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A B S T R A C T   

The metastasis a major hallmark of tumors that its significant is not only related to the basic research, but clinical 
investigations have revealed that majority of cancer deaths are due to the metastasis. The metastasis of tumor 
cells is significantly increased due to EMT mechanism and therefore, inhibition of EMT can reduce biological 
behaviors of tumor cells and improve the survival rate of patients. One of the gaps related to cancer metastasis is 
lack of specific focus on the EMT regulation in certain types of tumor cells. The gastric and bladder cancers are 
considered as two main reasons of death among patients in clinical level. Herein, the role of EMT in regulation of 
their progression is evaluated with a focus on the function of miRNAs. The inhibition/induction of EMT in these 
cancers and their ability in modulation of EMT-related factors including ZEB1/2 proteins, TGF-β, Snail and 
cadherin proteins are discussed. Moreover, lncRNAs and circRNAs in crosstalk of miRNA/EMT regulation in 
these tumors are discussed and final impact on cancer metastasis and response of tumor cells to the chemo-
therapy is evaluated. Moreover, the impact of miRNAs transferred by exosomes in regulation of EMT in these 
cancers are discussed.   

1. Introduction 

1.1. Gastric cancer 

Gastric cancer is the fifth most common cancer around the world and 
a leading cause of death, threatening human life being [1,2]. Compari-
son to incidence rate, mortality rate among gastric cancer patients is 
high and this is maybe due to late diagnosis of patients lacking signs and 
symptoms at early stages. For instance in USA, late diagnosis of gastric 
cancer patients has resulted in 5-year survival rate of 31% [3]. More-
over, the fund allotted for stomach cancer research is low and this has 
resulted some challenges [4]. More than 90% of gastric cancer cases are 
gastric adenocarcinoma that results from malignant transformation of 
epithelial cells in gastric gland. Environmental factor, host behavior, 
genetic and epigenetic alterations and gut microbiota are involved in 

regulating progression of gastric cancer [5]. Up to 1 million gastric 
cancer cases are diagnosed annually around the world and half of them 
are related to China [6]. Among to previous factors, infection with 
Helicobacter. Pylori (Hp), sex, age, eating habits and smoking are among 
the factors that increase risk of gastric cancer development [7,8]. Hp 
infection has been considered as the most common reason in develop-
ment of gastric cancer due to providing inflammation, gastric atrophy 
and gastric intestinal metaplasia [9]. Treatment and eradication of Hp 
can significantly decrease chance of gastric cancer development [10]. 
The high incidence rate of gastric cancer has been observed in Western 
and Eastern Asia, Eastern Europe and South America [11,12]. The 
gender dispersity is observed from birth until age of 75 and it is 0.57% 
for women, while 1.36% for men. Although cases of gastric cancer have 
increased in last five decades, the number of gastric cancer cases has 
shown a decrease due to improvements in eradication of Hp infection 
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[13]. Therefore, gastric cancer demonstrated gender bias and it is more 
predominant in men compared to women and the risk is equal for 
women in post-menopause period [14–16]. 

The major treatments for gastric cancer include surgery (at early 
stages), chemotherapy, radiotherapy and immunotherapy. Furthermore, 
nanoplatforms have been emerged as new kinds of tools in gastric cancer 
treatment [17]. Moreover, the potential of chemotherapy and radio-
therapy in gastric cancer eradication has been significantly reduced due 
to development of resistance [18,19]. Therefore, researchers have 
focused on developing new kinds of therapies (gene therapy) based on 
signaling networks involved in gastric cancer progression. One of the 
most important problems in gastric cancer treatment is development of 
metastasis. Neutrophil extracellular traps can induce epithelial- 
mesenchymal transition (EMT) in enhancing gastric cancer invasion in 
a TGF-β-dependent manner [20]. ALKBH5 down-regulation results in 
increase in expression level of PKMYT1 in enhancing gastric cancer in-
vasion [21]. SOAT1 promotes expression levels of SREBP1 and SREBP2 
to induce VEGF-C signaling in promoting lymph node metastasis in 
gastric cancer [22]. 

1.2. Bladder cancer 

Urinary bladder cancer is considered as one of the most heteroge-
neous diseases in which morphological and clinical features are different 
[23]. The global incidence rate for bladder cancer was higher in 2019 
compared to the 1990, showing that this cancer is progressing and 
advancing [24]. According to the estimations, the incidence rate of 
bladder cancer was 357,000 in 2002 and 145,000 patients died unfor-
tunately due to this disease [25]. The epidemiological data annually 
change. For instance, in 2019, 500,000 cases of bladder cancer were 
diagnosed that is higher compared to the 2002 [26]. Therefore, new 
concepts for the treatment and diagnosis of bladder cancer should be 
provided. A challenge is lack of a sensitive biomarker for the diagnosis of 
bladder cancer patients and on time diagnosis of those patients that need 
the treatment at early stages. Therefore, the new biomarkers not only for 
the diagnosis of bladder cancer patients, but also for understanding their 
response to the chemotherapy is required [27–30]. The bladder cancer 
causes too much socioeconomic burden in the society and just in USA, it 
provides $4 billion cost for the healthcare system [31]. The risk of 
bladder cancer development in men is four times higher than females 
and moreover, the bladder cancer risk development in white men is two 
times higher than black men. The urothelial cell carcinoma is the most 
common type of bladder cancer that comprises 90% of cases [32]. A 
number of signs and symptoms can be observed in bladder cancer pa-
tients including urinary frequency, discomfort and pain that is obvious 
during urination [33]. There are several risk factors for the development 
of bladder cancer including smoking that increases risk of development 
by four folds. The reason is that smoking can cause inflammation that 
mediates bladder cancer development. The workers in a number of in-
dustries including dye, rubber, leather and aluminum are also in risk of 
bladder cancer development. The diagnosis of bladder cancer patients is 
based on cytology. Moreover, since 80% of patients demonstrate 
relapse, the process of treatment is a problematic issue and tight follow 
up of patients is required [34]. The abnormal molecular interactions in 
bladder cancer can cause progression of this tumor. The PHGDH upre-
gulates SLC7A11 expression to induce ferroptosis inhibition in 
increasing cancer progression [35]. The NAT10 stimulates the mRNA 
N4-acetylcytidine modification to increase levels of BCL9L, SOX4 and 
AKT1 for bladder cancer progression [36]. The ubiquitination process is 
also affected in regulation of carcinogenesis. RNF126 as a tumor- 
survival factor induces ubiquitination of PTEN to reduce its stability in 
cancer progression [37]. Moreover, the RNA molecules with no ability in 
protein coding such as circRNAs and their interaction with miRNAs can 
determine the progression of bladder cancer [38,39]. The levels of p53, 
p21 and pRB are regulated by Rad54L in bladder cancer and through 
changing cell cycle progression and senescent, it can accelerate bladder 

cancer progression [40]. The polyadenylation is affected by NUDT21 in 
bladder cancer whose expression reduces in tumor cells. NUDT21 
modulates Wnt/β-catenin and NF-κB to impair progression of bladder 
cancer [41]. Since YAP participates in regulation in cancer progression, 
its upregulation by MINDY1 is suggested to be a negative factor for the 
survival of patients [42]. 

1.3. microRNAs 

miRNAs are non-coding RNAs (ncRNAs) that their length is 22 nu-
cleotides and they are important post-transcriptional regulators of 
genes. The biogenesis of miRNA is started with generation of precursor- 
miRNA (pre-miRNA) in nucleus that due to function of Drosha complex, 
it is changed into primary-miRNA (pri-miRNA) and then, transfer to 
cytoplasm by Exportin 5 (Fig. 1) [43]. By function of RNase Dicer, a 
mature miRNA with 20-25 nucleotides is produced in cytoplasm [43]. 
The function of miRNA is achieved after its loading in RNA-induced 
silencing complex (RISC). Dysregulation of miRNAs has been consid-
ered as one of the most important factors in development of cancer. The 
process of tumorigenesis can be increased/inhibited by dysregulation of 
miRNAs. Increasing evidence has evaluated role of miRNAs in gastric 
cancer progression. miRNAs can be enriched in exosomes and by 
transferring to gastric cancer cells, they regulate molecular pathways 
involved in drug resistance [44]. Moreover, miR-130a-3p elevates pro-
gression of gastric cancer through inducing TGF-β1/Smad3 axis [45]. On 
the other hand, miR-23a-3p reduces CCL22 phosphorylation to inhibit 
PI3K/Akt signaling in treatment of gastric cancer [46]. Hence, miRNAs 
are potent regulators of cancer hallmarks and chemotherapy response in 
gastric cancer. The aim of current review is to understand role of miR-
NAs regulating epithelial-mesenchymal transition (EMT) mechanism in 
affecting gastric cancer progression. First, we provide an overview of 
EMT mechanism in gastric cancer and then, role of miRNAs in regulating 
EMT mechanism and its effect on metastasis and therapy response of 
gastric tumor cells is evaluated. 

2. EMT mechanism: basics and function in oncology 

The induction of genomic mutations in normal cells can lead to 
development of cancer cells due to alterations in chromatin remodeling, 
biochemical processes and biological mechanisms [47,48]. The final 
result of these changes is development of malignant cells that demon-
strate metastatic nature that is responsible to 90% of cancer-related 
deaths [49,50]. The experimental and clinical studies have focused on 
understanding the underlying reason responsible for metastasis in can-
cer. A “changing face” is observed in tumor cells and that is the change of 
cells from epithelial to mesenchymal that is called EMT [51,52]. The 
change of epithelial cells to mesenchymal phenotype results from 
various biochemical alterations and this process is reversible that 
mesenchymal cells are changed into epithelial cells known as 
mesenchymal-epithelial transition (MET) [53,54]. Upon EMT induction, 
the cancer cells are no more localized to a region in body and they can 
disseminate to different organs. For process of metastasis, tumor cells 
should increase their migratory ability to intravasate into blood and 
lymphatic vessels to reach to desired place that is followed by extrava-
sation and colonization in a new place [55,56]. Tissue differentiation 
and embryogenesis are processes that require EMT mechanism. For 
instance, during organ development, it is vital for epithelial cells to be 
changed into mesenchymal cells and that is why EMT mechanism hap-
pens [57]. The EMT induction in adult tissue is observed for wound 
healing and tissue fibrosis. However, process of tumorigenesis is accel-
erated due to EMT mechanism that enhances progression of tumor cells. 
ZEB proteins, TGF-β, Twist and Snail are EMT-inducing transcription 
factors (EMT-TFs) that stimulate EMT in increasing cancer invasion. 
Biochemical changes include E-cadherin down-regulation and N-cad-
herin and vimentin upregulation in EMT induction (Fig. 2). In recent 
years, EMT mechanism has been of interest in field of cancer therapy, 
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especially in gastric cancer. For instance, NFE2L3 stimulates EMT in 
gastric cancer to promote cancer invasion [58]. BOP1 is capable of 
increasing N-cadherin levels in gastric cancer [59]. Moreover, PADI4 
enhances levels of IL-8 to induce EMT in increasing cancer invasion 

[60]. It should be mentioned that EMT is not related to only one cancer 
and it can be observed in different tumor cases including lung cancer 
[61] and hepatocellular carcinoma [62], showing that it is a target of 
pharmacological compounds, it is regulated by the epigenetic and 

Fig. 1. An overview of miRNA synthesis. The mechanism of miRNA biogenesis is interesting and occurs in several steps that in first step, RNA polymerase should 
work on DNA to transcribe pri-miRNA. Then, pri-miRNA is transformed into pre-miRNA via function of DROSHA and DGCR8 that with help of exportin 5, pre-miRNA 
is transferred to cytoplasm that binds to Argonature proteins and is loaded in RISC complex to bind to mRNA in reducing gene expression. (Biorender.com) 

Fig. 2. An overview of EMT mechanism. The process of EMT has been well-understood and it has several steps that they can also occur simultaneously. In these steps, 
it is necessary to change epithelial cells into mesenchymal cells. (Biorender.com) 
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genetic factors, and there are novel concepts that nanoparticles can be 
introduced for EMT regulation and cancer metastasis inhibition. 
Therefore, EMT mechanism is regulated by various signaling networks 
in gastric cancer [63,64]. Furthermore, melittin as anti-cancer agent 
inhibits Wnt/BMP axis in EMT inhibition and reducing gastric cancer 
invasion [65]. In the next sections, regulation of EMT mechanism by 
miRNAs in gastric cancer is discussed. 

3. Biological functions 

3.1. microRNA/EMT axis in metastasis in gastric cancer 

Although EMT mechanism has been identified as the most common 
mechanism for increasing progression and metastasis of gastric tumor 
cells, the molecular pathways regulating EMT in gastric cancer are 
complicated. On the other hand, there are a high number of miRNAs that 
regulate EMT mechanism in gastric cancer and therefore, the aim of 
current section is to give a general view of miRNA/EMT axis with related 
molecular pathways in regulating gastric cancer invasion. Over-
expression of PPP2R2A has been considered as a driver of gastric cancer 
invasion via inducing EMT mechanism. Silencing PPP2R2A remarkably 
decreases progression of gastric cancer cells and their metastasis. miR- 
665 is a down-regulated factor in gastric cancer; elevating miR-665 
expression is of importance in suppressing EMT mechanism via 
reducing PPP2R2A expression to impair gastric cancer invasion [66]. 
Polo-like kinase 1 (PLK-1) is an oncogenic factor and its stability in-
creases by SKA3 in increasing tumor proliferation [67]. Due to function 
of PLK-1 in enhancing tumor progression, delivery of siRNA for its 
down-regulation by exosomes has been performed in cancer therapy 
[68]. miR-505 is able to suppress EMT in reducing metastasis of gastric 
cancer cells. The expression level of miR-505 shows down-regulation in 
gastric cancer and restoring its expression can impair cancer metastasis. 
miR-505 reduces expression level of PLK-1 to impair EMT in gastric 
cancer [69]. 

miR-599 is an inhibitor of cancer proliferation and invasion. For 
reducing progression and invasion of tumor cells, miR-599 is capable of 
suppressing EMT [70]. Similarly, in gastric cancer, anti-cancer activity 
of miR-599 is related to its negative impact on EMT mechanism. miR- 
599 demonstrates negative association with EIF5A2 expression in pre- 
clinical and clinical samples of gastric cancer and by decreasing 
EIF5A2 expression, miR-599 suppresses EMT mechanism to reduce 
gastric cancer invasion [71]. Interestingly, miRNAs regulating EMT 
mechanism can be considered as biomarkers in cancer. miR-153 is an 
anti-cancer factor and its upregulation can significantly suppress inva-
sion of gastric tumor cells. miR-153 decreases expression level of SNAI1 
to suppress EMT via E-cadherin elevation and vimentin reduction in 
impairing metastasis of gastric cancer cells. Notably, miR-153 is a 
prognostic marker in cancer and its poor expression mediates unfavor-
able prognosis in gastric cancer [72]. 

Each experiment has focused on a certain type of miRNA and a 
unique downstream target in regulating EMT mechanism in gastric 
cancer. Due to the fact that miRNAs can affect more than one genos, and 
one gene can be affected by more than one miRNA, the molecular 
pathways regulating EMT mechanism in gastric cancer are completely 
complicated. An important controversy in field of miRNAs in oncology is 
dual function of these ncRNAs. For instance, miR-370 has been shown to 
be an inhibitor of metastasis in osteosarcoma via EMT inhibition 
[73,74], other studies reveal that miR-370 can be considered also an 
inducer of cancer invasion [75,76]. In gastric cancer, miR-370 is an 
inhibitor of EMT. miR-370 is capable of reducing expression level of 
PARQ4 in EMT inhibition and reducing malignant behavior of gastric 
tumor cells [77]. Therefore, understanding function of each miRNA in 
gastric cancer as inhibitor or inducer of EMT should be carefully 
followed. 

