
Review Article
Prognostic Role of MicroRNA-200c-141 Cluster in Various
Human Solid Malignant Neoplasms

Xiao-yang Li, Hui Li, Jie Bu, Liang Xiong, Hong-bin Guo, Li-hong Liu, and Tao Xiao

Department of Orthopedics, The Second Xiangya Hospital of Central South University, Changsha 410011, China

Correspondence should be addressed to Tao Xiao; xiaotaoxyl@163.com

Received 2 August 2015; Revised 6 September 2015; Accepted 8 September 2015

Academic Editor: Lance A. Liotta

Copyright © 2015 Xiao-yang Li et al. This is an open access article distributed under the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

ThemiR-200 family has emerged recently as a noticeable marker for predicting cancer prognosis and tumor progression.We aimed
to review the evidence of miR-200c-141 genomic cluster as prognostic biomarkers in cancers. The results suggested that high level
of miR-200c had no significant impact on OS (HR = 1.14 [0.77–1.69], 𝑃 = 0.501) and DFS/PFS (HR = 0.72 [0.45–1.14], 𝑃 = 0.161).
Stratified analyses revealed that high miR-200c expression was significantly related to poor OS in serum/plasma (HR = 2.12 [1.62–
2.77], 𝑃 = 0.000) but not in tissues (HR = 0.89 [0.58–1.37], 𝑃 = 0.599). High miR-200c expression was significantly associated
with favorable DFS/PFS in tissues (HR = 0.56 [0.43–0.73], 𝑃 = 0.000) but worse DFS/PFS in serum/plasma (HR = 1.90 [1.08–3.36],
𝑃 = 0.027). For miR-141, we found that high miR-141 expression predicted no significant impact on OS (HR = 1.18 [0.74–1.88],
𝑃 = 0.482) but poor DFS/PFS (HR = 1.11 [1.04–1.20], 𝑃 = 0.003). Similarly, subgroup analyses showed that high miR-141 expression
predicted poor OS in serum/plasma (HR = 4.34 [2.30–8.21], 𝑃 = 0.000) but not in tissues (HR = 1.00 [0.92–1.09], 𝑃 = 0.093).
High miR-141 expression was significantly associated with worse DFS/PFS in tissues (HR = 1.12 [1.04–1.20], 𝑃 = 0.002) but not in
serum/plasma (HR=0.90 [0.44–1.83],𝑃 = 0.771). Our findings indicated that, compared to their tissue counterparts, the expression
level ofmiR-200c andmiR-141 in peripheral bloodmay bemore effective formonitoring cancer prognosis. HighmiR-141 expression
was better at predicting tumor progression than survival for malignant tumors.

1. Introduction

Cancer is a global major public health issue [1, 2]. It accounts
for one of the leading causes of mortality prevalent in most
regions worldwide [3]. According to a GLOBOCAN report,
the global burden of cancer continued to increase largely. in
2012, cancer death cases were estimated up to 8.2 million,
and most of them occurred in developing countries [4].
Althoughmultidisciplinary treatments including chemother-
apy, radiotherapy, and surgery have remarkably improved the
survival of cancer in the last decades, local and metastatic
relapses have been consistently shown to dramatically reduce
survival. Thus advanced biomarkers are necessary for proper
prediction of cancer prognosis [5].

MicroRNAs (miRNAs) are a class of evolutionarily con-
served endogenous small noncodingmolecules.These single-
stranded 18–25 nucleotides long RNAs could sequence-
specifically regulate gene expression and various biological

processes [6, 7]. Since the initial discovery identifiedmiRNAs
in 1993, emerging evidences from clinical researches have
indicated that miRNAs are crucial in cellular differentiation,
growth, stress response, cell death, and other fundamental
cellular processes, and their involvement in malignant neo-
plasms has been confirmed [8]. Recently, miRNA expression
profiling has revealed that certain miRNAs were implicated
in tumorigenesis, tumor progression, and clinicopatholog-
ical features of cancers [9–11]. Therefore, miRNAs could
be promising prognostic biomarker candidates in various
human cancers [12–14].

