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Role of miR-200 family in brain metastases: A systematic review
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Abstract. Brain metastasis (BM) represents the single most
severe neurological complication of systemic cancer. The
prognosis of patients with BM is poor, irrespective of the imple-
mented treatment. The present study performed a systematic
review of the literature using three online databases (PubMed,
Scopus and Web of Science). Recently, a number of small RNA
molecules, the microRNAs (miRNAs/miRs), have attracted
increasing scientific attention. Members of the miR-200
family, which includes five miRNAs (miR-141, miR-200a,
miR-200b, miR-200c and miR-429) appear to play pivotal
roles in cancer initiation and metastasis. Indeed, a systematic
review of the pertinent literature revealed that miR-200 family
members regulate the brain metastatic cascade, particularly by
modulating epithelial-to-mesenchymal transition. That holds
true for the major representatives of BM, including lung and
breast cancer, as well as for other less frequent secondary
lesions originating from melanoma and the gastrointestinal
tract. Therefore, the miRNAs may serve as potential diagnostic
and/or prognostic markers, and under specific circumstances,
as invaluable therapeutic targets. However, the available
clinical evidence is relatively limited. A number of studies
have suggested that the miR-200 family members are accurate
prognostic markers of survival and resistance to chemotherapy
in patients with breast cancer. Similarly, they may prove helpful
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in differentiating a metastatic lesion from a malignant glioma,
or a hemangioblastoma from a renal cell carcinoma in patients
with von Hippel Lindau syndrome, based on a cerebrospinal
fluid sample. However, currently, there is no known therapeutic
role for miR-200 family members in the setting of BM.

Introduction

Brain metastasis (BM) represents the single most severe
neurological complication of systemic cancer. In addition,
BM constitutes a major source of morbidity and mortality,
accounting for as much as 60% of intraparenchymal brain
tumors (1,2). The brain parenchyma may harbor secondary
neoplasms from each malignant tumor (2,3). However,
metastases from lung and breast cancers, and melanoma
predominate in adults (4-6). Almost 50% of lung tumors, 25%
of breast neoplasms and 20% of melanomas have seeded the
brain by the time of diagnosis (4-6). Regardless of treatment,
the prognosis of patients with BM is poor (4-7). Therefore,
scientific interest has focused on the underlying molecular
pathways and the genetic signatures in order to identify novel
drugs which may lead to improved outcomes (4-6).

Recently, a number of small RNA molecules, known as
microRNAs (miRNAs/miRs) have attracted increasing scien-
tific attention. miRNAs are natural, small, non-coding RNA
gene products, ~22 nucleotides in length, with a characteristic
hairpin structure (8). They apppear to regulate a number of
target genes involved in the control of development, prolifera-
tion, apoptosis and stress response by repressing the translation
or regulating the degradation of messenger transcripts through
complementary binding (9-12).

Additional evidence indicates that genes coding for
miRNAs play a crucial role in almost every step of carcino-
genesis, including cell proliferation, angiogenesis, migration,
colonization, metastasis and immunosuppression, functioning
either as oncogenes or tumor suppressors (13-18). The miR-200
family, which includes five miRNAs (miR-141, miR-200a,
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miR-200b, miR-200c and miR-429), is among the most exten-
sively studied miRNAs (18-22). Its members appear to play
pivotal roles in cancer initiation and metastasis (19-23).

To the best of our knowledge, the role of the miR-200
family in BM has not been adequately described and summa-
rized. The present systematic review focuses on the role of
miR-200 family members in the pathogenetic cascade of BM.
In addition, their implications in cancer subtype classification,
as diagnostic or prognostic markers, drug-response predictors,
and as potential therapeutic targets in BM are discussed.

Data and methods

Two authors (AGB and GF) performed a systematic review of
the literature, using three online databases (PubMed, Scopus
and Web of Science). The search included the terms ‘brain
metastasis’ OR ‘cerebral metastasis’ AND ‘miR-200 family’
OR ‘miR-200a’ OR ‘miR-200b’ OR ‘miR-200¢’ OR ‘miR-141’
OR ‘miR-249’ AND ‘colorectal cancer’ OR ‘lung cancer’ OR
‘breast cancer’ OR ‘melanoma’ OR ‘gastric cancer’ OR ‘renal
cancer’ OR ‘ovarian cancer’. Additional studies were discov-
ered in the reference lists of the collected studies.