However, there are also miRNAs that can induce EMT mechanism in 
increasing gastric cancer metastasis via affecting molecular pathways 

related to EMT. One of the most related molecular pathways related to 
EMT mechanism is PI3K/Akt signaling. Increasing evidence demon-
strates that stimulation of PI3K/Akt signaling can lead to EMT induction 
and enhancement in invasion of tumor cells [78–80]. On the other hand, 
activation of PI3K/Akt signaling increases progression and stemness of 
gastric cancer [81–83]. FOXO1 suppresses PI3K/Akt signaling to inhibit 
EMT-induced metastasis in gastric cancer cells. However, when 
expression level of miR-552 enhances, it causes poor prognosis and 
mediates gastric cancer invasion via FOXO1 down-regulation to induce 
PI3K/Akt signaling, resulting in EMT induction and increase in gastric 
cancer invasion [84]. One of the important aspects is the role of PI3K/ 
Akt signaling in inducing glycolysis in cancer progression [85]. 
Furthermore, glycolysis has been involved in promoting tumor metas-
tasis via EMT induction [86]. Therefore, future studies can focus how 
glycolysis induction by PI3K/Akt signaling can increase cancer invasion 
and metastasis. 

miR-4513 is an oncogenic factor and it prevents apoptosis, while it 
promotes growth rate of tumor cells [87–89]. The role of miR-4513 is 
enhancing gastric cancer invasion can be attributed to targeting EMT 
mechanism. Upregulation of miR-4513 in gastric cancer increases tumor 
invasion via EMT induction and in this way, miR-4513 reduces KAT6B 
expression [90]. It appears that ability of miRNAs in regulating EMT 
mechanism in gastric cancer is based on targeting related molecular 
pathways. Therefore, miRNAs indirectly affect EMT mechanism in 
gastric cancer. Table 1 and Fig. 3 provide a summary of miRNAs regu-
lating EMT mechanism in gastric cancer. 

3.2. microRNA/EMT axis in metastasis in bladder cancer 

The general aspects of EMT regulation by miRNAs in the bladder 
cancer has broadened the insight towards understanding the molecular 
interactions at genetic and epigenetic levels as critical regulators of 
cancer metastasis. Since the bladder cancer patients suffer from high 
metastasis that causes death among them, such revealing of pathways 
can bring new concepts for the development of novel therapeutics for 
the bladder cancer. In the current section, the general aspects related to 
the regulation of cancer metastasis by miRNA/EMT axis is provided. The 
function of miR-520h is to increase the metastasis of bladder cancer; it 
has been brought into attention that miR-520h can be sponged by 
circNDRG1 to accelerate Smad7 expression as a suppressor of EMT [91]. 
The metastasis and malignancy of bladder cancer as biological behaviors 
of this tumor depend on the EMT mechanism. miR-203 has a role of 
reducing cancer invasion and metastasis and this epigenetic factor has 
been implicated in Twist1 downregulation to disrupt EMT and metas-
tasis of bladder cancer [92]. The changes in the phenotype and molec-
ular profile of tumor cells can be observed after regulation of EMT. 
However, a negative point of current studies is lack of significant 
attention to the role of miRNAs in regulation of phenotype of tumor cells 
and main focus is on the modulation of genes and proteins. The SphK1 
suppression by miR-613 has been considered as a main factor for sup-
pressing EMT and metastasis of bladder cancer. This is accompanied 
with upregulation of E-cadherin and reduction in levels of Snail, 
vimentin and N-cadherin [93]. Since miRNAs have multifunctional role 
in cancers, their function in bladder cancer is beyond just modulation of 
EMT and metastasis. miR-451 is able to suppress EMT and invasion, and 
stimulate apoptosis in bladder cancer. miR-451 downregulates N-cad-
herin, vimentin and Snail expression to suppress EMT in bladder cancer 
[94]. The downregulated miR-22 in bladder cancer can promote 
metastasis; miR-22 binds to E2F3 and downregulates its expression to 
impair EMT, metastasis and proliferation of tumor cells [95]. The 
expression level of NSBP1 as a molecular target of miR-186 is down-
regulated by this epigenetic factor. This demonstrates that NSBP1 sup-
pression by miR-186 can inhibit EMT through regulation of related 
markers including vimentin and N-cadherin suppression and E-cadherin 
acceleration (Table 2) [96]. 
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3.3. microRNAs regulating EMT-TFs in gastric cancer 

3.3.1. ZEB proteins 
ZEB1 and ZEB2 proteins are considered as factors involved in 

enhancing progression of gastric tumor cells. ZEB1 enhances expression 
level of LINC015559 to recruit IGF2BP2 in enhancing ZEB2 stability in 
EMT induction [128]. CPEB4 promotes ZEB1 expression to induce EMT 
in enhancing cancer progression [129]. Circ-000684 reduces miR-186 to 
upregulate ZEB1 in inducing gastric cancer metastasis [130]. Moreover, 
ZEB2 proteins are involved in increasing gastric cancer progression via 
EMT induction and it can also result in drug resistance [131–133]. 
miRNAs regulate both ZEB1 and ZEB2 in affecting gastric cancer inva-
sion. miR-144-3p is beneficial in increasing sensitivity of gastric cancer 
cells to radiotherapy and reducing tumor progression. miR-144-3p re-
duces ZEB1 expression to impair gastric cancer progression [134]. 
Importantly, miR-203 expression decreases in gastric cancer, while 
ZEB1 shows enhancement in expression. miR-203 decreasing ZEB1 
expression to impair cancer progression and to promote sensitivity of 
gastric tumor cells to radiotherapy [135]. miR-27 shows upregulation in 
gastric cancer and it significantly promotes progression of tumor cells. 
miR-27 elevates expression levels of ZEB1, ZEB2, Slug and vimentin to 
reduce E-cadherin levels in triggering EMT and promoting gastric cancer 
invasion [136]. 

miR-205-3p is a suppressor of tumor progression and its down- 
regulation by Linc00284 can result in cancer malignancy via c-Met 
overexpression [137]. Moreover, miR-205-3p decreases MAPK10 
expression in suppressing proliferation and invasion of tumor cells 
[138]. miR-205-3p has been considered as an inhibitor of gastric cancer 
metastasis; for this purpose, miR-205-3p decreases expression levels of 
ZEB1 and ZEB2 in suppressing EMT and decreasing cancer invasion 
[139]. The miRNA/ZEB axis not only regulates gastric cancer metastasis, 
but also affects drug sensitivity of tumor cells. miR-338-5p decreases 
ZEB2 expression level to suppress gastric cancer migration and to pro-
mote cisplatin sensitivity [140]. Based on these studies, miRNAs are 
potential regulators of ZEB1 and ZEB2 in regulating gastric cancer 
invasion. 

3.3.2. Twist 
The expression level of Twist has been closely related to affecting 

progression of gastric cancer cells. A basic study has shown that 
expression level of Twist increases in up to 80% of gastric cancer sam-
ples [141]. CDC27 is involved in promoting expression level of Twist to 
induce EMT in promoting gastric cancer invasion [142]. Silencing Twist 
expression using siRNA is beneficial in increasing E-cadherin levels and 
impairing gastric cancer invasion [143]. miR-381 is able to reduce 
expression level of Twist in impairing gastric cancer progression [144]. 
However, most of the studies have emphasized on the regulation of 
miRNA/Twist axis by upstream mediators in gastric cancer. LncRNA 
NORAD is considered as an inducer of gastric cancer progression and it is 
involved in growth acceleration and apoptosis inhibition via affecting 
miR-214 [145]. LncRNA NORAD has been involved in enhancing gastric 
cancer invasion. LncRNA NORAD sponges miR-496 to increase IL-33 in 
promoting gastric cancer progression and one of the controversial re-
sults is that silencing NORAD promotes expression levels of Twist in 
cancer-associated fibroblasts [146]. Similarly, upregulation of lncRNA 
H19 has been beneficial in promoting progression of gastric cancer cells 
via inducing glycolysis and proliferation, and it is capable of regulating 
miRNA expression [147,148]. LncRNA H19 promotes expression level of 
TCF4 via miR-152-3p inhibition in gastric cancer that is beneficial for 
promoting expression level of Twist along with other factors such as 
Slug, Snail and N-cadherin in triggering EMT [149]. 

3.3.3. Snail, Slug and vimentin 
These factors are also EMT-TFs that can be regulated by miRNAs in 

gastric cancer. miR-9-5p shows anti-cancer activity in gastric tumor, 
while NFIC increases tumor progression. miR-9-5p decreases expression 

Table 1 
The role of miRNAs in affecting gastric cancer metastasis via regulating EMT 
mechanism.  

miRNA Molecular 
pathway 

Remark Ref 

miR- 
135b 

CAMK2D/EMT miR-135b reduces CAMK2D expression to 
induce EMT in cancer progression 
enhancement 

[97] 

miR- 
140-5p 

miR-140-5p/ 
LRP4/PI3K/Akt 

miR-140-5p increases LRP4 expression to 
induce PI3K/Akt signaling in EMT 
induction 

[98] 

miR-503 - miR-503 suppresses EMT mechanism via 
elevating E-cadherin levels and 
decreasing vimentin, fibronectin, N- 
cadherin and SNAIL levels 

[99] 

miR- 
6884- 
5p 

S100A16 miR-6884-5p reduces S100A16 
expression to inhibit EMT mechanism 

[100] 

miR-338 Wnt/β-catenin miR-338 inhibits Wnt signaling to 
suppress EMT-mediated invasion 

[101] 

miR- 
216a 

JAK2/STAT3/ 
EMT 

miR-216a inhibits JAK2/STAT3 axis to 
suppress EMT in reducing progression 
and invasion of cancer cells 

[102] 

miR-33a Snail/Slug miR-33a inhibits activation of Snail/Slug 
axis in EMT inhibition 

[103] 

miR- 
642b- 
3p 

CSMD1/Smad miR-642b-3p miR-642-3p increases 
Smad7 expression via CSMD1 down- 
regulation to induce EMT via enhancing 
N-cadherin levels and decreasing E- 
cadherin levels 

[104] 

miR-205 ZEB1/EMT miR-205 reduces ZEB1 expression to 
suppress EMT in reducing cancer 
metastasis and invasion 

[105] 

miR-345 FOXO1/EMT miR-345 reduces FOXO1 expression to 
inhibit EMT in reducing cancer invasion 
and metastasis 

[106] 

miR-495 Twist1/EMT miR-495 reduces Twist1 expression to 
suppress EMT 

[107] 

miR-338 NRP1 miR-338 reduces NRP1 to inhibit 
phosphorylation of ERK1/2, MAPK and 
Akt in reducing cancer metastasis via 
EMT inhibition 

[108] 

miR- 
145-5p 

ZEB2 miR-145-5p reduces ZEB2 expression to 
suppress EMT in reducing cancer 
invasion 

[109] 

miR-340 NF-κB1 miR-340 suppresses NF-κB1signaling to 
inhibit EMT 

[110] 

miR-498 BMI-1/Akt miR-498 inhibits BMI-1/Akt signaling in 
suppressing EMT mechanism 

[111] 

miR-588 EIF5A2 miR-588 reduces EIF5A2 expression to 
suppress EMT 

[112] 

miR-379 FAK/AKT miR-379 inhibits FAK/AKT axis to 
suppress EMT 

[113] 

miR- 
195-5p 

Snail Propofol administration increases miR- 
195-5p expression to suppress Snail/EMT 
axis 

[114] 

miR- 
130a- 
3p 

TBL1XR1/EMT miR-130a-3p reduces expression level of 
TBL1XR1 to suppress EMT 

[115] 

miR-17 DEDD/EMT miR-17 stimulates drug resistance and 
EMT mechanism via DEDD down- 
regulation 

[116] 

miR-22 MMP14 
Snail 

Down-regulation of MMP14 and Snail by 
miR-22 in decreasing cancer invasion and 
metastasis 

[117] 

miR-95 DUSP5/EMT Silencing miR-95 increases DUSP5 
expression to inhibit EMT mechanism 

[118] 

miR-124 Snail2/EMT miR-124 reduces Snail2 expression in 
suppressing EMT in gastric cancer 

[119] 

miR- 
195-5p 

PD-L1 Astragaloside IV reduces PD-L1 
expression via upregulating miR-195-5p 
to suppress EMT 

[120]  
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level of NFIC to down-regulate vimentin and Snail in impairing gastric 
cancer metastasis [150]. Epstein-Barr virus (EBV) is one of the reasons 
for development of gastric cancer and this herpes virus infects up to 90% 
of adult individuals around the world [151]. EBV infection is associated 
with development of malignancies, especially gastric cancer [152,153]. 
Importantly, EBV-miR-BART12 is capable of impairing progression of 
gastric cancer. EBV-miR-BART12 decreases expression level of Snail to 
suppress EMT in gastric cancer [154]. Snail overexpression in gastric 
cancer can result in down-regulation of E-cadherin for enhancing inva-
sion. Noteworthy, miR-491-5p suppresses Snail expression. Further-
more, miR-491-5p reduces Snail expression via FGFR4 down-regulation 
to suppress E-cadherin expression, leading to EMT induction [155]. 

ATM is suggested to be an oncogenic factor in gastric tumor and 
silencing PP2Ac α leads to upregulation of ATM in inducing METTL3 
expression for aggravating cancer progression [156]. DNA damage 
result in activation of ATM signaling for promoting gastric tumor pro-
gression [157]. Upregulation of ATM is required for Snail over-
expression; however, miR-203 decreases ATM expression in down- 
regulating Snail expression and suppressing EMT mechanism in 
reducing gastric cancer invasion [158]. Moreover, down-regulation of 
miR-95 occurs in gastric cancer that is beneficial for increasing metas-
tasis and EMT induction via upregulating Slug expression [159]. 

3.3.4. TGF-β 
In addition to previous factors, TGF-β is another EMT-TFs and its 

function in increasing gastric cancer progression has been investigated. 
TGF-β is capable of increasing expression level of RSK2 to induce 
phosphorylation of VGLL-1 and mediates its interaction with TEAD4, 
leading to MMP-9 overexpression and development of gastric cancer 
metastasis [160]. IGHG1 stimulates TGF-β/Smad3 axis in EMT induction 
and promoting progression of gastric cancer [161]. Therefore, upregu-
lation of TGF-β is required for EMT induction in gastric tumor [162]. 
Accumulating data has shown regulation of TGF-β signaling by miRNAs 
in gastric cancer. miR-21 is able to induce gastric cancer invasion and for 
this purpose, it reduces expression level of PTEN. Then, activation of 
TGF-β signaling occurs that promotes vimentin, Slug, N-cadherin and 
β-catenin in inducing EMT [163]. On the other hand, miR-381 reduces 
expression level of TMEM16A to suppress TGF-β signaling in impairing 
EMT mechanism for decreasing gastric cancer progression [164]. One of 
the important aspects is the regulation of miRNAs by TGF-β signaling in 
gastric cancer. Smad4 is an executive arm of TGF-β signaling and it 
promotes expression level of miR-574-3p by binding to its promoter in 
aggravating gastric cancer invasion [165]. Based on these studies, 

Fig. 3. A summary of miRNA/EMT axis in regulating gastric cancer invasion. (Biorender.com)  

Table 2 
The EMT regulation by miRNAs in bladder cancer.  

miRNA Target Outcome Ref 

miR-325-3p MT3 MT3 suppression by miR-325-3p to 
EMT inhibition 

[121] 

miR-92b DAB2IP DAB2IP is inhibited by miR-92b to 
accelerate EMT 

[122] 

miR-454-3p 
and miR- 
374b-5p 

ZEB2 Decrease in the metastasis of tumor 
cells through ZEB2 suppression 

[123] 

miR-19a RhoB RhoB downregulation by miR-19a in 
EMT acceleration 

[124] 

miR-22 Snail and 
MAPK1/Slug/ 
vimentin 

EMT suppression by miR-22 through 
inhibiting the Snail and MAPK1/ 
Slug/vimentin feedback loop 

[125] 

miR-96 TGF-β1 The control of TGF-β1 by miR-96 in 
inducing EMT 

[126] 

miR-5581-3p SMAD3 miR-5581-3p impairs the SMAD3 
expression for EMT suppression 

[127]  
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miRNA and TGF-β dual interaction is of importance in determining 
gastric cancer invasion. 

3.4. Exosomal microRNAs in gastric cancer 

Exosomes are minute structures that can be secreted by almost all 
eukaryotic cells to extracellular matrix (ECM) and they have particle size 
of 40-150 nm. Tumor cells demonstrate higher ability in secretion of 
exosomes compared to normal cells. Furthermore, cells in tumor 
microenvironment including macrophages and cancer-associated fibro-
blasts can secrete exosomes in regulating progression of cancer cells. 
Exosomes can be used for delivery of proteins, lipids and genetic ma-
terials to tumor cells. Furthermore, miRNAs can be enriched in exo-
somes in regulating progression of cancer cells [166,167]. Exosomal 
miRNAs have been considered as potential regulators of gastric cancer 
progression. M2 polarized macrophages secrete exosomal miR-487a to 
increase growth rate of gastric cancer cells [168]. Moreover, exosomal 
miR-10b-5p diminishes KLF11 expression in increasing gastric cancer 
growth [169]. Decrease in levels of exosomal miR-590-5p can lead to 
poor prognosis in gastric cancer [170]. More importantly, exosomes 
containing miRNAs can regulate progression of gastric cancer cells 
[171]. GIT1 upregulation in gastric cancer cells can result in increase in 
metastasis via EMT induction. miR-122-5p demonstrates a decrease in 
expression in exosomes derived from serum of gastric cancer patients. 
Exosomal miR-122-5p decreases expression level of GIT1 to suppress 
EMT-mediated metastasis in gastric cancer [172]. Interestingly, gastric 
cancer cells that are resistant to paclitaxel chemotherapy can secrete 
exosomes in increasing cancer progression. Exosomal miR-155-5p 
derived from paclitaxel-resistant gastric cancer cells can reduce 
expression levels of GATA3 and TP53INP1 in EMT induction and 
enhancing cancer invasion [173]. However, A few studies have focused 
on the role of exosomal miRNAs in regulating gastric cancer metastasis 
via EMT modulation and therefore, more experiments in future should 
be performed in this case. 

