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Among the gynecological malignancies, ovarian cancer is the most fatal due to its
high mortality rate. Most of the identified cases are epithelial ovarian cancer (EOC)
with five distinct subtypes: high-grade serous carcinoma, low-grade serous carcinoma,
mucinous carcinoma, endometrioid carcinoma, and clear-cell carcinoma. Lack of an
early diagnostic approach, high incidence of tumor relapse and the heterogenous
characteristics between each EOC subtypes contribute to the difficulties in developing
precise intervention and therapy for the patients. MicroRNAs (miRNAs) are singlestranded RNAs that have been shown to function as tumor suppressors or oncomiRs.
The miR-200 family, especially miR-200c, has been shown to be implicated in the
metastasis and invasion of ovarian carcinoma due to its functional regulation of epithelialto-mesenchymal transition (EMT). This mini review is aimed to summarize the recent
findings of the miR-200c functional role as well as its validated targets in the metastasis
cascade of ovarian cancer, with a focus on EMT regulation. The potential of this miRNA
in early diagnosis and its dual expression status are also discussed.
Keywords: miR-200c, ovarian cancer, metastasis, regulation, EMT

INTRODUCTION
Ovarian cancer has the highest prevalence among the gynecological cancers worldwide with more
than 238, 700 newly diagnosed cases and 151, 900 reported deaths per year (Ferlay et al., 2015;
Siegel et al., 2016). Among the ovarian malignancies, 90% of the cases are epithelial ovarian cancer
(EOC) with five identified subtypes namely, high-grade serous carcinoma (70%), low-grade serous
carcinoma (<5%), mucinous carcinoma (3%), endometrioid carcinoma (10%), and clear-cell
carcinoma (10%) (Prat, 2012b). The majority of these EOC categories are heterogeneous in nature,
with distinct epidemiological and genetic factors, molecular profiles and behavioral responses
toward chemotherapy and other treatments (Prat, 2012a; Groen et al., 2015), contributing to the
difficulties in designing effective therapeutic strategies. Also, the lack of an early screening strategy
(Buys et al., 2011) and the rather high rate of tumor relapse (Mei et al., 2013) increase the mortality
rates in ovarian cancer patients. Therefore, it is necessary to develop more precise and effective
treatment strategies in order to improve the survival rates for women diagnosed with this cancer.
MicroRNAs (miRNAs) have been recognized as a class of molecular regulators and potential
therapeutic agents in cancers. miRNAs are short single-stranded non-coding RNAs (∼21
nucleotides in length) which are able to negatively regulate gene expression by binding to
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miR-200’s regulatory role depends on the stage and histology
profile of the ovarian cancer. Recent publications on the functions
of miR-200 in ovarian cancer revealed that members of miR200 family mainly act as metastases inhibitors (Iorio et al.,
2007; Hu et al., 2009; Díaz-López et al., 2014; Kinose et al.,
2014; Humphries and Yang, 2015; Muralidhar and Barbolina,
2015; Pal et al., 2015), however, there is still no differentiation
of the roles of the individual members of the miR-200 family
and how each of them regulate cancer progression especially in
terms of ovarian cancer pathogenesis. Moreover, within the miR200 family, miR-200c has also been shown to be a marker for
epithelial-mesenchymal transition (EMT), which is the important
step of cancer metastasis (Iorio et al., 2007; Hu et al., 2009; DíazLópez et al., 2014; Kinose et al., 2014; Humphries and Yang,
2015; Muralidhar and Barbolina, 2015; Pal et al., 2015). Therefore,
this mini review will summarize the current knowledge on
the downstream targets of miR-200 in ovarian cancer with an
emphasis on the functional role of miR-200c in the metastasis
cascade and discuss the prospective value and issues in early
screening strategy for ovarian cancer.

complementary sites in the target messenger RNA (mRNA) at
the 30 untranslated regions (Fabian et al., 2010). Biosynthesis
of miRNAs starts with the transcription of miRNAs in the
nuclei (Lee et al., 2002; reviewed, Beezhold et al., 2010) and
followed by the cleavage of miRNAs by Drosha complex into
a distinctive stem-loop structure (Lee et al., 2003; reviewed,
Beezhold et al., 2010). These miRNAs are exported to the
cytoplasm, in which RNAse III enzyme, Dicer, cuts the miRNAs
into single-stranded miRNAs (Ketting et al., 2001; reviewed,
Beezhold et al., 2010). One strand of the miRNAs is integrated
into Argonaute 2 protein complex to produce the RNA-induced
silencing complex. A perfect complementary binding between
miRNA and its mRNA target will lead to mRNA degradation,
while ‘incomplete matching’ binding will lead to translational
repression of the mRNA (Di Leva et al., 2006; Beezhold et al.,
2010). Since one miRNA can target many genes (Royo et al.,
2006), the evidence of miRNAs forming coordinated regulatory
networks (Fazi and Nervi, 2008; Chowdhury et al., 2014) and act
as oncomiRs or tumor suppressors may provide a novel function
of these miRNAs as biomarkers for diagnosis or therapeutic
purposes.
Several miRNAs have been shown to be implicated in ovarian
cancers and one of them is the miR-200 family, which is
abundantly expressed by epithelial tissues (Pal et al., 2015).
The miR-200 family derives from two miR gene clusters; miR200a, miR-200b, and miR-429 that are located at chromosome
1p33.36, and miR-200c and miR-141 that are located at
chromosome 12p13.31 (Table 1) (Muralidhar and Barbolina,
2015). These miRNAs share a high degree of sequence homology
(Table 1) with only one nucleotide difference at their seed
sequence (Muralidhar and Barbolina, 2015), and they are usually
categorized functionally by their seed sequence due to possible
same target genes (Pecot et al., 2013). The Cancer Genome
Atlas (TCGA) group performed genome analysis of 408 highgrade serous EOC (HGSOC) to identify molecular regulatory
networks involved in EOC (The Cancer Genome Atlas Research
Network, 2011). In this study (The Cancer Genome Atlas
Research Network, 2011), they found that 89% of the affected
genes were predicted to be regulated by eight main miRNAs
including two members of miR-200 families which were miR141 and miR-200a. Chen et al. (2013) systematically reviewed
studies on miRNAs profiling of EOC and validated the findings
from eight studies. They concluded that miR-141, miR-200a,
miR-200b, and miR-200c were consistently upregulated only in
four of the reported studies (Chen et al., 2013). One reason
mentioned for such inconsistencies is that previous miRNAs
profiling studies used various types of controls, and only a few
did the comparison to normal ovarian epithelial cells, which is
the most appropriate control (Zorn et al., 2003). A recent study
performed on a larger EOC cohort (n = 100) and using ovarian
epithelial cells as controls, confirmed that similar upregulation
of these miRNAs was observed in EOC samples (Cao et al.,
2014). Importantly, elevated expression of miR-200a and miR200b was associated with advanced and high-grade tumors, while
high miR-200c expression was only associated with advanced
tumors (23). These diverse expression profiles of miR-200 family
in different EOC progression and subtypes may suggest that
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miR-200c-MEDIATED METASTASIS
Metastasis is defined as the multi-step processes of cancer cells
colonization of distant organ or tissues (secondary/metastatic
tumors) from the primary tumor site (Wan et al., 2013). Six main
steps are involved namely: (1) tumor growth and angiogenesis
at the primary site, (2) stromal invasion and detachment from
extracellular matrix (ECM), (3) intravasation into the circulation,
(4) survival in the circulation, (5) extravasation at secondary site,
and (6) colonization of the new secondary site (Wan et al., 2013;
Humphries and Yang, 2015). A recent review highlighted the
role of the miR-200 family in each of the six steps (Humphries
and Yang, 2015). Figure 1 shows the summary of the actions of
miR-200c action and its validated targets in each step discussed
below.

Metastasis Routes of the Ovarian Cancer
Progression
Differently to other tumors, majority of EOC metastasize to
adjacent sites along the peritoneum throughout the pelvic and
abdominal cavity. The most common identified metastatic sites
are including the pelvic wall, omentum and mesentery, though
there are other adjacent metastatic sites have also been reported
such as skin and lymph nodes (Cheng et al., 2009). Ovarian
tumor cells spread through the peritoneal fluid or known as
transcoelomic route of metastasis from the pelvic up to intestinal
mesentery that allows for implantation of the tumors to different
peritoneal organs (Meyers et al., 1987; Coakley and Hricak,
1999; Carmignani et al., 2003; Nougaret et al., 2012; Le, 2013).
Though, this implantation of tumors depends on the fluidity of
the peritoneum in which less fluidity will restrict the movement
of the tumor cells at the primary site (Carmignani et al., 2003;
Tan et al., 2006; Feki et al., 2009), thus may results in the
accumulation of ascites in the abdomen. The formation of
ascites is not well understood, yet previous studies have shown
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TABLE 1 | miR-200 members’ functional groups and seed sequences.
miR-200

Mature seed sequence (50 –30 )

Chromosome location

Functional group

miR-200a

1p33.36

UAA C ACUGUCUGGUAACGAUGU

Group I

miR-200b

1p33.36

UAA U ACUGCCUGGUAAUGAUGA

Group II

miR-429

1p33.36

UAA U ACUGUCUGGUAAAACCGU

Group II

miR-200c

12p13.31

UAA U ACUGCCGGGUAAUGAUGGA

Group II

miR-141

12p13.31

UAA C ACUGUCUGGUAAAGAUGG

Group I

miR-200 family arises from two different gene clusters which are the chromosome 1p33.36 (miR-200a/b/429) and chromosome 12p13.31 (miR-200c/141). These miRNAs
shares similar seed sequences (2–8 nucleotides) with a difference at 4th position (highlighted).

FIGURE 1 | Functional regulation of metastasis cascade by miR-200c and its validated targets. Illustration of miR-200c functional role and its validated
target in each of the metastases cascade. ECM, extracellular matrix.

CTCs prefers hematogenous metastasis in a parabiosis animal
model. In this study (Pradeep et al., 2014), the female mice had
their skin removed from shoulder to the hip joint and then
pairs of these female mice were surgically anastomosed. In each
mice pairs, ovarian carcinoma cells (SKOV3ip1) were injected
to abdominal cavity in one of the mice and these tumor cells
metastasized to the omentum of the other mice (Pradeep et al.,
2014). The immunofluorescent staining showed that both of the
paired mice shared blood not lymphatic vessels (Pradeep et al.,
2014) thus confirms the hematogenous route of circulation. This
preferential hematogenous metastasis route is depends on the
ERBB3/NGR1 signaling axis, whereby the suppression any of
these molecular regulators, led to substantial reduction of the
tumor metastasis (Pradeep et al., 2014). ERBB3, ERB-B2 tyrosine
kinase 3 protein is a member of epidermal growth factor receptor
(EGFR) family in which it binds to other kinases in EGFR
family such as Neuregulin1, NGR1 and activates downstream
signaling for cell proliferation and differentiation (Zhang K. et al.,
2013; Reif et al., 2016). Moreover, recent study in mice also
showed that ovarian tumor cells can hematogenously metastasize
with the preference to the ovary (Coffman et al., 2016). This
particular study (Coffman et al., 2016) is vital due to there are
emerging findings that suggest that HGSOC originates from
distant fallopian tube lesions and the progression of metastasis

that ascites accumulation is regulated by VEGF (Kraft et al.,
1999; Xu et al., 2000), a validated target of miR-200c, and
ascetic fluid is primarily composed of tumor cells, white blood
cells and lactate dehydrogenase (Runyon et al., 1988; Bansal
et al., 1998; Feki et al., 2009; Kalogeraki et al., 2012). These
floating tumor cells in ascites usually in multicellular spheroids
(Lengyel, 2010) and implantation of these spheroids involves
involves interactions between mesothelium and tumor cells
within peritoneal cavity, thus may also interacting the adjacent
areas including peritoneum, bowel, omentum and serosa (Daya
and Elliott McCaughey, 1991; Kenny et al., 2007).
In rare occurrence, much further metastatic sites of the
ovarian carcinoma have also been reported such as in the
brain (Koul et al., 2001; Sekine et al., 2013; Longo et al.,
2014), breast (Dursun et al., 2009; Karam et al., 2009; Abbas
et al., 2013; Tempfer et al., 2016), lung (Carbonari et al., 2015;
Upadhyay et al., 2015), pancreas (Nakamura et al., 2016), and
gastrointestinal track (Zhou and Miao, 2012), thus suggesting
an alternative route of metastasis in EOC. Previous studies have
reported that the presence of circulating tumor cells (CTCs) in
the blood circulation of the ovarian cancer patients (Pecot et al.,
2011; Phillips et al., 2012), which implies that ovarian tumor
cells may also follow ‘hematogenous’ route of metastasis through
blood stream. In fact, Pradeep et al. (2014) showed that ovarian
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implying the specificity of these miRNAs despite having the
same seed sequence. Therefore, more precise and larger studies
are needed to differentiate their biological action and functional
targets in regulating angiogenesis especially in ovarian cancer
plus the implication on survival outcomes.

