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Abstract: Epithelial-mesenchymal transition (EMT) is a morphological process in which epithelial cells
transform into mesenchymal cells via a specific procedure. EMT plays an important role in the cancer
invasion-metastasis cascade and the current treatment of metastatic cancer, influences the migration, polarity,
and adhesion of tumor cells, promotes their migration, invasiveness, anti-apoptotic ability. It contributes to
the changes of the tumor microenvironment and suppresses the sensitivity of tumor cells to chemotherapy,
causing cancer metastasis and worse, hindering the control and therapy of it. This paper reviews the
mechanisms, detection, and treatments of cancer metastasis that have been identified and applied to date,
summarizes the EMT-related biological molecules, providing a reference for EMT-targeted research and
therapy. As EMT is significant in the progress of tumor metastasis, it is meaningful for the therapy and
control of metastatic cancer to understand the mechanism of EMT at the molecular level. We summarized
the mechanisms, detection and therapeutic implications of EMT, listed the research progress of molecules
like genes, miRNAs, signaling pathways in EMT. We also discussed the prospects of EMT-targeted
treatment in cancer metastasis interventions and the challenges the treatment and researches are facing. The

summary is conducive to the treatment and further research of EMT and metastatic cancer.
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Introduction

Cancer metastasis, which is the process by which
precancerous lesions spread from primary tumors to
distal organs, is the leading contributing factor to cancer
lethality (1). Over 90% of cancer-related deaths are caused
by distant metastasis. Recently, epithelial-mesenchymal
transition (EMT)-targeted treatment has become a popular
area of research. The metastasis process is reported to be
influenced and regulated by various mechanisms, including
EMT. EMT can be targeted to prevent cancer metastasis in
the early stage or eliminate metastatic cells in the advanced
stage. We present the following article in accordance with
the Narrative Review reporting checklist (available at http://
dx.doi.org/10.21037/atm-20-7002).

Introduction: metastasis in cancer

Cancers share the same basic mechanism of cancer
metastasis. In this paper, we examine cancer metastasis in
the condition of adrenal cancer.

Mechanisms of adrenal metastasis in cancer

In 2011, Valastyan et al. reviewed the “seed and soil”
hypothesis and put forward the invasion-metastasis cascade (2)
whereby cancer cells detach from primary tumors and then
move to distant organ sites via the vasculature. Cancer cells
successfully extravasate into distant tissues through their
parenchyma. The blood supply in the adrenal sinuses is
abundant, and the reticular capillary network endothelium is
beneficial to the adhesion of cancer cells. After blood vessels
have formed, cancer cells proliferate to form metastasis.

Venous, arterial, and blood capillary systems are the
principal processes of adrenal metastasis, and early lung
cancer cells are likely to metastasize to the ipsilateral
adrenal gland via the lymphatic system. The invasion of
cancer cells in the bone stimulates the self-renewal capacity
of tumor-initiating cells (TICs). The transcription factors
(TFs), such as Twist, Snail, and c-Etsl, promote EMT and
facilitate TICs. These factors boost early invasion and have
self-renewal properties (3).

Detection of adrenal metastasis

The main methods for diagnosing metastases are
computerized tomography (CT), magnetic resonance
imaging (MRI), and positron emission tomography (PET) (4).
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Usually, detection methods include both a CT and a
B-ultrasonic examination, both of which are ultrasound
imaging methods. The B-ultrasonic examination is
convenient and acceptable. The negative sonogram is
characterized by uneven echo distribution in the mass and
is usually hypoechoic. However, it is difficult to determine
whether a cancer is primary or metastatic due to the
similarity of the results and the internal echo's low sensitivity.
CT can be used to conduct a further examination. Small
lesions that the B-ultrasound can barely detect can be found
through CT, the localizations of which are more accurate
than those of the B-ultrasound. In a CT examination, the
results of a metastatic tumor and non-functional adenoma
are significantly different, but it is difficult to differentiate
them from non-functional sebaceous adenocarcinoma and
pheochromocytoma. If necessary, a CT and B-ultrasound
biopsy can be used for a histological examination, but
it could induce traumas (5). PET scanning can image a
primary tumor, which is useful for detecting an unknown
primary cancer and detecting other small metastases. PET
scans are sensitive and specific (6).

Treatment of metastasis

Treatments of metastases (Table 1) include surgical resection,
interventional therapy, local ablation, immunotherapy,
radiotherapy, and chemotherapy (10).