3.5. LncRNAs regulating microRNA/EMT axis 

3.5.1. Gastric cancer 
miRNAs are linear RNA molecules that do not encode proteins. 

Similar to them, long non-coding RNAs (lncRNAs) have not capacity in 
protein encoding and their difference is in size that lncRNAs have more 
than 200 nucleotides. Furthermore, lncRNAs can be found in both 
cytoplasm and nucleus, while mature and functional miRNAs are only 
found in cytoplasm. Interestingly, expression level of miRNAs can be 
suppressed by lncRNAs via sponging. Accumulating data has shown role 
of lncRNAs in regulating gastric cancer progression via affecting miR-
NAs [174]. For instance, lncRNA CASC11 sponges miR-340-5p to in-
crease CDK1 expression in promoting gastric cancer malignancy [175]. 
Besides, lncRNA MACC1-AS1 decreases miR-145-5p in triggering drug 
resistance and enhancing stemness and fatty acid oxidation in gastric 
cancer [176]. This section focuses on the role of lncRNAs in regulating 
miRNA/EMT axis in gastric cancer. miR-490-3p has shown abnormal 
expression during gastric cancer progression and it is an inhibitor of 
EMT mechanism. However, gastric cancer cells switch among molecular 
pathways to induce EMT. LncRNA AL139002.1 reduces expression level 
of miR-490-3p to induce HAVCR1/MERK/ERK axis in EMT induction 
and promoting progression and metastasis of gastric tumor cells [177]. 
Moreover, CXCR1 is a driver of gastric cancer progression; CXCR1 in-
duces Akt and ERK1/2 molecular pathways to reduce E-cadherin levels 
in increasing gastric cancer invasion [178]. LncRNA PCED1B-AS1 en-
hances expression level of CXCR1 via miR-215-3p sponging to induce 
EMT in increasing gastric cancer invasion [179]. 

An important regulator of gastric cancer progression is Wnt/β-cat-
enin signaling. LRP5 stimulates Wnt signaling and glycolysis in 
increasing gastric cancer progression [180]. Moreover, KLF1 and PROX1 
stimulate Wnt signaling in promoting progression of gastric tumor cells 

[146,181]. LncRNA TTTY15 has been correlated with increasing gastric 
tumor metastasis via EMT induction. TTTY15 reduces expression level of 
miR let-7a-5p via sponging to induce Wnt/β-catenin signaling in EMT 
induction and promoting progression of tumor cells [182]. Previously, it 
was mentioned that PI3K/Akt is an inducer of EMT in gastric cancer and 
its expression level is regulated by miRNAs. More importantly, lncRNAs 
can affect miRNA/PI3K/Akt axis in gastric cancer. LncRNA TNK2-AS1 
reduces expression level of miR-125a-5p to induce PI3K/Akt signaling, 
leading to EMT induction and enhanced invasion of gastric cancer cells 
[183]. WNT5A is a ligand of Wnt signaling that its upregulation pro-
motes progression of gastric tumor. miR-186-5p down-regulates WNT5A 
expression in impairing gastric cancer progression. However, changes 
occurring in genetic and epigenetic levels during hypoxia can lead to 
increase in gastric cancer malignancy. Upregulation of lncRNA HCP5 is 
positive factor for increasing gastric cancer invasion during hypoxia due 
to its function in miR-186-5p inhibition and subsequent enhancement in 
WNT5A expression in EMT induction [184]. The process of metastasis in 
gastric cancer has been complicated by function of autophagy in regu-
lating EMT [185]. Autophagy is a regulator of EMT in both normal and 
cancer cells. Autophagy defection leads to EMT induction in intrauterine 
adhesions [186]. Furthermore, cancer cells depend on autophagy to 
preserve mitochondrial homeostasis during TGF-β1-mediated EMT 
[187]. LncRNA SNHG11 stimulates both autophagy and Wnt/β-catenin 
pathway in gastric cancer. SNHG11 suppresses processing of pre-miR- 
483/pre-miR-1276 to increase CTNNB1 and ATG12 levels in trig-
gering autophagy and enhancing cancer metastasis via EMT induction 
[185]. According to these studies, lncRNAs tightly regulate miRNA/EMT 
axis in gastric cancer and targeting these pathways is of importance in 
cancer therapy (Table 3). 

3.5.2. Bladder cancer 
The role of lncRNAs as regulators of cancer progression has been 

evaluated. The studies have provided the mechanism of action of 
lncRNAs in regulation of bladder cancer progression. The lncRNA 
CCAT1 enhances tumor grade, stage and size, and based on the findings, 
it is related to the regulation of miR-181b-5p, miR-152-3p, miR-24-3p, 
miR-148a-3p and miR-490-3p [188]. Through sponging miR-12-5p, 
lncRNA RP11-89 increases progression of bladder cancer and prevents 
ferroptosis [189]. Furthermore, studies have focused on understanding 
the role of lncRNAs in regulation of immune system function and 
development of signatures for the prognosis of bladder cancer 
[190,191]. Although the role of lncRNAs in regulation of cancer pro-
gression has been understood, because of highlighting too many 
lncRNAs, it is suggested to focus on specific mechanisms modulated by 
lncRNAs in bladder cancer that aim of this section is to focus on EMT 
mechanism. An important function of lncRNAs is to act as a sponge for 
miRNAs as downstream targets. The LINC00355 sponges miR-424-5p to 
upregulate HMGA2 for EMT induction and elevation in metastasis and 
progression of bladder cancer cells [192]. The oncogenic function of 
several lncRNAs in bladder cancer has been understood. The lncRNA 
SNHG3 has capacity of increasing metastasis and EMT in bladder cancer; 
miR-515-5p sponging by lncRNA SNHG3 can increase GINS2 expression 
to stimulate EMT [193]. A drawback of the studies is that they have 
highlighted the function of lncRNAs through regulation and sponging 
miRNAs in many cases to affect EMT mechanism. The strength point is 
regulation of proteins at posttranscriptional level to affect EMT. The 
increase in expression of PCBP2 is vital for stimulation of EMT and in-
crease in metastasis of bladder cancer cells. LncRNA KCNQ1OT1 
sponges miR-145-5p to upregulate PCBP2 in EMT induction and 
enhancement in metastasis and progression of bladder cancer cells 
[194]. The regulation of EMT-TFs also occurs by lncRNAs to affect EMT 
and metastasis of bladder cancer. The LINC01410 is able to sponge miR- 
4319 for increasing Snail1 expression to mediate EMT and progression 
of bladder cancer [195]. Table 4 is a summary of miRNA/EMT regula-
tion by lncRNAs in bladder cancer. 
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3.6. CircRNAs regulating microRNA/EMT axis 

3.6.1. Gastric cancer 
LncRNAs are not the only ncRNAs that can regulate miRNA expres-

sion in process of tumorigenesis. Circular RNAs (circRNAs) are new 
emerging targets in cancer therapy and their aberrant expression has 
been confirmed in different cancers, especially gastric cancer 
[225–228]. On the other hand, circRNAs regulate cancer metastasis via 
affecting EMT mechanism [229–232]. Therefore, current section focuses 
on regulation of miRNA/EMT axis by circRNAs in gastric cancer. Such 
interactions and highlighting them can significantly increase our 
thought towards gastric cancer invasion. In a similar way to lncRNAs, 
circRNAs have capacity of sponging miRNAs in regulating cancer pro-
gression. miR-331-3p suppresses EMT mechanism in reducing progres-
sion and metastasis of gastric tumor cells. However, upregulation of circ- 
CACTIN is a positive factor for promoting tumor metastasis. Circ- 
CACTIN increases expression level of TGFBR1 via miR-331-3p down- 
regulation to induce EMT for increasing invasion and metastasis of 
gastric tumor cells [233]. miR-532-3p has been a downstream target of 
circRNAs in different cancers. For instance, circ-103809 expression de-
creases in colorectal cancer and it increases FOXO4 expression by miR- 
532-3p down-regulation [131]. Moreover, circ-103809 sponges miR- 
532-3p in impairing breast cancer invasion [234]. In gastric cancer, 
upregulation of miR-532-3p can induce EMT in enhancing tumor inva-
sion. However, circ-FGD4 functions as tumor-suppressor factor and it 
reduces miR-532-3p expression to suppress β-catenin signaling in EMT 
inhibition and decreasing gastric cancer invasion [235]. 

Similar to miRNAs and lncRNAs that can show both oncogenic and 
onco-suppressor functions in cancer, circRNAs also have such ability. 
Circ-0005075 reduces miR-335 expression to increase hepatocellular 
carcinoma malignancy [236]. Furthermore, upregulation of circ- 
0005075 mediates lymph node metastasis and increases tumor diam-
eter in colorectal cancer [237]. However, in contrast to previous ex-
periments, circ-0005075 has anti-cancer activity in gastric tumor; 
restoring circ-0005075 expression leads to EMT suppression in gastric 
cancer. Circ-0005075 increases p53 expression via miR-431 sponging to 
inhibit EMT-mediated metastasis in gastric cancer [238]. One of the 
important interactions occurs between miRNAs and EZH2 signaling in 
cancer. miRNAs can function as upstream regulator of EZH2 and vice 
versa, EZH2 signaling can affect miRNA expression. A recent experiment 
has revealed that miR-144-3p reduces EZH2 expression in suppressing 
EMT and metastasis of gastric cancer. High expression level of circ- 

Table 3 
Modulation of miRNA/EMT axis by lncRNAs in gastric cancer.  

LncRNA Molecular pathway Remark Ref 

SNHG3 miR-326/EMT SNHG3 reduces miR-326 expression 
to upregulate TWIST in EMT 
induction and increasing cancer 
invasion 

[196] 

FAM225A miR-206/ADAM12 FAM225A induces ADAM12 
expression via miR-206 down- 
regulation in increasing N-cadherin 
levels and decreasing E-cadherin 
levels 

[156] 

SNHG6 miR-1297/BCL-2 SNHG6 induces cisplatin resistance 
and EMT via miR-1297 sponging to 
increase BCL-2 expression levels 

[197] 

HULC miR-9-5p/MYH9 HULC increases MYH9 expression 
by miR-9-5p inhibition in EMT 
induction 

[198] 

HCG18 HNF1A/HCG18/ 
miR-152-3p/ 
DNAJB12 

HNF1A increases HCG18 expression 
miR-152-3p down-regulation by 
HCG18 to induce DNAJB12 
expression 
EMT induction 

[199] 

SNHG1 miR-15b/DCLK1/ 
Notch1 

SNHG1 induces DCLK1/Notch1 axis 
via miR-15b down-regulation in 
EMT induction 

[200] 

PVT1 miR-30a/Snail PVT1 increases Snail expression by 
miR-30a inhibition 
Elevating cancer metastasis via 
EMT induction 

[161] 

LINC00689 miR-526b-3p/ 
ADAM9 

LINC00689 sponges miR-526b-3p 
Upregulation of ADAM9 
EMT induction 

[201] 

LOXL1-AS1 miR-708-5p/USF1 LOXL1-AS1 stimulates EMT via 
sponging miR-708-5p and 
promoting USF1 expression 

[202] 

SND1-IT1 miR-124/COL4A1 SND1-IT1 sponges miR-124 
Upregulation of COL4A1 
EMT induction 

[203] 

GCMA SP1/GCMA/miR- 
34a 

SP1 increases GCMA expression to 
sponge miR-34a and miR-124 in 
EMT induction 

[204] 

ATB miR-200A Xiaotan Sanjie decoction 
administration suppresses EMT and 
cancer metastasis via lncRNA ATB 
down-regulation to increase miR- 
200A expression 

[205] 

HOTTIP miR-218/HMGA1 HOTTIP induces EMT and cisplatin 
resistance via reducing miR-218 
expression to upregulate HMGA1 

[206] 

LINC00659 SP1/LINC00659/ 
miR-370/AQP3 

SP1 increases LINC00659 
expression to increase AQP3 
expression via miR-370 sponging in 
EMT induction 

[207] 

SNHG6 miR-101-3p/EMT SNHG6 induces EMT and poor 
prognosis via miR-101-3p sponging 

[208] 

ASNR miR-519e-5p/ 
FGFR2 

ASNR increases FGFR2 expression 
via miR-519e-5p sponging in EMT 
induction 

[209] 

SNHG12 YY1/SNHG12/miR- 
218-5p/YWHAZ 

YY1 negatively regulates SNHG12 
expression 
SNHG12 modulates miR-218-5p/ 
YWHAZ expression 
SNHG12 stimulates EMT 
mechanism 

[170] 

LINC00649 miR-16-5p/YAP1/ 
Hippo 

LINC00649 sequesters miR-16-5p to 
induce YAP1/Hippo axis in EMT 
induction 

[210] 

TMPO-AS1 miR-140-5p/SOX4/ 
EMT 

TMPO-AS1 sponges miR-140-5p to 
increase SOX4 expression 
EMT stimulation 

[211] 

CASC15 miR-33a-5p/ZEB1 CASC15 sponges miR-33a-5p 
ZEB1 upregulation 
EMT induction 

[212] 

MBNL1- 
AS1 

miR-424-5p/Smad7 MBNL1-AS1 increases Smad7 
expression via miR-424-5p 
inhibition 
EMT inhibition 

[213]  

Table 4 
The miRNA/EMT regulation by lncRNAs in bladder cancer.  

LncRNA Target Outcome Ref 

CASC9 miR-758- 
3p 

TGF-beta2 upregulation by CASC9 through 
miR-758-3p sponging to induce EMT 

[214] 

UCA1 miR-143/ 
HMGB1 

miR-143 downregulation by UCA1 to 
induce EMT through HMGB1 upregulation 

[215] 

ZNRD1-AS1 miR-194 
ZEB1 

ZNRD1-AS1 increases ZEB1 expression 
through miR-194 sponging to mediate EMT 

[216] 

XIST miR-200c XIST sponges miR-200c to induce EMT [217] 
LncARSR miR-129- 

5p 
miR-129-5p sponging by lncARSR to induce 
EMT through SOX4 upregulation 

[218] 

H19 miR-29b- 
3p 

miR-29b-3p sponging by H19 in EMT 
induction 

[219] 

LINC00612 miR-590 miR-590 sponging by LINC00612 to 
upregulate PHF14 expression in EMT 
induction 

[220] 

UCA1 miR-145 UCA1 increases ZEB1/2 expression to 
increase EMT and metastasis 

[221] 

AC114812.8 miR-371b- 
5p 

AC114812.8 sponges miR-371b-5p to 
increase FUT4 expression in EMT induction 

[222] 

DANCR miR-149/ 
MSI2 

miR-149 inhibition by DANCR to increase 
MSI2 expression in EMT induction 

[223] 

TUG1 miR-140- 
3p 

TUG1 increases annexin A8 expression 
through miR-140-3p sponging to mediate 
EMT 

[224]  
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KIF4A mediates EMT and metastasis in gastric cancer. Mechanistically, 
circ-KIF4A increases EZH2 expression by miR-144-3p inhibition to 
induce EMT [239]. Future studies can show how induction of EZH2 
signaling by circRNAs can affect miRNA expression. Table 5 and Fig. 4 
provide a summary of circRNAs modulating EMT mechanism in gastric 
cancre. 