is to the ovary (Kuhn et al., 2010; Perets et al., 2013; Perets and
Drapkin, 2016), thus may suggest the hematogenous metastasis
may be the key for interventions in HGSOC. Nevertheless, there
are about 40% of ovarian cancer patients did not have fallopian
tube lesions and animal studies also showed that epithelial
ovarian cells may also be the origins for HGSOC (Flesken-Nikitin
et al., 2013; Zeppernick et al., 2015). Therefore, more works
are needed to clarify the pattern for ovarian cancer metastasis
via hematogenous route, and how it contributes to disease
progression as well as patients’ survival outcomes.

miR-200c-Mediated Local Invasion and
Detachment
Tumor invasion and migration involve the breaking of ECM
and invasion to stromal tissues from primary tumor site before
moving to the circulation. A study on the breast cancer
cell line, MB-231, showed that miR-200c mimics reduced
expression of formin homology domain-containing protein
1 (FHOD1) and Mg2+ /Mn2+ -dependent protein phosphatase
1F (PPM1F), in conjunction with reduced invasive capacities
of these MB-231 cells (Jurmeister et al., 2012). FHOD1 is
an actin-nucleating formin that is primarily involved in the
cytoskeletal rearrangement and is upregulated during EMT
transition (Gardberg et al., 2013) while PPM1F kinase is involved
in MAP kinase regulation of focal adhesion (Zhang S. et al.,
2013). In lung cancer, miR-200c inhibits cancer cell invasion
through the ubiquitin specific peptidase 25 (USP25) protein
(Li J. et al., 2014), which is a peptidase primarily associated
with protein ubiquitination and may intervene with TGFβ
signaling and EMT (Soond and Chantry, 2011). A recent study
on breast cancer to identify the functional targets of miR-200c
revealed that among 12 validated targets, CRTAP was shown
to be strongly implicated in cell invasion (Perdigao-Henriques
et al., 2016). CRTAP is a cartilage-associated protein that is
involved in the alteration of proline amino acid (proline 3hydroxylation) during collagen formation (Hudson and Eyre,
2013). In the case of osteogenesis imperfecta, CRTAP expression
is reduced in conjunction with the decrease in collagen binding
of a proteoglycan, Decorin, that regulates TGFβ signaling in
ECM (Grafe et al., 2014). Thus, tumor cells with decreased
collagen binding properties may gain invasive properties due to
changes in ECM properties and it will be useful to investigate
the role of CRTAP in promoting invasion and metastases
through TGFβ signaling in ovarian cancer. In another study
on breast cancer, novel validated targets of miR-200c, SH3
and PX domains 2A (TKS5), and myosin light chain kinase
(MYLK) were downregulated by miR-200c through the ZEB1
pathway (Sundararajan et al., 2015). TKS5 is involved in the
polymerization of cytoskeleton actin and ECM degradation
(Murphy and Courtneidge, 2011), while MYLK is mainly
involved in cytoskeletal rearrangement and muscle contraction
(Dudek et al., 2002; Takashima, 2009), thus consistent with the
reduced invasion and metastasis observed when these factors
were suppressed by miR-200c (Sundararajan et al., 2015). A study
on two ovarian cancer cell lines (OVCAR3 and SKOV3; Sun et al.,
2014) showed that an overexpression of miR-200c decreased
the expression and protein level of matrix metalloproteinase 3
(MMP3), which is the proteinase responsible to facilitate ECM
breakdown, thus this led to inhibition of ovarian cancer cell
invasiveness via ZEB1/pSMAD pathway, which further suggests
the role of miR-200c in the molecular pathway of ovarian

miR-200c-Mediated Tumor Growth and
Angiogenesis
There is currently limited evidence to show the suppression
of early tumor formation and growth by the miR-200 family,
and much less for miR-200c. Two studies on miR-200b showed
that the overexpression of miR-200b reduced tumor growth in
prostate (Williams et al., 2013) and breast (Humphries et al.,
2014) cancers. In contrast, another study reported that miR-200b
did not exhibit any effect on the growth of breast cancer (Li X.
et al., 2014). Since miR-200c has an identical seed region with
miR-200b, miR-200c may have a similar regulatory function in
tumor growth in the early step of metastasis. However, more
investigations are needed to verify the functional roles of the
miR-200 family, especially in ovarian cancer progression.
Early tumor development requires activation of angiogenesis
which is the establishment of new blood vessels. A previous
study on Ishikawa cells (endometrial adenocarcinoma) revealed
that restoration of miR-200c expression resulted in reduced
mRNA expression and protein level of vascular-endothelialgrowth factor (VEGF) but only the protein level of FLT1 (VEGF
receptor 1; Panda et al., 2012). Both of these factors are important
for angiogenesis. This suppression was attributed to the direct
binding of miR-200c to the VEGF mRNA 30 UTR region but not
with FLT1 mRNA (Panda et al., 2012). A similar finding was also
observed in lung cancer (Shi et al., 2013) in which miR-200c
directly targeted KDR (VEGF receptor 2). These findings were
also confirmed by a recent study in placenta tissues that showed
miR-200c negatively regulated VEGF mRNA and protein levels
(Hu et al., 2016), thus suggesting the regulation of angiogenesis
by miR-200c. In a recent study on bone cancer, overexpression
of miR-200c transformed the metastatic fast-growing tumor into
a dormant tumor both in vivo and ex vivo and prolonged the
survival rate of the mice injected with the tumors, due to the
suppression of angiogenesis (Tiram et al., 2016). This further
suggests that miR-200c negatively regulates angiogenesis and
may provide beneficial outcomes in improving patient survival.
In terms of ovarian cancer, overexpression of miR-200c in an
ovarian cancer cell line (Hey8A) decreased IL8 and CXCL1
expressions and this suppression was reversed by the presence of
miR-200c inhibitors (Pecot et al., 2013). IL8 and CXCL1 are also
critical players of tumor vasculature and angiogenesis (Merritt
et al., 2008; Tran et al., 2012; Pecot et al., 2013). Nevertheless,
recent findings showed that miR-200b is a more prominent player
in the regulation of angiogenesis compared to miR200c (Chan
et al., 2011; Choi et al., 2011; Chang et al., 2013; Pecot et al., 2013),
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miR-200c was further analyzed using a ZEB1 knockdown in
breast and colorectal cancer cell lines (Burk et al., 2008). In this
study (Burk et al., 2008), a reduced ZEB1 level led to significant
overexpression of miR-200c and miR-141, and this was due to
direct binding of ZEB1 to their promoter regions (Burk et al.,
2008). The elevated miR-200c expression led to MET transition in
undifferentiated cancer cells with increased expression of CDH1.
Since then, various studies have demonstrated that miR-200c and
the ZEB family of transcription factors play major roles in the
regulation of EMT and MET (Brabletz and Brabletz, 2010; Panda
et al., 2012; Hill et al., 2013; Hur et al., 2013; Díaz-López et al.,
2014; Koutsaki et al., 2014; Sundararajan et al., 2015; Jiao et al.,
2016; Perdigao-Henriques et al., 2016).
Despite the translational suppression of ZEB by the miR-200
family, ZEB transcription factors can also regulate miR-200 gene
expression by directly binding to the miR-200 promoter and
suppress the expression (Hill et al., 2013). This negative doublefeedback regulation between miR-200 and ZEB families provides
greater flexibility in the regulation of cell fate. Normal epithelial
cells express CDH1 due to suppression of ZEB1/ZEB2 due to
high expression of miR-200 family, but changes in environment
and signals can independently stimulate ZEB1/ZEB2 expression
which causes miR-200 family and CDH1 expression to be
repressed and allowing EMT to occur (Hill et al., 2013). Both
of these ZEB regulators are implicated in miR-200-mediated
repression of CDH1 expression in epithelial cells (Gregory et al.,
2008; Park et al., 2008; Ahn et al., 2012; Hill et al., 2013; Pal
et al., 2015; Yang et al., 2015). Although miR-200c is known to
repress ZEB1/ZEB2 to restore CDH1 expression in majority of
the studies, there are reported findings that in some cancer cell
lines, restoration of CDH1 expression is due to miR-200c gain
of expression but the migration and invasiveness properties in
those cell lines were still reduced (Cochrane et al., 2010; Pacurari
et al., 2013). These findings may imply that miR-200c regulation
of cell motility is independent of CDH1 and may also suggest
miR-200c targets other molecular regulators and mechanisms
besides ZEB1/CDH1 pathway. Moreover, the absence of CDH1
gene expression in cancer can also imply that repression of CDH1
in cancer may be caused by other mechanisms such as C/A
single nucleotide polymorphism at the promoter of CDH1 (Li
et al., 2000; Wang et al., 2012) or due to CDH1 promoter hyper
methylation (Caldeira et al., 2006; Shargh et al., 2014), in which
both can suppress CDH1 expression.
Although substantial evidences show that miR-200c
importantly regulates EMT/MET in ovarian cancer progression,
lack of evidences on the transitions between epithelial to
mesenchymal tumor cells especially in morphological features
of mesenchymal-like cells in patients’ samples (Tarin, 2005;
Ledford, 2011; Tsai and Yang, 2013) lead to dispute whether
the transition between EMT to MET exists in the cancer
progression and metastasis. An integrated genomic analysis
of HGSOC done by TCGA network revealed that within
the HGSOC, there are four mRNA transcriptional subtypes,
including immunoreactive, differentiated, proliferative and
mesenchymal, and three miRNA expressional subtypes that
are overlapped with those four mRNA transcriptional subtypes
(The Cancer Genome Atlas Research Network, 2011). Although,

cancer invasion. Another validated target of miR-200c is DLC1
(deleted in liver cancer-1), which is a tumor and metastasis
suppressor that regulates actin formation and focal adhesion
(Feng et al., 2013). In a study on EOC, forced expression of miR200c reduced DLC1 expression in conjunction with increased
cell proliferation and suppression of serous EOC invasion and
migration (Ibrahim et al., 2015), consistent with the known role
of DLC1.

miR-200c-Mediated
Epithelial-Mesenchymal Transition (EMT)
Gain of cell motility is one of the vital steps in tumor migration
and metastasis. One of the best described pathways (Pal et al.,
2015) is the EMT which is the first indication of the cancer
development. This EMT transition is categorized by a series of
reversible processes of molecular and phenotypic alterations in
the cells which leads to differentiation of EMT or mesenchymal
to epithelial cells (MET). The epithelial tumor cells favor EMT
to gain migration and invasive characteristics, however, when
they reach a new secondary site, MET is activated to form macro
metastasis (Craene and Berx, 2013; Nieto, 2013). This aberrant
stimulation of multiple EMT/MET cycles and its flexibility
contribute to the development of fibrosis and cancer metastases.
Usually, this EMT/MET is marked by the loss of epithelialcadherin protein, a type-I transmembrane protein (CDH1) which
is an identity marker of epithelial cells (Yang and Weinberg,
2008).
Two key molecular targets in miRNA-mediated EMT pathway
are the receptor-regulated SMADs (SMAD2 and SMAD3) and
ZEB family proteins (ZEB1 and ZEB2). SMAD2 and SMAD3
proteins are the downstream effectors of TGFβ signaling
pathway, whereby the activation of the TGFβ receptor leads to
phosphorylation of SMAD2 and SMAD3 (Brown et al., 2007).
Activated SMAD2 and SMAD3 will bind to SMAD4 and induce
translocation to the nucleus, in which they will interact with
different nuclear regulators and modulate transcription of target
genes (Brown et al., 2007). ZEB1 and ZEB2 are the transcriptional
repressors of CDH1 gene (Gregory et al., 2008; Park et al., 2008;
reviewed, Hill et al., 2013) and both contain two highly conserved
zinc-finger domains (Muralidhar and Barbolina, 2015). This
zinc-finger domain would allow DNA to be attached to the
E-boxes in the promoter sections of a target gene (Muralidhar
and Barbolina, 2015). Transcriptional suppression of CDH1 gene
is mediated by the binding of ZEB factors to the promoter of
CDH1 gene (Eger et al., 2005; Aigner et al., 2007). This loss of
CDH1 expression due to ZEB binding will result in migratory and
invasive properties in cells with the appearance of spindle-shaped
morphology (Vergara et al., 2010).
Hurteau et al. (2006) performed the repression of miR-200c
expression using anti-miRs oligonucleotides in various cell lines
and found that miR-200c expression was inversely correlated to
the expression of ZEB1 (Hurteau et al., 2006). A study on EMT
transition by TGFβ in MDCK cells showed that expression of
miR-200 members including miR-200c and CDH1 were reduced,
whereas ZEB1 and ZEB2 expression were elevated (Gregory
et al., 2008). This functional relationship between ZEB1 and
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miRNAs, and their regulations of EMT/MET in ovarian cancer
progression.