The miRNA-200 family consisting of five highly homol-
ogous members (miR-200a, miR-200b, miR-200c, miR-429,
and miR-141) can be separated into two gene clusters based
on the fact that they are expressed from two distinct poly-
cistronic transcripts; themiR-200b/a/429 cluster is located on
chromosome 1p36, and the miR-200c/141 cluster is located
on chromosome 12p13 [14, 15]. The miR-200 family has
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emerged recently as a significant marker, as well as a pivotal
regulator of the epithelial-to-mesenchymal transition (EMT)
in a variety of cancers [14, 16–18]. Increasing evidence
demonstrated that the cluster of miR-200c-141 seems to have
a dual role in patient prognosis. However, consensus has
not been reached to the reliability of miR-200c and miR-
141 as prognostic biomarkers in tumors [19–21]. Hence, the
prognostic relevance of miR-200c and miR-141 expression in
cancer remains controversial. Considering the weakness of
individual study, it is essential to conduct a meta-analysis
to address the inconsistence by systematically summarizing
available findings.

Therefore, in this study, we performed a comprehensive
meta-analysis to clarify the prognostic value of miR-200c and
miR-141 expression in human cancers.

2. Materials and Methods

This meta-analysis was conducted in accordance with the
standard guidelines of Preferred Reporting Items for System-
atic Reviews and Meta-Analyses (PRISMA) 2009 Checklist
(http://www.prismastatement.org/statement.htm) andMeta-
Analysis of Observational Studies in Epidemiology group
(MOOSE) [43].

2.1. Search Strategy. To obtain relevant literatures for this
meta-analysis, we systematically and carefully searched
the online PubMed (http://www.ncbi.nlm.nih.gov/pubmed),
Embase (http://www.embase.com/home), and Web of Sci-
ence (http://wokinfo.com/) up to September 30, 2014. No
language or other restrictions weremade.The following three
sets of key words and their combination search terms were
simultaneously applied, namely, “miR-200c OR miR-141,”
“cancer OR carcinoma OR tumor OR malignant neoplasm,”
and “survival OR prognosis OR outcome.” All the searching
records were reviewed by going through the titles and
abstracts. The duplications were removed directly.

A manual search was conducted to identify additional
prospective studies by using cited references from relevant
original articles, reviews, and editorials on this topic. If
more than one miR-200 family member or cancer type was
reported in one study, eachwas extracted separately.Themost
complete study was included in our analysis when there was
more than one study containing overlapping data from the
same authors. Requests were emailed to the authors when
supplementary information and essential data are needed.

Information of the eligible reports, such as titles,
abstracts, full texts, and reference lists were independently
and carefully identified from all of the publications in trip-
licate by two reviewers (Xiao-yang Li and Xiong). Bu and
Guo double checked these extracted articles for a second
time. Disagreements were resolved by discussion among
these reviewers (Xiao-yang Li, Xiong, Bu, and Guo) and
consultation with senior reviewers (Liu and Hui Li).

2.2. Inclusion Criteria and Exclusion Criteria. Studies were
considered eligible according to the following criteria: (i) any
type of human solid tumor was studied; (ii) the expression

of miR-200c or miR-141 in tumor tissue or blood sample was
measured; (iii) the associations betweenmiR-200c ormiR-141
expression and survival outcome were investigated; and (iv)
sufficient data was provided to estimate hazard ratios (HRs)
and corresponding 95% confidence intervals (95% CIs) for
survival rates.

Articles were excluded if they met the following criteria:
(i) hematological malignancies and autoimmune disorders;
(ii) studies analyzing a set of miRNAs altogether other
than a separated one; (iii) reviews, case reports, comments,
economic analyses, conference abstracts, animal studies, and
laboratory studies; (iv) lack of crucial information about
survival outcome or not being able to estimate HR and 95%
CI by the available data.

2.3. Quality Assessment. Quality assessment for all the
included studieswas systematically performed independently
by three investigators (Xiao-yang Li, Bu, and Hui Li), based
on the critical guidelines of the Dutch Cochrane Centre pro-
posed by MOOSE for prognostic meta-analysis [43]. The key
points of the review checklist included the following: (i) clear
description of study population and origin of country, (ii)
clear definition of type of carcinoma, (iii) clear explanation
of study design, (iv) clear description of outcome assessment,
(v) clear report of miR-200 family measurement, (vi) clear
definition of cut-off of miR-200 family, and (vii) sufficient
follow-up period.We excluded the studies without specifying
any aspect concerning the above so as not to compromise the
quality of the meta-analysis.