3.6.2. Bladder cancer 
The circRNAs are considered as modulators of tumorigenesis in 

bladder cancer. Despite putting much times and efforts in highlighting 
function of miRNAs and lncRNAs in bladder cancer, there are specific 
roles and function for circRNAs that requires understanding. Moreover, 
since circRNAs have high stability and they can be utilized as potential 
prognostic factors and biomarkers, their function in bladder cancer 
improves our knowledge in cancer therapy. The studies have mentioned 
role of circRNAs in regulation of miRNAs [240], post-transcriptional 
regulation of PTEN [241], modulation of metastasis and proliferation 
[242], regulation of ENO1 and SEMA5A [243] and affecting bladder 
cancer progression in vitro and in vivo [244]. The positive point 
regarding circRNAs in bladder cancer is their specific functions in 
posttranscriptional regulation of proteins and changing their stability in 
tumorigenesis. Moreover, the ability of circRNAs in acting as sponge for 
miRNAs can affect bladder cancer. The miRNA/EMT axis in bladder 
cancer can be modulated by circRNAs. The circST6GALNAC6 can avoid 
the invasion and metastasis of bladder cancer cells. According to the 
evaluation of molecular pathways, it has been reported that circST6-
GALNAC6 sponges miR-200a-3p to increase STMN1 expression for EMT 
induction and acceleration in metastasis of bladder cancer [245]. The 
RNA sequencing analysis has revealed a high number of factors in 
regulation of EMT in cancer. The posttranscriptional regulation of TGFA 
can increase bladder cancer progression. CircRNA TAF4B sponges miR- 
1298-5p to upregulate TGFA expression for EMT induction and 
enhancement in progression of bladder cancer [246]. Moreover, 
circMTO1 as suppressor of EMT in bladder cancer has been introduced 
that sponges miR-221 to impair EMT and reduce the metastasis of tumor 
cells (Table 6) [247]. 

4. Therapeutic response in gastric cancer 

One of the most challenging problems in treatment of gastric cancer 
is development of drug resistance. Chemoresistance can be categorized 
into two groups including intrinsic and acquired drug resistance that in 
first type, cancer cells have resistance to chemotherapy before exposure, 
but acquired drug resistance is defined as process in which tumor cells 

switch and activate molecular pathways and mechanisms, and induce 
changes in genomic profile to mediate drug resistance [268]. Accumu-
lating data has shown role of signaling networks in regulating drug 
resistance in gastric cancer. STAT3 signaling activation can prevent 
ferroptosis in triggering drug resistance in gastric cancer [269]. Loss and 
defection in autophagy can result in impairment in degradation of 
lncRNA ARHGAP5-AS1 in mediating drug resistance [270]. Tunicamy-
cin suppresses N-glycosylation in promoting ER stress and reversing 
chemoresistance in gastric cancer [271]. Moreover, SIRT1 impairs 
AMPK/FOXO3 axis in suppressing stemness of gastric cancer and 
reversing chemoresistance [272]. Hence, drug resistance development 
in gastric cancer is regulated by various signaling networks. The aim of 
current section to reveal role of miRNA/EMT axis in regulating drug 
resistance in gastric cancer. 

A number of studies have shown that miRNAs regulate both EMT and 
chemotherapy response in gastric cancer in a same time. For instance, 
miR-574-3p reduces expression level of ZEB1 to suppress both EMT and 
cisplatin resistance in gastric cancer [273]. miR-95-3p down-regulates 
EMP1 expression to stimulate PI3K/Akt signaling in mediating EMT and 
cisplatin resistance in gastric tumor [274]. Moreover, miR-30a is 
capable of reducing P-glycoprotein (P-gp) expression in reversing drug 
resistance in gastric cancer and simultaneously, it suppresses EMT via E- 
cadherin upregulation [275]. Although these studies evaluated role of 
miRNAs in regulating EMT mechanism, they did not provide any rela-
tionship between EMT regulation by miRNAs and its impact on drug 
resistance capacity of gastric tumor cells. However, there are studies 
showing that miRNAs can regulate drug resistance in gastric cancer by 
influencing EMT mechanism. miR-204 expression significantly reduces 
in gastric cancer and it decreases protein levels of TGFBR2 to suppress 
EMT in enhancing sensitivity of gastric tumor cells to 5-flourouracil 
chemotherapy [276]. miR-30a is an inhibitor of gastric cancer pro-
gression based on studies and for this purpose, miR-30a reduces APBB2 
expression to impair tumor invasion [277]. Another experiment also 
highlights the role of miR-30a in decreasing expression level of FAPα in 
impairing gastric cancer invasion [278]. Notably, miR-30a has been 
involved in enhancing cisplatin sensitivity of gastric tumor cells. miR- 
30a reduces Snail and vimentin levels in suppressing EMT and induces 
transformation of fibroblast-like cells to epithelial-like cells, resulting in 
increase in cisplatin sensitivity of gastric tumor cells [279]. Both TGF-β 
and ZEB proteins are regulators of EMT mechanism in gastric cancer. 
Notably, TGF-β can reduce expression level of miR-200a to upregulate 
ZEB1 and ZEB2 in triggering EMT and decreasing sensitivity of gastric 
tumor cells to trastuzumab chemotherapy [280]. 

In addition to chemotherapy, radiotherapy is also used in treatment 

Table 5 
CircRNAs modulating miRNA/EMT axis in gastric cancer.  

CircRNA Molecular pathway Remark Ref 

Circ-006100 miR-195/GPRC5A Circ-006100 increases GPRC5A expression by miR-195 inhibition 
Apoptosis inhibition 
Enhancement in migration via EMT induction 

[248] 

Circ-0000267 miR-503-5p/HMGA2 HMGA2 upregulation by circ-0000267 
miR-503-5p inhibition 
EMT induction and increase in cancer metastasis 

[249] 

Circ-CORO1C miR-138-5p/KLF12 Enhanced expression levels of circ-CORO1C and KLF12 
miR-138-5p inhibition 
EMT induction 

[250] 

Circ-OXCT1 miR-136/SMAD4 TGF-β-dependent increase in cancer metastasis via EMT induction 
Circ-OXCT1 modulates miR-136/SMAD4 axis in suppressing EMT 

[251] 

Circ-0081143 miR-497-5p/EGFR Circ-0081143 and EGFR upregulation and miR-497-5p down-regulation 
EMT induction in hypoxia 

[252] 

Circ-0005230 miR-1299/RHOT1 Circ-0005230 and RHOT1 upregulation 
miR-1299 down-regulation 
Increase in cancer invasion via EMT induction 

[253] 

Circ-001988 miR-197-3p miR-197-3p inhibition by circ-001988 to suppress EMT [254] 
Circ-0009172 miR-485-3p/NTRK3 Circ-0009172 reduces NTRK3 expression by miR-485-3p sponging in EMT inhibition [255] 
Circ-NRIP1 miR-149-5p/Akt1/mTOR Circ-NRIP1 induces Akt1 expression by miR-149-5p sponging in EMT induction [256] 
Circ-PRKDC miR-493-5p/IRS2 Circ-PRKDC increases IRS2 expression by miR-493-5p down-regulation in EMT induction [257]  
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of gastric cancer patients. However, changes in genetic and epigenetic 
profile can lead to development of radio-resistance in gastric cancer 
[281,282]. Delivery of miR-200c by nanostructures results in suppres-
sion of TGF-β, subsequent down-regulation of E-cadherin/β-catenin and 
eventual inhibition of EMT in enhancing radio-sensitivity of gastric 
tumor cells [283]. However, only one experiment has evaluated 
miRNA/EMT axis in regulating radio-resistance in gastric cancer and 
more studies should be performed in this case. Table 7 provides a 
summary of miRNA/EMT axis in gastric cancer progression regulation. 
Table 8 also provides an overview of miRNA/EMT axis in bladder 
cancer. 

5. Conclusion and remarks 

The process of metastasis is gastric cancer is complicated and this 
increase in migration can result in significant decrease in prognosis and 

survival rate of cancer patients. Therefore, much amount of time has 
been allotted in understanding pathways and mechanisms involved in 
regulating invasion of gastric tumor cells. Both miRNAs and EMT have 
been considered as factors in gastric cancer invasion. The role of EMT is 
obvious in increasing tumor metastasis, but miRNAs demonstrate dual 
function and they may increase/decrease cancer progression. The aim of 
current review was to evaluate role of miRNA/EMT axis in regulating 
gastric cancer metastasis. miRNAs prefer to regulate EMT mechanism 
indirectly and they affect SKA3, PPP2R2A, PLK-1, EIFA5A2 and PI3K/ 
Akt in regulating EMT mechanism in gastric cancer. However, there are 
well-known regulators of EMT mechanism that are called EMT-TFs and 
miRNAs are capable of regulating ZEB proteins, TGF-β, Slug, Snail, 
vimentin and Twist in affecting EMT mechanism in gastric cancer. The 
function of miRNAs can be oncogenic and onco-suppressor, and if they 
demonstrate oncogenic function, they can induce EMT in enhancing 
tumor progression. More importantly, lncRNAs and circRNAs can 

Fig. 4. CircRNAs and lncRNAs regulating EMT mechanism in gastric cancer. The previous figures demonstrated that EMT mechanism can be regulated by miRNAs in 
gastric cancer. Interestingly, this figure highlights the fact that miRNAs can be sponged by lncRNAs and circRNAs in gastric to affect pathways capable of regulating 
EMT (upregulation or down-regulation). (Biorender.com) 

Table 6 
The miRNA/EMT axis regulation by circRNAs in bladder cancer.  

CircRNA Target Outcome Ref 

CircPICALM miR-1265 miR-1265 sponge by circPICALM to 
increase FAK expression for bladder 
cancer progression and EMT 

[258] 

CircSTK39 miR-135a- 
5p/NR3C2 

miR-135a-5p downregulation by 
circSTK39 to impair NR3C2-induced 
EMT 

[259] 

hsa_circ_0139402 hsa-miR- 
326/PAX8 

EMT induction in cancer progression [260] 

Circular RNA 
RBPMS 

miR-330- 
3p/RAI2 

EMT suppression and reduction in 
cancer progression and metastasis 

[261] 

Circ-BIRC6 miR-495- 
3p/XBP1 

miR-495-3p suppression by circ- 
BIRC6 to induce EMT 

[262] 

circSETD3 miR-641/ 
PTEN 

circSETD3 promotes PTEN 
expression by miR-641 sponging in 
EMT suppression 

[263] 

Circ_0000658 miR-498/ 
HMGA2 

Circ-0000658 promotes HMGA2 
expression by miR-498 
downregulation to increase EMT 

[264] 

circ_100984 miR-432- 
3p 

Presence of a feedback loop with c- 
Jun/YBX-1/β-catenin to stimulate 
EMT 

[265] 

CircPPP1CB miR-1307- 
3p/SMG1 

CircPPP1CB suppresses EMT [266] 

hsa_circ_0014130 miR-132- 
3p 

miR-132-3p sponge and KCNJ12 
upregulation to mediate EMT 

[267]  

Table 7 
The role of miRNA/EMT axis and related molecular pathways in gastric cancer 
progression.  

miRNA Molecular 
pathway 

Remark Ref 

miR- 
2392 

MAML3 
WHSC1 

miR-2392 reduces expression levels of 
MAML3 and WHSC1 in impairing EMT 

[284] 

miR-618 TGF-β2 miR-618 reduces expression level of TGF- 
β2 in decreasing tumor invasion 

[285] 

miR-185 XIST/miR-185/ 
TGF-β1 

XIST promotes TGF-β1 expression via miR- 
185 sponging in enhancing progression 
and invasion of tumor cells 

[286] 

miR- 
133b 

COL1A1/TGF-β miR-133b reduces COL1A1 expression to 
suppress TGF-β signaling in reversing EMT 

[287] 

miR-128 PCAT-1/miR- 
128/ZEB1 

PCAT-1 increases ZEB1 expression via 
miR-128 sponging in EMT induction and 
enhancing cancer invasion 

[288] 

miR-200 
miR- 
141 

ZEB1 
ZEB2 

Low expression of miR-200 and miR-141 
increase ZEB1 and ZEB2 expression levels 
in promoting gastric tumor progression 

[289] 

miR- 
544a 

Wnt miR-544a enhances Wnt expression in 
triggering EMT 

[290] 

miR-203 UCA1/miR- 
203/ZEB2 

UCA1 promotes ZEB2 expression via miR- 
203 sponging to increase cancer 
progression 

[291] 

miR- 
338- 
3p 

ZEB2 miR-338-3p reduces ZEB2 expression in 
impairing EMT 

[292]  
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sponge miRNAs in affecting EMT mechanism in cancer. The function of 
miRNA/EMT axis is not only related to progression and metastasis of 
gastric cancer cells, and based on studies, miRNA/EMT can determine 
response of gastric tumor cells to chemotherapy and radiotherapy. 
Therefore, manipulation of miRNAs regulating EMT mechanism should 
be considered as a promising approach in improving prognosis of gastric 
cancer patients. 

The miRNA/EMT axis has been also evaluated in bladder cancer and 
the message of studies is that miRNA/EMT axis regulates the progression 
of bladder cancer from metastasis and even to the proliferation of cancer 
cells, since their malignancy increases. The miRNA/EMT axis has been 
evaluated in bladder cancer mainly in terms of biological aspect and 
emphasis on the molecular interactions. The regulation of EMT by 
miRNAs, and the lncRNAs and circRNAs modulating miRNA/EMT axis 
have been understood in bladder cancer. However, there are still some 
gaps that require more investigation including control of EMT-TFs by 
miRNAs in bladder cancer, the regulation of miRNA/EMT axis by 
pharmacological compounds and the response of tumor cells to 
chemotherapy. The clinical implication of current paper for patients is 
that if the discussed molecular pathways regulating gastric and bladder 
cancers progression are evaluated more and the therapeutics are 
developed based on them, the treatment of patients will be improved. 
Moreover, a number of miRNAs with highest dysregulation in gastric 
and bladder cancers can be utilized to develop signatures for under-
standing the prognosis of patients. 
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[50] G.P. Gupta, J. Massagué, Cancer metastasis: building a framework, Cell 127 (4) 
(2006) 679–695. 

[51] J.P. Thiery, J.P. Sleeman, Complex networks orchestrate epithelial-mesenchymal 
transitions, Nat. Rev. Mol. Cell Biol. 7 (2) (2006) 131–142. 

[52] Y. Wang, et al., ASPP2 controls epithelial plasticity and inhibits metastasis 
through β-catenin-dependent regulation of ZEB1, Nat. Cell Biol. 16 (11) (2014) 
1092–1104. 

[53] C.D. Morrison, J.G. Parvani, W.P. Schiemann, The relevance of the TGF-β Paradox 
to EMT-MET programs, Cancer Lett. 341 (1) (2013) 30–40. 

[54] T. Brabletz, To differentiate or not–routes towards metastasis, Nat. Rev. Cancer 
12 (6) (2012) 425–436. 

[55] J.P. Thiery, et al., Epithelial-mesenchymal transitions in development and 
disease, Cell 139 (5) (2009) 871–890. 

[56] R. Kalluri, R.A. Weinberg, The basics of epithelial-mesenchymal transition, 
J. Clin. Invest. 119 (6) (2009) 1420–1428. 

[57] N.V. Jordan, G.L. Johnson, A.N. Abell, Tracking the intermediate stages of 
epithelial-mesenchymal transition in epithelial stem cells and cancer, Cell Cycle 
10 (17) (2011) 2865–2873. 

[58] X. Wang, et al., Elevated expression of NFE2L3 promotes the development of 
gastric cancer through epithelial-mesenchymal transformation, Bioengineered 12 
(2) (2021) 12204–12214. 

[59] J. He, et al., Block of proliferation 1 promotes proliferation, invasion and 
epithelial mesenchymal transformation in gastric cancer, Oxidative Med. Cell. 
Longev. 2022 (2022) 2946989. 

[60] X.T. Chang, et al., PADI4 promotes epithelial-mesenchymal transition(EMT) in 
gastric cancer via the upregulation of interleukin 8, BMC Gastroenterol. 22 (1) 
(2022) 25. 

[61] H.M. Saleem, et al., Nanotechnology-empowered lung cancer therapy: From EMT 
role in cancer metastasis to application of nanoengineered structures for 
modulating growth and metastasis, Environ. Res. 232 (2023), 115942. 

[62] Y.E. Alqurashi, et al., Harnessing function of EMT in hepatocellular carcinoma: 
From biological view to nanotechnological standpoint, Environ. Res. 227 (2023), 
115683. 

[63] Y. Li, et al., CCT5 induces epithelial-mesenchymal transition to promote gastric 
cancer lymph node metastasis by activating the Wnt/β-catenin signalling 
pathway, Br. J. Cancer 126 (12) (2022) 1684–1694. 

[64] F. Wang, et al., Downregulation of TRIM33 promotes survival and epithelial- 
mesenchymal transition in gastric cancer, Technol. Cancer Res. Treat. 21 (2022) 
(p. 15330338221114505). 