TCGA analyses did not show any difference of the survival
time in the patients between those HGSOC molecular subtypes,
another study have confirmed the presence of those HGSOC
molecular subtypes and improved these molecular classifications
with prognostic values (Konecny et al., 2014). In this study
(Konecny et al., 2014), the immunoreactive subtypes HGSOC
was identified with the best survival outcomes in the patients,
while the mesenchymal and proliferative subtypes have the
worst. Nevertheless, both of these studies showed that there can
be more than one subtype in an individual at a time depending
on the analyses and these findings may imply that the same
tumor cells could also express multiple molecular profiles or
miRNAs networks. Thus, further investigation was performed
by Yang et al. (2013) to determine the miRNAs regulatory
network in mesenchymal subtypes of HGSOC, which has the
worst patients outcomes and they identified eight key miRNAs
including two members of miR-200 families which were miR-141
and miR-200a that were shown to be associated with poor
patients’ outcomes (Yang et al., 2013). However, in this study
(Yang et al., 2013), miR-506 instead of miR-200c was shown
to negatively regulate the EMT, cell proliferation, migration
and invasion of ovarian tumor cells through a direct binding
of the transcription factor, SNAI2 and subsequently suppressed
CDH1 expression. These findings show that regulation of
CDH1 expression and EMT by miR-506/SNAIL may be specific
to mesenchymal subtypes, in contrast to epithelial subtypes
of HGSOC, in which the miR-200c/ZEB may be the main
regulators. Though, further research are needed to confirm
these miRNA regulatory networks particularly that define the
molecular subtypes of HGSOC. Nevertheless, none of these
studies show any evidence of transition between the epithelial to
mesenchymal subtypes nor mesenchymal to epithelial subtypes
in HGSOC samples. Intriguingly, a study of gene expression
profiling between primary and metastatic ovarian carcinoma
revealed that despite no morphological difference between two
tumor types, there were distinguishable gene clustering profiles
that differentiate the metastatic cells from their primary cells
(Lili et al., 2013) and these identified genes were mainly involved
in EMT-related pathways. These findings may not demonstrate
the existence of EMT/MET interconversion yet, they have
shown that there are patterns of gene expressional changes
from epithelial to mesenchymal genes, despite no morphological
features are observed. Furthermore, recent study of various
ovarian cancer types showed that expression of membrane
CDH1 was almost not detected in normal ovarian epithelium,
but was higher in benign tumors, and progressively decreased in
borderline or malignant tumors and in metastatic lesions (Wu
et al., 2016). In this study (Wu et al., 2016), the expression of
VIMENTIN, a marker for mesenchymal cells, was opposite to
the CDH1 expression, thus may support the EMT/MET dynamic
interconversion during ovarian cancer progression. However,
the role of CDH1 as a tumor suppressor in ovarian cancer does
not follow the classical EMT profile (Auersperg et al., 1999;
Martin et al., 2011; Rodriguez et al., 2012), due to up-regulation
of CDH1 expression observed in tumors that were derived from
ovary (Auersperg et al., 1999), therefore more studies are needed
to clarify the role of CDH1, miR-200c and other regulatory
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miR-200c-Mediated Tumor Intravasation
Intravasation describes the invasion of the cancer cells into
the blood stream or lymphatic system. This mainly involves
the Notch signaling (Sonoshita et al., 2011) and TNF-α/tumorassociated macrophages (Wyckoff et al., 2007; Zervantonakis
et al., 2012; Roh-Johnson et al., 2014). How exactly the miR200 family regulates intravasation is largely unknown, although
in a study on breast cancer found that both expression of miR200 gene clusters and overexpression of CDH1 can independently
inhibit the intravasation into the blood stream (Korpal et al.,
2011). However, limited research have been done to examine the
role of miR-200 family in cancer cell intravasation and this is
due to difficulties in measuring intravasated cells (Humphries and
Yang, 2015), therefore future work should be done in focusing on
this area.

miR-200c-Mediated Tumor Survival and
Circulation
Intravasated cells in the blood stream or lymph nodes are also
known as the circulating cancer cells (CTCs) and these CTCs
can re-program cellular processes such as apoptosis and anoikis
to enhance their survival rate (Humphries and Yang, 2015). In
the MDA-MB-231 breast cancer cell line, overexpression of miR200b/c/429 gene cluster as compared to miR-200a/141 caused
increased apoptosis, increased caspase activity and reduced cell
viability through phospholipase C gamma 1 (PLCG1; Uhlmann
et al., 2010). In a study on ovarian cancer, miR-200c expression
led to suppression of Fas-associated phosphatase-1 (FAP1)
and increased CD95, a death receptor, surface expression and
consequently led to increased cell sensitivity to CD95-mediated
apoptosis during CD95 agonist treatment (Schickel et al., 2010),
therefore restoring the tumor cells sensitivity toward CD95mediated apoptosis. Incomplete attachment of cells to ECM will
induce anoikis (Humphries and Yang, 2015), which is another
form of apoptosis, and surviving this process is one of the critical
steps in cancer cell progression. Although the mechanisms by
which the cancer cells evade anoikis are unknown, the gain
of miR-200c expression in endometrial and breast cancer in
cultures restored the sensitivity of these cells toward anoikis,
through suppression of neurotrophic-tyrosine-receptor kinase
type 2, NTRK2 (Howe et al., 2011). In this study (Howe et al.,
2011), miR-200c also suppressed the expression of fibronectin 1
(FN1), moesin (MSN), leptin receptor (LEPR) and Rho-GTPaseactivating protein 19 (ARHGAP19), and consequently inhibited
migration of these cells. A study of NTRK2 and anoikis in breast
cancer cell lines also showed that miR-200c can directly target
neurotrophin 3 (NTF3) and this NTRK2/NTF3 signaling is the
downstream effector of NFKB signaling which promotes anoikis
(Howe et al., 2012). In ovarian cancer cell lines, NTRK2 was
shown to suppress anoikis through the PIK3-AKT pathway that
resulted in more invasive and chemo-resistant cells (Yu et al.,
2008), thus suggesting the novel function of miR-200c in anoikis
besides EMT/MET cycles. In contrast, miR-200a was shown to
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2011; Cortez et al., 2012), thus making miRNAs as the most
suitable candidate for ovarian cancer early diagnostic screening.
A study of sera collected from 28 serous EOC patients and
compared to 28 healthy normal controls (Kan et al., 2012),
showed elevated expression of miR-200a, miR-200b, and miR200c in cancer patients with miR-200c expression being most
significantly altered. Another study using sera collected from
70 EOC patients and compared to 70 age-matched healthy
controls revealed elevated expression of miR-200c in all advanced
stage EOC patients, and in all 18 EOC patients with confirmed
metastases (Zuberi et al., 2015). These findings showed the
possibility of using miR-200c as a diagnostic tool for ovarian
cancer through the fluid biopsy approach. It is still necessary
to investigate the role of miR-200c in the prognosis of ovarian
cancer in a much larger cohort to evaluate the specificity of the
miRNAs action in different EOC stages and subtypes.

promote anoikis resistance via its target, yes-associated protein
1, YAP1 (Yu et al., 2013). The functional discrepancies in miR200 family may be due to the single-nucleotide differences in
the seed sequence thus allowing opposite downstream actions.
However, further research is needed to elucidate the role of each
member of miR-200 in anoikis, and also their interaction with
immune system as these cancer cells managed to escape immune
surveillance to metastasize.

miR-200c-Mediated Tumor Extravasation
and Colonization
Circulating tumor cells which survived will colonize their new
niche by extravasating from circulation, induce cell proliferation
and inhabit the new area. In order for these CTCs to adhere
to endothelial cells in the new niche, they undergo MET to
facilitate the settlement by recovering their epithelial properties.
In contrast to the suppression of EMT by miR-200 family, this
metastatic colonization of cancer cells are shown to be promoted
by the miR-200 family (Drake et al., 2009; Korpal et al., 2011). In
a study using the mouse mammary tumor cell lines, loss of miR200b/c/429 cluster expression was observed in the 4TO7 cells
that did not colonized distant organ efficiently when compared
to the strongly metastatic 4TI cells (Dykxhoorn et al., 2009).
Importantly, when this 4TO7 cells gained miR-200c/141 gene
cluster expression and were then injected in the mice, 80% of
those mice developed lung metastases (Dykxhoorn et al., 2009).
Similarly in another study (Korpal et al., 2011), stable expression
of either gene clusters of miR-200 (miR-200a/b/429 and miR200c/141) in 4TO7 cells also resulted in lung and liver metastases
when these cells were injected in mice. Moreover, in this study
(Korpal et al., 2011), the miR-200c/141 gene cluster was more
potent in promoting metastasis, and this miR-200-mediated
metastases was independent of CDH1, thus suggesting other
molecular target or pathway that mediates this metastasis process.
Similar observation was also seen in a miRNAs profiling study of
human breast cancer primary tumor in comparison to metastatic
tumors (Gravgaard et al., 2012). Therefore, these studies suggest
that all members of miR-200 suppress cancer progression by
targeting the early steps in metastases cascade, however, the
miR-200c/141 gene cluster may promote the advanced stage of
metastases hence may explain the dual expression of miR-200c in
ovarian cancer (Bendoraite et al., 2010).

Circulating Exosomal miRNAs
Another source of circulating miRNAs is from exosomes, which
are small membrane vesicles (30–100 nm in size) that are secreted
by different cells types such as dendritic cells, lymphocytes
and also tumor cells by exocytosis (Srivastava et al., 2015;
Yu et al., 2015). Exosomes exist in almost all body fluids
including plasma, breast milk, and saliva (Lässer et al., 2011;
Yu et al., 2015) and commonly contains proteins, lipids, and
nucleic acids such as miRNAs. The packaging of miRNAs in
exosomes is selective and usually depends on their cell origin
(Pant et al., 2012; Schwarzenbach, 2015). Exosomes are involved
in cell-to-cell communication by transferring proteins, lipids,
and nucleic acids that may also result in the change of wild
type cells to malignant cells (Ratajczak et al., 2006; Valadi
et al., 2007; Chen et al., 2012). In a study on ovarian cancer,
miRNAs of tumor-derived exosomes were isolated from 50
serous ovarian carcinoma patients’ sera (110). Interestingly, the
list of differentially expressed miRNAs is similar to another
study performed on tissues (Iorio et al., 2007), suggesting that
isolated miRNAs of tumor-derived exosomes may sufficiently
reflects the expressional miRNAs profiles of tumor tissues. In this
exosome study (Taylor and Gercel-Taylor, 2008), the expression
of eight miRNAs (miR-21, miR-141, miR-200a, miR-200b, miR200c, miR-203, miR-205, and miR-214) were upregulated while
none of these circulating miRNAs were detected in the normal
healthy samples. Notably, miR-200c and miR-214 expression
were reduced in stage I patients in comparison to stage II and III
patients, though across all samples, their expression were higher
in all malignant groups when compared to benign and healthy
groups (Taylor and Gercel-Taylor, 2008), which may indicate
the variability of miRNAs expression derived from exosomes as
well as due to the tumor stage and progression. A more recent
study involving 163 EOC patients revealed a similar finding of
elevated miR-200 family in ovarian cancer patients compared to
normal samples (Meng et al., 2016). The study also found that
miR-200c and 200b were associated with lymph node metastasis,
FIGO stage III-IV and poor survival outcomes, while miR200a was implicated with all stages. These differential elevated
miRNAs may be due to disease progression especially in different
histological subtypes between the EOC samples, or may also be

miR-200c POTENTIALS IN PROGNOSIS
AND EARLY DIAGNOSIS FOR OVARIAN
CANCER
Circulating miRNAs in the Blood
Many studies have shown that miRNAs exist in the circulating
blood which represents the environment of tissues or organs.
MicroRNAs have also been shown to be released into the blood
and are internalized into adjacent target cells (Chen et al.,
2015). Circulating miRNAs are stable even in harsh conditions
such as boiling and repetitive freeze-thaw cycles due to their
association with proteins (Mitchell et al., 2008; Arroyo et al.,
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increasing the chemo-sensitivity to drugs such as paclitaxel and
docetaxel (Cochrane et al., 2010; Howe et al., 2011; Chang et al.,
2015). Subsequently, low expression of miR-200c is implicated in
poor patients’ outcome and paclitaxel resistance in ovarian cancer
(Leskelä et al., 2011; Marchini et al., 2011). The overexpression of
miR-200c led to suppression of TUBB3 and restored the paclitaxel
sensitivity in chemotherapy-resistant cancer cell lines (Cochrane
et al., 2009, 2010; Cittelly et al., 2012) and in a xenograft tumor
model (Cittelly et al., 2012), suggesting the positive role of miR200-c as therapeutic agents in ovarian cancer treatment. There
is a study which showed that a high expression of miR-200c
was also associated with poor prognosis in serous ovarian cancer
(Nam et al., 2008), while another showed no association between
miR-200c expression and the patients’ outcome (Hiroki et al.,
2010). These differences in outcomes linked to the role of miR200c in chemotherapy may illustrate the underlying mechanisms
in the miR-200c regulation of TUBB3. This theory is supported
by the presence of the RNA binding protein Hu-antigen R
(ELAVL1), which stabilizes TUBB3 and promotes its abundance
(Raspaglio et al., 2010), and can cooperate with miRNAs to
repress mRNA expression (Wang et al., 2013; Kotta-Loizou et al.,
2014). Depending on the location of the ELAVL1 in the cells, miR200c exerts differential actions on TUBB3 expression. When the
localization of ELAVL1 is predominantly in the nucleus, miR200c represses expression of TUBB3 leading to sensitivity to
chemotherapy, while cytoplasmic ELAVL1 interacts with miR200c to enhance expression of TUBB3 and causes chemotherapy
resistance and poor outcomes (Prislei et al., 2013). These
differential associations between TUBB3, ELAVL1, and miR200c may clarify the differences in the chemotherapy treatment
outcomes particularly in the action of miR-200c in ovarian
cancer. Other studies also have shown that cytoplasmic ELAVL1
expression correlated with poor survival outcomes (Erkinheimo
et al., 2003; Denkert et al., 2004) and the nuclear ELAVL1
expression correlated with better outcomes in the patients (Yi
et al., 2009). Nevertheless, a recent study done to determine
prognostic role of ELAVL1 in ovarian cancer found no significant
role of ELAVL1 localization in determining the patient outcomes
as well as its interaction with miR-200c (Davidson et al., 2016).
These inconsistencies in the findings may due to the technical
aspects of those studies, such as the various stages of the EOC
progression, in which the recent study only analyzed the late
stages of serous EOC as compared to the others which involved
a wider range of samples. Moreover, the prognostic roles of
miR-200c and TUBB3 in restoring chemotherapy sensitivity in
ovarian cancer is possibly a cell-context dependent (Brozovic
et al., 2015). Therefore, further research are needed especially in
animal models to standardize the stages of cancer progression
as well the sites of the samples taken in order to determine
the complexity and interaction of ELAVL1 and miR-200c in
regulating TUBB3 expression and contribution to chemotherapy
resistance and patient outcomes in ovarian cancer.
In terms of platinum-based chemotherapy drugs such as
cisplatin, oxaliplatin, and carboplatin, the main mechanism for
these drugs is to damage the DNA and thus induces genetic
instability within the tumor cells. Previous studies have shown
that the platinum-based drug resistance in ovarian cancer

due to selective packing of exosomes in which the exosomes
respond to different types of miRNAs to facilitate the changes.
Nevertheless, these newly identified miRNAs in exosomes may
become a new non-surgical diagnostic target for early screening
purposes.