2.4. Data Extraction and Conversion. The two investigators
(Xiao-yang Li and Bu) independently extracted relevant
information in standardized data collection forms to rule
out any discrepancy. The following characteristics of the
individual eligible research articles were collected: the first
author’s name, year of publication, origin of population,
selection of number of cases, cancer type, and sample source,
the member of miR-200 family, validation methods, cut-off
values, survival results, and prognosis.

HRs with their 95% CIs were extracted according to
the following three methods [44]. Only reported univariate
analysis results for survival in eligible studies were considered
for the aggregation of the survival data. Inmost instances, the
reported HRs with their 95% CIs and 𝑃 values were directly
derived from the original publications or the corresponding
E-mails from the authors, with an HR of >1 being associated
with elevated risk of mortality or recurrence, which is the
most accurate method. In absence of HRs and 95% CIs, the
total numbers of observed deaths/cancer recurrences and the
numbers of samples in each group or the valuable data pro-
vided by the authors were extracted to calculate HRs. If only
Kaplan-Meier curves are available, data were extracted from
the graphical survival plots to estimate the HRs following the
previously described method [44, 45]. If needed, we sought
original data directly from the authors of the relevant studies.
All the results extracted according to the above threemethods
were compared, and disagreements were discussed among all
the authors to resolve with consensus.
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Potential relevant citations identified by search strategy: N = 536

Excluded

Excluded

Excluded

Full text analyses: N = 52

Further quality evaluation of details: N = 25

Studies included in meta-analysis: N = 23

(3 studies evaluated both miR-200c and miR-141)

Records included in meta- Records included in meta-
analysis for miR-200c: N = 16 analysis for miR-141: N = 10

Retrievals excluded according to the following criteria: N = 484

Duplicate records
Not original articles
Not a human study

Unrelated to miR-200c or miR-141
Unrelated to any malignant solid neoplasms

Unrelated to survival or prognosis

Researches excluded due to the following criteria: N = 27

Not dichotomous
Not study of cancer tissue or blood samples
Absence of sufficient outcome information

Trails excluded for overlapping data sets: N = 2

Figure 1: Flow diagram of the identification and selection of studies.

2.5. Statistical Analysis. The survival outcome of cancer asso-
ciated with miR-200c or miR-141 expression was estimated
by using the hazard ratio (HR) and their associated 95%
confidence intervals (95% CI) for each study. HRs with 95%
CIs were used to combine the pooled data. Heterogeneity
of combined HRs was assessed by Cochran’s 𝑄 test and
Higgin’s 𝐼2 statistic [46, 47]. Heterogeneity was considered
statistically significant as 𝑃 < 0.05 or 𝐼2 > 50%. Pooled
HR was calculated using a fixed-effects model or random-
effects model to evaluate the relationship between miR-
200c or miR-141 expression and survival rate. A fixed-effects
model (Mantel-Haenszel test) was applied in the absence
of between-study heterogeneity (𝑃 ≥ 0.05 or 𝐼2 ≤ 50%)
[48], while the random-effects model (Der Simonian and
Laird method) was applied if significant heterogeneity was
observed (𝑃 < 0.05 or 𝐼2 > 50%) [49].

In order to seek possible explanations for heterogeneity,
stratified analyses were performed by classifying studies into
subgroups of sample source, ethnicity, and main cancer
type. Analyses were conducted for all studies and differences
between the subgroups which were assessed using methods
described by Julian and Higgins [50]. To validate the credi-
bility of outcomes in this meta-analysis, analysis of sensitivity
was performed to evaluate the stability of the results; namely,
each single study in themeta-analysis was omitted at a time to
reflect the influence of the individual data set on the results.

The Begg’s funnel plot and Egger’s bias indicator test were
used to evaluate the potential publication bias among the
included studies [51, 52]. 𝑃 < 0.05 in all the two-sided
statistical tests was regarded as significant. No corrections
were made for multiple comparisons. All analyses were

conducted using the STATA package version 12.0 (Stata
Corporation, College Station, Texas, USA).

3. Results

3.1. Eligible Studies. A total of 536 studies were identified
after searching in PubMed, Embase, and Web of Science for
publications on miR-200c and miR-141 expression associated
with cancer prognosis. The titles, publication types, and
abstracts were initially evaluated and the full texts were
further reviewed. Finally, 23 studies that met the inclusion
criteria were considered qualified for the present meta-
analysis [19, 20, 22–42]. Of the eligible studies, 13 studies
separately evaluated miR-200c [20, 22–25, 27–30, 33–36], 7
studies separately evaluatedmiR-141 [19, 37–42], and 3 studies
simultaneously evaluated miR-200c and miR-141 [26, 31, 32].
Figure 1 showed the flowdiagramof candidate study selection
in our study.