[65] J.Y. Huang, et al., Melittin suppresses epithelial-mesenchymal transition and 
metastasis in human gastric cancer AGS cells via regulating Wnt/BMP associated 
pathway, Biosci. Biotechnol. Biochem. 85 (11) (2021) 2250–2262. 

[66] M. Zhang, et al., microRNA-665 is down-regulated in gastric cancer and inhibits 
proliferation, invasion, and EMT by targeting PPP2R2A, Cell Biochem. Funct. 38 
(4) (2020) 409–418. 

[67] L.W. Ruan, P.P. Li, L.P. Jin, SKA3 promotes cell growth in breast cancer by 
inhibiting PLK-1 protein degradation, Technol. Cancer Res. Treat. 19 (2020) (p. 
1533033820947488). 

[68] K.A. Greco, et al., PLK-1 silencing in bladder cancer by siRNA delivered with 
exosomes, Urology 91 (2016) (p. 241.e1-7). 

[69] S.C. Dang, et al., MicroRNA-505 suppresses gastric cancer cell proliferation and 
invasion by directly targeting Polo-like kinase-1, Onco Targets Ther. 12 (2019) 
795–803. 

[70] D.P. Wang, et al., microRNA-599 promotes apoptosis and represses proliferation 
and epithelial-mesenchymal transition of papillary thyroid carcinoma cells via 
downregulation of Hey2-depentent Notch signaling pathway, J. Cell. Physiol. 235 
(3) (2020) 2492–2505. 

[71] X. Wang, et al., MicroRNA-599 inhibits metastasis and epithelial-mesenchymal 
transition via targeting EIF5A2 in gastric cancer, Biomed. Pharmacother. 97 
(2018) 473–480. 

[72] Z. Zhang, et al., MicroRNA-153 acts as a prognostic marker in gastric cancer and 
its role in cell migration and invasion, Onco Targets Ther. 8 (2015) 357–364. 

[73] N. Duan, et al., MicroRNA-370 directly targets FOXM1 to inhibit cell growth and 
metastasis in osteosarcoma cells, Int. J. Clin. Exp. Pathol. 8 (9) (2015) 
10250–10260. 

[74] J. Chen, et al., CircMYO10 promotes osteosarcoma progression by regulating 
miR-370-3p/RUVBL1 axis to enhance the transcriptional activity of β-catenin/ 
LEF1 complex via effects on chromatin remodeling, Mol. Cancer 18 (1) (2019) 
150. 

[75] D.W. Wang, et al., The miR-370/UQCRC2 axis facilitates tumorigenesis by 
regulating epithelial-mesenchymal transition in gastric cancer, J. Cancer 11 (17) 
(2020) 5042–5055. 

[76] Z. Ren, et al., MicroRNA-370-3p shuttled by breast cancer cell-derived 
extracellular vesicles induces fibroblast activation through the CYLD/Nf-κB axis 
to promote breast cancer progression, FASEB J. 35 (3) (2021), e21383. 

[77] Y. Feng, et al., MicroRNA-370 inhibits the proliferation, invasion and EMT of 
gastric cancer cells by directly targeting PAQR4, J. Pharmacol. Sci. 138 (2) 
(2018) 96–106. 

[78] S. Liang, et al., A PLCB1-PI3K-AKT signaling axis activates EMT to promote 
cholangiocarcinoma progression, Cancer Res. 81 (23) (2021) 5889–5903. 

[79] R. Yuan, et al., Cucurbitacin B inhibits TGF-β1-induced epithelial-mesenchymal 
transition (EMT) in NSCLC through regulating ROS and PI3K/Akt/mTOR 
pathways, Chin. Med. 17 (1) (2022) 24. 

[80] W. Xie, et al., OCT4 induces EMT and promotes ovarian cancer progression by 
regulating the PI3K/AKT/mTOR pathway, Front. Oncol. 12 (2022), 876257. 

[81] R. Yang, et al., Evodiamine inhibits gastric cancer cell proliferation via PTEN- 
Mediated EGF/PI3K signaling pathway, Evid. Based Complement. Alternat. Med. 
2021 (2021) 5570831. 

[82] Q. Wang, et al., ATXN2-mediated PI3K/AKT activation confers gastric cancer 
chemoresistance and attenuates CD8(+) T cell cytotoxicity, J Immunol Res 2022 
(2022) 6863240. 

[83] D. Zhou, et al., KLK6 mediates stemness and metabolism of gastric carcinoma 
cells via the PI3K/AKT/mTOR signaling pathway, Oncol. Lett. 22 (6) (2021) 824. 

[84] Y. Zhao, et al., MicroRNA-552 accelerates the progression of gastric cancer by 
targeting FOXO1 and regulating PI3K/AKT pathway, J. Oncol. 2021 (2021) 
9966744. 

[85] R. Liu, et al., PI3K/AKT pathway as a key link modulates the multidrug resistance 
of cancers, Cell Death Dis. 11 (9) (2020) 797. 

[86] H. Zhao, et al., Up-regulation of glycolysis promotes the stemness and EMT 
phenotypes in gemcitabine-resistant pancreatic cancer cells, J. Cell. Mol. Med. 21 
(9) (2017) 2055–2067. 

[87] Y. Li, et al., miR-4513 promotes breast cancer progression through targeting 
TRIM3, Am. J. Transl. Res. 11 (4) (2019) 2431–2438. 

[88] M. Zhu, et al., Long noncoding RNA MEG3 suppresses cell proliferation, 
migration and invasion, induces apoptosis and paclitaxel-resistance via miR- 
4513/PBLD axis in breast cancer cells, Cell Cycle 19 (23) (2020) 3277–3288. 

[89] Y.X. Xu, et al., MiR-4513 mediates the proliferation and apoptosis of oral 
squamous cell carcinoma cells via targeting CXCL17, Eur. Rev. Med. Pharmacol. 
Sci. 23 (9) (2019) 3821–3828. 

A.S. Sahib et al.                                                                                                                                                                                                                                 

http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0120
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0120
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0120
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0125
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0125
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0130
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0130
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0130
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0135
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0135
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0140
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0140
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0145
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0145
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0150
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0150
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0155
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0155
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0160
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0160
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0160
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0165
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0170
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0170
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0170
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0175
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0175
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0175
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0180
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0180
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0185
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0185
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0190
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0190
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0195
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0195
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0195
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0200
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0200
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0205
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0205
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0210
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0210
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0215
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0215
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0220
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0220
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0220
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0225
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0225
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0225
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0230
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0230
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0230
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0235
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0235
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0240
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0240
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0245
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0245
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0245
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0250
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0250
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0255
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0255
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0260
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0260
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0260
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0265
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0265
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0270
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0270
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0275
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0275
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0280
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0280
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0285
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0285
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0285
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0290
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0290
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0290
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0295
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0295
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0295
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0300
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0300
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0300
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0305
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0305
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0305
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0310
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0310
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0310
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0315
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0315
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0315
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0320
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0320
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0320
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0325
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0325
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0325
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0330
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0330
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0330
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0335
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0335
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0335
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0340
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0340
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0345
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0345
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0345
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0350
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0350
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0350
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0350
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0355
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0355
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0355
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0360
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0360
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0365
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0365
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0365
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0370
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0370
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0370
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0370
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0375
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0375
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0375
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0380
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0380
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0380
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0385
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0385
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0385
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0390
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0390
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0395
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0395
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0395
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0400
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0400
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0405
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0405
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0405
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0410
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0410
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0410
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0415
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0415
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0420
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0420
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0420
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0425
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0425
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0430
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0430
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0430
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0435
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0435
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0440
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0440
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0440
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0445
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0445
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0445


Cellular Signalling 112 (2023) 110881

13

[90] H. Ding, et al., MicroRNA-4513 promotes gastric cancer cell proliferation and 
epithelial-mesenchymal transition through targeting KAT6B, Hum. Gene Ther. 
Clin. Dev. 30 (3) (2019) 142–148. 

[91] L. Ren, et al., Nitroxoline suppresses metastasis in bladder cancer via EGR1/ 
circNDRG1/miR-520h/smad7/EMT signaling pathway, Int. J. Biol. Sci. 18 (13) 
(2022) 5207–5220. 

[92] J. Shen, et al., miR-203 suppresses bladder cancer cell growth and targets Twist1, 
Oncol. Res. 26 (8) (2018) 1155–1165. 

[93] H. Yu, et al., miR-613 inhibits bladder cancer proliferation and migration through 
targeting SphK1, Am. J. Transl. Res. 9 (3) (2017) 1213–1221. 

[94] T. Zeng, et al., miR-451 inhibits invasion and proliferation of bladder cancer by 
regulating EMT, Int. J. Clin. Exp. Pathol. 7 (11) (2014) 7653–7662. 

[95] J. Guo, et al., MiR-22 suppresses the growth and metastasis of bladder cancer cells 
by targeting E2F3, Int. J. Clin. Exp. Pathol. 13 (3) (2020) 587–596. 

[96] K. Yao, et al., MiR-186 suppresses the growth and metastasis of bladder cancer by 
targeting NSBP1, Diagn. Pathol. 10 (2015) 146. 

[97] L. Huangfu, et al., MicroRNA-135b/CAMK2D axis contribute to malignant 
progression of gastric cancer through EMT process remodeling, Int. J. Biol. Sci. 17 
(8) (2021) 1940–1952. 

[98] Z. Mao, et al., LRP4 promotes migration and invasion of gastric cancer under the 
regulation of microRNA-140-5p, Cancer Biomark 29 (2) (2020) 245–253. 

[99] Y. Peng, et al., microRNA-503 inhibits gastric cancer cell growth and epithelial- 
to-mesenchymal transition, Oncol. Lett. 7 (4) (2014) 1233–1238. 

[100] H. Lv, et al., MicroRNA-6884-5p regulates the proliferation, invasion, and EMT of 
gastric cancer cells by directly targeting S100A16, Oncol. Res. 28 (3) (2020) 
225–236. 

[101] B. Song, et al., MicroRNA-338 inhibits proliferation, migration, and invasion of 
gastric cancer cells by the Wnt/β-catenin signaling pathway, Eur. Rev. Med. 
Pharmacol. Sci. 22 (5) (2018) 1290–1296. 

[102] Y. Tao, et al., MicroRNA-216a inhibits the metastasis of gastric cancer cells by 
targeting JAK2/STAT3-mediated EMT process, Oncotarget 8 (51) (2017) 
88870–88881. 

[103] D.D. Chen, et al., microRNA-33a prevents epithelial-mesenchymal transition, 
invasion, and metastasis of gastric cancer cells through the Snail/Slug pathway, 
Am. J. Physiol. Gastrointest. Liver Physiol. 317 (2) (2019) G147–g160. 

[104] H. Liu, et al., MicroRNA-642b-3p functions as an oncomiR in gastric cancer by 
down-regulating the CUB and sushi multiple domains protein 1/smad axis, 
Bioengineered 13 (4) (2022) 9613–9627. 

[105] C. Xu, et al., MicroRNA-205 suppresses the invasion and epithelial-mesenchymal 
transition of human gastric cancer cells, Mol. Med. Rep. 13 (6) (2016) 
4767–4773. 

[106] A. Feng, X. Yuan, X. Li, MicroRNA-345 inhibits metastasis and epithelial- 
mesenchymal transition of gastric cancer by targeting FOXQ1, Oncol. Rep. 38 (5) 
(2017) 2752–2760. 

[107] C. Liu, et al., MicroRNA 495 inhibits proliferation and metastasis and promotes 
apoptosis by targeting Twist1 in gastric cancer cells, Oncol. Res. 27 (3) (2019) 
389–397. 

[108] Y. Peng, et al., MicroRNA-338 inhibits growth, invasion and metastasis of gastric 
cancer by targeting NRP1 expression, PLoS One 9 (4) (2014), e94422. 

[109] S.B. Jiang, et al., MicroRNA-145-5p inhibits gastric cancer invasiveness through 
targeting N-cadherin and ZEB2 to suppress epithelial-mesenchymal transition, 
Onco Targets Ther. 9 (2016) 2305–2315. 

[110] Q. Chen, Y. Zhang, L. Xu, microRNA-340 influences cell proliferation, apoptosis 
and invasion by targeting NF-κB1 in gastric cancer, Int. J. Clin. Exp. Pathol. 11 (7) 
(2018) 3812–3824. 

[111] D. You, et al., MicroRNA-498 inhibits the proliferation, migration and invasion of 
gastric cancer through targeting BMI-1 and suppressing AKT pathway, Hum. Cell 
33 (2) (2020) 366–376. 

[112] X. Zhou, et al., MicroRNA-588 regulates invasion, migration and epithelial- 
mesenchymal transition via targeting EIF5A2 pathway in gastric cancer, Cancer 
Manag. Res. 10 (2018) 5187–5197. 

[113] M. Xu, et al., MicroRNA-379 inhibits metastasis and epithelial-mesenchymal 
transition via targeting FAK/AKT signaling in gastric cancer, Int. J. Oncol. 51 (3) 
(2017) 867–876. 

[114] F. Liu, et al., Propofol reduces epithelial to mesenchymal transition, invasion and 
migration of gastric cancer cells through the MicroRNA-195-5p/Snail axis, Med. 
Sci. Monit. 26 (2020), e920981. 

[115] S. Wang, et al., MicroRNA-130a-3p suppresses cell migration and invasion by 
inhibition of TBL1XR1-mediated EMT in human gastric carcinoma, Mol. 
Carcinog. 57 (3) (2018) 383–392. 

[116] D.M. Wu, et al., MicroRNA-17 inhibition overcomes chemoresistance and 
suppresses epithelial-mesenchymal transition through a DEDD-dependent 
mechanism in gastric cancer, Int. J. Biochem. Cell Biol. 102 (2018) 59–70. 

[117] Q.F. Zuo, et al., MicroRNA-22 inhibits tumor growth and metastasis in gastric 
cancer by directly targeting MMP14 and Snail, Cell Death Dis. 6 (11) (2015), 
e2000. 

[118] M. Du, et al., microRNA-95 knockdown inhibits epithelial-mesenchymal 
transition and cancer stem cell phenotype in gastric cancer cells through MAPK 
pathway by upregulating DUSP5, J. Cell. Physiol. 235 (2) (2020) 944–956. 

[119] S.L. Li, et al., MicroRNA-124 inhibits cell invasion and epithelial-mesenchymal 
transition by directly repressing Snail2 in gastric cancer, Eur. Rev. Med. 
Pharmacol. Sci. 21 (15) (2017) 3389–3396. 

[120] W. Liu, H. Chen, D. Wang, Protective role of astragaloside IV in gastric cancer 
through regulation of microRNA-195-5p-mediated PD-L1, Immunopharmacol. 
Immunotoxicol. 43 (4) (2021) 443–451. 

[121] S. Sun, et al., miR-325-3p overexpression inhibits proliferation and metastasis of 
bladder cancer cells by regulating MT3, Med. Sci. Monit. 26 (2020), e920331. 

[122] J. Huang, et al., miR-92b targets DAB2IP to promote EMT in bladder cancer 
migration and invasion, Oncol. Rep. 36 (3) (2016) 1693–1701. 

[123] S. Wang, et al., MiR-454-3p and miR-374b-5p suppress migration and invasion of 
bladder cancer cells through targetting ZEB2, Biosci. Rep. 38 (6) (2018). 

[124] Z. Li, Y. Li, Y. Wang, miR-19a promotes invasion and epithelial to mesenchymal 
transition of bladder cancer cells by targeting RhoB, J. Buon 24 (2) (2019) 
797–804. 

[125] M. Xu, et al., MiR-22 suppresses epithelial-mesenchymal transition in bladder 
cancer by inhibiting Snail and MAPK1/Slug/vimentin feedback loop, Cell Death 
Dis. 9 (2) (2018) 209. 

[126] C. He, et al., miR-96 regulates migration and invasion of bladder cancer through 
epithelial-mesenchymal transition in response to transforming growth factor-β1, 
J. Cell. Biochem. 119 (9) (2018) 7807–7817. 

[127] J. Sun, et al., SMAD3 and FTO are involved in miR-5581-3p-mediated inhibition 
of cell migration and proliferation in bladder cancer, Cell Death Dis. 8 (1) (2022) 
199. 

[128] H. Shen, et al., ZEB1-induced LINC01559 expedites cell proliferation, migration 
and EMT process in gastric cancer through recruiting IGF2BP2 to stabilize ZEB1 
expression, Cell Death Dis. 12 (4) (2021) 349. 

