK, Zipper-interacting Protein Kinase.

Figure 2. miRNAs either enhance or inhibit EMT in 
GC. EMT, epithelial-mesenchymal transition; GC, gas-
tric cancer; miRNA, microRNA.
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involves EMT-like epithelial plasticity changes 
towards a migratory fibroblastoid phenotype, 
particularly prominent at the invasive front of 
human tumors [12]. TGF-β pathway is a major 
promoter of tumor progression at later stages, 
which is attributed to its ability to activate EMT 
[28]. EMT could also generate tumor stromal 
cells, especially the cancer-associated fibro-
blasts (CAFs), which significantly facilitate tu- 
mor formation and progression possibly via 
EMT induction again [10, 29]. Investigating pos-
sible mechanism modulating malignant cell 
EMT and discovering novel EMT regulators will 
further elucidate GC biology, and may provide 
novel biomarkers and efficient targets for pre-
ventative and curative anti-GC approaches. 

Microenvironment, membrane, and intracel-
lular regulators in GC EMT

EMT is induced in epithelia by diverse extracel-
lular stimuli including TGF-β, HGF, TNF-α, hypox-
ia inducible factor 1α (HIF1α), and inflammato-
ry signals from surrounding microenvironment, 
which activate growth factor (GF) and chemo-
kine receptors, the downstream signaling cas-
cades, and several TFs [30]. In GC stroma, 
there are various cues which can influence EMT 
(Figure 1). Transduction of exogenous WNT5A 
into GC cells upregulates EMT-related genes, 
indicating that WNT5A regulates GC EMT [31]. 
Down-regulation of Wnt5a by EGF, which in- 
creases Arf6 and ERK activity, is necessary for 
EGF-induced EMT in GC cells [32]. Gastric epi-
thelia are especially sensitized for TGF-β-in- 
duced EMT, and the resultant Lgr5 induction is 
enhanced by the compounding effect of aber-
rantly activated and dysregulated TGF-β and 
Wnt pathways [33]. Tipα could induce vimentin 
expression, and cause EMT phenotype chang-
es in human GC cells [34]. Besides its ability to 
induce apoptosis, Fas signaling can also induce 
non-apoptotic events in tumor cells, including 
EMT, which promotes motility and metastasis 
in GC [35]. Fas ligand (FasL)-treated GC cells 
have increased EMT TF expression in the nucle-
us and obtain an EMT-related morphology. FasL 
treatment inhibits E-cadherin transcription by 
up-regulation of Snail, inducing EMT in GC cells. 
The nuclear expression and transcriptional 
activity of Snail and β-catenin are increased  
by inhibitory phosphorylation of glycogen syn-
thase kinase-3β (GSK-3β) at Ser9 by FasL-
induced extracellular signal-regulated kinase 