3.2. Characteristics of Included Studies. We collected the
essential data from the enrolled 23 studies which were con-
ducted between 2010 and 2014. A total of 2489 participants
from different territories involving the United States, Spain,
Japan, China, South Korea, Italy, Australia, Germany, and
Portugal were included in this meta-analysis. The sample
size of the included study ranged from 34 to 212 patients. A
wide range of human solid malignant neoplasms were inves-
tigated in these eligible 23 studies including colorectal cancer,
esophageal cancer, gastric cancer, pancreatic cancer, ovarian
cancer, endometrial cancer, lung cancer, bladder cancer,
prostate cancer, renal cancer, and hepatocellular carcinoma.
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Table 1: Characteristics of the studies on miR-200c included in this meta-analysis.

Author Publication
year

Origin of
population

Number
of cases

Cancer
type Sample Test

method Cut-off Survival
analysis

Estimated
HR Prognosis

Cao et al. [22] 2014 China 100 Ovarian
cancer Tissue qRT-

PCR Median OS Reported Negative

Lin et al. [23] 2014 Australia 97 Prostate
cancer Serum qRT-

PCR Median OS Reported Negative

Yu et al. [24] 2013 China 157 Esophageal
cancer Serum qRT-

PCR Median OS Reported Negative

Tanaka et al. [25] 2013 Japan 64 Esophageal
cancer Serum qRT-

PCR Median PFS Reported Negative

Diaz et al. [26] 2014 Spain 127 Colorectal
cancer Tissue qRT-

PCR NA OS;
DFS Estimated Positive

Valladares-Ayerbes
et al. [27] 2012 Spain 52 Gastric

cancer Blood qRT-
PCR Mean OS; PFS Estimated Negative

Marchini et al. [28] 2011 Italy 89; 55 Ovarian
cancer Tissue qRT-

PCR
25th

quartiles OS; PFS Reported Positive

Karaayvaz et al.
[20] 2012 America 34 Endometrial

cancer Tissue qRT-
PCR

dCT =
35.5 OS Reported Positive

Toiyama et al. [29] 2014 Japan 156; 182 Colorectal
cancer

Tissue;
serum

qRT-
PCR ROC OS; PFS Reported Positive;

negative

Tang et al. [30] 2013 China 126 Gastric
cancer Tissue ISH An SI

score of 2
OS;
DFS Estimated Positive

Tejero et al. [31] 2014 Spain 155 Lung cancer Tissue qRT-
PCR NA OS Estimated Negative

Liu et al. [32] 2012 China 70 Lung cancer Tissue qRT-
PCR 2-fold OS Reported Negative

Hamano et al. [33] 2011 Japan 98 Esophageal
cancer Tissue qRT-

PCR Median OS Estimated Negative

Yu et al. [34] 2010 Japan 99 Pancreatic
cancer Tissue qRT-

PCR
Value =
0.64 OS Reported Positive

Kim et al. [35] 2014 South
Korea 72 Lung cancer Tissue qRT-

PCR Median OS Estimated Positive

Li et al. [36] 2014 China 150 Lung cancer Tissue qRT-
PCR

55th
percentiles OS; PFS Reported Positive

qRT-PCR: quantitative real-time polymerase chain reaction; ISH: in situ hybridization; NA: not available; ROC: receiver operating characteristic; SI (staining
index score): combing staining intensity and proportion of positively stained cells; OS: overall survival; DFS: disease-free survival; PFS: progression-free
survival.

The expression of miR-200c and miR-141 was measured
in collected cancerous tissues in the majority of studies
except seven targeted in circulation samples [23–25, 27,
29, 37, 39], including one researched in cancerous tissues
and blood samples meanwhile [29]. Quantitative real-time
polymerase chain reaction (qRT-PCR) assay was widely
applied to detect the expression level of miR-200c and miR-
141 except two studies which used in situ hybridization (ISH)
[30, 38]. The expression levels of miR-200c and miR-141 were
dichotomized in all these 23 studies, but the cut-off value was
different, with median, mean, and defined level.