Circulating miR-200c Potential in Early
Diagnosis
A recent systemic review reported the potential role of miR200c as a biomarker for diagnosis in ovarian cancer (Shao et al.,
2015). No relationship was found between miR-200c expression
in the tissue samples with the patients’ outcomes (12 out 18
studies), however, when the tissue samples were categorized
into the histological subtypes and cancer stages (four out of
12 studies), low expression of miR-200c in the primary tissue
was negatively correlated with poor outcome but only in stage
I patients (Shao et al., 2015). Since miR-200c suppresses EMT
through suppression of ZEB1/2, early stage tumors with reduced
miR-200c expression may gain migratory and invasive properties
following EMT resulting in a greater chance for metastases,
leading to poor prognosis of patients. Only six studies analyzed
the serum/blood miR-200c levels in cancer patients (Shao et al.,
2015), and five out of these six studies showed that high levels
of miR-200c in the sera correlated with the worst outcomes
in the patients irrespective of the cancer stages. Three studies
involving patients with advanced stage ovarian also revealed the
similar relationship between miR-200c expression and survival
outcomes (Shao et al., 2015). The increase of miR-200c in the
advanced stages may suggest MET in the cancer cells to drive the
settlement in the new niche. Similarly, in studies on colorectal
and breast cancers, miR-200c expression in the sera correlated
positively with metastatic tissues, but not with primary tumor
tissues (Hur et al., 2013; Toiyama et al., 2014; Madhavan et al.,
2016), indicating the dynamic change of miR-200c expression at
different points of cancer progression. This specificity of miR200c expression pattern between tissue and blood samples may
offer the potential of miR-200c as a biomarker in ovarian cancer
to distinguish between early and advanced tumors. There is
a need for larger studies to assess the functional outcomes of
miR-200c in ovarian cancer patients, as well as determining the
differences among the subtypes in terms of cancer progression
for developing effective intervention and improving survival
outcomes.

miR-200c Dual Expression Profile in
Ovarian Cancer Treatment
miR-200c has a prominent role in the regulation of EMT/MET
transition and its expression levels in EOC patients are influenced
by the subtypes and grades of the cancer (Bendoraite et al.,
2010). One of the key issues with the treatment of ovarian
cancer is the high incidence of relapse, which is mediated by
the presence of chemotherapy resistance. One of the mechanisms
that contributes to chemotherapy resistance in ovarian cancer is
through TUBB3, a class III β-Tubulin (Umezu et al., 2008; Aoki
et al., 2009; Roque et al., 2013). miR-200c has been shown to
directly target TUBB3 mRNA and repress its expression, thus
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treatment primarily due to the sequestering of the drugs in
the sub-cellular compartments in the cells via ATP-dependent
Cu+ transporting P-type 7A or 7B (ATP7A/ATP7B) (Samimi
et al., 2004; Yoshizawa et al., 2007; Kalayda et al., 2008; Safaei
et al., 2012, 2013; Harrach and Ciarimboli, 2015) or due to
ATP7A/ATP7B chaperone protein, ATOX1 (Safaei et al., 2009).
Recent study has shown that other transporters such as LRRC8A,
cation transporter (Sørensen et al., 2016) can also contribute
to the cisplatin resistance. Nevertheless, until now, there is
no available research that has shown the validated relationship
between the platinum-based drug resistance and miR-200c
expression and their consequences in the ovarian cancer patient
survival, nor any of the research directly shows the molecular
targets of miR-200c being implicated in the resistance in ovarian
cancer. However, in a study in esophageal cancer, an expression
of a subunit phosphatase 2A (PPP2R1B) that negatively regulates
AKT phosphorylation was increased following knockdown of
miR-200c and this protein was implicated in the resistance
to cisplatin (Hamano et al., 2011). In a study of melanoma
(Liu et al., 2012), a knockdown of a polycomb group protein
(BMI1) expression in these tumor cells resulted in higher chemo
sensitivity of these cells toward cisplatin together with a presence
of reduced ATP-binding-cassette (ABC) transporters, which are
the transporters of various substance in the cells. BMI1 is
a validated target of miR-200c (Cui et al., 2014), thus this
suppression of BMI1 by miR-200c may therefore also suppresses
ABC transporters levels and promotes the cisplatin sensitivity in
ovarian cancer, however, further research is needed to address
this relationship and how will it affects the survival outcomes
of the ovarian cancer patients. Nevertheless, the majority of the
findings showed the potential of miR-200c as a biomarker for
early screening and the possible therapeutic approach for women
with ovarian cancer has more credibility and potential than its
chemo-resistance role.

CONCLUSION

REFERENCES

Bansal, S., Kaur, K., and Bansal, A. K. (1998). Diagnosing ascitic etiology on a
biochemical basis. Hepatogastroenterology 45, 1673–1677.
Beezhold, K. J., Castranova, V., and Chen, F. (2010). Microprocessor of
microRNAs: regulation and potential for therapeutic intervention. Mol. Cancer
9, 1–9. doi: 10.1186/1476-4598-9-134
Bendoraite, A., Knouf, E. C., Garg, K. S., Parkin, R. K., Kroh, E. M., O’briant, K. C.,
et al. (2010). Regulation of miR-200 family microRNAs and ZEB transcription
factors in ovarian cancer: evidence supporting a mesothelial-to-epithelial
transition. Gynecol. Oncol. 116, 117–125. doi: 10.1016/j.ygyno.2009.08.009
Brabletz, S., and Brabletz, T. (2010). The ZEB/miR-200 feedback loop—a motor
of cellular plasticity in development and cancer? EMBO Rep. 11, 670–677. doi:
10.1038/embor.2010.117
Brown, K. A., Pietenpol, J. A., and Moses, H. L. (2007). A tale of two proteins:
differential roles and regulation of Smad2 and Smad3 in TGF-β signaling. J. Cell.
Biochem. 101, 9–33. doi: 10.1002/jcb.21255
Brozovic, A., Duran, G. E., Wang, Y. C., Francisco, E. B., and Sikic, B. I. (2015). The
miR-200 family differentially regulates sensitivity to paclitaxel and carboplatin
in human ovarian carcinoma OVCAR-3 and MES-OV cells. Mol. Oncol. 9,
1678–1693. doi: 10.1016/j.molonc.2015.04.015
Burk, U., Schubert, J., Wellner, U., Schmalhofer, O., Vincan, E., Spaderna, S., et al.
(2008). A reciprocal repression between ZEB1 and members of the miR-200
family promotes EMT and invasion in cancer cells. EMBO Rep. 9, 582–589. doi:
10.1038/embor.2008.74
Buys, S. S., Partridge, E., Black, A., Johnson, C. C., Lamerato, L., Isaacs, C., et al.
(2011). Effect of screening on ovarian cancer mortality: the prostate, lung,

The lack of early screening strategy in ovarian cancer as well as
the incidence of chemo-resistance and relapse during treatment
contribute to the high mortality rate of this disease. Extensive
studies have been done to identify the factors regulating the
metastasis cascade in cancer progression. MiRNAs have been
shown as potential regulators, with possible value as a biomarker
and also as a therapeutic agent, particularly the miR-200c. Despite
the reported issue of chemo-resistance with elevated expression
of miR-200c in ovarian cancer patients, it seemed that miR-200c
provides more beneficial outcomes as a biomarker and possibly
as therapeutic agents due to its functional regulation of EMT
and metastasis. Future research should be done to determine
the role of individual miR-200 family members in regulating the
metastasis and cancer progression, especially in a large cohort to
further clarify the molecular network and pathway of miR-200c
regulation. There is also a need to investigate the validated targets
of miR-200c in animal models to differentiate their function
between EOC subtypes and grades as well as their impact on
survival outcomes.

AUTHOR CONTRIBUTIONS
SS drafted and wrote this manuscript, N-SM and RJ were
responsible for idea conception, critical evaluation, and
manuscript review.

FUNDING
This review is a part of a research funded by a research grant from
Universiti Kebangsaan Malaysia (GGPM-2013-109).

Abbas, J., Wienke, A., Spielmann, R. P., Bach, A. G., and Surov, A.
(2013). Intramammary metastases: comparison of mammographic and
ultrasound features. Eur. J. Radiol. 82, 1423–1430. doi: 10.1016/j.ejrad.2013.
04.032
Ahn, S. M., Cha, J. Y., Kim, J., Kim, D., Trang, H. T. H., Kim, Y. M., et al. (2012).
Smad3 regulates E-cadherin via miRNA-200 pathway. Oncogene 31, 3051–3059.
doi: 10.1038/onc.2011.484
Aigner, K., Dampier, B., Descovich, L., Mikula, M., Sultan, A., Schreiber, M.,
et al. (2007). The transcription factor ZEB1 (δEF1) promotes tumour
cell dedifferentiation by repressing master regulators of epithelial polarity.
Oncogene 26, 6979–6988. doi: 10.1038/sj.onc.1210508
Aoki, D., Oda, Y., Hattori, S., Taguchi, K.-I., Ohishi, Y., Basaki, Y., et al. (2009).
Overexpression of Class III β-Tubulin predicts good response to taxane-based
chemotherapy in ovarian clear cell adenocarcinoma. Clin. Cancer Res. 15,
1473–1480. doi: 10.1158/1078-0432.CCR-08-1274
Arroyo, J. D., Chevillet, J. R., Kroh, E. M., Ruf, I. K., Pritchard, C. C., Gibson,
D. F., et al. (2011). Argonaute2 complexes carry a population of circulating
microRNAs independent of vesicles in human plasma. Proc. Natl. Acad. Sci.
U.S.A. 108, 5003–5008. doi: 10.1073/pnas.1019055108
Auersperg, N., Pan, J., Grove, B. D., Peterson, T., Fisher, J., Maines-Bandiera, S.,
et al. (1999). E-cadherin induces mesenchymal-to-epithelial transition in
human ovarian surface epithelium. Proc. Natl. Acad. Sci. U.S.A. 96, 6249–6254.
doi: 10.1073/pnas.96.11.6249

Frontiers in Pharmacology | www.frontiersin.org

9

August 2016 | Volume 7 | Article 271

Sulaiman et al.