(ERK)/mitogen-activated protein kinase (MAPK) 
signaling. Snail associates with β-catenin in the 
nucleus and thus increases β-catenin tran-
scriptional activity [36-38]. Amplification of 
ERBB2, MET, FGFR2, PIK3CA, AKT1, WNT2, 
WNT2B and WNT8B, and down-regulation of 
SFRP1 and PAR3/PAR6/aPKC complex could 
lead to GC EMT also through GSK3β inhibition 
[39]. Some TFs with partially overlapping down-
stream target genes can activate EMT. These 
key EMT TFs are under control of several 
upstream mechanisms, and some are directly 
induced at the transcriptional level by the acti-
vated form of Notch (NICD), which directly regu-
lates major EMT TFs consequently triggerring 
EMT in cancers [40]. Notch signal can be acti-
vated among endothelia in a paracrine manner 
[41]. In NICD/p53-/- mice, Notch and p53 are 
altered in every carcinoma cell, but only a small 
proportion of these cells undergo EMT [42]. 
EMT is associated with an invasion phenotype 
in NICD/p53-/- GC [43]. Notch activation and 
p53 deletion have a synergistic effect in acti-
vating EMT [43]. In the Notch gain-of-function 
mutants, transcriptional activation of EMT 
inducers may be counterbalanced by p53-acti-
vated miRNAs at the translational level, possi-
bly causing lack of invasive tumors in some 
NICD-activating cases [44]. p53 inactivation 
could cause evasion from senescence, facilitat-
ing EMT induction by TFs including Twist1, 
Twist2 and Zeb1, as well as GFs like EGF and 
TGF-β [45]. Reduced Twist expression is asso- 
ciated with increased E-cadherin, supporting 
that Twist may be associated with GC EMT  
[46]. Zeb-1 expression is significantly correlat-
ed with the mesenchymal phenotype in GC 
[47]. Erythropoietin-producing hepatocellular 
A2 (EphA2) expression is positively correlated 
with EMT markers in human GC [48]. EphA2 
overexpression results in up-regulation of mes-
enchymal markers N-cadherin and Snail, as 
well as the Wnt/β-catenin signaling targets 
TCF4, Cyclin-D1 and c-Myc, and correlates with 
the loss of epithelial proteins, while silencing 
EphA2 has the opposite effect. Furthermore, 
Wnt/β-catenin pathway inhibition negates the 
EphA2 overexpression effect, whereas activat-
ing the pathway impairs the EphA2 knockdown 
effect on EMT [48, 49]. These observations 
suggest that EphA2 promotes GC cell EMT 
through Wnt/β-catenin signaling activation. 
Periostin could induce GC EMT, which is facili-
tated by nicotine. The expression of EMT-
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related proteins is closely related to each other 
in GC. The known GC stem cell maker, CD44, is 
significantly associated with the expression of 
Snail-1, ZEB-1, and E-cadherin proteins [50]. 
Through crosstalk with TGF-β, Notch and Wnt 
signaling pathways, KLF4 negatively regulates 
GC EMT [51]. TGF-β1 could induce EMT via 
down-regulating E-cadherin and up-regulating 
vimentin expression in GC cells. KLF8, a down-
stream TF of TGF-β1, contributes to EMT induc-
tion. Small interfering RNA (siRNA)-mediated 
KLF8 silence blocks TGF-β1-induced EMT-like 
transformation and subsequently reverses the 
loss of E-cadherin and the gain of vimentin 
[52]. Overexpression of Ets variant gene 1 
(ETV1; also known as ER81) in normal gastric 
epithelia induces EMT. ETV1 transcriptionally 
upregulates Snail expression, and its expres-
sion is significantly correlated with Snail expres-
sion in human GC samples. It promotes Snail 
expression to induce EMT-like metastatic pro-
gression in GC [53]. The high mobility group 
protein A2 (HMGA2) is able to elicit GC EMT  
and the Wnt/β-catenin pathway activated by 
HMGA2 might be the underlying mechanism 
[54]. Aquaporin 3 (AQP3) up-regulation repress-
es E-cadherin, thus promoting EMT in human 
GC. It also up-regulates the expression of 
vimentin and fibronectin in vitro. The PI3K/
AKT/SNAIL signaling pathway is likely involved 
in the EMT induction by AQP3 in GC [55]. 
Accumulation of pSTAT3 in the nucleus results 
in the decreased expression of E-cadherin and 
increased expression of mesenchymal markers 
(Slug, α-SMA, N-cadherin and vimentin). Cross- 
talk of EGFR and TGF-β signaling with Wnt sig-
naling upregulates EMT. Caveolin-1 (Cav-1) is 
modulated by HSP90 and functions as a crucial 
regulator of GC EMT [56]. Knockdown of RUNX3 
increases the expression of vimentin in hu- 
man GC cells, and overexpression of RUNX3 
decreases vimentin expression and inhibits GC 
cell colonization in nude mice [57]. In excised 
human GCs, expression of epidermal growth 
factor-like domain-containing protein 7 (EGFL7) 
is positively correlated with expression of 
vimentin and Snail, and negatively correlated 
with E-cadherin expression. In GC cell lines, 
EGFL7 knockdown reverses morphological 
signs of EMT and decreases both vimentin and 
Snail expression [58]. Down-regulation of 
FoxM1 significantly inhibits vimentin and 
N-cadherin expression. Cells transfected with 
FoxM1 siRNA displays an elongated/irregular 

fibroblastoid morphology and reduction of the 
vimentin expression [59]. CEACAM6 is nega-
tively correlated with E-cadherin expression in 
GC tissues. Overexpression of CEACAM6 induc-
es GC EMT, characterized by increases in the 
EMT markers N-cadherin, vimentin and Slug, 
while E-cadherin expression is decreased [60]. 
Paired-related homeobox 1 (PRRX1) has been 
identified as a new EMT inducer. PRRX1 is 
upregulated and positively correlated with EMT 
markers in human GC specimens. It promotes 
EMT in GC cells through the activation of Wnt/
β-catenin signaling [61]. Insulin-like growth fac-
tor I (IGF-I) induces EMT by upregulating the 
levels of ZEB2, which is dependent on the phos-
phoinositide 3-kinase (PI3K)/Akt signaling pa- 
thway in GC cells. In addition, GSK-3β, an intra-
cellular downstream effector of PI3K/Akt, sus-
tains the epithelial phenotype by repressing 
ZEB2 expression and the subsequent inhibition 
of EMT induced by IGF-I, suggesting the invol- 
vement of a potential activation of the PI3K/
Akt-GSK-3β-ZEB2 signaling pathway in IGF-I-
induced EMT in GC cells [62]. Zipper-interacting 
Protein Kinase (ZIPK) induces and promotes 
EMT with increased expression of β-catenin, 
mesenchymal markers, Snail and Slug, and 
with decreased expression of E-cadherin, via 
activating the AKT/IκB/NF-κB pathway [63]. 
Ectopic activated Cdc42-associated kinase 1 
(ACK1) expression induces and promotes EMT 
by activating the AKT-POU2F1-ECD signaling in 
GC cells. Overexpression of cell cycle-related 
protein ecdysoneless homologue (ECD) also 
promotes EMT, similar to the effects of ACK1 
overexpression. Silencing of ECD completely 
blocks the augmentation of ACK1 overexpres-
sion-induced EMT [64]. Nuclear protein C23 
and bone morphogenetic protein-2 (BMP2) 
have been linked into EMT. BMP2 increases  
the expression of p-Erk1/2, p-Akt, vimentin, 
N-cadherin, and matrix metalloproteinase 
(MMP) 2 in GC cells, which is in a dose-depen-
dent manner. si-C23 treatment attenuates the 
BMP2-stimulated expression of the molecules. 
These suggests that C23 mediates BMP2-
induced EMT via the up-regulation of Erk1/2 
and Akt signaling pathway in GC [65]. CCL19 
treatment could increase p-ERK, p-AKT, Snail 
and MMP-9 expression, and decrease E-cad- 
herin in GC cells in a dose-dependent manner. 
The blockade of Snail abrogates the up-regula-
tion of MMP-9 and the down-regulation of 
E-cadherin [66]. Positive expression of CD146 
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is strongly associated with loss of E-cadherin 
and acquisition of the mesenchymal markers 
nuclear β-catenin and vimentin, suggesting 
that CD146 might promote EMT [67]. GC cells 
acquires an “activated” carcinoma-associated 
fibroblast (CAF) phenotype after close contact 
with mesenchymal stem cells (MSCs) with 
enhanced tumor metastasis and growth in vivo. 
The paracrine signals could induces EMT and 
promotes transwell and trans-endothelial mig- 
ration, and the changes are dependent on 
β-catenin, MMP-16, snail and twist [68]. Cell 
fusion between gastric epithelial cells and 
MSCs may also result in EMT [69].