EMT-targeted treatment—a promising treatment
Introduction of EMT

EMT is a biological process whereby a special process turns
epithelial cells into cells with an interstitial phenotype.
It plays a vital role in developing embryonic tissue
reconstruction, cancer metastasis, chronic inflammation,
and multiple fibrosis diseases. A decrease embodies it in
cell adhesion molecules' expression, the morphological
characteristics in mesenchymal cells, and the transition
from keratin cytoskeleton into vimentin cytoskeleton (11).
Many articles in different fields targeting different types
of cancer have noted that some genes have a unique effect
in the process in EMT, including those in the Snail family,
Twist, and c-Etsl. Some of these produce direct changes
in the EMT process, while others act by changing how
deoxyribonucleic acid (DNA) and protein bind. Thus,
understanding the mechanism of EMT provides insights
into targeted treatments for cancer.

Ann Transl Med 2021;9(11):946 | http://dx.doi.org/10.21037/atm-20-7002


http://dx.doi.org/10.21037/atm-20-7002
http://dx.doi.org/10.21037/atm-20-7002

Page 3 of 12

, Vol 9, No 11 June 2021

icine

Annals of Translational Med

(6) UOIBYI UIYS pUB ‘BWOIPUAS

uole|qe-isod ‘ured apnjoul Jone| ay L

'SISIO aAIsuapadAy ‘xeloyjownaud ‘ewojewsy
apn|oul Jawloj 8y "suoljedldwod Jouiw pue
suol3e0)|dWwoD 8I9A8S SE PalISSe|d 8q Ued uolje|qe
Jaye suoneoldwoo ay] *(9) syoays wis-buo)

S} a10|dxa 0} Pa}ONPUOD 8q 0} SPIdU UOIIe|qeoAId
Uo YydJessal Jayun4 "uo os pue ainssaid

poojqg ybiy Buisneo ‘ssuowioy Auew ases|al pue
s|paau ainound sy} jo ainyesadwal ybiy ay3 0} enp

pejelisuowsp
usaq aAey Aoeolye pue A1ajes sy pue ‘uone|qe

1O pu| JBYIOUE. S| UOIFB|qBOAID "Pasn 8q Os|e Ued
uolje|ge 8ABMOUDI|A “[ouByle Se yons sBnip asn ueo
uone|qy "seideiayl J8Ylo UBY} 1080 SAITRIND SHUlBP