miR-200c as Metastasis Regulator in Ovarian Cancer

colorectal and ovarian (PLCO) cancer screening randomized controlled trial.
JAMA 305, 2295–2303. doi: 10.1001/jama.2011.766
Caldeira, J. R. F., Prando, É. C., Quevedo, F. C., Neto, F. A. M., Rainho,
C. A., and Rogatto, S. R. (2006). CDH1 promoter hypermethylation and
E-cadherin protein expression in infiltrating breast cancer. BMC Cancer 6:48.
doi: 10.1186/1471-2407-6-48
Cao, Q., Lu, K., Dai, S., Hu, Y., and Fan, W. (2014). Clinicopathological and
prognostic implications of the miR-200 family in patients with epithelial
ovarian cancer. Int. J. Clin. Exp. Pathol. 7, 2392–2401.
Carbonari, A., Camunha, M., Binato, M., Saieg, M., Marioni, F., and Rossini, L.
(2015). A rare case of mediastinal metastasis of ovarian carcinoma diagnosed
by endobronchial ultrasound-guided transbronchial needle aspiration (EBUSTBNA). J. Thorac. Dis. 7, E505–E508. doi: 10.3978/j.issn.2072-1439.2015.10.44
Carmignani, C. P., Sugarbaker, T. A., Bromley, C. M., and Sugarbaker, P. H. (2003).
Intraperitoneal cancer dissemination: mechanisms of the patterns of spread.
Cancer Metastasis Rev. 22, 465–472. doi: 10.1023/A:1023791229361
Chan, Y. C., Khanna, S., Roy, S., and Sen, C. K. (2011). miR-200b targets Ets-1
and is down-regulated by hypoxia to induce angiogenic response of endothelial
cells. J. Biol. Chem. 286, 2047–2056. doi: 10.1074/jbc.M110.158790
Chang, I., Mitsui, Y., Fukuhara, S., Gill, A., Wong, D. K., Yamamura, S.,
et al. (2015). Loss of miR-200c up-regulates CYP1B1 and confers
docetaxel resistance in renal cell carcinoma. Oncotarget 6, 7774–7787.
doi: 10.18632/oncotarget.3484
Chang, S.-H., Lu, Y.-C., Li, X., Hsieh, W.-Y., Xiong, Y., Ghosh, M., et al. (2013).
Antagonistic function of the RNA-binding Protein HuR and miR-200b in posttranscriptional regulation of Vascular Endothelial Growth Factor-A expression
and angiogenesis. J. Biol. Chem. 288, 4908–4921. doi: 10.1074/jbc.M112.423871
Chen, X., Liang, H., Zhang, J., Zen, K., and Zhang, C.-Y. (2012). Horizontal transfer
of microRNAs: molecular mechanisms and clinical applications. Protein Cell 3,
28–37. doi: 10.1007/s13238-012-2003-z
Chen, Y., Gao, D.-Y., and Huang, L. (2015). In vivo delivery of miRNAs for
cancer therapy: challenges and strategies. Adv. Drug Deliv. Rev. 81, 128–141.
doi: 10.1016/j.addr.2014.05.009
Chen, Y., Zhang, L., and Hao, Q. (2013). Candidate microRNA biomarkers
in human epithelial ovarian cancer: systematic review profiling studies and
experimental validation. Cancer Cell Int. 13, 86–86. doi: 10.1186/14752867-13-86
Cheng, B., Lu, W., Xiaoyun, W., Yaxia, C., and Xie, X. (2009). Extra-abdominal
metastases from epithelial ovarian carcinoma: an analysis of 20 cases. Int. J.
Gynecol. Cancer 19, 611–614. doi: 10.1111/IGC.0b013e3181a416d0
Choi, Y.-C., Yoon, S., Jeong, Y., Yoon, J., and Baek, K. (2011). Regulation of
vascular endothelial growth factor signaling by miR-200b. Mol. Cells 32, 77–82.
doi: 10.1007/s10059-011-1042-2
Chowdhury, A. R., Chetty, M., and Vinh, N. X. (2014). Evaluating influence of
microRNA in reconstructing gene regulatory networks. Cogn. Neurodyn. 8,
251–259. doi: 10.1007/s11571-013-9265-x
Cittelly, D. M., Dimitrova, I., Howe, E. N., Cochrane, D. R., Jean, A., Spoelstra,
N. S., et al. (2012). Restoration of miR-200c to ovarian cancer reduces tumor
burden and increases sensitivity to paclitaxel. Mol. Cancer Ther. 11, 2556–2565.
doi: 10.1158/1535-7163.MCT-12-0463
Coakley, F. V., and Hricak, H. (1999). Imaging of peritoneal and mesenteric
disease: key concepts for the clinical radiologist. Clin. Radiol. 54, 563–574. doi:
10.1016/S0009-9260(99)90018-1
Cochrane, D. R., Howe, E. N., Spoelstra, N. S., and Richer, J. K. (2010). Loss of miR200c: a marker of aggressiveness and chemoresistance in female reproductive
cancers. J. Oncol. 2010:821717. doi: 10.1155/2010/821717
Cochrane, D. R., Spoelstra, N. S., Howe, E. N., Nordeen, S. K., and Richer,
J. K. (2009). MicroRNA-200c mitigates invasiveness and restores sensitivity to
microtubule-targeting chemotherapeutic agents. Mol. Cancer Ther. 8, 1055–
1066. doi: 10.1158/1535-7163.MCT-08-1046
Coffman, L. G., Burgos-Ojeda, D., Wu, R., Cho, K., Bai, S., and Buckanovich, R. J.
(2016). New models of hematogenous ovarian cancer metastasis demonstrate
preferential spread to the ovary and a requirement for the ovary for abdominal
dissemination. Transl. Res. doi: 10.1016/j.trsl.2016.03.016 [Epub ahead of
print].
Cortez, M. A., Welsh, J. W., and Calin, G. A. (2012). Circulating microRNAs
as noninvasive biomarkers in breast cancer. Recent Results Cancer Res. 195,
151–161. doi: 10.1007/978-3-642-28160-0_13

Frontiers in Pharmacology | www.frontiersin.org

Craene, B. D., and Berx, G. (2013). Regulatory networks defining EMT
during cancer initiation and progression. Nat. Rev. Cancer 13, 97–110. doi:
10.1038/nrc3447
Cui, J., Cheng, Y., Zhang, P., Sun, M., Gao, F., Liu, C., et al. (2014). Down regulation
of mir200c promotes radiation-induced thymic lymphoma by targeting BMI1.
J. Cell. Biochem. 115, 1033–1042. doi: 10.1002/jcb.24754
Davidson, B., Holth, A., Hellesylt, E., Hadar, R., Katz, B., Tropé, C. G., et al.
(2016). HUR mRNA expression in ovarian high-grade serous carcinoma
effusions is associated with poor survival. Hum. Pathol. 48, 95–101. doi:
10.1016/j.humpath.2015.09.027
Daya, D., and Elliott McCaughey, W. T. (1991). Pathology of the peritoneum: a
review of selected topics. Semin. Diagn. Pathol. 8, 277–289.
Denkert, C., Weichert, W., Pest, S., Koch, I., Licht, D., Köbel, M., et al. (2004).
Overexpression of the embryonic-lethal abnormal vision-like protein HuR in
ovarian carcinoma is a prognostic factor and is associated with increased
Cyclooxygenase 2 expression. Cancer Res. 64, 189–195. doi: 10.1158/00085472.CAN-03-1987
Di Leva, G., Calin, G. A., and Croce, C. M. (2006). MicroRNAs: fundamental facts
and involvement in human diseases. Birth Defects Res. C Embryo Today 78,
180–189. doi: 10.1002/bdrc.20073
Díaz-López, A., Moreno-Bueno, G., and Cano, A. (2014). Role of microRNA in
epithelial to mesenchymal transition and metastasis and clinical perspectives.
Cancer Manage. Res. 6, 205–216. doi: 10.2147/CMAR.S38156
Drake, J. M., Strohbehn, G., Bair, T. B., Moreland, J. G., and Henry, M. D.
(2009). ZEB1 enhances transendothelial migration and represses the epithelial
phenotype of prostate cancer cells. Mol. Biol. Cell 20, 2207–2217. doi:
10.1091/mbc.E08-10-1076
Dudek, S. M., Birukov, K. G., Zhan, X., and Garcia, J. G. N. (2002). Novel
interaction of cortactin with endothelial cell myosin light chain kinase. Biochem.
Biophys. Res. Commun. 298, 511–519. doi: 10.1016/S0006-291X(02)02492-0
Dursun, P., Yanik, F. B., Kuscu, E., Gultekin, M., and Ayhan, A. (2009). Bilateral
breast metastasis of ovarian carcinoma. Eur. J. Gynaecol. Oncol. 30, 9–12.
Dykxhoorn, D. M., Wu, Y., Xie, H., Yu, F., Lal, A., Petrocca, F., et al. (2009). miR200 enhances mouse breast cancer cell colonization to form distant metastases.
PLoS ONE 4:e7181. doi: 10.1371/journal.pone.0007181
Eger, A., Aigner, K., Sonderegger, S., Dampier, B., Oehler, S., Schreiber, M., et al.
(2005). DeltaEF1 is a transcriptional repressor of E-cadherin and regulates
epithelial plasticity in breast cancer cells. Oncogene 24, 2375–2385. doi:
10.1038/sj.onc.1208429
Erkinheimo, T.-L., Lassus, H., Sivula, A., Sengupta, S., Furneaux, H., Hla, T., et al.
(2003). Cytoplasmic HuR expression correlates with poor outcome and with
Cyclooxygenase 2 expression in serous ovarian carcinoma. Cancer Res. 63,
7591–7594.
Fabian, M. R., Sonenberg, N., and Filipowicz, W. (2010). Regulation of mRNA
translation and stability by microRNAs. Annu. Rev. Biochem. 79, 351–379. doi:
10.1146/annurev-biochem-060308-103103
Fazi, F., and Nervi, C. (2008). MicroRNA: basic mechanisms and transcriptional
regulatory networks for cell fate determination. Cardiovasc. Res. 79, 553–561.
doi: 10.1093/cvr/cvn151
Feki, A., Berardi, P., Bellingan, G., Major, A., Krause, K.-H., Petignat, P.,
et al. (2009). Dissemination of intraperitoneal ovarian cancer: discussion of
mechanisms and demonstration of lymphatic spreading in ovarian cancer
model. Crit. Rev. Oncol. Hematol. 72, 1–9. doi: 10.1016/j.critrevonc.2008.
12.003
Feng, X., Li, C., Liu, W., Chen, H., Zhou, W., Wang, L., et al. (2013). DLC-1,
a candidate tumor suppressor gene, inhibits the proliferation, migration and
tumorigenicity of human nasopharyngeal carcinoma cells. Int. J. Oncol. 42,
1973–1984. doi: 10.3892/ijo.2013.1885
Ferlay, J., Soerjomataram, I., Dikshit, R., Eser, S., Mathers, C., Rebelo, M., et al.
(2015). Cancer incidence and mortality worldwide: sources, methods and
major patterns in GLOBOCAN 2012. Int. J. Cancer 136, E359–E386. doi:
10.1002/ijc.29210
Flesken-Nikitin, A., Hwang, C. I., Cheng, C. Y., Michurina, T. V., Enikolopov, G.,
and Nikitin, A. Y. (2013). Ovarian surface epithelium at the junction
area contains a cancer-prone stem cell niche. Nature 495, 241–245. doi:
10.1038/nature11979
Gardberg, M., Kaipio, K., Lehtinen, L., Mikkonen, P., Heuser, V. D., Talvinen, K.,
et al. (2013). FHOD1, a formin upregulated in epithelial-mesenchymal

10

August 2016 | Volume 7 | Article 271

Sulaiman et al.