The inclusion criteria were the following: i) The study
examined the role of the miR-200 family or any of its
members; ii) one of the study outcomes was related to cerebral
metastasis; iii) the study involved adult human subjects, animal
models or cells in culture, iv) the study provided sufficient
data relevant to the context of the present systematic review;
and v) the study was written in the English language. On the
contrary, studies were excluded if they were not written in the
English language, were irrelevant to the miR-200 family or
to BM, involved subjects that did not provide data relevant to
the present study. Additionally, review studies, editorials and
underpowered studies were excluded (less than five cases).

Two authors (AGB and GF) extracted variable data from
each eligible study, including the name of the first author and
year of publication, the hosting country, the miRNA(s) under
study, the primary site of BM, the type of tissue sample, and
other information pertinent to the present systematic review
(Table I).

In anticipation of the limited amount of quantitative data,
the evidence obtained was summarized into a narrative review.
The evidence was stratified according to the site of the primary
cancer and was supervised by the senior author (NT). The
screening strategy for the selection of the articles is presented
in Fig. 1.

Results

Lung cancer. miR-200 family members are involved in at least
four steps of lung cancer-associated BM (LCBM) development.
Under normal conditions, miR-200b functions as an angiogen-
esis inhibitor by targeting VEGF and its receptors, FMS-like
tyrosine kinase and kinase insert domain receptor (18,24).
Similarly, miR-200c downregulates hypoxia-inducible
factor-la, a key regulator of hypoxia-related angiogenesis
and LCBM migration (25). In addition, the miR-200 family,
along with miR-205, regulates epithelial-to-mesenchymal
transition (EMT) by targeting zinc finger E-box-binding
homeobox (ZEB)I and Smad interacting protein-1 (26). In

conjunction with ZEBI, this largely accounts for the observed
intratumoral immunosuppression, required for BM survival
and immune escape (27). Finally, the induced expression of
miR-200 appears to suppress the processes of invasion and
metastasis (28).

Breast cancer. There is strong evidence to indicate that there is
an inverse association between the transforming growth factor
(TGF)-1-induced EMT and all five members of the miR-200
family, by targeting the E-cadherin repressors, ZEB1 and
ZEB2 (26,29). Additional evidence indicates that the miR-200
family members downregulate endothelial interleukin-8 and
chemokine (C-X-C motif) ligand-1 (CXCL1) and thus inhibit
angiogenesis (30). The differential expression of the majority
of members of the miR-200 family in primary and metastatic
tissue indicates that they are actively involved in the metastatic
process (31). In particular, the knockdown of miR-141 has been
shown to inhibit metastatic colonization to the brain, whereas
high miR-141 serum levels have been shown to be associated
with a shorter BM-free survival (32). In addition, miR-200
family members, together with miR-29, are involved in the
progression of breast cancer-associated BM (BCBM) by the
direct downregulation of a disintegrin and metalloproteinase
domain-containing protein-12, which has prognostic and
chemopredictive values in the management of BCBM (33).
Indeed, Shao et al (34) demonstrated that plasma miR-200a
could accurately predict the resistance to chemotherapy in
patients with metastatic breast cancer. Furthermore, it has
been found that miR-200c targets the apoptosis inhibitor,
Fas-associated phosphatase 1, and ultimately sensitizes cells
to CD95-mediated apoptosis (35).

Melanoma. The differential expression of the miR-200 family
members was noted in melanoma-associated BM (MBM). To
begin with, miR-200 levels was found to be higher in mela-
noma cells than in normal melanocytes (36). At the same time,
miR-200 was found to be expressed at higher levels in lung
metastases and at lower levels in BM when compared to the
primary lesion (37). Additional differences were noted between
the actions of different miR-200 family members. miR-200a
and miR-200c promoted cell migration and invasion through
the mesenchymal and amoedic modes, respectively (38). The
effect of miR-200a occurred by the reduction of actomyosin
contractility, whereas the effect of miR-200c was realized by
the reduction of myristoylated alanine-rich C-kinase substrate
expression, resulting in the formation of cell protrusions (39).
In addition, MBM is largely driven by oncogenic KRAS acti-
vation, which actively promotes cell survival and EMT (39).
As a matter of fact, KRAS activation suppresses the expression
of the miR-200 family by activating a number of transcrip-
tion factors, including ZEB1, SP1 and JUN (39). In turn, the
effect of KRAS activation could be surpassed by the forced
expression of miR-200 (39).