Adessyjolpe. Jo ‘Adessyiowsyo ‘Aisbins Ajuelsul 8inydnu s||90 SuUIOOPUT JOWN} B PUNOJE  8JOW B SBy pue ‘suoljeol|duwod snouss ou sey ‘ured Adesay
ofJspun jouued oym sjuaiied jeal} o} pasn Ajurew si i SONSSI} [BWJOU JO9JE ||IM UOIIe|qe SABMOIDI\  SSO| ‘Sewinel} Joma) sayeald ‘a|dwis sI poylew siyl uole|qy
swajqoid
pajejai-asneo pue Ajjusisuel) ainssaid poo|q asies Aew
swis|joguwig "SIS0J08U PUE BIWSBYDS] |99 Jown] 8SNeD Ued
UOI1BZIIOqUUS S,[8SSaA POO|q BU} 49ASMOY {PaIEIIUSIUOD
JOW BUIDIPaW 8y} 8)ew ued poyiaw siy} ‘Adessyiowsyo
SNOUdABJJUI OlLIB}SAS 0} pasedwo) "eaJe Jown} 8y} Ol ured
pa1osful 8q ueod sbnup Adessyjowayd pue ‘pasn aq ued 3oeq Jo swoldwAs ay} 9onpas ued Adessyjolpes
siselse}aW 8y} Jo sjessan BulA|ddns poojq jo uonezijoqua aJluy ewweb JayeT] "suoijoeal 8sIoApe aIoW JO
ay} Uenamoy ‘Aisbins uado obispun jouueo jusied  abejueapesip 8y} sey Adelsyjolipel [BJauar) Und20
8} pUE ‘SNoIAgO SI anssi} Buipuno.ns sy} 0} uolsaype Kew saunful [leusponp pue ouseb ‘sisejselowl SEEEPEIET]
ay} ‘ebue| 00} si Jowny e §| *(g) doin3 uj a|qeidadoe leualpe jo Adessyjolpel sy} u| ‘Ainful [eusponp sey pue ‘senss|} [ewJou Buipunouins o} sbewep
alow s| suofe Adelayjowayd a|Iym ‘eoLsWY JO SaeIs pue yoewojs uoljelpel apnjoul Adesayioipes  ybijs sasned ‘“Ajuwiojuod jo saibap ybiy e sey ‘aw}
pajuun 8y} ul poyiaw jueanipe Jejndod e se papiebai [euiwopge Jaddn jo suoneoldwod snousg Uiedal  uoleIpe.Ll Shonuiluod Buol e sey ‘esop onnadelsy)
s| Adesayy uoljeipes pue Adessyiowayd sepnjoul  aNssi} J08)e YOIYM ‘SI99|n pUe ‘SIS0I08U ‘Bwsps Se [eoo| yb1y e sepinoid )i ‘s|dwexs Joy ‘sebejueape
ey} jJuswiieal} uoljeulquod Y ‘Adesay} uolyeulquiod yons ‘s|qeiAaUl ||11S aJe eale }ob.e) 8y} Jo sanssi} [eJonss sey sajolped | aA130BOIpE) JO UolejuE|dw|
pue juean(pe jo adA} e Ajurew si Adessyjoway) Buipunoins 8y} Ul sUoI}OBaI SAIJOEOIPEI [2007] ay} ‘Adesayjolpel Jo swioy Jaylo o) pasedwo) Adelssyioway)
(2) se1eJ [eainns Japaq Ajpyblls aney
suol309sal [eolfins obiapun oym asoy} ‘PaAoWSI
Juswieal) Arejuswa|dwod e se pasn Ajleaibins usag jou aAeY Ssiown} asoym sjusied o}
uayo si Adeisy} [euonuaniaiul pue ‘pouad uolesado ayy pasedwo?) sawl} A1on0oal aAjeladoisod Jsise) pue
passIW aABY OYM Sjudijed paoUBAPE Jeai} O} Pasn USlOo ‘ured anljesadoisod paseaosp ‘sso| poolg sso) ‘shels
aJse Adelay} uoneipe. pue uone|qy "Apoq ayi inoybnoiyy anljesadolsod Japoys 9ABY SIOWN] JO UOI09SaU
siseiselaw oneydwA| pue sueblio palosye aidinw yium oldoosoJede| ayy obispun oym syusijed “Aisbins
sjualied Joj papuswiwodal jou s| Aiebing "papasu aq uado ofiapun oym sjuaijed o} pasedwod jey} pajou
os[e Aew Adelayiowayd ‘uoljoasal Joyy *(G) uonoasai g p|Noys }l ‘uoisaype Jown} BuLIBpISUOD O} uolippe
[eoibins auobiepun aAey Jo Awojosjeuaipe 1o} Apeal ase u] ‘pasn s| Aiebins oidoosolede| ‘wo  ueyy Jobuo|
oym sjualjed Joj sainyisgns Alessaosu se papiebas aie S| JojoWelp 8y} uaym ‘pasn s| A1ebuns uado ‘wo 9
SPI0DILI0202N|6 JO SBSOP PUE ‘X102 [BUSIPE [BUOIIOUN) (G) [ersion0au09 ||13s SI uonoasal [eo1bins aAsod uey} Jabuoj si Jejewelp sowny ay} usypp Aisbins
JO ss0| Aue 1noyum pakolisap aq ued ewAyousaied O JB)E| JUBWIIEAI} SAIFBAISSUOD B Buisooyo ‘siowny leuiwopgesuel} oidoososede| pue ‘Alebins Jequin|
[eUBJPE }SOW ‘SUOI}09SAJ [BUBIPE O} UOIIE|a) Ul ‘A0JISap Oljeiselaw JO juawiieal) 8y} 0} uoljejal u| ‘sjuaied ||| oidoososede| ‘Aiabins uado apnjoul Aiabins jo sadAl
8y} 0} anp sauow.oy Buipuodsaiiod Jo yoe| e sl aiayl  Ajleuiwsy Joy areudoidde aq jou Aew pue Buipasljg  uowni s;usned e jo azis pue adA} ayj 01 Buipioooe uo1309sal
Se ‘Alessaoau S| UOIIN}ISONS ‘SBLIOUSPE 0} UOolie[al U] JO YsU Jealb e sauJed uoloasal [ealbing pajosjes si Aisbins ayeudosdde uy :(G) Ayuond dog [eoibing
uojjeol|ddy jo adoog pue sajdwex3 sabejuenpesiq sabejuenpy swiioH

saseiseraw 10 sarderay 1, 1 o[qe],

Ann Transl Med 2021;9(11):946 | http://dx.doi.org/10.21037/atm-20-7002

© Annals of Translational Medicine. All rights reserved.