miR-200c as Metastasis Regulator in Ovarian Cancer

transition, participates in cancer cell migration and invasion. PLoS ONE
8:e74923. doi: 10.1371/journal.pone.0074923
Grafe, I., Yang, T., Alexander, S., Homan, E., Lietman, C., Jiang, M. M., et al. (2014).
Excessive TGFβ signaling is a common mechanism in Osteogenesis imperfecta.
Nat. Med. 20, 670–675. doi: 10.1038/nm.3544
Gravgaard, K. H., Lyng, M. B., Laenkholm, A.-V., Søkilde, R., Nielsen, B. S.,
Litman, T., et al. (2012). The miRNA-200 family and miRNA-9 exhibit
differential expression in primary versus corresponding metastatic tissue in
breast cancer. Breast Cancer Res. Treat. 134, 207–217. doi: 10.1007/s10549-0121969-9
Gregory, P. A., Bert, A. G., Paterson, E. L., Barry, S. C., Tsykin, A., Farshid, G., et al.
(2008). The miR-200 family and miR-205 regulate epithelial to mesenchymal
transition by targeting ZEB1 and SIP1. Nat. Cell Biol. 10, 593–601. doi:
10.1038/ncb1722
Groen, R. S., Gershenson, D. M., and Fader, A. N. (2015). Updates and emerging
therapies for rare epithelial ovarian cancers: one size no longer fits all. Gynecol.
Oncol. 136, 373–383. doi: 10.1016/j.ygyno.2014.11.078
Hamano, R., Miyata, H., Yamasaki, M., Kurokawa, Y., Hara, J., Moon, J. H.,
et al. (2011). overexpression of mir-200c induces chemoresistance in esophageal
cancers mediated through activation of the Akt signaling pathway. Am. Assoc.
Cancer Res. 17, 3029–3038. doi: 10.1158/1078-0432.ccr-10-2532
Harrach, S., and Ciarimboli, G. (2015). Role of transporters in the distribution of
platinum-based drugs. Front. Pharmacol. 6:85. doi: 10.3389/fphar.2015.00085
Hill, L., Browne, G., and Tulchinsky, E. (2013). ZEB/miR-200 feedback loop: at the
crossroads of signal transduction in cancer. Int. J. Cancer 132, 745–754. doi:
10.1002/ijc.27708
Hiroki, E., Akahira, J.-I., Suzuki, F., Nagase, S., Ito, K., Suzuki, T., et al. (2010).
Changes in microRNA expression levels correlate with clinicopathological
features and prognoses in endometrial serous adenocarcinomas. Cancer Sci.
101, 241–249. doi: 10.1111/j.1349-7006.2009.01385.x
Howe, E. N., Cochrane, D. R., Cittelly, D. M., and Richer, J. K. (2012). miR-200c
targets a NF-κB up-regulated TrkB/NTF3 autocrine signaling loop to enhance
anoikis sensitivity in triple negative breast cancer. PLoS ONE 7:e49987. doi:
10.1371/journal.pone.0049987
Howe, E. N., Cochrane, D. R., and Richer, J. K. (2011). Targets of miR-200c mediate
suppression of cell motility and anoikis resistance. Breast Cancer Res. 13:R45.
doi: 10.1186/bcr2867
Hu, T.-X., Wang, G., Guo, X.-J., Sun, Q.-Q., He, P., Gu, H., et al. (2016).
MiR 20a,-20b and -200c are involved in hydrogen sulfide stimulation of
VEGF production in human placental trophoblasts. Placenta 39, 101–110. doi:
10.1016/j.placenta.2016.01.019
Hu, X., Macdonald, D. M., Huettner, P. C., Feng, Z., El Naqa, I. M., Schwarz, J. K.,
et al. (2009). A miR-200 microRNA cluster as prognostic marker in advanced
ovarian cancer. Gynecol. Oncol. 114, 457–464. doi: 10.1016/j.ygyno.2009.
05.022
Hudson, D. M., and Eyre, D. R. (2013). Collagen prolyl3-hydroxylation: a major
role for a minor post-translational modification? Connect. Tissue Res. 54,
245–251. doi: 10.3109/03008207.2013.800867
Humphries, B., Wang, Z., Oom, A. L., Fisher, T., Tan, D., Cui, Y., et al. (2014).
MicroRNA-200b targets protein kinase Cα and suppresses triple-negative
breast cancer metastasis. Carcinogenesis 35, 2254–2263. doi: 10.1093/carcin/
bgu133
Humphries, B., and Yang, C. (2015). The microRNA-200 family: small molecules
with novel roles in cancer development, progression and therapy. Oncotarget 6,
6472–6498. doi: 10.18632/oncotarget.3052
Hur, K., Toiyama, Y., Takahashi, M., Balaguer, F., Nagasaka, T., Koike, J.,
et al. (2013). MicroRNA-200c modulates epithelial-to-mesenchymal transition
(EMT) in human colorectal cancer metastasis. Gut 62, 1315–1326. doi:
10.1136/gutjnl-2011-301846
Hurteau, G. J., Spivack, S. D., and Brock, G. J. (2006). Potential mRNA degradation
targets of hsa-miR-200c. Cell Cycle 5, 1951–1956. doi: 10.4161/cc.5.17.3133
Ibrahim, F. F., Jamal, R., Syafruddin, S. E., Ab Mutalib, N. S., Saidin, S., Mdzin,
R. R., et al. (2015). MicroRNA-200c and microRNA-31 regulate proliferation,
colony formation, migration and invasion in serous ovarian cancer. J. Ovarian
Res. 8, 1–14. doi: 10.1186/s13048-015-0186-7
Iorio, M. V., Visone, R., Di Leva, G., Donati, V., Petrocca, F., Casalini, P.,
et al. (2007). MicroRNA signatures in human ovarian cancer. Cancer Res. 67,
8699–8707. doi: 10.1158/0008-5472.CAN-07-1936

Frontiers in Pharmacology | www.frontiersin.org

Jiao, A., Sui, M., Zhang, L., Sun, P., Geng, D., Zhang, W., et al. (2016). MicroRNA200c inhibits the metastasis of non-small cell lung cancer cells by targeting
ZEB2, an epithelial-mesenchymal transition regulator. Mol. Med. Rep. 13,
3349–3355. doi: 10.3892/mmr.2016.4901
Jurmeister, S., Baumann, M., Balwierz, A., Keklikoglou, I., Ward, A., Uhlmann, S.,
et al. (2012). MicroRNA-200c represses migration and invasion of breast cancer
cells by targeting actin-regulatory proteins FHOD1 and PPM1F. Mol. Cell. Biol.
32, 633–651. doi: 10.1128/MCB.06212-11
Kalayda, G. V., Wagner, C. H., Buß, I., Reedijk, J., and Jaehde, U. (2008). Altered
localisation of the copper efflux transporters ATP7A and ATP7B associated with
cisplatin resistance in human ovarian carcinoma cells. BMC Cancer 8:175. doi:
10.1186/1471-2407-8-175
Kalogeraki, A., Karvela-Kalogeraki, I., Tamiolakis, D., Petraki, P.,
Papathanasiou, A., Saridaki, Z., et al. (2012). Cytopathologic interpretation of
ascites due to malignancy. J. BUON 17, 446–451.
Kan, C. W. S., Hahn, M. A., Gard, G. B., Maidens, J., Huh, J. Y., Marsh, D. J., et al.
(2012). Elevated levels of circulating microRNA-200 family members correlate
with serous epithelial ovarian cancer. BMC Cancer 12:627. doi: 10.1186/14712407-12-627
Karam, A. K., Stempel, M., Barakat, R. R., Morrow, M., and Gemignani,
M. L. (2009). Patients with a history of epithelial ovarian cancer presenting
with a breast and/or axillary mass. Gynecol. Oncol. 112, 490–495. doi:
10.1016/j.ygyno.2008.11.006
Kenny, H. A., Krausz, T., Yamada, S. D., and Lengyel, E. (2007). Use of a
novel 3D culture model to elucidate the role of mesothelial cells, fibroblasts
and extra-cellular matrices on adhesion and invasion of ovarian cancer
cells to the omentum. Int. J. Cancer 121, 1463–1472. doi: 10.1002/ijc.
22874
Ketting, R. F., Fischer, S. E. J., Bernstein, E., Sijen, T., Hannon, G. J., and Plasterk,
R. H. A. (2001). Dicer functions in RNA interference and in synthesis of small
RNA involved in developmental timing in C. elegans. Genes Dev. 15, 2654–2659.
doi: 10.1101/gad.927801
Kinose, Y., Sawada, K., Nakamura, K., and Kimura, T. (2014). The role
of MicroRNAs in ovarian cancer. Biomed Res. Int. 2014:249393. doi:
10.1155/2014/249393
Konecny, G. E., Wang, C., Hamidi, H., Winterhoff, B., Kalli, K. R., Dering, J.,
et al. (2014). Prognostic and therapeutic relevance of molecular subtypes
in high-grade serous ovarian cancer. J. Natl. Cancer Inst. 106:dju249. doi:
10.1093/jnci/dju249
Korpal, M., Ell, B. J., Buffa, F. M., Ibrahim, T., Blanco, M. A., Celià-Terrassa, T.,
et al. (2011). Direct targeting of Sec23a by miR-200s influences cancer cell
secretome and promotes metastatic colonization. Nat. Med. 17, 1101–1108. doi:
10.1038/nm.2401
Kotta-Loizou, I., Giaginis, C., and Theocharis, S. (2014). Clinical significance
of HuR expression in human malignancy. Med. Oncol. 31, 161. doi:
10.1007/s12032-014-0161-y
Koul, A., Loman, N., Malander, S., Borg, Å., and Ridderheim, M. (2001).
Two BRCA1-positive epithelial ovarian tumors with metastases to the
central nervous system: a case report. Gynecol. Oncol. 80, 399–402. doi:
10.1006/gyno.2000.6085
Koutsaki, M., Spandidos, D. A., and Zaravinos, A. (2014). Epithelial–mesenchymal
transition-associated miRNAs in ovarian carcinoma, with highlight on the
miR-200 family: prognostic value and prospective role in ovarian cancer
therapeutics. Cancer Lett. 351, 173–181. doi: 10.1016/j.canlet.2014.05.022
Kraft, A., Weindel, K., Ochs, A., Marth, C., Zmija, J., Schumacher, P., et al.
(1999). Vascular endothelial growth factor in the sera and effusions of
patients with malignant and nonmalignant disease. Cancer 85, 178–187. doi:
10.1002/(SICI)1097-0142(19990101)85:1<178::AID-CNCR25>3.0.CO;2-7
Kuhn, E., Meeker, A., Wang, T. L., Sehdev, A. S., Kurman, R. J., and Shih, I. M.
(2010). Shortened telomeres in serous tubal intraepithelial carcinoma: an early
event in ovarian high-grade serous carcinogenesis. Am. J. Surg. Pathol. 34,
829–836. doi: 10.1097/PAS.0b013e3181dcede7
Lässer, C., Seyed Alikhani, V., Ekström, K., Eldh, M., Torregrosa Paredes, P.,
Bossios, A., et al. (2011). Human saliva, plasma and breast milk exosomes
contain RNA: uptake by macrophages. J. Transl. Med. 9:9. doi: 10.1186/14795876-9-9
Le, O. (2013). Patterns of peritoneal spread of tumor in the abdomen and pelvis.
World J. Radiol. 5, 106–112. doi: 10.4329/wjr.v5.i3.106

11

August 2016 | Volume 7 | Article 271

Sulaiman et al.

miR-200c as Metastasis Regulator in Ovarian Cancer

Ledford, H. (2011). Cancer theory faces doubts. Nature 472:273. doi:
10.1038/472273a
Lee, Y., Ahn, C., Han, J., Choi, H., Kim, J., Yim, J., et al. (2003). The nuclear
RNAse III Drosha initiates microRNA processing. Nature 425, 415–419. doi:
10.1038/nature01957
Lee, Y., Jeon, K., Lee, J. T., Kim, S., and Kim, V. N. (2002). MicroRNA maturation:
stepwise processing and subcellular localization. EMBO J. 21, 4663–4670. doi:
10.1093/emboj/cdf476
Lengyel, E. (2010). Ovarian cancer development and metastasis. Am. J. Pathol. 177,
1053–1064. doi: 10.2353/ajpath.2010.100105
Leskelä, S., Leandro-García, L. J., Mendiola, M., Barriuso, J., Inglada-Pérez, L.,
Muñoz, I., et al. (2011). The miR-200 family controls β-tubulin III expression
and is associated with paclitaxel-based treatment response and progressionfree survival in ovarian cancer patients. Endocr. Relat. Cancer 18, 85–95. doi:
10.1677/ERC-10-0148
Li, J., Tan, Q., Yan, M., Liu, L., Lin, H., Zhao, F., et al. (2014). miRNA-200c
inhibits invasion and metastasis of human non-small cell lung cancer by
directly targeting ubiquitin specific peptidase 25. Mol. Cancer 13:166. doi:
10.1186/1476-4598-13-166
Li, L.-C., Chui, R. M., Sasaki, M., Nakajima, K., Perinchery, G., Au, H. C., et al.
(2000). A single nucleotide polymorphism in the E-cadherin gene promoter
alters transcriptional activities. Cancer Res. 60, 873–876.
Li, X., Roslan, S., Johnstone, C. N., Wright, J. A., Bracken, C. P., Anderson, M.,
et al. (2014). MiR-200 can repress breast cancer metastasis through ZEB1independent but moesin-dependent pathways. Oncogene 33, 4077–4088. doi:
10.1038/onc.2013.370
Lili, L. N., Matyunina, L. V., Walker, L. D., Wells, S. L., Benigno, B. B., and
Mcdonald, J. F. (2013). Molecular profiling supports the role of epithelial-tomesenchymal transition (EMT) in ovarian cancer metastasis. J. Ovarian Res.
6:49. doi: 10.1186/1757-2215-6-49
Liu, S., Tetzlaff, M. T., Cui, R., and Xu, X. (2012). miR-200c inhibits melanoma
progression and drug resistance through down-regulation of Bmi-1. Am. J.
Pathol. 181, 1823–1835. doi: 10.1016/j.ajpath.2012.07.009
Longo, R., Platini, C., Eid, N., Elias-Matta, C., Buda, T., ’Nguyen, D., et al. (2014).
A late, solitary brain metastasis of epithelial ovarian carcinoma. BMC Cancer
14:543. doi: 10.1186/1471-2407-14-543
Madhavan, D., Peng, C., Wallwiener, M., Zucknick, M., Nees, J., Schott, S.,
et al. (2016). Circulating miRNAs with prognostic value in metastatic breast
cancer and for early detection of metastasis. Carcinogenesis 37, 461–470. doi:
10.1093/carcin/bgw008
Marchini, S., Cavalieri, D., Fruscio, R., Calura, E., Garavaglia, D., Nerini, I. F.,
et al. (2011). Association between miR-200c and the survival of patients with
stage I epithelial ovarian cancer: a retrospective study of two independent
tumour tissue collections. Lancet Oncol. 12, 273–285. doi: 10.1016/S14702045(11)70012-2
Martin, A. K., Laura, B. T., and Elisa Bal De Kier, J. (2011). Is the epithelial-tomesenchymal transition clinically relevant for the cancer patient? Curr. Pharm.
Biotechnol. 12, 1891–1899. doi: 10.2174/138920111798377021
Mei, L., Chen, H., Wei, D. M., Fang, F., Liu, G. J., Xie, H. Y., et al. (2013).
Maintenance chemotherapy for ovarian cancer. Cochrane Database Syst. Rev.
6:Cd007414. doi: 10.1002/14651858.cd007414.pub3
Meng, X., Müller, V., Milde-Langosch, K., Trillsch, F., Pantel, K., and
Schwarzenbach, H. (2016). Diagnostic and prognostic relevance of circulating
exosomal miR-373, miR-200a, miR-200b and miR-200c in patients with
epithelial ovarian cancer. Oncotarget 7, 16923–16935. doi: 10.18632/oncotarget.
7850
Merritt, W. M., Lin, Y. G., Spannuth, W. A., Fletcher, M. S., Kamat, A. A.,
Han, L. Y., et al. (2008). Effect of Interleukin-8 gene silencing with liposomeencapsulated small interfering RNA on ovarian cancer cell growth. J. Natl.
Cancer Inst. 100, 359–372. doi: 10.1093/jnci/djn024
Meyers, M. A., Oliphant, M., Berne, A. S., and Feldberg, M. A. (1987).
The peritoneal ligaments and mesenteries: pathways of intraabdominal
spread of disease. Radiology 163, 593–604. doi: 10.1148/radiology.163.3.
3575702
Mitchell, P. S., Parkin, R. K., Kroh, E. M., Fritz, B. R., Wyman, S. K., PogosovaAgadjanyan, E. L., et al. (2008). Circulating microRNAs as stable blood-based
markers for cancer detection. Proc. Natl. Acad. Sci. U.S.A. 105, 10513–10518.
doi: 10.1073/pnas.0804549105