Gastrointestinal tract cancer. In gastric cancer, miR-141
appears to interact with the long intergenic non-protein coding
RNA 242 (LINC00242) and forkhead box C-1 to enhance
cancer progression (40), whereas in colorectal cancer, the
members of the miR-200 family regulate EMT through recip-
rocal control of ZEB1, ZEB2 and TGFB (41).
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Figure 1. Screening strategy for the selection of the articles included in the present systematic review.

The roles of miR-200 family members in BM from lung
cancer, breast cancer, melanoma and gastrointestinal cancer
are illustrated in Fig. 2.

Discussion

The invasion-metastasis cascade is a sequential and selec-
tive process involving multiple steps. Among these are EMT,
the invasion of the basement membrane, the intravasation of
escapers, the protection of tumor cell emboli from physical
stress and the host's immune response, the extravasation of
survivors at distant loci, penetration through the blood-brain
barrier, and metastasis ‘seeding-and-soiling’ (22,42). The
present systematic review demonstrated that the miR-200
family members hold crucial regulatory positions in almost
every step of BM as regards the most common primary cancers.

The findings of the present systematic review are in agree-
ment with the pertinent literature. Huang et al (20) conducted
a meta-analysis on the role of miR-200 family members in
cancer patient survival. They revealed that there was a strong
association between the miR-200 family member blood
and tissue levels and the overall prognosis (20). In another
review, Balachandran et al (43) examined the role of the most
critical miRs in primary and metastatic brain malignancies,
and analyzed the roles of the 10 most crucial miRs. Even
though the miR-200 family members were not included in
the list of top 10 miRs, they admitted that they could play
a significant role, both in primary and metastatic brain
lesions (43). Similarly, the miR-200 family members were
included among potential diagnostic and therapeutic targets
in the management of lung and breast cancer BM (42,44). It
is worth mentioning that miR-141 and miR-429 have been
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Lung cancer Breast cancer

\

=) miR-200 R

famlly miR-200 family members
miR-200b inhibits angiogenesis downregulate endothelial IL-8 and
by targeting VEGF and its CXCL1 and thus inhibit angiogenesis.
receptors, Fit1 and KDR. Knockdown of miR-141
miR-200c downregulates HIF-1a inhibits metastatic colonization
and suppresses LCBM migration. to the brain, whereas high
The miR-200 family, along with miR-141 serum levels are associated with
miR-205, regulates EMT by shorter brain metastasis—free survival.

targeting ZEB and SIP1.

miR-200 family members,

miR-200 suppresses the Brain metastasis together with miR-29 downregulate

ADAM12,

Y N

processes of invasion and

metastasis miR-200c targets the apoptosis

inhibitor FAP-1 and ultimately

sensitizes cells to CD95-mediated

apoptosis.

Gastrointestinal cancer
miR-200 ol ¢
famﬂy ; .

In gastric cancer, miR-141 seems to

Melanoma

miR-200a and miR-200c¢ promote cell migration and
invasion through the mesenchymal and amoedic modes,

respectively. interact with the long intergenic non-

protein coding ANA 242 (LINC00242)
and FOXC1.

The effect of miR-200a occurrs by the reduction of
actomyosin contractility, whereas the effect of miR-200c is
realized by the reduction of MARCKS expression, resulting

In colorectal cancer miR-200 family

in the formation of cell protrusions. regulate EMT through reciprocal

Oncogenic KRAS activation suppresses the expression of control of ZEB1, ZEB2, and TGFB.

the miR-200 family by activating a number of transcription
factors, including ZEB1, SP1, and JUN.
The effect of KRAS activation could be surpassed by the

forced expression of miR-200.