Page 4 of 12

Involvement of EMT in cancer metastasis

As a result of EMT, cells show a loss of polarity, decreased
adhesion, and enhanced migration, which are tumor
cell characteristics. EMT has various molecular factors,
phenotypic changes, and genetic changes in multi-step
transmission (12). Conversely, metastatic lesions, such as
cancer, cell proliferation, and proliferation, also require
stroma to epithelial transition (13). In cancer, malignant
epithelial cells acquire mesenchymal properties to promote
migration, invasiveness, anti-apoptotic ability, and the
production of extracellular matrix (ECM) components.
Large amounts of genetic and epigenetic variation are also
associated with type 3 EMT.

There is increasing evidence that micro ribonucleic acid
(miRNA) is a key regulator of the EMT signaling pathway
and TFs. Changes in miRINA expression affect the plan and
metastasis of EM'T. The regulation of miRNA expression
in EMT has not yet been clearly identified; however,
more and more signaling pathways and mechanisms have
been explored and elucidated. The 3 encoding TFs of
the Snail gene family (i.e., SNAIL, SNAI2, and SNAI3)
perform unique functions. Their activation downregulates
the expression of the epithelial gene and upregulates the
expression of the mesenchymal gene. Various miRNAs
regulate EMT by directly acting on the Snail family.
Additionally, many genes promote or resist EMT through
different targets and signaling pathways, affecting the
migration and invasion of non-small-cell lung carcinoma
(NSCLC) cells (14). For example, Snail is reported to
promote EMT by activating transforming growth factor-
beta (TGF-B), Smad, mitogen-activated protein kinase
(MAPK), Wnt/Bcatenin, PI3/AKT, etc.

Research progress in EMT

Gene and EMT
EMT is regulated by genes greatly and here are some of the
genes (Table 2) that matter.

miRNAs and EMT
Here we have listed some EMT-related miRNAs (Tuble 3).
The main methods by which miRNAs regulate EMT
processes target TFs and components with epithelial
or mesenchymal characteristics. Three families of TFs
primarily control EMT; that is, ZEB (ZEB1/ZEB2), the
zinc finger Snail (Snail/Slug), and the basic helix-loop-
helix (e.g., the Twist). To date, only a few studies have

© Annals of Translational Medicine. All rights reserved.
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sought to examine the role of miRNAs in adrenal metastasis
in lung cancer; however, similar research has shown that
miRNAs have a controlling role in other kinds of cancer.
Thus, we assumed that specific miRINAs would be found
in adrenal metastasis and decided to make this the focus of
our future research. The targeting of signaling pathways
affected by miRNAs could help to define appropriate
cancer treatments. Additionally, it could attenuate cancer
progression in clinical treatments by preventing oncogenic
miRNAs expression or by re-introducing miRNAs that can
inhibit tumor metastasis (36).

Signaling pathways and EMT

In gene expression, signaling pathways (Zizble 4) in molecules
function as connections and are synergistically involved in
EMT.

As the key point of invasion and metastasis, EMT
remarkably influences the development of various cancers,
including lung cancer (55). In gene expression, the hallmark
of EMT is the loss of specific markers for epithelial cell (e.g.,
E-cadherin, cytokeratin, and ZO-1), the gain of specific
markers for mesenchymal cells (e.g., N-cadherin, vimentin,
and FSP1), the rebuild of actin cytoskeletal, and the presence
of adhesion and polarity between cells. Signaling pathways
in EMT function as inhibitors of epithelial cell markers and
promotors of mesenchymal cell markers. Usually, many
signaling pathways work together to induce EM'T.

To suppress the EM'T process, signaling pathways must
be blocked to bring about inhibition and reverse the EMT
process. Sotetsuflavone can reverse EMT by blocking PI3K/
AKT and TNF-o/NF-«B pathways, thus inhibiting the
migration and invasion of NSCLC cells (43). Glaucocalyxin
A can inhibit EMT by blocking the TGF-B1/Smad2/3
signaling pathway, holding back the metastasis of cancer (56).