Pathogens and GC EMT

Chronic Helicobacter pylori (Hp) infection pro-
vokes an inflammation of the gastric mucosa, a 
high risk for cancer development. The most  
virulent strains harbor the cag pathogenicity 
island encoding a type IV secretion system, 
which allows delivery of bacterial effectors into 
gastric epithelial cells, inducing phenotypic 
alterations reminiscent of an EMT [70]. Pa- 
thogenic Hp up-regulates soluble HB-EGF shed-
ding, a factor implicated in EMT, in gastric epi-
thelia [71]. This process is partially dependent 
on and facilitated by both gastrin and MMP-7 
expression in Hp-infected cells. siRNA against 
MMP-7 and MMP-7 neutralizing antibody signifi-
cantly reduces EMT gene expression. The 
effects of Hp on EMT are also reversed by gas-
trin siRNA. Neutralization of gastrin reduces 
expression of key EMT proteins. Thus, Hp could 
induce EMT via up-regulating MMP-7, which is 
partially dependent on gastrin, by indirectly 
increasing soluble HB-EGF level [72]. GC EMT 
could be induced by Hp Cytotoxin-associated 
gene A (CagA), which promotes TWIST1 and 
vimentin expression, and inhibits E-cadherin 
expression by down-regulating PDCD4, reveal-
ing a new signaling pathway of EMT in GC cell 
lines [73]. Eradication of Hp reduces the 
expression of TGF-β1, Twist, Snail, Slug, and 
vimentin mRNAs, whereas it enhances the 
expression of E-cadherin, suggesting that Hp 
infection may trigger the TGF-β1-induced EMT 
pathway, and that its eradication may prevent 
the GC genesis by inhibiting these 2 pathways 
[74]. Mycoplasma hyorhinis (Mh) could also 
induce EMT, which could be counteracted by 
inhibition of NF-κB signaling or p65 knockdown 

in GC cells. Knock-down or inhibition of TLR4 
could also antagonize Mh-induced EMT [75].

Stress, hypoxia and GC EMT

GC is one of the typical oxidative stress-related 
malignances [76]. Some redox-sensitive fac-
tors including TGF-β, HIF-1, NF-κB and p53, are 
important EMT modulators in various tumors 
[77]. SENP3, a redox-sensitive SUMO2/3-spe- 
cific protease, is correlated with, induces and 
promotes GC cell EMT, which could be possibly 
explained by the fact that it could de-conjugate 
SUMO2/3 during EMT, activating an EMT-
inducing TF, FOXC2 [78]. This finding adds novel 
clues to the role of the SENP family in EMT for 
only SENP7 has been previously shown to be 
contributive during oxidative stress originating 
from the microenvironment [79]. Norepineph- 
rine (NE) not only obviously induces EMT-
related morphological alterations in GC cells, 
but also up-regulates EMT markers including 
vimentin, and decreases E-cadherin expression 
through the regulation of β2-AR-HIF-1α-Snail 
activity, further enhancing cell motility and inva-
siveness [80].

Hypoxia is also a significant GC EMT inducer. 
Under hypoxia, E-cadherin decreases and 
N-cadherin, Vimentin, Snail, Sox2, Oct4, and 
Bmi1 increase, indicating that the hypoxic 
microenvironment induces EMT, accompanied 
by cytoskeleton remodeling [81]. Hypoxia or 
overexpression of RhoE in normoxia up-regu-
lates Vimentin, and down-regulates E-cadherin 
in GC, and silencing of HIF-1α or RhoE by spe-
cific siRNAs could reverse these hypoxia-
induced effects, suggesting that RhoE up-regu-
lation represents a pivotal cellular adaptive 
response to hypoxia with implications in GC 
EMT [82]. Hypoxia could also induce EMT in 
some GC cell lines via autocrine TGF-β/TGF-βR 
signaling, and TGF-βR inhibition significantly 
suppresses the process [83]. Hypoxia is able  
to induce KLF8-mediated EMT in GC cells. KLF8 
and HIF-1 siRNAs strongly reverse EMT in cells 
undergoing hypoxia [84]. UPR protein potenti-
ates the EMT of GC cells under conditions of 
severe hypoxia, and Knockdown of PERK, ATF4 
or ATF6 impedes EMT of GC cells induced by 
severe hypoxia [85]. The specific anti-EMT 
drugs in combination with anti-hypoxia regi-
mens are new promising anti-GC therapies 
[84].
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EMT and Lauren classification