Frontiers in Pharmacology | www.frontiersin.org

Muralidhar, G., and Barbolina, M. (2015). The miR-200 family: versatile
players in epithelial ovarian cancer. Int. J. Mol. Sci. 16, 16833–16847. doi:
10.3390/ijms160816833
Murphy, D. A., and Courtneidge, S. A. (2011). The ‘ins’ and ‘outs’ of podosomes
and invadopodia: characteristics, formation and function. Nat. Rev. 12, 413–
426. doi: 10.1038/nrm3141
Nakamura, K., Nakayama, K., Ishikawa, M., Ishikawa, N., Nagase, M., Katagiri, H.,
et al. (2016). Utility of ovarian biopsy in pancreatic metastasis of high-grade
serous ovarian carcinoma: a case report. Mol. Clin. Oncol. 5, 41–43. doi:
10.3892/mco.2016.886
Nam, E. J., Yoon, H., Kim, S. W., Kim, H., Kim, Y. T., Kim, J. H., et al. (2008).
MicroRNA expression profiles in serous ovarian carcinoma. Clin. Cancer Res.
14, 2690–2695. doi: 10.1158/1078-0432.CCR-07-1731
Nieto, M. A. (2013). Epithelial plasticity: a common theme in embryonic and
cancer cells. Science 342:1234850. doi: 10.1126/science.1234850
Nougaret, S., Addley, H. C., Colombo, P. E., Fujii, S., Sharif, S. S. A., Tirumani,
S. H., et al. (2012). Ovarian carcinomatosis: how the radiologist can help
plan the surgical approach. Radiographics 32, 1775–1800. doi: 10.1148/rg.326
125511
Pacurari, M., Addison, J. B., Bondalapati, N., Wan, Y.-W., Luo, D., Qian, Y., et al.
(2013). The microRNA-200 family targets multiple non-small cell lung cancer
prognostic markers in H1299 cells and BEAS-2B cells. Int. J. Oncol. 43, 548–560.
Pal, M. K., Jaiswar, S. P., Dwivedi, V. N., Tripathi, A. K., Dwivedi, A., and
Sankhwar, P. (2015). MicroRNA: a new and promising potential biomarker for
diagnosis and prognosis of ovarian cancer. Cancer Biol. Med. 12, 328–341.
Panda, H., Pelakh, L., Chuang, T.-D., Luo, X., Bukulmez, O., and Chegini, N.
(2012). Endometrial mir-200c is altered during transformation into cancerous
states and targets the expression of ZEBs, VEGFA, FLT1, IKKβ, KLF9, and
FBLN5. Reprod. Sci. 19, 786–796. doi: 10.1177/1933719112438448
Pant, S., Hilton, H., and Burczynski, M. E. (2012). The multifaceted exosome:
biogenesis, role in normal and aberrant cellular function, and frontiers for
pharmacological and biomarker opportunities. Biochem. Pharmacol. 83, 1484–
1494. doi: 10.1016/j.bcp.2011.12.037
Park, S.-M., Gaur, A. B., Lengyel, E., and Peter, M. E. (2008). The miR-200 family
determines the epithelial phenotype of cancer cells by targeting the E-cadherin
repressors ZEB1 and ZEB2. Genes Dev. 22, 894–907. doi: 10.1101/gad.
1640608
Pecot, C. V., Bischoff, F. Z., Mayer, J. A., Wong, K. L., Pham, T., Bottsford-Miller, J.,
et al. (2011). A novel platform for detection of CK+ and CK- CTCs. Cancer
Discov. 1, 580–586. doi: 10.1158/2159-8290.CD-11-0215
Pecot, C. V., Rupaimoole, R., Yang, D., Akbani, R., Ivan, C., Lu, C., et al. (2013).
Tumour angiogenesis regulation by the miR-200 family. Nat. Commun. 4:2427.
doi: 10.1038/ncomms3427
Perdigao-Henriques, R., Petrocca, F., Altschuler, G., Thomas, M. P., Le,
M. T. N., Tan, S. M., et al. (2016). miR-200 promotes the mesenchymal
to epithelial transition by suppressing multiple members of the Zeb2 and
Snail1 transcriptional repressor complexes. Oncogene 35, 158–172. doi:
10.1038/onc.2015.69
Perets, R., and Drapkin, R. (2016). It’s totally tubular. . .riding the new wave of
ovarian cancer research. Cancer Res. 76, 10–17. doi: 10.1158/0008-5472.CAN15-1382
Perets, R., Wyant, G., Muto, K., Bijron, J., Poole, B., Chin, K., et al. (2013).
Transformation of the fallopian tube secretory epithelium leads to high-grade
serous ovarian cancer in BRCA;TP53;PTEN models. Cancer Cell 24, 751–765.
doi: 10.1016/j.ccr.2013.10.013
Phillips, K. G., Velasco, C. R., Li, J., Kolatkar, A., Luttgen, M., Bethel, K.,
et al. (2012). Optical quantification of cellular mass, volume, and density of
circulating tumor cells identified in an ovarian cancer patient. Front. Oncol.
2:72. doi: 10.3389/fonc.2012.00072
Pradeep, S., Kim, S. W., Wu, S. Y., Nishimura, M., Chaluvally-Raghavan, P.,
Miyake, T., et al. (2014). Hematogenous metastasis of ovarian cancer:
rethinking mode of spread. Cancer Cell 26, 77–91. doi: 10.1016/j.ccr.2014.
05.002
Prat, J. (2012a). New insights into ovarian cancer pathology. Ann. Oncol. 23(Suppl.
10), x111–x117. doi: 10.1093/annonc/mds300
Prat, J. (2012b). Ovarian carcinomas: five distinct diseases with different origins,
genetic alterations, and clinicopathological features. Virchows Arch. 460, 237–
249. doi: 10.1007/s00428-012-1203-5

12

August 2016 | Volume 7 | Article 271

Sulaiman et al.

miR-200c as Metastasis Regulator in Ovarian Cancer

Siegel, R. L., Miller, K. D., and Jemal, A. (2016). Cancer statistics, 2016. CA Cancer
J. Clin. 66, 7–30. doi: 10.3322/caac.21332
Sonoshita, M., Aoki, M., Fuwa, H., Aoki, K., Hosogi, H., Sakai, Y., et al. (2011).
Suppression of colon cancer metastasis by Aes through inhibition of Notch
signaling. Cancer Cell 19, 125–137. doi: 10.1016/j.ccr.2010.11.008
Soond, S. M., and Chantry, A. (2011). How ubiquitination regulates the TGF-β
signalling pathway: new insights and new players. Bioessays 33, 749–758. doi:
10.1002/bies.201100057
Sørensen, B. H., Dam, C. S., Stürup, S., and Lambert, I. H. (2016). Dual
role of LRRC8A-containing transporters on cisplatin resistance in
human ovarian cancer cells. J. Inorg. Biochem. 160, 287–295. doi:
10.1016/j.jinorgbio.2016.04.004
Srivastava, A., Filant, J., Moxley, K. M., Sood, A., Mcmeekin, S., and Ramesh, R.
(2015). Exosomes: a role for naturally occurring nanovesicles in cancer
growth, diagnosis and treatment. Curr. Gene Ther. 15, 182–192. doi:
10.2174/1566523214666141224100612
Sun, N., Zhang, Q., Xu, C., Zhao, Q., Ma, Y., Lu, X., et al. (2014). Molecular
regulation of ovarian cancer cell invasion. Tumour Biol. 35, 11359–11366. doi:
10.1007/s13277-014-2434-7
Sundararajan, V., Gengenbacher, N., Stemmler, M. P., Kleemann, J. A., Brabletz, T.,
and Brabletz, S. (2015). The ZEB1/miR-200c feedback loop regulates invasion
via actin interacting proteins MYLK and TKS5. Oncotarget 6, 27083–27096. doi:
10.18632/oncotarget.4807
Takashima, S. (2009). Phosphorylation of myosin regulatory light chain by
myosin light chain kinase, and muscle contraction. Circ. J. 73, 208–213. doi:
10.1253/circj.CJ-08-1041
Tan, D. S. P., Agarwal, R., and Kaye, S. B. (2006). Mechanisms of transcoelomic
metastasis in ovarian cancer. Lancet Oncol. 7, 925–934. doi: 10.1016/S14702045(06)70939-1
Tarin, D. (2005). The fallacy of epithelial mesenchymal transition in neoplasia.
Cancer Res. 65, 5996–6001. doi: 10.1158/0008-5472.CAN-05-0699
Taylor, D. D., and Gercel-Taylor, C. (2008). MicroRNA signatures of tumor-derived
exosomes as diagnostic biomarkers of ovarian cancer. Gynecol. Oncol. 110,
13–21. doi: 10.1016/j.ygyno.2008.04.033
Tempfer, C. B., El Fizazi, N., Ergonenc, H., and Solass, W. (2016). Metastasis of
ovarian cancer to the breast: a report of two cases and a review of the literature.
Oncol. Lett. 11, 4008–4012. doi: 10.3892/ol.2016.4514
The Cancer Genome Atlas Research Network (2011). Integrated genomic analyses
of ovarian carcinoma. Nature 474, 609–615. doi: 10.1038/nature10166
Tiram, G., Segal, E., Krivitsky, A., Shreberk-Hassidim, R., Ferber, S., Ofek, P.,
et al. (2016). Identification of dormancy-associated microRNAs for the design
of osteosarcoma-targeted dendritic polyglycerol nanopolyplexes. ACS Nano 10,
2028–2045. doi: 10.1021/acsnano.5b06189
Toiyama, Y., Hur, K., Tanaka, K., Inoue, Y., Kusunoki, M., Boland, C. R.,
et al. (2014). Serum miR-200c is a novel prognostic and metastasis-predictive
biomarker in patients with colorectal cancer. Ann. Surg. 259, 735–743. doi:
10.1097/SLA.0b013e3182a6909d
Tran, H. T., Liu, Y., Zurita, A. J., Lin, Y., Baker-Neblett, K. L., Martin, A.M., et al. (2012). Prognostic or predictive plasma cytokines and angiogenic
factors for patients treated with pazopanib for metastatic renal-cell cancer: a
retrospective analysis of phase 2 and phase 3 trials. Lancet Oncol. 13, 827–837.
doi: 10.1016/S1470-2045(12)70241-3
Tsai, J. H., and Yang, J. (2013). Epithelial–mesenchymal plasticity in carcinoma
metastasis. Genes Dev. 27, 2192–2206. doi: 10.1101/gad.225334.113
Uhlmann, S., Zhang, J. D., Schwager, A., Mannsperger, H., Riazalhosseini, Y.,
Burmester, S., et al. (2010). miR-200bc/429 cluster targets PLCγ 1 and
differentially regulates proliferation and EGF-driven invasion than miR200a/141 in breast cancer. Oncogene 29, 4297–4306. doi: 10.1038/onc.2010.201
Umezu, T., Shibata, K., Kajiyama, H., Terauchi, M., Ino, K., Nawa, A., et al. (2008).
Taxol resistance among the different histological subtypes of ovarian cancer
may be associated with the expression of Class III β-Tubulin. Int. J. Gynecol.
Pathol. 27, 207–212. doi: 10.1097/pgp.0b013e318156c838
Upadhyay, A., Goel, V., Batra, U., Goyal, P., Dutta, K., Aggarwal, M., et al.
(2015). Two cases of ovarian carcinoma with endobronchial metastases: rare
presentation. South Asian J. Cancer 4:149. doi: 10.4103/2278-330X.173170
Valadi, H., Ekstrom, K., Bossios, A., Sjostrand, M., Lee, J. J., and Lotvall, J. O. (2007).
Exosome-mediated transfer of mRNAs and microRNAs is a novel mechanism of
genetic exchange between cells. Nat. Cell Biol. 9, 654–659. doi: 10.1038/ncb1596