Cancer targeted therapy of EMT

We found numerous examples of and projects examining
the targeted therapy of various kinds of cancer, many of
which could be applied to targeted symptoms (7zble 5).
However, the mechanism of epigenetic therapy is still not
thoroughly understood, and its use should be carefully
evaluated. Additionally, EM'T mechanisms broaden cancer
therapies.

Prospects and challenges of EMT-targeted treatment

EMT is closely related to all aspects of tumor metastasis.

Ann Transl Med 2021;9(11):946 | http://dx.doi.org/10.21037/atm-20-7002
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Table 2 Gene and EMT
Year Name Outcomes References
2001 Twist The Twist gene codes a factor that may be involved in regulating the transcription of fibroblast growth (15)
factor receptor 2 (FGFR2), while mutations of the FGFR gene family affect EMT
2000 Snail In embryonic development, the Snail family of TFs participates in how epithelial cells change into (16)
mesenchymal cells
2003 Zinc finger ZEB1 and ZEB2 can cooperate with the C-terminal-binding protein co-repressor complex to inhibit (17,18)
E-box binding the E-cadherin promoter’s transcription
protein (ZEB)
1994 c-Ets1 The c-Ets1 proto-oncogene encodes a protein that is a TF that binds to DNA specifically. It is (19,20)
involved in the processes of invasion in both tissues and cells
The transcription of genes may be activated by c-Ets 1, including collagenase 1
2008, Extracellular A high ECM1 level is detected in breast cancer. The genetic expression, which enhances EMT (21-23)
2015 matrix protein  progression and cell CSC phenotype maintenance, is altered by the forced expression of B-catenin.
1 (ECM1) ECM1 plays an important role in tumor metastasis through B-catenin stabilization. ECM1 also
controls the expression of a gene that participates in EMT progression
ECM1 is a possible trigger for vessel formation. This hypothesis is supported by the mutual effect
of ECM1 with perlecan, matrix metallopeptidase 9, and fibulin-1C/D. Notably, ECM1 expression is
observably elevated in many epithelial tumors, which cause metastases
Laryngeal carcinoma’s growth, metastasis, and angiogenesis are highly associated with ECM1
2003 Claudin-7 CLDN-7 expression silencing is associated with hyper promoter methylation in breast cancer (24)
(CLDN?7)
1995 CDHA1 Strong invasiveness and the poor prognosis of cancer are always related to the downregulation of (25)
E-cadherin expression
2001, Tenascin-C TN-C, which is an indispensable part of the ECM mediates cell-cell adhesion in zonula adherens and (26-28)
2004, (TN-C) desmosomal junctions. TN-C expression may be especially high at sites of EMT
2005
The expression of TN-CH is enhanced by hyperactive ERK/MAPK signaling, while TGFB1 includes its
secretion. Together, these 2 signals affect the TN-C matrix deposition
1997 VIM The increase of VIM expression is supported by the EMT progress in invasive embryonic epithelia (29)
2014 TGIF2 The stimulation of EMT contributes to the nuclear translocation of pyruvate kinase M2 (PKM2), which (30)

is usually expressed in tumor cells in colon cancer cells. It is reported to be a key promoter of EMT

EMT, epithelial-mesenchymal transition.

As stated above, the design of a targeted intervention
strategy for the key regulatory mechanism of EMT has
recently become a popular area of research. One strategy
to do this would be to block or reverse EMT, restoring
epithelial cell features directly. However, research has
shown that after the intervention of EMT, the same-
time mesenchymal characteristics of cells in acquiring
epithelial characteristics were often not fully reversed, and
the reversal of EM'T may promote the formation of large
metastases (66). Under another strategy, the mesenchymal
phenotype of metastatic tumor cells could be retained by a
MET inhibitor to control metastasis progression (67). This
strategy is promising, as it could convert invasive cancer

© Annals of Translational Medicine. All rights reserved.

cells into other types of cells to inhibit cancer metastasis (68).
The potential value of EMT-targeted treatment for
metastasis in cancer should be noted.