Lauren classified GCs into intestinal and dif-
fuse types based on morphology. The different 
phenotypes of the cells indicate the presence 
of different molecular mechanisms, which can 
be approached with the help of current tech-
niques. The best described are the germline/
somatic mutations and the hyper-methylations 
of the CDH1 gene promotor. In diffuse-type  
GC, up-regulation of Snail, a direct repressor of 
E-cadherin, is associated with down-regulation 
of E-cadherin [86]. Mesenchymal-related genes 
(WNT5A, CDH2, PDGFRB, EDNRA, ROBO1, 
ROR2, and MEF2C) are activated by an EMT 
regulator, SIP1/ZFHX1B/ZEB2, which is a tar-
get of a primary transcriptional regulator GLI1 
in the hedgehog (Hh) signaling. The Hh-EMT 
pathway is preferentially activated in diffuse-
type GCs compared with intestinal-type GCs 
[87]. However, the mesenchymal features are 
weaker in diffuse-type GCs than in MSCs. 
Diffuse-type GC which has undergone exten-
sive EMT, and which has a poor prognosis, can 
be identified by quantitative PCR analysis of the 
mRNA ratio of CDH2 to CDH1 [88]. In intestinal-
type GC, higher expression of β-catenin and 
MMP-16 is correlated with tumor invasion and 
metastasis [68]. Targeting the key molecules 
involved may interfere with EMT in different 
types of GC.

EMT and GC tumorigenesis

GC genesis is closely related to EMT. The levels 
of TGF-β1, Twist, Snail, Slug, and vimentin, in 
addition to the level of CD44, a CSC marker, are 
all up-regulated in patients with dysplasia or 
early GC, while the level of E-cadherin is 
decreased in these patients [74]. E-cadherin 
and Vimentin expressions in GC tissues are sig-
nificantly higher than those in adjacent normal 
tissues, while the E-cadherin level in GC tissues 
is significantly lower than that in the adjacent 
normal tissues [46]. Increased expression of 
the EMT-related regulatory protein TWIST1 and 
the mesenchymal marker vimentin in cancer 
tissues, and decreased expression of pro-
grammed cell death factor 4 (PDCD4) and 
E-cadherin expression in cancer specimens are 
associated with tissue malignant degree [73]. 
The existence of gastric CSCs has been demon-
strated. EMT-induced CSC phenotype may con-
tribute largely to GC genesis [89]. In gastric epi-

thelia, the stem cells at the base of the pyloric 
gastric glands are dependent on an active and 
dynamically regulated Wnt pathway [90], which 
is characterized by the exclusive expression of 
Lgr5, an exclusive gastric stem cell marker, and 
which could amplify the Wnt signaling, an 
important activated pathway during EMT [91]. 
EMT activation in Runx3-/-p53-/- gastric epitheli-
al cells is accompanied by the Lgr5 induction 
[92]. EMT induced by TF Runx3 loss in gastric 
epithelial cells produces a tumorigenic stem 
cell-like subpopulation, which remarkably ex- 
presses Lgr5. Runx3 plays a vital protective 
role in protecting gastric epithelial cells against 
aberrant GF signaling and the resultant cellular 
plasticity and stemness. E-cadherin down-regu-
lation is associated with an undifferentiated 
and invasive GC phenotype [33]. These suggest 
that EMT is associated with CSCs and is able to 
induce stemness and tumorigenesis. GC is 
closely associated with chronic inflammation, 
and Hp infection is a significant risk factor [93]. 
MMP-7 up-regulation by Hp may play a role in 
GC formation, potentially through EMT, by indi-
rectly increasing the soluble heparin-binding 
(HB)-EGF level [72]. Mh induces EMT and pro-
motes cell migration via TLR4-NF-κB signaling, 
which provides a clue to the GC-genesis role of 
Mh [75]. In diffuse type GC, there exist a 
decreased expression of adhesion molecules 
including E-cadherin, α-catenin and β-catenin, 
and relevant morphological changes, suggest-
ing that EMT may be involved not only in GC 
genesis, but also in treatment resistance [94].