Prislei, S., Martinelli, E., Mariani, M., Raspaglio, G., Sieber, S., Ferrandina, G.,
et al. (2013). MiR-200c and HuR in ovarian cancer. BMC Cancer 13:72. doi:
10.1186/1471-2407-13-72
Raspaglio, G., De Maria, I., Filippetti, F., Martinelli, E., Zannoni, G. F., Prislei, S.,
et al. (2010). HuR regulates β-Tubulin isotype expression in ovarian cancer.
Cancer Res. 70, 5891–5900. doi: 10.1158/0008-5472.CAN-09-4656
Ratajczak, J., Miekus, K., Kucia, M., Zhang, J., Reca, R., Dvorak, P., et al.
(2006). Embryonic stem cell-derived microvesicles reprogram hematopoietic
progenitors: evidence for horizontal transfer of mRNA and protein delivery.
Leukemia 20, 847–856. doi: 10.1038/sj.leu.2404132
Reif, R., Adawy, A., Vartak, N., Schröder, J., Günther, G., Ghallab, A., et al.
(2016). Activated ErbB3 translocates to the nucleus via clathrin-independent
endocytosis, which is associated with proliferating cells. J. Biol. Chem. 291,
3837–3847. doi: 10.1074/jbc.M115.686782
Rodriguez, F. J., Lewis-Tuffin, L. J., and Anastasiadis, P. Z. (2012). E-cadherin’s dark
side: possible role in tumor progression. Biochim. Biophys. Acta 1826, 23–31.
doi: 10.1016/j.bbcan.2012.03.002
Roh-Johnson, M., Bravo-Cordero, J. J., Patsialou, A., Sharma, V. P., Guo, P., Liu, H.,
et al. (2014). Macrophage contact induces RhoA GTPase signaling to trigger
tumor cell intravasation. Oncogene 33, 4203–4212. doi: 10.1038/onc.2013.377
Roque, D. M., Bellone, S., Buza, N., Romani, C., Cocco, E., Bignotti, E., et al. (2013).
Class III β-tubulin overexpression in ovarian clear cell and serous carcinoma
as a maker for poor overall survival after platinum/taxane chemotherapy
and sensitivity to patupilone. Am. J. Obstet. Gynecol. 209, 62.e1–62.e9. doi:
10.1016/j.ajog.2013.04.017
Royo, H., Bortolin, M. L., Seitz, H., and Cavaillé, J. (2006). Small non-coding
RNAs and genomic imprinting. Cytogenet. Genome Res. 113, 99–108. doi:
10.1159/000090820
Runyon, B. A., Hoefs, J. C., and Morgan, T. R. (1988). Ascitic fluid
analysis in malignancy-related ascites. Hepatology 8, 1104–1109. doi:
10.1002/hep.1840080521
Safaei, R., Adams, P. L., Maktabi, M. H., Mathews, R. A., and Howell, S. B.
(2012). The CXXC motifs in the metal binding domains are required for
ATP7B to mediate resistance to cisplatin. J. Inorg. Biochem. 110, 8–17. doi:
10.1016/j.jinorgbio.2012.02.016
Safaei, R., Adams, P. L., Mathews, R. A., Manorek, G., and Howell, S. B.
(2013). The role of metal binding and phosphorylation domains in the
regulation of cisplatin-induced trafficking of ATP7B. Metallomics 5, 964–972.
doi: 10.1039/c3mt00131h
Safaei, R., Maktabi, M. H., Blair, B. G., Larson, C. A., and Howell, S. B. (2009).
Effects of the loss of Atox1 on the cellular pharmacology of cisplatin. J. Inorg.
Biochem. 103, 333–341. doi: 10.1016/j.jinorgbio.2008.11.012
Samimi, G., Safaei, R., Katano, K., Holzer, A. K., Rochdi, M., Tomioka, M., et al.
(2004). Increased expression of the copper efflux transporter ATP7A mediates
resistance to cisplatin, carboplatin, and oxaliplatin in Ovarian cancer cells. Am.
Assoc. Cancer Res. 10, 4661–4669. doi: 10.1158/1078-0432.ccr-04-0137
Schickel, R., Park, S.-M., Murmann, A. E., and Peter, M. E. (2010). mir-200c
regulates induction of apoptosis through CD95 by targeting FAP-1. Mol. Cell
38, 908–915. doi: 10.1016/j.molcel.2010.05.018
Schwarzenbach, H. (2015). The clinical relevance of circulating, exosomal miRNAs
as biomarkers for cancer. Expert Rev. Mol. Diagn. 15, 1159–1169. doi:
10.1586/14737159.2015.1069183
Sekine, M., Yoshihara, K., Komata, D., Haino, K., Nishino, K., and
Tanaka, K. (2013). Increased incidence of brain metastases in BRCA1related ovarian cancers. J. Obstet. Gynaecol. Res. 39, 292–296. doi:
10.1111/j.1447-0756.2012.01961.x
Shao, Y., Geng, Y., Gu, W., Huang, J., Pei, H., and Jiang, J. (2015). Prognostic
role of tissue and circulating microRNA-200c in malignant tumors: a
systematic review and meta-analysis. Cell. Physiol. Biochem. 35, 1188–1200. doi:
10.1159/000373943
Shargh, S. A., Sakizli, M., Khalaj, V., Movafagh, A., Yazdi, H., Hagigatjou, E., et al.
(2014). Downregulation of E-cadherin expression in breast cancer by promoter
hypermethylation and its relation with progression and prognosis of tumor.
Med. Oncol. 31:250. doi: 10.1007/s12032-014-0250-y
Shi, L., Zhang, S., Wu, H., Zhang, L., Dai, X., Hu, J., et al. (2013). MiR200c increases the radiosensitivity of non-small-cell lung cancer cell line
A549 by targeting VEGF-VEGFR2 pathway. PLoS ONE 8:e78344. doi:
10.1371/journal.pone.0078344

Frontiers in Pharmacology | www.frontiersin.org

13

August 2016 | Volume 7 | Article 271

Sulaiman et al.

miR-200c as Metastasis Regulator in Ovarian Cancer

Vergara, D., Merlot, B., Lucot, J.-P., Collinet, P., Vinatier, D., Fournier, I., et al.
(2010). Epithelial–mesenchymal transition in ovarian cancer. Cancer Lett. 291,
59–66. doi: 10.1016/j.canlet.2009.09.017
Wan, L., Pantel, K., and Kang, Y. (2013). Tumor metastasis: moving new biological
insights into the clinic. Nat. Med. 19, 1450–1464. doi: 10.1038/nm.3391
Wang, J., Guo, Y., Chu, H., Guan, Y., Bi, J., and Wang, B. (2013). Multiple functions
of the RNA-binding protein HuR in cancer progression, treatment responses
and prognosis. Int. J. Mol. Sci. 14, 10015–10041. doi: 10.3390/ijms140510015
Wang, L., Wang, G., Lu, C., Feng, B., and Kang, J. (2012). Contribution
of the -160C/A polymorphism in the E-cadherin promoter to cancer
risk: a meta-analysis of 47 case-control studies. PLoS ONE 7:e40219. doi:
10.1371/journal.pone.0040219
Williams, L. V., Veliceasa, D., Vinokour, E., and Volpert, O. V. (2013). Mir-200b
inhibits prostate cancer EMT, growth and metastasis. PLoS ONE 8:e83991. doi:
10.1371/journal.pone.0083991
Wu, D. I., Liu, L. E. I., Ren, C., Kong, D. A. N., Zhang, P., Jin, X., et al. (2016).
Epithelial-mesenchymal interconversions and the regulatory function of the
ZEB family during the development and progression of ovarian cancer. Oncol.
Lett. 11, 1463–1468. doi: 10.3892/ol.2016.4092
Wyckoff, J. B., Wang, Y., Lin, E. Y., Li, J.-F., Goswami, S., Stanley, E. R., et al.
(2007). Direct visualization of macrophage-assisted tumor cell intravasation in
mammary tumors. Cancer Res. 67, 2649–2656. doi: 10.1158/0008-5472.CAN06-1823
Xu, L., Yoneda, J., Herrera, C., Wood, J., Killion, J. J., and Fidler, I. J. (2000).
Inhibition of malignant ascites and growth of human ovarian carcinoma by oral
administration of a potent inhibitor of the vascular endothelial growth factor
receptor tyrosine kinases. Int. J. Oncol. 16, 445–454. doi: 10.3892/ijo.16.3.445
Yang, D., Sun, Y., Hu, L., Zheng, H., Ji, P., Pecot, C. V., et al. (2013).
Integrated analyses identify a master microRNA regulatory network for the
mesenchymal subtype in serous ovarian cancer. Cancer Cell 23, 186–199. doi:
10.1016/j.ccr.2012.12.020
Yang, H., Wang, L., Zhao, J., Chen, Y., Lei, Z., Liu, X., et al. (2015).
TGF-β-activated SMAD3/4 complex transcriptionally upregulates N-cadherin
expression in non-small cell lung cancer. Lung Cancer 87, 249–257. doi:
10.1016/j.lungcan.2014.12.015
Yang, J., and Weinberg, R. A. (2008). Epithelial-mesenchymal transition: at the
crossroads of development and tumor metastasis. Dev. Cell 14, 818–829. doi:
10.1016/j.devcel.2008.05.009
Yi, X., Zhou, Y., Zheng, W., and Chambers, S. K. (2009). HuR expression in the
nucleus correlates with high histological grade and poor disease-free survival in
ovarian cancer. Aust. N. Z. J. Obstet. Gynaecol. 49, 93–98. doi: 10.1111/j.1479828X.2008.00937.x
Yoshizawa, K., Nozaki, S., Kitahara, H., Ohara, T., Kato, K., Kawashiri, S., et al.
(2007). Copper efflux transporter (ATP7B) contributes to the acquisition of
cisplatin-resistance in human oral squamous cell lines. Oncol. Rep. 18, 987–991.
doi: 10.3892/or.18.4.987

Frontiers in Pharmacology | www.frontiersin.org

Yu, S., Cao, H., Shen, B., and Feng, J. (2015). Tumor-derived exosomes in cancer
progression and treatment failure. Oncotarget 6, 37151–37168.
Yu, S.-J., Hu, J.-Y., Kuang, X.-Y., Luo, J.-M., Hou, Y.-F., Di, G.-H., et al. (2013).
MicroRNA-200a promotes anoikis resistance and metastasis by targeting YAP1
in human breast cancer. Clin. Cancer Res. 19, 1389–1399. doi: 10.1158/10780432.CCR-12-1959
Yu, X., Liu, L., Cai, B., He, Y., and Wan, X. (2008). Suppression of anoikis by the
neurotrophic receptor TrkB in human ovarian cancer. Cancer Sci. 99, 543–552.
doi: 10.1111/j.1349-7006.2007.00722.x
Zeppernick, F., Meinhold-Heerlein, I., and Shih, I. M. (2015). Precursors of ovarian
cancer in the fallopian tube: serous tubal intraepithelial carcinoma – An update.
J. Obstet. Gynaecol. Res. 41, 6–11. doi: 10.1111/jog.12550
Zervantonakis, I. K., Hughes-Alford, S. K., Charest, J. L., Condeelis, J. S., Gertler,
F. B., and Kamm, R. D. (2012). Three-dimensional microfluidic model for
tumor cell intravasation and endothelial barrier function. Proc. Natl. Acad. Sci.
U.S.A. 109, 13515–13520. doi: 10.1073/pnas.1210182109
Zhang, K., Wong, P., Duan, J., Jacobs, B., Borden, E. C., and Bedogni, B. (2013).
An ERBB3/ERBB2 oncogenic unit plays a key role in NRG1 signaling and
melanoma cell growth and survival. Pigment Cell Melanoma Res. 26, 408–414.
doi: 10.1111/pcmr.12089
Zhang, S., Guo, T., Chan, H., Sze, S. K., and Koh, C.-G. (2013). Integrative
transcriptome and proteome study to identify the signaling network regulated
by POPX2 phosphatase. J. Proteome Res. 12, 2525–2536. doi: 10.1021/
pr301113c
Zhou, J.-J., and Miao, X.-Y. (2012). Gastric metastasis from ovarian carcinoma: a
case report and literature review. World J. Gastroenterol. 18, 6341–6344. doi:
10.3748/wjg.v18.i43.6341
Zorn, K. K., Jazaeri, A. A., Awtrey, C. S., Gardner, G. J., Mok, S. C., Boyd, J.,
et al. (2003). Choice of normal ovarian control influences determination of
differentially expressed genes in ovarian cancer expression profiling studies.
Clin. Cancer Res. 9, 4811–4818.
Zuberi, M., Mir, R., Das, J., Ahmad, I., Javid, J., Yadav, P., et al. (2015). Expression of
serum miR-200a, miR-200b, and miR-200c as candidate biomarkers in epithelial
ovarian cancer and their association with clinicopathological features. Clin.
Transl. Oncol. 17, 779–787. doi: 10.1007/s12094-015-1303-1
Conflict of Interest Statement: The authors declare that the research was
conducted in the absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.
Copyright © 2016 Sulaiman, Ab Mutalib and Jamal. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (CC BY).
The use, distribution or reproduction in other forums is permitted, provided the
original author(s) or licensor are credited and that the original publication in this
journal is cited, in accordance with accepted academic practice. No use, distribution
or reproduction is permitted which does not comply with these terms.

14

August 2016 | Volume 7 | Article 271