However, there are still many difficulties in this field.
Extensive research needs to be conducted to identify the
EMT mechanism. As the EMT mechanism is extremely
complex, there is no reliable way to predict which key TF
works in different tumors. Further, it is still unclear how
TFs interact with each other in different tumor types to
mediate EMT in tumor cells. Further, various intracellular
and extracellular signaling pathways work together on
tumor cells and activate the EMT process. However, it is
still unknown how intracellular and extracellular signaling

Ann Transl Med 2021;9(11):946 | http://dx.doi.org/10.21037/atm-20-7002
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Table 3 miRNAs and EMT

Targets Name Outcomes References
ZEB miR-205 and The downregulation of miR-205 and miR-200 can initiate EMT. MiR-205 and miR-200 can target ZEB1 (81)
miR-200 and SIP1 mRNAs, thus suppressing EMT
Snail  miR-29b MiR-29b is an inhibitor of metastasis in prostate cancer cells. Research has shown that the (32)
overexpression of miR-29b can prevent metastasis, and a putative miR-29b target site in the Snail 3'UTR
has also been found.
Snail  miR-30 MiR-30 was found to be downregulated, and Snail 1 was found to be upregulated during the EMT of (33)
TGF-B1 AML12 murine hepatocytes induced by TGF-B. With the help of bioinformatics tools, the conserved
binding site of miR-30 in Snail 1 was revealed. MiR-30 regulates EMT by directly targeting the binding
sites
CDH1 miR-9 Research has shown that miR-9, which targets CDH1 straight, the E-cadherin-encoding messenger (34)
RNA (mRNA), is overexpressed in breast cancer cells. MiR-9 was identified as a pro-metastatic miRNA
that can downregulate E-cadherin expression, improving the motility and invasiveness of cancer cells
and activating B-catenin signaling, which is related to the promotion of the expression of VEGFA, thus
inducing tumor-associated angiogenesis. The MYC and MYCN oncoproteins, which target the mir-9-3
locus, can activate the expression of miR-9 in tumor cells
ZEB2 miR-138 MiR-138 has frequently been observed to be involved in a downregulation in head and neck squamous (35)
VIM cell carcinoma. MiR-138 controls EMT via 3 different pathways: (I) by directly acting on VIM mRNA and
regulating VIM expression at a post-transcriptional level; (Il) by acting on transcriptional repressors (e.g.,
EZH2 ZEB?2); and (lll) by acting on the epigenetic regulator EZH2

EMT, epithelial-mesenchymal transition.

pathways regulate the EMT process in tumor cells.

It is also difficult to explore EMT-targeted treatment
for a specific disease. EMT is known to be important in
tumor cell metastasis; however, tumor metastasis is a multi-
stage process in which EMT may play a different role.
For example, due to the heterogeneity inherent in tumors,
therapy for adrenal metastasis in lung cancer may differ.
In clinical practice, we found that immunotherapy had
a good therapeutic effect on all parts of patients’ bodies,
except for the adrenal gland. The adrenal gland may have
immune privilege, which adds to the difficulty of exploring
EMT-targeted treatments for adrenal metastasis. Thus, it
is necessary to explore the EMT mechanism by focusing
on one specific disease, such as adrenal metastasis in lung
cancer.

Methods

This paper sought to elucidate the role and therapeutic
significance of EMT in metastatic tumors. Thus, we
approached the article from two aspects. After gaining a
specific understanding of the mechanism, we conducted in-
depth research on the method and application of metastatic
tumors and EMT. We then conducted further research

© Annals of Translational Medicine. All rights reserved.

on the related treatment of metastatic cancer by EMT in
recent years.

First, “cumor metastasis” was used as the keyword to find
relevant review articles to understand the familiar research
methods and the difficulties of metastatic cancer. Also,
secondary keywords (such as “detection” and “mechanism”)
were added to gain a specific understanding of metastatic
tumors. Then, starting from EMT, we searched for relevant
literature to understand its mechanism, research methods,
and relevant clinical applications. We then cross-checked
the literature using “EMT” and “metastatic tumors” as
bidirectional keywords. In our search, we found many
current therapies for various types of cancer metastasis
that are related to EMT. We found the basic research
context and utilization means of EMT in tumor therapy
by undertaking a year-by-year summary. According to the
types of cancers, the differences among different cancers
were analyzed, as were the different EMT therapy effects.
Most of the relevant pieces of literature examined in this
paper were retrieved from the Web of Science and China
National Knowledge Internet. The above logic is the
mainline supplemented by searching and summarizing, the
paper-related extension as a supplement to complete the