Included studies in this meta-analysis referred to evalu-
ating miR-200c and miR-141 expression for overall survival
(OS), disease-free survival (DFS), progression-free survival
(PFS), and disease-specific survival (DSS). For quantitative
analyses, the pooled HRs along with their 95% CIs of all
available trials were grouped intoOS andDFS/PFS (including

DSS for miR-141). As to the data extractionmethods, the HRs
and 95% CIs which were reported by univariate regression
were directly used for 15 studies, and the other HRs and
95%CIs were calculated based on available numerical data or
Kaplan-Meier curves for the remaining 8 studies. The main
features of these 23 studies were summarized in Table 1 for
miR-200c and Table 2 for miR-141.

3.3. Overall Survival (OS) Associated with miR-200c Expres-
sion. For studies evaluating OS for miR-200c, a random-
effects model was applied to calculate the pooled HR and its
95% CI because of the high significant heterogeneity which
had been found in the 17 cohorts (𝐼2 = 80.5%, 𝑃 = 0.000).
The result showed that high level of miR-200c may predict
poorer OS, with the pooled HR being 1.14 (95% CI: 0.77–
1.69). However, the effect did not reach the level of statistical
significance (𝑃 = 0.501) (Figure 2(a)).
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Table 2: Characteristics of the studies on miR-141 included in this meta-analysis.

Author Publication
year

Origin of
population

Number
of cases Cancer type Sample Test

method Cut-off Survival
analysis

Estimated
HR Prognosis

Cheng et al. [37] 2011 America;
China 102; 156 Colorectal

cancer Plasma qRT-
PCR Median OS Reported Negative

Diaz et al. [26] 2014 Spain 56 Colorectal
cancer Tissue qRT-

PCR NA OS; PFS Estimated Positive

Liu et al. [38] 2014 China 212 Hepatocellular
carcinoma Tissue ISH An SI

score of 3 OS Reported Positive

Tejero et al. [31] 2014 Spain 70; 72 Lung cancer Tissue qRT-
PCR NA OS Estimated Negative

Selth et al. [39] 2013 Australia 70 Prostate
cancer Serum qRT-

PCR Median EFS Reported Positive

Liu et al. [32] 2012 China 70 Lung cancer Tissue qRT-
PCR 2-fold OS Reported Negative

Marchini et al. [40] 2013 Italy 52 Ovarian
cancer Tissue qRT-

PCR
25th

quartiles OS; PFS Reported Negative

Zhao et al. [41] 2013 China 40 Pancreatic
cancer Tissue qRT-

PCR Median OS Estimated Positive

Ratert et al. [19] 2013 Germany 40 Bladder
cancer Tissue qRT-

PCR Median OS Estimated Positive

Silva-Santos et al. [42] 2013 Portugal 90 Renal cancer Tissue qRT-
PCR Median DSS Estimated Positive

qRT-PCR: quantitative real-time polymerase chain reaction; ISH: in situ hybridization; NA: not available; SI (staining index score): staining intensity ×
proportion of positively stained cells; OS: overall survival; DFS: disease-free survival; PFS: progression-free survival; DSS: disease-specific survival.

Stratified analyses were performed by classifying studies
into subgroups of sample source, dominant ethnicity, and
malignant diseases. In the subgroup analysis of sample
source, no significant association between the high level of
miR-200c in tissue and overall survival was found (pooled
HR = 0.89; 95% CI: 0.58–1.37; 𝑃 = 0.599) by a random-
effects model (𝐼2 = 73.5%, 𝑃 = 0.000). However, significant
effect was observed between the high level of miR-200c in
serum/plasma and poorer OS (pooled HR = 2.12; 95% CI =
1.62–2.77; 𝑃 = 0.000) by a fixed-effects model (𝐼2 = 0.0%,
𝑃 = 0.932) (Figure 2(b)). When stratified by the dominant
ethnicity, we did not find a significantly worse OS (random-
effectsmodel: pooledHR= 1.10; 95%CI: 0.63–1.93;𝑃 = 0.734)
in Caucasians. Similarly, the result (random-effects model:
pooled HR = 1.20; 95% CI: 0.69–2.07; 𝑃 = 0.515) showed
that the association between high level of miR-200c and poor
OS was not significant in Asians (Figure 2(c)). In subtotal
analyses of main malignant type, no significant results were
observed in digestive system cancers (random-effects model:
pooled HR = 1.07; 95% CI: 0.65–1.76; 𝑃 = 0.793), urogenital
system cancers (random-effects model: pooled HR = 1.20;
95% CI: 0.35–4.20; 𝑃 = 0.770), and respiratory system
cancers subgroup (random-effects model: pooled HR = 1.35;
95% CI: 0.57–3.16; 𝑃 = 0.496) (Figure 2(d)).