Figure 2. Roles of miR-200 family members in brain metastases from lung cancer, breast cancer, melanoma and gastrointestinal cancer. Parts of the figure
were drawn using images from Servier Medical Art. Servier Medical Art by Servier is licensed under a Creative Commons Attribution 3.0 Unported License
(https://creativecommons.org/licenses/by/3.0/). VEGF, endothelial growth factor; KDR, kinase insert domain receptor; Flt1, FMS-like tyrosine kinase; HIF-1a,
hypoxia-inducible factor-lo; EMT, epithelial-to-mesenchymal transition; ZEBI, zinc finger E-box-binding homeobox-1; ZEB2, zinc finger E-box-binding
homeobox-2; SIP1, smad interacting protein-1; IL-8, interleukin-8; CXCL1, chemokine (C-X-C motif) ligand-1; ADAMI12, a disintegrin and metalloproteinase
domain-containing protein-12; FAP-1, Fas-associated phosphatase 1; MARCKS, myristoylated alanine-rich C-kinase substrate; SP-1, specificity protein 1;
KRAS, Kirsten rat sarcoma virus; FOXCI1, forkhead box C-1; TGFB, transforming growth factor-B.
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found to be associated with malignant glioma development
and progression (45).

Given the pivotal role of miR-200 family members in
the development of cancer metastasis, it is evident that they
may play a critical role in the management of patients with
BM. They could act as potential cancer subtype classifiers,
diagnostic and drug-response indicators, prognostic markers
and therapeutic targets. However, despite the abundance of
research in the experimental field, the miR-200 family has
not been thoroughly studied in the clinical setting. Currently,
there are two ongoing registered trials focusing on the
utilization of miR-200 as a potential marker, at least to the
best of our knowledge. The clinical trial with registration
no. NCT02581098 is investigating the role of miR-200b as
a potential barrier to wound healing in diabetic patients,
whereas the trial with registration no. NCT03457935 inves-
tigates the role of miR in the early detection of pulmonary
fibrosis.

To date, the miR-200 family members have been
considered mostly for diagnostic or prognostic purposes in
relation to metastatic brain cancer. Teplyuk ef al (46) recog-
nized that they could differentiate a BM from a malignant
glioblastoma based on the cerebrospinal levels of miR-200
family members. Debeb et al (32) examined the association
of serum miR-141 levels in 105 patients with breast cancer
and reported that high levels were an independent predictor
of metastasis-free, progression-free and overall survival. It
has been proposed that miR-141 may be used as a biomarker
and therapeutic target in the treatment of BCBM (32). In
another study, Shao er al (34) reported that the sensitivity
and specificity of miR-200a in predicting chemotherapeutic
resistance in the brain cancer metastases of patients were
as high as 94 and 77%, respectively, and therefore could be
used as a treatment response predictor. Venneti er al (47)
suggested that miR-200a could distinguish hemangioblas-
tomas from metastatic clear cell renal carcinomas in the
central nervous system, particularly in patients with von
Hippel-Lindau syndrome. Minn et al (48) demonstrated
that the expression of miR-200 family members in patients
with gastric adenocarcinoma was an independent predictor
of BM (48). There is additional evidence to suggest that
members of the miR-200 family may be used in a battery
of tests to assess outcome prognosis, including metastatic
potential (49,50).

The role of miR-200 family members as therapeutic
targets has not been extensively studied. Fu et al (51) reported
that NPV-LDE-225 (Erismodegib) inhibited the EMT and
self-renewal of glioblastoma-initiating cells, offering a
potential therapeutic alternative. The effect was mediated
by upregulating E-cadherin and inhibiting N-cadherin,
Snail, Slug and Zebl levels through the modulation of the
levels of miR-200 family members (51). However, neither
the use of Erismodegib in the setting of BM nor its safety
in clinical practice have been elucidated or documented to
date, at least to the best of our knowledge.

The present systematic review is characterized by some
limitations which should be mentioned. One of the limita-
tions of the present systematic review was that it was based
on experimental animal models using tumor cells growing
in cultures. These models may not have the same metastatic

potential and properties as in real-life circumstances.
Therefore, their results cannot be safely extrapolated into
clinical practice. Another limitation of the present systematic
review is that it is based on quantitative data. Unfortunately,
the gathered evidence is characterized by significant hetero-
geneity in the adopted methodology and reported outcomes,
which prohibits further quantitative analysis. Furthermore,
the gathered evidence was characterized by a limited
number of clinical studies on the potential role of miR-200
family members in BM diagnosis and management.

In conclusion, members of the miR-200 family play
a crucial role in the development of BM. This evidence
is derived from heterogeneous experimental research
studies. On the other hand, miR-200 family members
may play a significant role in the diagnosis, treatment
and prognosis assessment of BM. However, there is a
significant paucity of clinical studies in the pertinent
literature. Therefore, further high-quality clinical studies
are required before establishing the clinical role of these
regulatory molecules.
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