review’s writing.
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Table 4 Signaling pathways and EMT
Year Name Outcomes References
2003 TGF-p If a tumor has just developed, TGF-f serves as a tumor-suppressing factor by blocking the (37-39)
2017 tumor progression. If a tumor is in its later stages, TGF-B serves as a tumor-promoting factor
by stimulating tumor cells to experience EMT. It also induces metastasis in tissues, promotes
2019 angiogenesis to accelerate cancer development, and escapes the inhibitory effect of the
immune system
2018 Galactose-alpha-1 Gal-1 enhances EMT and stimulates the migration and invasion of cancer cells via the (40,41)
2019 (Gal-1)/MAPK JNK/  activation of the MAPK JNK/p38 signaling pathway. EMT is enhanced when p38 MAPK is
p38 overexpressed. Conversely, EMT is inhibited when p38 MAPK is downregulated
2016  IL-6/JAK2/STAT3 IL-6 is a local pleiotropic cytokine. lts expression leads to decreased E-cadherin expression, (42)
which activates the JAK/STAT signaling pathway
2017  TNF-o/NF-kB/Snail  TNF-a, a major inflammatory factor, mediates EMT by activating the NF-B pathway and (38,43)
2018 inducing its expression. Thus, it links cancer cells to their microenvironments. The inhibition
of the TNF-a/NF-kB signaling pathway may be related to the regulation of HIF-10 expression,
which contributes to the reversal of the EMT process
2018  PIBK/AKT/mTOR An activated PIBK/AKT/mTOR signaling pathway can trigger EMT by inhibiting the transcrip- (43,44)
tional regulation of the ribosomal nucleoprotein E1 (hnrnpe1). The inhibition of the PISK/AKT
signaling pathway may be a regulator of HIF-1a expression, contributing to the reversal of the
EMT process
2019  NF-xB/Twist1 IxBa and p65 phosphorylation are inhibited, and the expression of NF-xB p65 and Twist 1 is (45)
downregulated. There is a decrease in the epithelial marker of EMT during this process, which
shows its correlation with EMT
2006 CXCL8/FAK CXCL, which is overexpressed in malignant tumors, is reported to stimulate the FAL signaling (46)
pathway. It has been found to promote the proliferation, migration, and EMT process
2005  WNT /B-catenin A loss of E-cadherin greatly contributes to the EMT process and is remarkably influenced by (47-49)
2015 the WNT/B-catenin signaling pathway. WNT plays a role in keeping B-catenin accumulating in
the cytoplasm, interacting with T cell factor (TCF/LEF), and activating the EMT-promoting TFs
(e.g., c-myc)
2004 Notch Working with other pathways, Notch causes cell transformation and induces the EMT process.  (50-52)
2010 Morphological, phenotypic, and functional changes (e.g., downregulated endothelial markers
and overexpressed mesenchymal markers), which are brought about by Notch activation, help
2019 the EMT process
2017  ALK-related Together with Akt, the ALK-related signaling pathway, NF-«xB, Twist1, and bcl2, may be (53)
involved in inducing the EMT process. ALK upregulates Twist1 through NF-kB/p65, which
enhances EMT
2013  Hypoxi a-related In response to the hypoxic problem raised by cancer cell proliferation and angiogenesis, (54)
cancer cells regulate themselves through a hypoxia-related signal pathway, where the
hypoxia-inducible factor (HIF), which is a TF, is reported to affect EMT. Low oxygen contributes
to the downregulation of PLC-B2, facilitating the transformation of epithelial cells to migratory
mesenchymal cells
2018 ILK/zZ As a focal adhesion kinase, ILK is reported to play a role in EMT. The expression of ILK and 43)
EB1 ZEBA1 is correlated with EMT markers, which indicates that they are related to phyllodes tumors
with a malignant phenotype
2011 RSK2/Slug RSK2 can directly phosphorylate TFs, such as FRA1 and c-FOS, which promote the (46)

transcription and expression of EMT-related genes. During this process, Slug, which is a kind
of protein related to EMT, is affected by RSK2

© Annals of Translational Medicine. All rights reserved.
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Table 5 Cancer targeted therapy of EMT