3.4. Tumor Progression (DFS/PFS) Associated with miR-200c
Expression. We analyzed tumor progression associated with
high miR-200c expression by combining disease recurrence
and metastasis. A total of seven studies focused on DFS/PFS
(including DFS and PFS) analysis with a significant het-
erogeneity among them (𝐼2 = 67.8%, 𝑃 = 0.005). A

random-effects model was applied and no obvious rela-
tionship between high level of miR-200c and DFS/PFS was
shown (pooled HR = 0.72; 95% CI: 0.45–1.14; 𝑃 = 0.161)
(Figure 3(a)).

Similar to OS analyses, we also performed subtotal
investigation for DFS/PFS analyses. In subgroup analysis
stratified by detected samples, high level of miR-200c in
serum/plasma exhibited a significant association with poor
DFS/PFS (HR = 1.90; 95% CI: 1.08–3.36; 𝑃 = 0.027) and no
heterogeneity was observed (𝐼2 = 0.0%, 𝑃 = 0.500). However,
the pooled outcome in tissue subgroup surprisingly showed
that high miR-200c expression was significantly associated
with a favorable DFS/PFS (HR = 0.56; 95% CI: 0.43–0.73;
𝑃 = 0.000) by a fixed-effects model (𝐼2 = 0.0%, 𝑃 = 0.454)
(Figure 3(b)). When stratified by dominant ethnicity, no
significant association was observed in Caucasians (pooled
HR = 0.63; 95% CI: 0.23–1.74; 𝑃 = 0.370) by a random-
effects model (𝐼2 = 79.9%, 𝑃 = 0.002), but high level of
miR-200c significantly associated with favorable DFS/PFS
(pooled HR = 0.65; 95% CI: 0.49–0.86; 𝑃 = 0.002) in
Asians by fixed-effects model (𝐼2 = 33.9%, 𝑃 = 0.220)
(Figure 3(c)). Finally, the results revealed that high level of
miR-200c significantly associated with favorable DFS/PFS in
respiratory system cancers (HR = 0.61; 95% CI: 0.42–0.89;
𝑃 = 0.010) and urogenital system cancers (pooled HR = 0.32;
95% CI: 0.16–0.66; 𝑃 = 0.002) by a fixed-effects model (𝐼2 =
0.0%, 𝑃 = 0.340). We did not find a significant favorable
DFS/PFS (pooled HR = 1.04; 95% CI: 0.53–2.04; 𝑃 = 0.917)
in digestive system cancers by a random-effects model (𝐼2 =
71.7%, 𝑃 = 0.014) (Figure 3(d)).
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Note: weights are from random
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Yu et al. (2010)
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Kim et al. (2014)

Karaayvaz et al. (2012)

Diaz et al. (2014)

Lin et al. (2014)

Study ID

Hamano et al. (2011)
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Tejero et al. (2014)

Valladares-Ayerbes et al. (2012)

Marchini et al. (2011)

Toiyama et al. (2014)

1.14 (0.77, 1.69)

21.42 (1.26, 48.33)
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0.45 (0.27, 0.71)

0.21 (0.05, 0.97)

6.02 (1.34, 26.97)

1.30 (0.55, 3.10)

0.56 (0.28, 1.11)

1.15 (0.37, 3.59)

0.60 (0.23, 1.59)

2.30 (1.30, 4.10)

1.59 (0.92, 2.79)

HR (95% CI)

2.02 (1.37, 2.98)
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1.84 (0.87, 3.88)
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2.43 (1.26, 4.68)

100.00
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7.23

3.75

3.70
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5.82

4.82

5.43

6.92

6.99

Weight (%)

7.53

5.97

6.27

5.23

6.62

0.0207 1 48.3

Overall (I2 = 80.5%, P = 0.000)

effects analysis

(a)