EMT and GC progression and metastasis

Recent evidence indicates that EMT is a key GC 
progression driver, and plays a fundamental 
role during early steps of GC invasion, metasta-
sis and relapse. EMT-induced cell migration  
and reach their metastatic niche through both 
the lymphatic system and blood. The EMT phe-
notype is correlated with an advanced GC stage 
[95]. Among GC patients, non-EMT phenotype 
is mainly distributed in those at early stage, 
while patients with Fas signaling-induced EMT, 
which promotes GC cell motility and metasta-
sis, are mostly at an advanced stage [36]. 
MSCs within the tumor niche significantly facili-
tates GC growth and metastasis by paracrine 
cues and close physical connection, which 
occurs partly through snail, twist and its down-
stream targets, specifically β-catenin/MMP-16 
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[68]. The connective tissue growth factor 
(CTGF)-induced EMT of human peritoneal me- 
sothelial cells is associated with an increased 
adhesion of GC cells to mesothelial cells, sug-
gesting that CTGF promotes GC cell adhesion to 
peritoneum, which facilitates malignant cell 
dissemination [96]. Malignant cell entering vas-
culature is an essential procedure during tumor 
metastasis. In gastric circulating tumor cells 
(CTCs), epithelial markers pan-CK and E-cad- 
herin are decreased, and mesenchymal mark-
ers N-cadherin and vimentin are overexpre- 
ssed, suggesting that gastric CTCs exhibits a 
remarkable EMT process [97]. Sonic hedgehog 
(Shh) signaling activation could induce GC EMT 
through activating the PI3K/Akt pathway, whi- 
ch induces lymphangiogenesis and improves 
tumor invasiveness and metastasis, indicating 
that Shh might be a candidate therapeutic tar-
get for treating metastatic GC [98, 99]. Histone 
demethylase Jumonji domain-containing pro-
tein 2B (JMJD2B) promotes EMT and GC inva-
sion and metastasis via β-catenin-induced 
H3K9 demethylation, which causes vimentin 
up-regulation, implicating JMJD2B as a poten-
tial target for reversing EMT and intervening GC 
progression [11]. EMT induced by Tipα, a TNF-
α-inducing protein and a carcinogenic factor in 
the gastric epithelia which is produced by Hp, is 
also probably associated with GC progression 
[34]. Rho GDP dissociation inhibitor 2 (RhoGDI2) 
plays a critical role in GC progression through 
EMT induction with E-cadherin repression via 
up-regulating Snail [100]. Targeting RhoGDI2 
may thus be a useful strategy to inhibit GC cell 
invasion and metastasis. Highly metastatic GC 
cell lines have decreased expression of E-cad- 
herin, together with enhanced expression of 
vimentin and Snail. The decreased expression 
of E-cadherin could be restored by Snail knock-
down. NDRG1 knockdown in the highly meta-
static cell line shows enhanced expression of 
E-cadherin and decreased expression of vimen-
tin and Snail, suggesting that NDRG1 plays a 
pivotal role in the malignant progression of GC 
through EMT [101]. Fas signaling has been 
shown to induce EMT to promote GC metasta-
sis. The expressions of FasL, phospho-GSK-3β, 
Snail, and β-catenin increase during GC pro-
gression [38]. The EMT process can be trig-
gered by the BMP2/BMPR axis in GC cells and 
is then involved in the tumor cell migration, 
invasion and metastasis via the activation of 
PI3K/AKT and MEK/ERK pathways [102]. KLF8 

is a novel EMT regulating TF that is involved in 
the progression of GC [84]. Effective therapy 
targeting the RUNX3 pathway may help control 
GC cell invasion and metastasis by inhibiting 
EMT [57]. EGFL7 promotes metastasis by acti-
vating EMT through an EGFR-AKT-Snail signal-
ing pathway [58]. FoxM1 signaling plays impor-
tant roles in tumor cell aggressiveness in GC 
cells. The over-expression of FoxM1 promotes 
cell migration, invasion and proliferation th- 
rough the acquisition of an EMT phenotype by 
up-regulating the mesenchymal cell markers 
ZEB1, ZEB2 and vimentin and by down-regulat-
ing E-cadherin in gastric epithelial cells [59]. 
shRNA-mediated knockdown of ZEB2 results in 
reduced invasion and migration of GC cells, 
along with the up-regulation of E-cadherin and 
down-regulation of fibronectin and vimentin, 
further suggesting that ZEB2 promotes GC 
migration and invasion partly via the regulation 
of EMT [103]. WAVE3, an actin cytoskeleton 
remodeling protein, could promote cancer inva-
sion and metastasis by participating in EMT. 
Elevated WAVE3 expression could induce and 
promote EMT in GC cells by dampening the 
expression of E-cadherin while increasing the 
expression of vimentin via up-regulation of 
Snail. Down-regulating Snail could particularly 
weaken EMT and tumor metastasis, invasion 
and proliferation promoted by overexpression 
of WAVE3 in GC cells [104]. CEACAM6 enhanc-
es invasion and metastasis in GC by promoting 
EMT via the PI3K/AKT signaling pathway [60]. 
CCR7 promotes Snail expression to induce 
EMT, resulting in progression, migration and 
invasion in GC [66]. 