Year Name Outcomes References
2010 Let-7and  Let-7 and miR-34 help to target the broad spectrum of solid tumors. In human NSCLC xenograft and (57-59)
miR-34 KRAS-G12D transgenic mouse models, the therapeutic application of let-7 (whether in the form of a
2018 replacement mimic of let-7 or the virus) can lead to the intense inhibition of tumor growth. This replacement therapy is
therapy intended to restore the function of tumor suppressor miRNA, let-7 and miR-34, with the help of synthetic
miRNA mimics or miRNA expression plasmids
2010 MIR-10b The silencing of miR-10b in mice with highly metastatic cells does not prevent primary mammary tumor (60)
inhibitor growth but greatly reduces lung metastasis in a sequence-specific manner. Induced by Twist,
miR-10b suppresses the translation of the mRNA that encodes the homeobox D10 (HOXD10) protein
and promotes the expression of RHOC, a gene characterized by pro-metastasis. Alternatively, induced
by BRMS1, a negative regulator of Twist expression, the expressions of miR-10b and RHOC are
suppressed, and the expression of HOXD10 is promoted
2010 DNMT DNA methyltransferases (DNMTs) can catalyze aberrant DNA methylation at the 5-position of cytosine (61,62)
inhibitor and thus assume an important role in silencing tumor-suppressing genes. DNMT inhibitors can indirectly
2018 make tumor-suppressing genes work. For example, the DNMT inhibitor 5-nitrocytidyl can restore the
expression of specific mir-200 in epithelial cells, which makes cancer stem cells more sensitive to
traditional differentiation-induced therapies
2004 Cytidine The treatment of breast cancer cells with mda-mb-435s by 5-cytidine can restore E-cadherin expression (63)
5 - nitrogen and suppress tumor growth and metastasis
2020 Histone HDAC inhibitors have been shown to have a significant effect on the treatment of some tumors. They (64)
deacetylase can target inflammatory processes by immune-modulatory compounds and greatly improve the
(HDAC) efficiency of cell reprogramming. For example, the HDAC inhibitor butyrate can induce the stagnation
inhibitor of the tumor cell cycle and improve the cell-cell adhesion via the activation of G9a, Parnate (LSD1), and
LiCl (GSK3), and the reduction of genomic methylation
2004 mTORC Research has shown that activity-elevated mTORC1 and mTORC2 has a role in controlling EMT and the (65)
inhibitor metastasis of CRC. Additionally, the mutual regulation of mTORC1, which inhibits the expression of both

mTORC1/mTORC2, can abolish their ability to impede both cell proliferation and migration throughout
aberrant metabolic pathways. Further, “Rapalink,” a third-generation inhibitor of mTOR, can be

combined with an ATP-binding inhibitor and abolish the ability of mTORC1

EMT, epithelial-mesenchymal transition.

Discussion

In this paper, we reorganized the literature about molecules
linked to EMT in cancer metastasis. The studies examined
in this review used cell experiments, animal experiments,
biological information analysis technologies, and other
reliable methods to explore cancer metastasis’s molecular
mechanisms, which are based on related genes, miRNAs,
proteins, and pathways. However, it should be noted that
current treatments are still in their infancy, and an EMT-
targeted treatment is still an ideal concept. Most of the
research studies identified in this paper were limited
to a single view and ignored any connection to genes,
miRNAs, proteins, and biological function. However, a
clear connection between microcosmic and macroscopic
functions could be revealed to map the molecular changes
to the corresponding changes in clinical symptoms. Further,

© Annals of Translational Medicine. All rights reserved.

the relationship among related genes should be explored to
determine the holistic generality among them.

Despite its many challenges and difficulties, such as
regulating EMT"'s multifactorial process, EMT-targeted
treatment is a promising treatment for metastasis in cancer.
Future research could eliminate these limitations and build
a bridge between microcosmic and macroscopic functions,
enabling metastasizing cancers to be more accurately
detected and treated. With bioinformatic evidence, the
study of the prognosis of cancer metastasis may be realized.

Conclusions

As we described in this paper, EMT appears to promote the
malignancy and metastasis of epithelial tumors, including
lung cancer. Many studies have shown that inhibiting EMT
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suppresses cancer metastasis, which appears to prove the
correlation between EMT and cancer metastasis. Two
promising strategies to prevent cancer metastasis have been
put forward to block or reverse EMT in metastasizing
cancers. Thus, EMT-targeted treatment is a novel and
promising therapy in the treatment of cancer. However,
there are still many difficulties in this field, including those
related to its complexity and diversity. We are convinced
that future research will clearly identify the mechanism
of EMT in cancer metastasis and improve the EMT-
targeted treatments that can be used to intervene in cancer
metastasis.
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