[129] G. Cao, et al., CPEB4 promotes growth and metastasis of gastric cancer cells via 
ZEB1-mediated epithelial- mesenchymal transition, Onco Targets Ther. 11 (2018) 
6153–6165. 

[130] S. Lin, et al., Oncogenic circular RNA Hsa-circ-000684 interacts with microRNA- 
186 to upregulate ZEB1 in gastric cancer, FASEB J. 34 (6) (2020) 8187–8203. 

[131] L. Bian, et al., Hsa_circRNA_103809 regulated the cell proliferation and migration 
in colorectal cancer via miR-532-3p / FOXO4 axis, Biochem. Biophys. Res. 
Commun. 505 (2) (2018) 346–352. 

[132] W.J. Ding, et al., HOXB8 promotes tumor metastasis and the epithelial- 
mesenchymal transition via ZEB2 targets in gastric cancer, J. Cancer Res. Clin. 
Oncol. 143 (3) (2017) 385–397. 

[133] T. Jiang, et al., MicroRNA-200c regulates cisplatin resistance by targeting ZEB2 in 
human gastric cancer cells, Oncol. Rep. 38 (1) (2017) 151–158. 

[134] Z.Y. Gao, H. Liu, Z. Zhang, miR-144-3p increases radiosensibility of gastric cancer 
cells by targeting inhibition of ZEB1, Clin. Transl. Oncol. 23 (3) (2021) 491–500. 

[135] Y. Jiang, et al., MiR-203 acts as a radiosensitizer of gastric cancer cells by directly 
targeting ZEB1, Onco Targets Ther. 12 (2019) 6093–6104. 

[136] Z. Zhang, et al., miR-27 promotes human gastric cancer cell metastasis by 
inducing epithelial-to-mesenchymal transition, Cancer Gene Ther. 204 (9) (2011) 
486–491. 

[137] W. Sheng, et al., Upregulation of Linc00284 promotes lung cancer progression by 
regulating the miR-205-3p/c-Met axis, Front. Genet. 12 (2021), 694571. 

[138] B. Qiao, et al., miR-205-3p functions as a tumor suppressor in ovarian carcinoma, 
Reprod. Sci. 27 (1) (2020) 380–388. 

[139] Z. Zhang, et al., Advantages of restoring miR-205-3p expression for better 
prognosis of gastric cancer via prevention of epithelial-mesenchymal transition, 
J. Gastric Cancer 20 (2) (2020) 212–224. 

[140] X. Wei, et al., miR-338-5p-ZEB2 axis in diagnostic, therapeutic predictive and 
prognostic value of gastric cancer, J. Cancer 12 (22) (2021) 6756–6772. 

[141] J.H. Jhi, et al., Circulating tumor cells and TWIST expression in patients with 
metastatic gastric cancer: a preliminary study, J. Clin. Med. 10 (19) (2021). 

[142] Y. Xin, et al., CDC27 facilitates gastric cancer cell proliferation, invasion and 
metastasis via twist-induced epithelial-mesenchymal transition, Cell. Physiol. 
Biochem. 50 (2) (2018) 501–511. 

[143] A.N. Liu, et al., Twist expression associated with the epithelial-mesenchymal 
transition in gastric cancer, Mol. Cell. Biochem. 367 (1-2) (2012) 195–203. 

[144] Y. Yin, et al., MicroRNA-381 regulates the growth of gastric cancer cell by 
targeting TWIST1, Mol. Med. Rep. 20 (5) (2019) 4376–4382. 

[145] W. Tao, et al., LncRNA NORAD promotes proliferation and inhibits apoptosis of 
gastric cancer by regulating miR-214/Akt/mTOR axis, Onco Targets Ther. 12 
(2019) 8841–8851. 

[146] C. Huang, et al., The long noncoding RNA noncoding RNA activated by DNA 
damage (NORAD)-microRNA-496-Interleukin-33 axis affects carcinoma- 
associated fibroblasts-mediated gastric cancer development, Bioengineered 12 (2) 
(2021) 11738–11755. 

[147] L. Sun, et al., H19 promotes aerobic glycolysis, proliferation, and immune escape 
of gastric cancer cells through the microRNA-519d-3p/lactate dehydrogenase A 
axis, Cancer Sci. 112 (6) (2021) 2245–2259. 

[148] J. Yu, et al., H19 rises in gastric cancer and exerts a tumor-promoting function via 
miR-138/E2F2 axis, Cancer Manag. Res. 12 (2020) 13033–13042. 

[149] X. Jiang, et al., H19/miR-152-3p/TCF4 axis increases chemosensitivity of gastric 
cancer cells through suppression of epithelial-mesenchymal transition, Transl. 
Cancer Res. 9 (6) (2020) 3915–3925. 

[150] S. Lv, et al., Association of miR-9-5p and NFIC in the progression of gastric cancer, 
Hum. Exp. Toxicol. 41 (2022) (p. 9603271221084671). 

[151] L.S. Young, A.B.J.N.R.C. Rickinson, Epstein–Barr virus: 40 years on 4 (10) (2004) 
757–768. 

[152] J. Kutok, F.J.A.R.P.M.D. Wang, Spectrum Epstein-Barr Virus Associated Dis. 1 
(2006) 375–404. 

[153] A. Carbone, A. Gloghini, G.J.T.O. Dotti, EBV-associated lymphoproliferative 
disorders: classification and treatment 13 (5) (2008) 577–585. 

[154] J. Li, et al., EBV-miR-BART12 inhibits cell migration and proliferation by 
targeting Snail expression in EBV-associated gastric cancer, Arch. Virol. 166 (5) 
(2021) 1313–1323. 

A.S. Sahib et al.                                                                                                                                                                                                                                 

http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0450
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0450
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0450
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0455
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0455
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0455
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0460
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0460
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0465
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0465
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0470
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0470
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0475
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0475
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0480
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0480
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0485
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0485
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0485
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0490
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0490
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0495
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0495
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0500
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0500
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0500
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0505
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0505
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0505
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0510
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0510
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0510
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0515
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0515
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0515
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0520
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0520
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0520
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0525
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0525
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0525
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0530
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0530
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0530
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0535
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0535
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0535
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0540
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0540
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0545
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0545
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0545
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0550
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0550
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0550
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0555
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0555
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0555
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0560
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0560
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0560
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0565
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0565
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0565
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0570
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0570
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0570
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0575
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0575
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0575
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0580
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0580
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0580
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0585
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0585
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0585
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0590
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0590
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0590
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0595
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0595
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0595
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0600
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0600
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0600
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0605
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0605
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0610
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0610
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0615
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0615
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0620
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0620
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0620
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0625
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0625
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0625
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0630
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0630
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0630
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0635
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0635
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0635
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0640
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0640
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0640
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0645
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0645
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0645
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0650
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0650
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0655
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0655
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0655
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0660
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0660
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0660
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0665
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0665
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0670
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0670
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0675
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0675
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0680
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0680
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0680
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0685
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0685
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0690
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0690
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0695
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0695
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0695
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0700
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0700
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0705
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0705
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0710
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0710
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0710
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0715
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0715
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0720
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0720
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0725
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0725
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0725
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0730
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0730
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0730
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0730
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0735
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0735
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0735
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0740
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0740
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0745
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0745
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0745
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0750
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0750
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0755
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0755
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0760
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0760
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0765
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0765
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0770
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0770
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0770


Cellular Signalling 112 (2023) 110881

14

[155] T. Yu, et al., Downregulation of miR-491-5p promotes gastric cancer metastasis 
by regulating SNAIL and FGFR4, Cancer Sci. 109 (5) (2018) 1393–1403. 

[156] Z. Cheng, et al., Inhibiting PP2Acα promotes the malignant phenotype of gastric 
cancer cells through the ATM/METTL3 axis, Biomed. Res. Int. 2021 (2021) 
1015293. 

[157] Z.H. Jiang, et al., DNA damage-induced activation of ATM promotes β-TRCP- 
mediated ARID1A ubiquitination and destruction in gastric cancer cells, Cancer 
Cell Int. 19 (2019) 162. 

[158] P. Zhou, et al., MiR-203 inhibits tumor invasion and metastasis in gastric cancer 
by ATM, Acta Biochim. Biophys. Sin. Shanghai 48 (8) (2016) 696–703. 

[159] W. Zhang, et al., Downregulation of miR-95 in gastric cancer promotes EMT via 
regulation of Slug, thereby promoting migration and invasion, Oncol. Rep. 41 (2) 
(2019) 1395–1403. 

[160] J.Y. Im, et al., VGLL1 phosphorylation and activation promotes gastric cancer 
malignancy via TGF-β/ERK/RSK2 signaling, Biochim. Biophys. Acta, Mol. Cell 
Res. 1868 (1) (2021), 118892. 

[161] Y. Li, et al., IGHG1 induces EMT in gastric cancer cells by regulating TGF- 
β/SMAD3 signaling pathway, J. Cancer 12 (12) (2021) 3458–3467. 

[162] X. You, et al., Fibroblastic galectin-1-fostered invasion and metastasis are 
mediated by TGF-β1-induced epithelial-mesenchymal transition in gastric cancer, 
Aging (Albany NY) 13 (14) (2021) 18464–18481. 

[163] C. Li, et al., MicroRNA-21 promotes TGF-β1-induced epithelial-mesenchymal 
transition in gastric cancer through up-regulating PTEN expression, Oncotarget 7 
(41) (2016) 66989–67003. 

[164] Q. Cao, et al., MicroRNA-381 inhibits the metastasis of gastric cancer by targeting 
TMEM16A expression, J. Exp. Clin. Cancer Res. 36 (1) (2017) 29. 

[165] R. Zhang, et al., Upregulation of microRNA-574-3p in a human gastric cancer cell 
line AGS by TGF-β1, Gene 605 (2017) 63–69. 

[166] M. Zhu, et al., Integration of exosomal miR-106a and mesothelial cells facilitates 
gastric cancer peritoneal dissemination, Cell. Signal. 91 (2022), 110230. 

[167] S.S. Shi, et al., Exosomal miR-155-5p promotes proliferation and migration of 
gastric cancer cells by inhibiting TP53INP1 expression, Pathol. Res. Pract. 216 (6) 
(2020), 152986. 

[168] X. Yang, et al., Exosomal miR-487a derived from m2 macrophage promotes the 
progression of gastric cancer, Cell Cycle 20 (4) (2021) 434–444. 

[169] T. Yan, et al., Exosomal miR-10b-5p mediates cell communication of gastric 
cancer cells and fibroblasts and facilitates cell proliferation, J. Cancer 12 (7) 
(2021) 2140–2150. 

[170] G.D. Zheng, et al., Exosomal miR-590-5p in serum as a biomarker for the 
diagnosis and prognosis of gastric cancer, Front. Mol. Biosci. 8 (2021), 636566. 

[171] C. Feng, et al., Exosomal miR-196a-1 promotes gastric cancer cell invasion and 
metastasis by targeting SFRP1, Nanomedicine (London) 14 (19) (2019) 
2579–2593. 

[172] Y. Jiao, et al., Exosomal miR-122-5p inhibits tumorigenicity of gastric cancer by 
downregulating GIT1, Int. J. Biol. Markers 36 (1) (2021) 36–46. 

[173] M. Wang, et al., Paclitaxel-resistant gastric cancer MGC-803 cells promote 
epithelial-to-mesenchymal transition and chemoresistance in paclitaxel-sensitive 
cells via exosomal delivery of miR-155-5p, Int. J. Oncol. 54 (1) (2019) 326–338. 

[174] H. Wu, et al., MSC-induced lncRNA HCP5 drove fatty acid oxidation through miR- 
3619-5p/AMPK/PGC1α/CEBPB axis to promote stemness and chemo-resistance 
of gastric cancer, Cell Death Dis. 11 (4) (2020) 233. 

[175] L. Zhang, et al., LncRNA CASC11 promoted gastric cancer cell proliferation, 
migration and invasion in vitro by regulating cell cycle pathway, Cell Cycle 17 
(15) (2018) 1886–1900. 

[176] W. He, et al., MSC-regulated lncRNA MACC1-AS1 promotes stemness and 
chemoresistance through fatty acid oxidation in gastric cancer, Oncogene 38 (23) 
(2019) 4637–4654. 

[177] Y. Chen, R. Zhang, Long non-coding RNA AL139002.1 promotes gastric cancer 
development by sponging microRNA-490-3p to regulate Hepatitis A Virus Cellular 
Receptor 1 expression, Bioengineered 12 (1) (2021) 1927–1938. 

[178] J. Wang, et al., CXCR1 promotes malignant behavior of gastric cancer cells in 
vitro and in vivo in AKT and ERK1/2 phosphorylation, Int. J. Oncol. 48 (5) (2016) 
2184–2196. 

[179] J. Ren, et al., Long non-coding RNA PCED1B antisense RNA 1 promotes gastric 
cancer progression via modulating microRNA-215-3p / C-X-C motif chemokine 
receptor 1 axis, Bioengineered 12 (1) (2021) 6083–6095. 

[180] X. Nie, et al., LRP5 promotes gastric cancer via activating canonical Wnt/ 
β-catenin and glycolysis pathways, Am. J. Pathol. 192 (3) (2022) 503–517. 

[181] N. Nakazawa, et al., PROX1 was associated with LGR5 and Wnt signaling and 
contributed to poor prognosis in gastric cancer, Oncology (2022). 

[182] X. Zheng, et al., Male-specific long non-coding RNA testis-specific transcript, Y- 
linked 15 promotes gastric cancer cell growth by regulating Wnt family member 
1/β-catenin signaling by sponging microRNA let-7a-5p, Bioengineered 13 (4) 
(2022) 8605–8616. 

[183] L. Guo, et al., Long non-coding RNA TNK2 AS1/microRNA-125a-5p axis promotes 
tumor growth and modulated phosphatidylinositol 3 kinase/AKT pathway, 
J. Gastroenterol. Hepatol. 37 (1) (2022) 124–133. 

[184] M. Gao, et al., LncRNA HCP5 induces gastric cancer cell proliferation, invasion, 
and EMT processes through the miR-186-5p/WNT5A axis under hypoxia, Front. 
Cell Dev. Biol. 9 (2021), 663654. 

[185] Q. Wu, et al., lncRNA SNHG11 promotes gastric cancer progression by activating 
the Wnt/β-catenin pathway and oncogenic autophagy, Mol. Ther. 29 (3) (2021) 
1258–1278. 

[186] Z. Zhou, et al., Defective autophagy contributes to endometrial epithelial- 
mesenchymal transition in intrauterine adhesions, Autophagy 18 (10) (2022) 
2427–2442. 

[187] J.S. Hwang, et al., Regulation of TGF-β1-induced EMT by autophagy-dependent 
energy metabolism in cancer cells, Cancers (Basel) 14 (19) (2022). 

[188] C. Zhang, et al., lncRNA CCAT1 promotes bladder cancer cell proliferation, 
migration and invasion, Int. Braz. J. Urol. 45 (3) (2019) 549–559. 

[189] W. Luo, et al., LncRNA RP11-89 facilitates tumorigenesis and ferroptosis 
resistance through PROM2-activated iron export by sponging miR-129-5p in 
bladder cancer, Cell Death Dis. 12 (11) (2021) 1043. 

[190] Z.H. Feng, et al., m6A-immune-related lncRNA prognostic signature for predicting 
immune landscape and prognosis of bladder cancer, J. Transl. Med. 20 (1) (2022) 
492. 

[191] M. Chen, et al., A new ferroptosis-related lncRNA signature predicts the prognosis 
of bladder cancer patients, Front. Cell Dev. Biol. 9 (2021), 699804. 

[192] W.J. Li, et al., LncRNA LINC00355 promotes EMT and metastasis of bladder 
cancer cells through the miR-424-5p/HMGA2 axis, Neoplasma 68 (6) (2021) 
1225–1235. 

[193] G. Dai, et al., LncRNA SNHG3 promotes bladder cancer proliferation and 
metastasis through miR-515-5p/GINS2 axis, J. Cell. Mol. Med. 24 (16) (2020) 
9231–9243. 

[194] J. Wang, et al., KCNQ1OT1 aggravates cell proliferation and migration in bladder 
cancer through modulating miR-145-5p/PCBP2 axis, Cancer Cell Int. 19 (2019) 
325. 

[195] W. Guo, et al., LINC01410 leads the migration, invasion and EMT of bladder 
cancer cells by modulating miR-4319 / Snail1, Cancer Cell Int. 21 (1) (2021) 429. 

[196] J. Rao, et al., LncRNA SNHG3 promotes gastric cancer cells proliferation, 
migration, and invasion by targeting miR-326, J. Oncol. 2021 (2021) 9935410. 