miRNAs and GC EMT

Small non-protein coding RNAs (miRNAs) may 
act as powerful regulators of GC EMT (Figure 2). 
miRNA-506 could suppress SNAI2 expression 
by binding to its 3’ untranslated region (UTR), 
resulting in increased expression of E-cadhe- 
rin [105]. Fibronectin, vimentin, N-cadherin and 
SNAIL protein levels are decreased, and E-cad- 
herin expression is increased in GC cells trans-
fected with miRNA-503, indicating that miRNA-
503 can also inhibit GC EMT. Up-regulation  
of miRNA-1228* decreases the expression of 
mesenchymal markers and increases the epi-
thelial marker E-cadherin, also suggesting its 
potential role in suppressing EMT [106]. miR-
NA-148a overexpression also down-regulates 
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vimentin expression and upregulates E-cad- 
herin expression, inhibiting GC EMT, likely via 
SMAD2 [107]. Exogenous expression of miRNA-
194 inhibits the acquisition of the EMT pheno-
type in GC cells by down-regulating FoxM1, 
thereby inhibiting cell migration and invasion 
during cancer progression [108]. Expression of 
EMT-related TFs, snail1, zeb1 and twist1, are 
negatively correlated with miRNA-200s, and 
are positively correlated with phospho-Akt. 
Up-regulation of miRNA-200s down-regulates 
twist1 and zeb1, resulting in the suppression of 
EMT, which impairs migration and invasion in 
gastric CTCs [97]. Upregulated miRNA-200a 
expression increases E-cadherin and suppress-
es the Wnt/β-catenin pathway by interacting 
with β-catenin and targeting ZEB1 and ZEB2 in 
GC, thus inhibiting tumor migration, invasion 
and proliferation in vivo, which may provide a 
therapeutic target against EMT. When miRNA-
200a is elevated, the expression of N-cadherin, 
β-catenin, Twist1 and Snail2 decreases [109]. 
Up-regulation of miRNA-204 could increase 
E-cadherin expression and decrease vimentin 
expression. The regulation of EMT by miRNA-
204 involves an cooperation with LKB1 [110]. 
miRNA-137 increases expression of E-cadherin 
and cytokeratin, and suppresses expression of 
N-cadherin and vimentin. In vitro experiments 
have shown that miRNA-137 enhances the epi-
thelial cell morphology in GIST [111]. Over-
expression of RUNX3 increases the expression 
of miRNA-30a, which directly targets the 3’ UTR 
of vimentin and decreases its protein level. 
miRNA-30a inhibitor abrogates RUNX3-media- 
ted inhibition of GC cell invasion and down-reg-
ulation of vimentin. In GC patients, RUNX3 level 
is positively correlated with miRNA-30a and 
negatively associated with the vimentin level 
[57]. 

Some miRNAs act as EMT enhancers. Incre- 
ased serum response factor (SRF)/miRNA-
199a-5p/E-cadherin pathway activity possibly 
promotes GC cell metastasis though EMT, also 
indicating the relevant regulators as potential 
therapeutic targets or biomarkers for GC pro-
gression [112]. Increased expression of miRNA-
27 up-regulates the EMT-associated genes 
ZEB1, ZEB2, Slug and Vimentin, and decreases 
E-cadherin levels in GC. It promotes EMT by 
activating the Wnt pathway [113]. Overex- 
pression of miRNA-19a can promote EMT 
through activating the PI3K/AKT pathway [114]. 

miRNA-23a might participate in the mechanism 
of FasL-induced EMT and serve as a potential 
therapeutic target for GC metastasis [95]. IGF-
I-induced GC cell EMT is accompanied by Zeb2 
up-regulation, and both Akt/ERK inhibitors  
and Akt/ERK gene knockdown could reverse 
IGF-I-induced EMT through miRNA-200c up-
regulation, suggesting the involvement of an 
Akt/ERK-miRNA-200c-ZEB2 axis in the IGF-I-
induced GC EMT. The ubiquitin ligase Cbl-b 
ubiquitinates and degrades IGF-IR and inhibits 
the Akt/ERK-miRNA-200c-ZEB2 axis, causing 
IGF-I-induced EMT repression in GC cells [115]. 
Suppression of long non-coding RNA (lncRNA) 
HOTAIR could also reverse EMT process [116]. 
LEIGC lncRNA acts as a tumor suppressor in GC 
by inhibiting EMT [117].

EMT and prognosis of GC patients

Currently the important EMT activators and 
drivers have been reported to be closely corre-
lated with cancer prognosis. The EMT status 
(vimentin/E-cadherin ration) is a critical inde-
pendent prognosticator for GC [47]. The EMT 
phenotype correlates with an advanced GC 
stage, and is significantly correlated with a 
worse GC prognosis [36, 38, 95]. In GC, EMT is 
associated with a diffuse type, a poorly differ-
entiated histology, an advanced TNM stage, 
and a poor prognosis, suggesting that inhibi-
tion of EMT could be promising in prevention of 
metastatic progression and invasion [118]. 
There exist significant negative correlations 
between overall survival (OS) and the expres-
sion of some EMT-related molecules inclu- 
ding TGF-α, cyclooxygenase-2 (COX-2), MMP-7, 
MMP-9, and C-X-C chemokine receptor (CXCR4) 
in GC [119]. The expression of EphA2 and 
vimentin is significantly higher in GC tissues 
than that in normal gastric mucosa tissues, 
and similar results are for negative E-cadherin 
expression and ectopic β-catenin expression. 
Down-regulated expression of E-cadherin, over-
expression of vimentin and ectopic expression 
of β-catenin are associated with inferior depth 
of tumor invasion, tumor differentiation, TNM 
stage, and lymph node metastasis in GC tis-
sues [60]. The expression of EphA2 is negative-
ly correlated with E-cadherin expression and  
is positively correlated with ectopic β-catenin 
and vimentin expression. The overexpression 
of EphA2 and vimentin, ectopic expression of 
β-catenin and down-regulation of E-cadherin 
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indicate a poor outcome, and are independent 
prognostic factors for postoperative GC [49].  
In high-risk GC patients, Snail-1, vimentin, 
E-cadherin and CD44 significantly associate 
with an advanced pT stage, lymph node metas-
tasis, vascular invasion and undifferentiated 
histologic type, and predict disease-free sur-
vival (DFS) independent of pTNM stage and his-
tologic differentiation. The acquired mesenchy-
mal phenotype of GC cells at the primary site is 
restored to an epithelial phenotype in lymph 
node metastases. Loss of E-cadherin expres-
sion and aberrant expression of vimentin and 
the known gastric CSC maker CD44 are signifi-
cantly associated with aggressive clinicopatho-
logic features, a combination of EMT and CSC-
like phenotypes is an important predictor of 
aggressive biologic behavior and has an inde-
pendent prognostic value in predicting out-
comes of primary GC [50]. The 5-year survival 
rate is also reduced for gastric neuroendocrine 
tumor (NET) patients showing high levels of 
Snail1, a cytoplasmic E-cadherin pattern, aber-
rant N-cadherin expression and loss of 
E-cadherin/β-catenin adhesion complex integ-
rity on the cell membrane. Interestingly, high 
β-catenin expression is useful in identifying a 
grade 1 NET subgroup with a favorable clinical 
course [120]. Positive staining of S100A4, an 
EMT-related mesenchymal protein, in tumor 
body (TB) and of Snail1 at invasive edge (IE) is 
associated with involvement of circumferential 
resection margins. Positive staining of S100A4 
in the TB and luminal surface (LS) is associated 
with a poor 5-year OS. The acquisition of 
S100A4 is associated with a poor prognosis  
in patients with gastroesophageal junction 
tumors who undergo potentially curative sur-
gery [121]. Stage III GC patients with an early 
recurrence have larger tumors and more lym- 
ph node metastases, coupled with aberrant 
expression of EMT and CSC markers, compared 
with patients with a late recurrence. A combina-
tion of EMT and CSC-like markers is also a pre-
dictor of recurrence after radical resection for 
GC [122]. Mesenchymal epithelial transition 
(MET) has also been recognized as an impor-
tant poor prognostic marker in some GCs [123].

EMT and GC chemo-resistance

Besides their therapeutic effects, accumulat-
ing evidences suggest that chemotherapeutic 
agents also induce EMT, which might be one 

mechanism of cancer chemo-resistance, sig-
nificantly reducing treatment responsiveness 
and worsening prognosis. Lapatinib-resistant 
GC cell line (SNU216 LR) presents an EMT  
phenotype and maintains activation of Met, 
Her3, Stat3, Akt and MAPK signaling with lapa-
tinib presence. Up-regulation of various EMT-
related genes and ECM molecules, especially 
Testican-1, is identified in SNU216 LR cells. 
Testican-1 inhibition by siRNA decreases 
Testican-1-induced and Met-dependent down-
stream signaling, and restores cellular sensitiv-
ity to lapatinib. Furthermore, selective inhibi-
tion of β-catenin-mediated transcription and 
Testican-1-induced EMT signaling lead to G1 
arrest. These results suggest the potential role 
of EMT in acquired resistance to HER2-directed 
treatment in HER2-positive GC, and shed lights 
on strategies for preventing this resistance 
among patients [124]. Moreover, oxaliplatin, a 
common chemotherapeutic agent, induces 
EMT partly through Fas signaling, which possi-
bly contributes to chemo-resistance [36]. The 
cell lines resistant to SNU-16, a selective FGFR 
inhibitor, demonstrates changes characteristic 
of EMT. For GC patients with EMT-mediated 
resistance following treatment with FGFR inhib-
itors, mubritinib or AUY922 may be an alterna-
tive therapeutic strategy [125]. Doxorubicin 
(Dox) treatment could also induce EMT in 
human GC cells, with β-catenin signaling acti-
vated. Inhibition of β-catenin by indomethacin 
or siRNA suppresses Dox-induced EMT [126]. 
Inhibition of p300 by siRNA suppresses the 
expression of vimentin, and an epigenetic 
mechanism is involved in the EMT of the sur-
vival cells after long term Dox culture [127]. 

Anti-GC EMT strategies

Anti-EMT treatment modalities could inhibit GC 
progression. The non-cytostatic concentrations 
of Celastrus orbiculatus (COE) effectively inhib-
its TGF-β1-induced EMT in GC cells by sup-
pressing the expression of HSP27, which is cor-
related with inhibition of the NF-κB/Snail sig-
naling pathway in GC cells and which is cha- 
racterized by prevented morphological chang-
es, increased E-cadherin expression, and de- 
creased vimentin and N-cadherin expression. 
Treatment with COE dose-dependently and 
effectively inhibits the proliferation, adhesion, 
invasion, migration and metastasis of GC cells 
in vitro, which is mediated by its anti-EMT activ-
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ity. Overexpression of HSP27 significantly 
decreases the inhibitory effect of COE on EMT 
and the NF-κB/Snail pathway [128]. COE effec-
tively suppresses tumor growth and metastasis 
in the nude mouse model based on reduced 
expression of N-cadherin, vimentin, NF-κB, 
p65, and Snail, and increased expression of 
E-cadherin in the tumor tissues [129]. VGLL4 is 
associated with the location change of nuclear 
β-catenin, suggesting β-catenin as a down-
stream factor of VGLL4. It suppresses EMT 
partly via negative regulation of the Wnt/β-
catenin signaling pathway [130]. Danusertib 
inhibits EMT with involvement of signaling path-
ways mediated by PI3K/Akt/mTOR, p38 MAPK, 
and 5’ AMP-activated protein kinase [131]. 
Pantoprazole, a PPI, can effectively reverse the 
aggressiveness and EMT marker expression of 
adriamycin-resistant (ADR) GC cells, the agg- 
ressive phenotype of which is mediated by 
induction of EMT. It suppresses the invasive-
ness of the ADR cells by targeting the Akt/GSK-
3β/β-catenin signaling involved in EMT [132]. 
Gastrokine 1 (GKN1), which plays an important 
role in the gastric mucosal defense mechanism 
and which also acts as a functional GC sup-
pressor, could inhibit EMT in sporadic GCs 
[133]. The γ-secretase inhibitor DAPT could 
inhibit GC EMT with decreased expression of 
mesenchymal markers, vimentin, N-cadherin 
and Snail, and increased levels of E-cadherin in 
GC cell lines [134]. Wnt5a, a ligand activating 
the non-canonical Wnt signaling pathway, is 
commonly associated with EMT in cancer cell 
metastasis, and is a potential suppressor of 
EMT. Blockade of Arf6 represses ERK activity, 
up-regulates Wnt5a expression and represses 
EMT in response to EGF. Inhibition of ERK phos-
phorylation decreases movement of ERK from 
the cytoplasm to the nucleus following rescued 
Wnt5a expression, and favors an epithelial phe-
notype of GC cells [32]. LY294002, a PI3K 
inhibitor, could reverse CEACAM6-induced EMT 
via MET [60]. However, MET might also promote 
tumor progression. Dormant GC cells could be 
activated through EMT before migration, and 
MET is actually a key step facilitating tumor cell 
localization in the metastatic niche. The HGF/
MET pathway is one of the most promising 
pathways among important signaling pathways 
regulating tumor proliferation and aggressive-
ness. The clinical evaluation of the antitumor 
therapy with several MET-targeting agents in 
GC is important, and is eagerly awaited as they 