[197] J. Mei, et al., LncRNA SNHG6 knockdown inhibits cisplatin resistance and 
progression of gastric cancer through miR-1297/BCL-2 axis, Biosci. Rep. 41 (12) 
(2021). 

[198] T. Liu, et al., LncRNA HULC promotes the progression of gastric cancer by 
regulating miR-9-5p/MYH9 axis, Biomed. Pharmacother. 121 (2020), 109607. 

[199] P. Ma, et al., HNF1A-induced lncRNA HCG18 facilitates gastric cancer 
progression by upregulating DNAJB12 via miR-152-3p, Onco Targets Ther. 13 
(2020) 7641–7652. 

[200] Z.Q. Liu, et al., LncRNA SNHG1 promotes EMT process in gastric cancer cells 
through regulation of the miR-15b/DCLK1/Notch1 axis, BMC Gastroenterol. 20 
(1) (2020) 156. 

[201] G. Yin, et al., LncRNA LINC00689 promotes the progression of gastric cancer 
through upregulation of ADAM9 by sponging miR-526b-3p, Cancer Manag. Res. 
12 (2020) 4227–4239. 

[202] Q. Sun, et al., LncRNA LOXL1-AS1 facilitates the tumorigenesis and stemness of 
gastric carcinoma via regulation of miR-708-5p/USF1 pathway, Cell Prolif. 52 (6) 
(2019), e12687. 

[203] Y.Z. Hu, et al., LncRNA SND1-IT1 facilitates TGF-β1-induced epithelial-to- 
mesenchymal transition via miR-124/COL4A1 axis in gastric cancer, Cell Death 
Dis. 8 (1) (2022) 73. 

[204] Y. Tian, et al., SP1-activated long noncoding RNA lncRNA GCMA functions as a 
competing endogenous RNA to promote tumor metastasis by sponging miR-124 
and miR-34a in gastric cancer, Oncogene 39 (25) (2020) 4854–4868. 

[205] Z. Zhou, et al., Xiaotan sanjie decoction inhibits gastric cancer cell proliferation, 
migration, and invasion through lncRNA-ATB and miR-200A, Biomed. Res. Int. 
2022 (2022) 7029182. 

[206] J. Wang, et al., Exosome-mediated transfer of lncRNA HOTTIP promotes cisplatin 
resistance in gastric cancer cells by regulating HMGA1/miR-218 axis, Onco 
Targets Ther. 12 (2019) 11325–11338. 

[207] Y. Wang, et al., SP1-induced upregulation of lncRNA LINC00659 promotes 
tumour progression in gastric cancer by regulating miR-370/AQP3 axis, Front. 
Endocrinol. (Lausanne) 13 (2022), 936037. 

[208] K. Yan, et al., LncRNA SNHG6 is associated with poor prognosis of gastric cancer 
and promotes cell proliferation and EMT through epigenetically silencing p27 and 
sponging miR-101-3p, Cell. Physiol. Biochem. 42 (3) (2017) 999–1012. 

[209] Z. Chen, et al., Long non-coding RNA ASNR targeting miR-519e-5p promotes 
gastric cancer development by regulating FGFR2, Front. Cell Dev. Biol. 9 (2021), 
679176. 

[210] H. Wang, et al., Long non-coding RNA LINC00649 regulates YES-associated 
protein 1 (YAP1)/Hippo pathway to accelerate gastric cancer (GC) progression 
via sequestering miR-16-5p, Bioengineered 12 (1) (2021) 1791–1802. 

[211] Y. Sun, C. Han, Long non-coding RNA TMPO-AS1 promotes cell migration and 
invasion by sponging miR-140-5p and inducing SOX4-mediated EMT in gastric 
cancer, Cancer Manag. Res. 12 (2020) 1261–1268. 

[212] Q. Wu, et al., Long non-coding RNA CASC15 regulates gastric cancer cell 
proliferation, migration and epithelial mesenchymal transition by targeting 
CDKN1A and ZEB1, Mol. Oncol. 12 (6) (2018) 799–813. 

[213] J. Su, et al., LncRNA MBNL1-AS1 represses gastric cancer progression via the 
TGF-β pathway by modulating miR-424-5p/Smad7 axis, Bioengineered 13 (3) 
(2022) 6978–6995. 

[214] Z. Zhang, et al., lncRNA CASC9 sponges miR-758-3p to promote proliferation and 
EMT in bladder cancer by upregulating TGF-β2, Oncol. Rep. 45 (1) (2021) 
265–277. 

[215] J. Luo, et al., LncRNA UCA1 promotes the invasion and EMT of bladder cancer 
cells by regulating the miR-143/HMGB1 pathway, Oncol. Lett. 14 (5) (2017) 
5556–5562. 

[216] Z. Gao, et al., Knockdown of lncRNA ZNRD1-AS1 inhibits progression of bladder 
cancer by regulating miR-194 and ZEB1, Cancer Med. 9 (20) (2020) 7695–7705. 

[217] R. Xu, et al., LncRNA XIST/miR-200c regulates the stemness properties and 
tumourigenicity of human bladder cancer stem cell-like cells, Cancer Cell Int. 18 
(2018) 41. 

A.S. Sahib et al.                                                                                                                                                                                                                                 

http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0775
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0775
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0780
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0780
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0780
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0785
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0785
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0785
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0790
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0790
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0795
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0795
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0795
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0800
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0800
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0800
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0805
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0805
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0810
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0810
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0810
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0815
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0815
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0815
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0820
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0820
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0825
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0825
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0830
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0830
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0835
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0835
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0835
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0840
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0840
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0845
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0845
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0845
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0850
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0850
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0855
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0855
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0855
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0860
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0860
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0865
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0865
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0865
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0870
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0870
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0870
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0875
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0875
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0875
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0880
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0880
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0880
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0885
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0885
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0885
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0890
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0890
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0890
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0895
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0895
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0895
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0900
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0900
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0905
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0905
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0910
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0910
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0910
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0910
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0915
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0915
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0915
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0920
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0920
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0920
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0925
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0925
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0925
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0930
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0930
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0930
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0935
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0935
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0940
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0940
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0945
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0945
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0945
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0950
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0950
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0950
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0955
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0955
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0960
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0960
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0960
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0965
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0965
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0965
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0970
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0970
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0970
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0975
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0975
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0980
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0980
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0985
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0985
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0985
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0990
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0990
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0995
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0995
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf0995
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1000
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1000
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1000
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1005
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1005
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1005
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1010
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1010
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1010
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1015
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1015
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1015
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1020
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1020
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1020
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1025
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1025
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1025
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1030
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1030
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1030
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1035
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1035
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1035
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1040
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1040
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1040
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1045
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1045
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1045
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1050
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1050
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1050
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1055
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1055
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1055
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1060
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1060
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1060
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1065
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1065
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1065
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1070
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1070
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1070
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1075
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1075
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1075
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1080
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1080
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1085
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1085
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1085


Cellular Signalling 112 (2023) 110881

15

[218] C. Liao, et al., LncARSR sponges miR-129-5p to promote proliferation and 
metastasis of bladder cancer cells through increasing SOX4 expression, Int. J. Biol. 
Sci. 16 (1) (2020) 1–11. 

[219] M. Lv, et al., lncRNA H19 regulates epithelial-mesenchymal transition and 
metastasis of bladder cancer by miR-29b-3p as competing endogenous RNA, 
Biochim. Biophys. Acta, Mol. Cell Res. 1864 (10) (2017) 1887–1899. 

[220] L. Miao, et al., LINC00612 enhances the proliferation and invasion ability of 
bladder cancer cells as ceRNA by sponging miR-590 to elevate expression of 
PHF14, J. Exp. Clin. Cancer Res. 38 (1) (2019) 143. 

[221] M. Xue, et al., Long non-coding RNA urothelial cancer-associated 1 promotes 
bladder cancer cell migration and invasion by way of the hsa-miR-145-ZEB1/2- 
FSCN1 pathway, Cancer Sci. 107 (1) (2016) 18–27. 

[222] W. Li, et al., Long noncoding RNA AC114812.8 promotes the progression of 
bladder cancer through miR-371b-5p/FUT4 axis, Biomed. Pharmacother. 121 
(2020), 109605. 

[223] Y. Zhan, et al., Long non-coding RNA DANCR promotes malignant phenotypes of 
bladder cancer cells by modulating the miR-149/MSI2 axis as a ceRNA, J. Exp. 
Clin. Cancer Res. 37 (1) (2018) 273. 

[224] J.B. Yuan, et al., Annexin A8 regulated by lncRNA-TUG1/miR-140-3p axis 
promotes bladder cancer progression and metastasis, Mol. Ther. Oncolytics 22 
(2021) 36–51. 

[225] X. Guo, et al., Circular RNA circREPS2 acts as a sponge of mir-558 to suppress 
gastric cancer progression by regulating RUNX3/β-catenin signaling, Mol. Ther. 
Nucleic Acids 21 (2020) 577–591. 

[226] J. Jiang, et al., Circular RNA CDR1as Inhibits The Metastasis Of Gastric Cancer 
Through Targeting miR-876-5p/GNG7 axis, Gastroenterol. Res. Pract. 2021 
(2021) 5583029. 

[227] X. Zhang, et al., circRNA_0005529 facilitates growth and metastasis of gastric 
cancer via regulating miR-527/Sp1 axis, BMC Mol. Cell Biol. 22 (1) (2021) 6. 

[228] G. Wang, et al., CircRNA_100290 promotes GC cell proliferation and invasion via 
the miR-29b-3p/ITGA11 axis and is regulated by EIF4A3, Cancer Cell Int. 21 (1) 
(2021) 324. 

[229] F. Ji, et al., Knockdown of Circ_0000144 suppresses cell proliferation, migration 
and invasion in gastric cancer via sponging MiR-217, J. Microbiol. Biotechnol. 31 
(6) (2021) 784–793. 

[230] Y. Yu, et al., Circ_0021087 acts as a miR-184 sponge and represses gastric cancer 
progression by adsorbing miR-184 and elevating FOSB expression, Eur. J. Clin. 
Investig. 51 (11) (2021), e13605. 

[231] K.W. Tang, et al., Circ_0049447 acts as a tumor suppressor in gastric cancer 
through reducing proliferation, migration, invasion, and epithelial-mesenchymal 
transition, Chin. Med. J. 134 (11) (2021) 1345–1355. 

[232] X. Lin, et al., CircRNA_100876 Is upregulated in gastric cancer (GC) and promotes 
the GC cells’ growth, migration and invasion via miR-665/YAP1 signaling, Front. 
Genet. 11 (2020), 546275. 

[233] L. Zhang, et al., Circular RNA CircCACTIN promotes gastric cancer progression by 
sponging MiR-331-3p and regulating TGFBR1 expression, Int. J. Biol. Sci. 15 (5) 
(2019) 1091–1103. 

[234] M. Liu, et al., CircRNA_103809 suppresses the proliferation and metastasis of 
breast cancer cells by sponging MicroRNA-532-3p (miR-532-3p), Front. Genet. 11 
(2020) 485. 

[235] X. Dai, et al., Circular RNA circFGD4 suppresses gastric cancer progression via 
modulating miR-532-3p/APC/β-catenin signalling pathway, Clin. Sci. (Lond.) 134 
(13) (2020) 1821–1839. 

[236] X. Yang, et al., Circ_0005075 promotes hepatocellular carcinoma progression by 
suppression of microRNA-335, J. Cell. Physiol. 234 (12) (2019) 21937–21946. 

[237] D. Zhong, P. Li, P.Y. Gong, Hsa_circ_0005075 promotes the proliferation and 
invasion of colorectal cancer cells, Int. J. Biol. Markers 34 (3) (2019) 284–291. 

[238] J. Wu, et al., CircRNA_0005075 suppresses carcinogenesis via regulating miR- 
431/p53/epithelial-mesenchymal transition axis in gastric cancer, Cell Biochem. 
Funct. 38 (7) (2020) 932–942. 

[239] H. Yan, et al., Upregulated circular RNA KIF4A promotes cell migration and 
invasion by regulating MicroRNA-144-3p/EZH2 axis in gastric cancer, J. Oncol. 
2022 (2022) 3985621. 

[240] W. Dong, et al., Circular RNA ACVR2A suppresses bladder cancer cells 
proliferation and metastasis through miR-626/EYA4 axis, Mol. Cancer 18 (1) 
(2019) 95. 

[241] Q. Lu, et al., Circular RNA circSLC8A1 acts as a sponge of miR-130b/miR-494 in 
suppressing bladder cancer progression via regulating PTEN, Mol. Cancer 18 (1) 
(2019) 111. 

[242] Y. Li, et al., Circular RNA FOXO3 suppresses bladder cancer progression and 
metastasis by regulating MiR-9-5p/TGFBR2, Cancer Manag. Res. 12 (2020) 
5049–5056. 

[243] L. Wang, et al., Circular RNA circSEMA5A promotes bladder cancer progression 
by upregulating ENO1 and SEMA5A expression, Aging (Albany NY) 12 (21) 
(2020) 21674–21686. 

[244] S. Wu, et al., Circular RNA circGLIS3 promotes bladder cancer proliferation via 
the miR-1273f/SKP1/Cyclin D1 axis, Cell Biol. Toxicol. 38 (1) (2022) 129–146. 

[245] S. Tan, et al., circST6GALNAC6 suppresses bladder cancer metastasis by sponging 
miR-200a-3p to modulate the STMN1/EMT axis, Cell Death Dis. 12 (2) (2021) 
168. 

[246] X. Zhang, et al., Circular RNA TAF4B promotes bladder cancer progression by 
sponging miR-1298-5p and regulating TGFA expression, Front. Oncol. 11 (2021), 
643362. 

[247] Y. Li, et al., Circular RNA circMTO1 suppresses bladder cancer metastasis by 
sponging miR-221 and inhibiting epithelial-to-mesenchymal transition, Biochem. 
Biophys. Res. Commun. 508 (4) (2019) 991–996. 

[248] M. Liang, et al., Elevated levels of hsa_circ_006100 in gastric cancer promote cell 
growth and metastasis via miR-195/GPRC5A signalling, Cell Prolif. 52 (5) (2019), 
e12661. 

[249] X. Cai, et al., Circ_0000267 promotes gastric cancer progression via sponging 
MiR-503-5p and regulating HMGA2 expression, Mol. Genet. Genomic Med. 8 (2) 
(2020), e1093. 

[250] Y. Fan, et al., Depletion of circular RNA circ_CORO1C suppresses gastric cancer 
development by modulating miR-138-5p/KLF12 axis, Cancer Manag. Res. 13 
(2021) 3789–3801. 

[251] J. Liu, et al., Circ-OXCT1 suppresses gastric cancer EMT and metastasis by 
attenuating TGF-β pathway through the Circ-OXCT1/miR-136/SMAD4 axis, Onco 
Targets Ther. 13 (2020) 3987–3998. 

[252] J. Tang, et al., Knockdown of Circ_0081143 mitigates hypoxia-induced migration, 
invasion, and EMT in gastric cancer cells through the miR-497-5p/EGFR axis, 
Cancer Biother. Radiopharm. 36 (4) (2021) 333–346. 

[253] Y.Y. Peng, D. Sun, Y. Xin, Hsa_circ_0005230 is up-regulated and promotes gastric 
cancer cell invasion and migration via regulating the miR-1299/RHOT1 axis, 
Bioengineered 13 (3) (2022) 5046–5063. 

[254] D. Sun, et al., Hsa_circ_001988 attenuates GC progression in vitro and in vivo via 
sponging miR-197-3p, J. Cell. Physiol. 236 (1) (2021) 612–624. 

[255] H. Wang, et al., Circular RNA hsa_circ_0009172 suppresses gastric cancer by 
regulation of microRNA-485-3p-mediated NTRK3, Cancer Gene Ther. 28 (12) 
(2021) 1312–1324. 

[256] X. Zhang, et al., Circular RNA circNRIP1 acts as a microRNA-149-5p sponge to 
promote gastric cancer progression via the AKT1/mTOR pathway, Mol. Cancer 18 
(1) (2019) 20. 

[257] Z. Liu, Y. Wang, Y. Ding, Circular RNA circPRKDC promotes tumorigenesis of 
gastric cancer via modulating insulin receptor substrate 2 (IRS2) and mediating 
microRNA-493-5p, Bioengineered 12 (1) (2021) 7631–7643. 

[258] D. Yan, et al., Circular RNA circPICALM sponges miR-1265 to inhibit bladder 
cancer metastasis and influence FAK phosphorylation, EBioMedicine 48 (2019) 
316–331. 