may improve our understanding of the precise 
role of these agents in the treatment of 
advanced GC [123]. 

Conclusions and outlook

The investigation of EMT as a key contributor to 
malignant progression is a current trend in can-
cer research. EMT, which is regulated by the 
tumor microenvironment, is associated with 
many important processes of GC initiation and 
progression, including tumor cell stemness, 
proliferation, invasion, migration and chemo-
resistance. The mechanism of transition high-
lights the integration of nuclear regulation and 
network signaling with alterations in the micro-
environment to create a moving cell. GC EMT 
could be triggered by various TFs which are 
downstream of several vital cross-talking sig-
naling pathways which play critical roles in EMT 
regulation. Recognition of the active role of 
EMT in GC not only adds a new level of complex-
ity to cancer biology, but also brings an oppor-
tunity for new therapeutic strategies and early 
detection and precise prognostic markers. 
Loss of E-cadherin is a key step during EMT. 
Transcriptional repressors of E-cadherin includ-
ing Snail, Zeb and Twist may be useful thera-
peutic targets for the prevention of GC invasion 
and metastasis. Inhibition of the key signaling 
proteins may allow early intervention avoiding 
an inoperable cancer. Other modulators partici-
pating in EMT regulation especially miRNAs 
could also be potentially developed as novel 
important therapeutic targets in GC. The rele-
vant novel therapeutic antibodies, RNA interfer-
ence compounds and small molecular inhibi-
tors of EMT targeting the extra- and intra-cellu-
lar mediators should be developed against GC. 
Regulators of EMT may provide novel clinical 
targets to detect GC early. However, it is unclear 
which signaling pathway should be inhibited in 
order to most effectively block tumor progres-
sion with minimal toxicity caused in normal tis-
sues simultaneously. A better understanding of 
the effect of targeting these pathways is 
required. It is notable that the transcriptional 
repressors, or EMT regulators, might also have 
other cellular functions in the complex intra- 
and inter-cellular networks. It is also probable 
that the same factors also have vital effects on 
other stromal cells, including fibroblasts and 
inflammatory cells. GC differentiation, stage, 
grade and location are also needed to be con-
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sidered before conducting chemotherapy tar-
geting EMT regulators. Personalized medicine 
with new anti-EMT agents would dramatically 
improve GC patients’ prognosis. Besides, fur-
ther understanding of the relevant epigenetics 
will be potentially vital to develop EMT as a 
patient-specific therapeutic target. Notably, the 
results discussed may not be applicable to the 
real clinical situation due to the fact that not all 
key micro-environmental factors and cells are 
considered in basic researches. It is warranting 
to further explore the interactions between var-
ious EMT-activating signaling molecules, and 
their signaling pathways in GC, which could 
contribute to developing novel combination re- 
gimens to improve clinical outcome. Moreover, 
EMT investigation may provide new insights 
into the CSC theory. Some underlying mecha-
nisms especially in GC initiation, and CSC 
reprogramming and maintaining remain ob- 
scure, and more in-depth researches into GC 
EMT are required to better elucidate its role 
and significance in GC genesis and progres-
sion. Future efforts should also further focus on 
how the events of cell attachment, matrix pro-
teolysis and cell migration are controlled and 
integrated in GC, which requires a better under-
standing of the transcriptional regulations and 
the cell signaling mechanism involved. Animal 
models and clinical specimens should be care-
fully investigated to allow early identification 
and to clarify the role of EMT and the reverse 
process MET in primary GC lesion, pre-meta-
static niche and metastasis pre-, during and 
post-treatment. Besides, single nucleotide 
polymorphisms (SNPs) and copy number varia-
tions (CNVs) of EMT signaling molecule-encod-
ing genes could be identified as novel potential 
GC risk factors. Partial EMT and mechanisms 
alternative to EMT during GC invasion and 
metastasis should also be of note.
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