[259] Z. Li, et al., CircSTK39 suppresses the proliferation and invasion of bladder cancer 
by regulating the miR-135a-5p/NR3C2-mediated epithelial-mesenchymal 
transition signaling pathway, Cell Biol. Toxicol. 39 (4) (2023) 1815–1834. 

[260] B. Wei, et al., hsa_circ_0139402 promotes bladder cancer progression by 
regulating hsa-miR-326/PAX8 signaling, Dis. Markers 2022 (2022) 9899548. 

[261] C. Yang, et al., Circular RNA RBPMS inhibits bladder cancer progression via miR- 
330-3p/RAI2 regulation, Mol. Ther. Nucleic Acids 23 (2021) 872–886. 

[262] L. Zhou, et al., Silencing circ-BIRC6 inhibits the proliferation, invasion, migration 
and epithelial-mesenchymal transition of bladder cancer cells by targeting the 
miR-495-3p/XBP1 signaling axis, Mol. Med. Rep. 24 (5) (2021). 

[263] Y. Tian, et al., Circular RNA circSETD3 hampers cell growth, migration, and stem 
cell properties in bladder cancer through sponging miR-641 to upregulate PTEN, 
Cell Cycle 20 (16) (2021) 1589–1602. 

[264] F. Qiu, et al., Circ_0000658 knockdown inhibits epithelial-mesenchymal 
transition in bladder cancer via miR-498-induced HMGA2 downregulation, 
J. Exp. Clin. Cancer Res. 41 (1) (2022) 22. 

[265] L. Tong, et al., circ_100984-miR-432-3p axis regulated c-Jun/YBX-1/β-catenin 
feedback loop promotes bladder cancer progression, Cancer Sci. 112 (4) (2021) 
1429–1442. 

[266] F. Wang, et al., Circular RNA CircPPP1CB suppresses tumorigenesis by interacting 
with the MiR-1307-3p/SMG1 axis in human bladder cancer, Front. Cell Dev. Biol. 
9 (2021), 704683. 

[267] G. Li, et al., CircRNA hsa_circ_0014130 function as a miR-132-3p sponge for 
playing oncogenic roles in bladder cancer via upregulating KCNJ12 expression, 
Cell Biol. Toxicol. 38 (6) (2022) 1079–1096. 

[268] H.C. Zheng, The molecular mechanisms of chemoresistance in cancers, 
Oncotarget 8 (35) (2017) 59950–59964. 

[269] S. Ouyang, et al., Inhibition of STAT3-ferroptosis negative regulatory axis 
suppresses tumor growth and alleviates chemoresistance in gastric cancer, Redox 
Biol. 52 (2022), 102317. 

[270] L. Zhu, et al., Impaired autophagic degradation of lncRNA ARHGAP5-AS1 
promotes chemoresistance in gastric cancer, Cell Death Dis. 10 (6) (2019) 383. 

[271] J. Wu, et al., Tunicamycin specifically aggravates ER stress and overcomes 
chemoresistance in multidrug-resistant gastric cancer cells by inhibiting N- 
glycosylation, J. Exp. Clin. Cancer Res. 37 (1) (2018) 272. 

[272] Y. An, et al., SIRT1 inhibits chemoresistance and cancer stemness of gastric cancer 
by initiating an AMPK/FOXO3 positive feedback loop, Cell Death Dis. 11 (2) 
(2020) 115. 

[273] M. Wang, et al., MicroRNA-574-3p regulates epithelial mesenchymal transition 
and cisplatin resistance via targeting ZEB1 in human gastric carcinoma cells, Gene 
700 (2019) 110–119. 

[274] Q. Ni, et al., MicroRNA-95-3p serves as a contributor to cisplatin resistance in 
human gastric cancer cells by targeting EMP1/PI3K/AKT signaling, Aging 
(Albany NY) 13 (6) (2021) 8665–8687. 

[275] C. Li, et al., MiR-30a decreases multidrug resistance (MDR) of gastric cancer cells, 
Med. Sci. Monit. 0 (2016) 0. 

[276] L.Q. Li, et al., Sensitization of gastric cancer cells to 5-FU by MicroRNA-204 
through targeting the TGFBR2-mediated epithelial to mesenchymal transition, 
Cell. Physiol. Biochem. 47 (4) (2018) 1533–1545. 

[277] K. Zhou, et al., Hsa-miR-30a-3p attenuates gastric adenocarcinoma proliferation 
and metastasis via APBB2, Aging (Albany NY) 13 (12) (2021) 16763–16772. 

[278] T. Yu, et al., MiR-30a suppresses metastasis of gastric adenocarcinoma via 
targeting FAPα, Cancer Biomark 27 (4) (2020) 471–484. 

A.S. Sahib et al.                                                                                                                                                                                                                                 

http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1090
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1090
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1090
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1095
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1095
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1095
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1100
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1100
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1100
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1105
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1105
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1105
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1110
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1110
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1110
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1115
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1115
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1115
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1120
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1120
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1120
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1125
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1125
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1125
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1130
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1130
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1130
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1135
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1135
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1140
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1140
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1140
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1145
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1145
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1145
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1150
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1150
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1150
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1155
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1155
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1155
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1160
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1160
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1160
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1165
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1165
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1165
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1170
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1170
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1170
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1175
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1175
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1175
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1180
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1180
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1185
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1185
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1190
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1190
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1190
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1195
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1195
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1195
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1200
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1200
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1200
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1205
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1205
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1205
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1210
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1210
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1210
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1215
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1215
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1215
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1220
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1220
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1225
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1225
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1225
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1230
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1230
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1230
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1235
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1235
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1235
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1240
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1240
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1240
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1245
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1245
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1245
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1250
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1250
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1250
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1255
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1255
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1255
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1260
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1260
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1260
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1265
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1265
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1265
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1270
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1270
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1275
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1275
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1275
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1280
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1280
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1280
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1285
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1285
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1285
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1290
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1290
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1290
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1295
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1295
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1295
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1300
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1300
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1305
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1305
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1310
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1310
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1310
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1315
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1315
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1315
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1320
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1320
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1320
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1325
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1325
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1325
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1330
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1330
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1330
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1335
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1335
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1335
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1340
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1340
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1345
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1345
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1345
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1350
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1350
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1355
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1355
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1355
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1360
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1360
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1360
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1365
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1365
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1365
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1370
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1370
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1370
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1375
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1375
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1380
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1380
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1380
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1385
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1385
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1390
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1390


Cellular Signalling 112 (2023) 110881

16

[279] L.L. Wang, et al., MiR-30a increases cisplatin sensitivity of gastric cancer cells 
through suppressing epithelial-to-mesenchymal transition (EMT), Eur. Rev. Med. 
Pharmacol. Sci. 20 (9) (2016) 1733–1739. 

[280] X. Zhou, et al., miR-200c inhibits TGF-β-induced-EMT to restore trastuzumab 
sensitivity by targeting ZEB1 and ZEB2 in gastric cancer, Cancer Gene Ther. 25 (3- 
4) (2018) 68–76. 

[281] J. Xiao, et al., Long noncoding RNA TRPM2-AS acts as a microRNA sponge of 
miR-612 to promote gastric cancer progression and radioresistance, Oncogenesis 
9 (3) (2020) 29. 

[282] Y. Li, et al., B7-H3 increases the radioresistance of gastric cancer cells through 
regulating baseline levels of cell autophagy, Am. J. Transl. Res. 11 (7) (2019) 
4438–4449. 

[283] L. Qian, et al., MicroRNA-200c nanoparticles sensitized gastric cancer cells to 
radiotherapy by regulating pd-l1 expression and EMT, Cancer Manag. Res. 12 
(2020) 12215–12223. 

[284] J. Li, et al., MiR-2392 suppresses metastasis and epithelial-mesenchymal 
transition by targeting MAML3 and WHSC1 in gastric cancer, FASEB J. 31 (9) 
(2017) 3774–3786. 

[285] J. Shi, et al., miR-618 suppresses metastasis in gastric cancer by downregulating 
the expression of TGF-β2, Anat. Rec. (Hoboken) 302 (6) (2019) 931–940. 

[286] Q. Zhang, et al., XIST promotes gastric cancer (GC) progression through TGF-β1 
via targeting miR-185, J. Cell. Biochem. 119 (3) (2018) 2787–2796. 

[287] Y. Guo, et al., miR-133b suppresses invasion and migration of gastric cancer cells 
via the COL1A1/TGF-β axis, Onco Targets Ther. 13 (2020) 7985–7995. 

[288] Y. Guo, et al., PCAT-1 contributes to cisplatin resistance in gastric cancer through 
miR-128/ZEB1 axis, Biomed. Pharmacother. 118 (2019), 109255. 

[289] X. Zhou, et al., The downregulation of miR-200c/141 promotes ZEB1/2 
expression and gastric cancer progression, Med. Oncol. 32 (1) (2015) 428. 

[290] Y. Yanaka, et al., miR-544a induces epithelial-mesenchymal transition through 
the activation of WNT signaling pathway in gastric cancer, Carcinogenesis 36 (11) 
(2015) 1363–1371. 

[291] P. Gong, et al., LncRNA UCA1 promotes tumor metastasis by inducing miR-203/ 
ZEB2 axis in gastric cancer, Cell Death Dis. 9 (12) (2018) 1158. 

[292] N. Huang, et al., MiR-338-3p inhibits epithelial-mesenchymal transition in gastric 
cancer cells by targeting ZEB2 and MACC1/Met/Akt signaling, Oncotarget 6 (17) 
(2015) 15222–15234. 

[293] X. Wang, et al., miR-148a-3p represses proliferation and EMT by establishing 
regulatory circuits between ERBB3/AKT2/c-myc and DNMT1 in bladder cancer, 
Cell Death Dis. 7 (12) (2016), e2503. 

[294] Q. Zhang, et al., MiR-186-5p suppresses cell migration, invasion, and epithelial 
mesenchymal transition in bladder cancer by targeting RAB27A/B, Environ. 
Toxicol. 36 (11) (2021) 2174–2185. 

[295] C. Yang, et al., CEP55 3’-UTR promotes epithelial-mesenchymal transition and 
enhances tumorigenicity of bladder cancer cells by acting as a ceRNA regulating 
miR-497-5p, Cell Oncol. (Dordr) 45 (6) (2022) 1217–1236. 

[296] X. Huang, et al., Wnt7a activates canonical Wnt signaling, promotes bladder 
cancer cell invasion, and is suppressed by miR-370-3p, J. Biol. Chem. 293 (18) 
(2018) 6693–6706. 

[297] L. Liu, et al., miR-200c inhibits invasion, migration and proliferation of bladder 
cancer cells through down-regulation of BMI-1 and E2F3, J. Transl. Med. 12 
(2014) 305. 

[298] D. Chen, et al., Platycodin D (PD) regulates LncRNA-XIST/miR-335 axis to slow 
down bladder cancer progression in vitro and in vivo, Exp. Cell Res. 396 (1) 
(2020), 112281. 

[299] Q. Zhang, Z. Mao, J. Sun, NF-κB inhibitor, BAY11-7082, suppresses M2 tumor- 
associated macrophage induced EMT potential via miR-30a/NF-κB/Snail 
signaling in bladder cancer cells, Gene 710 (2019) 91–97. 

[300] Y. Zhang, et al., MiR-125a-5p suppresses bladder cancer progression through 
targeting FUT4, Biomed. Pharmacother. 108 (2018) 1039–1047. 

[301] F. Wang, et al., A positive feedback loop between TAZ and miR-942-3p modulates 
proliferation, angiogenesis, epithelial-mesenchymal transition process, 
glycometabolism and ROS homeostasis in human bladder cancer, J. Exp. Clin. 
Cancer Res. 40 (1) (2021) 44. 

[302] H. Yang, Z. Chen, Z. Liu, MiR-20a-5p negatively regulates NR4A3 to promote 
metastasis in bladder cancer, J. Oncol. 2021 (2021) 1377989. 

[303] X. Xu, et al., c-Met and CREB1 are involved in miR-433-mediated inhibition of the 
epithelial-mesenchymal transition in bladder cancer by regulating Akt/GSK-3β/ 
Snail signaling, Cell Death Dis. 7 (2) (2016), e2088. 

[304] Y. Xiong, et al., The VIM-AS1/miR-655/ZEB1 axis modulates bladder cancer cell 
metastasis by regulating epithelial-mesenchymal transition, Cancer Cell Int. 21 
(1) (2021) 233. 

[305] X.Y. Na, et al., MiR-203a functions as a tumor suppressor in bladder cancer by 
targeting SIX4, Neoplasma 66 (2) (2019) 211–221. 

[306] M.F. Chen, et al., Transforming growth factor-β1 induces epithelial-mesenchymal 
transition and increased expression of matrix metalloproteinase-16 via miR-200b 
downregulation in bladder cancer cells, Mol. Med. Rep. 10 (3) (2014) 1549–1554. 

[307] M. Zhou, et al., miR-199a-5p suppresses human bladder cancer cell metastasis by 
targeting CCR7, BMC Urol. 16 (1) (2016) 64. 

[308] Z. Chen, et al., miR-485-5p inhibits bladder cancer metastasis by targeting 
HMGA2, Int. J. Mol. Med. 36 (4) (2015) 1136–1142. 

[309] C.L. Wu, et al., MiR-429 reverses epithelial-mesenchymal transition by restoring 
E-cadherin expression in bladder cancer, Oncotarget 7 (18) (2016) 26593–26603. 

[310] L. Zhang, et al., MiR-15 suppressed the progression of bladder cancer by targeting 
BMI1 oncogene via PI3K/AKT signaling pathway, Eur. Rev. Med. Pharmacol. Sci. 
23 (20) (2019) 8813–8822. 

[311] J. Li, et al., miR-7-5p acts as a tumor suppressor in bladder cancer by regulating 
the hedgehog pathway factor Gli3, Biochem. Biophys. Res. Commun. 503 (3) 
(2018) 2101–2107. 

[312] J. Liu, J. Cao, X. Zhao, miR-221 facilitates the TGFbeta1-induced epithelial- 
mesenchymal transition in human bladder cancer cells by targeting STMN1, BMC 
Urol. 15 (2015) 36. 

[313] J. Li, et al., MET/SMAD3/SNAIL circuit mediated by miR-323a-3p is involved in 
regulating epithelial-mesenchymal transition progression in bladder cancer, Cell 
Death Dis. 8 (8) (2017), e3010. 

A.S. Sahib et al.                                                                                                                                                                                                                                 

http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1395
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1395
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1395
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1400
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1400
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1400
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1405
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1405
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1405
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1410
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1410
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1410
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1415
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1415
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1415
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1420
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1420
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1420
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1425
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1425
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1430
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1430
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1435
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1435
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1440
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1440
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1445
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1445
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1450
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1450
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1450
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1455
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1455
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1460
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1460
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1460
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1465
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1465
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1465
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1470
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1470
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1470
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1475
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1475
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1475
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1480
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1480
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1480
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1485
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1485
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1485
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1490
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1490
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1490
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1495
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1495
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1495
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1500
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1500
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1505
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1505
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1505
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1505
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1510
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1510
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1515
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1515
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1515
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1520
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1520
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1520
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1525
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1525
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1530
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1530
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1530
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1535
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1535
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1540
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1540
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1545
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1545
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1550
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1550
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1550
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1555
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1555
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1555
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1560
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1560
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1560
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1565
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1565
http://refhub.elsevier.com/S0898-6568(23)00295-4/rf1565

	miRNA/epithelial-mesenchymal axis (EMT) axis as a key player in cancer progression and metastasis: A focus on gastric and b ...
	1 Introduction
	1.1 Gastric cancer
	1.2 Bladder cancer
	1.3 microRNAs

	2 EMT mechanism: basics and function in oncology
	3 Biological functions
	3.1 microRNA/EMT axis in metastasis in gastric cancer
	3.2 microRNA/EMT axis in metastasis in bladder cancer
	3.3 microRNAs regulating EMT-TFs in gastric cancer
	3.3.1 ZEB proteins
	3.3.2 Twist
	3.3.3 Snail, Slug and vimentin
	3.3.4 TGF-β

	3.4 Exosomal microRNAs in gastric cancer
	3.5 LncRNAs regulating microRNA/EMT axis
	3.5.1 Gastric cancer
	3.5.2 Bladder cancer

	3.6 CircRNAs regulating microRNA/EMT axis
	3.6.1 Gastric cancer
	3.6.2 Bladder cancer


	4 Therapeutic response in gastric cancer
	5 Conclusion and remarks
	Credit author statement
	Declaration of Competing Interest
	Data availability
	Acknowledgement
	References