Note: weights are from random

Tissue
0.70 (0.39, 1.27)
1.59 (0.92, 2.79)
0.31 (0.11, 0.85)
0.21 (0.05, 0.97)
1.15 (0.37, 3.59)

6.02 (1.34, 26.97)
0.45 (0.27, 0.71)
0.60 (0.23, 1.59)
0.56 (0.28, 1.11)
1.55 (0.68, 3.54)

21.42 (1.26, 48.33)
1.30 (0.55, 3.10)
0.56 (0.37, 0.86)
0.89 (0.58, 1.37)

HR (95% CI)

9.67
9.88
7.05
4.87
6.44
4.80

10.29
7.37
9.06
8.22
3.74
7.97

10.63
100.00

10.0207 48.3

Serum
1.84 (0.87, 3.88)
2.43 (1.26, 4.68)
2.02 (1.37, 2.98)
2.30 (1.30, 4.10)
2.12 (1.62, 2.77)

HR (95% CI)

13.00
16.87
48.11
22.02

100.00

10.214 4.68

Subtotal (I2 = 73.5%, P = 0.000)

Subtotal (I2 = 0.0%, P = 0.932)

Study ID Weight (%)

Study ID Weight (%)

Cao et al. (2014)

Li et al. (2014)

Yu et al. (2010)

Tang et al. (2013)

Marchini et al. (2011)

Liu et al. (2012)

Kim et al. (2014)

Karaayvaz et al. (2012)

Diaz et al. (2014)

Hamano et al. (2011)

Tejero et al. (2014)

Marchini et al. (2011)

Toiyama et al. (2014)

Lin et al. (2014)
Yu et al. (2013)

Valladares-Ayerbes et al. (2012)
Toiyama et al. (2014)
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(b)

Figure 2: Continued.
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Note: weights are from random

Caucasian

Asian

0.31 (0.11, 0.85)
0.21 (0.05, 0.97)
1.15 (0.37, 3.59)
1.84 (0.87, 3.88)
0.60 (0.23, 1.59)
2.43 (1.26, 4.68)
1.55 (0.68, 3.54)
2.30 (1.30, 4.10)
1.10 (0.63, 1.93)

0.70 (0.39, 1.27)
1.59 (0.92, 2.79)

6.02 (1.34, 26.97)
0.45 (0.27, 0.71)
0.56 (0.28, 1.11)
2.02 (1.37, 2.98)

21.42 (1.26, 48.33)
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Figure 2: Forest plots of merged analyses for overall survival (OS) associated with miR-200c expression. (a) Forest plot to assess the overall
effect; (b) Forest plots for the subgroup analysis in different detected samples; (c) Forest plots of ethnic effect; (d) Forest plots for the subgroup
analysis in different malignant diseases.
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Figure 3: Continued.
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Figure 3: Forest plots of merged analyses for disease-free survival (DFS) and progression-free survival (PFS) associated with miR-200c
expression. (a) Forest plot to assess the overall effect; (b) Forest plots for the subgroup analysis in different detected samples; (c) Forest plots
of ethnic effect; (d) Forest plots for the subgroup analysis in different malignant diseases.
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3.5. Overall Survival (OS) Associated with miR-141 Expression.
For the studies evaluating OS for miR-141, a random-effects
model was used to calculate the pooled HR with 95% CI due
to the significant heterogeneity (𝐼2 = 74.2%, 𝑃 = 0.000), and
no statistically significant relevance was observed (pooled
HR = 1.18; 95% CI: 0.74–1.88; 𝑃 = 0.482) (Figure 4(a)).

Subgroup analyses failed to exhibit a significant associ-
ation between high level of miR-141 and overall survival in
tissue subgroup (pooled HR = 1.00; 95% CI: 0.92–1.09; 𝑃 =
0.967) by a fixed-effects model (𝐼2 = 44.7%, 𝑃 = 0.093) but
showed that high level of miR-141 in serum/plasma was a
significant prediction for poorOS (pooledHR=4.34; 95%CI:
2.30–8.21; 𝑃 = 0.000) by a fixed-effects model (𝐼2 = 0.0%, 𝑃 =
0.714) (Figure 4(b)). When stratified by dominant ethnicity,
no significant relevance was observed in both Caucasians
(random-effects model: pooled HR = 1.05; 95% CI: 0.51–2.17;
𝑃 = 0.887) and Asians (random-effects model: pooled HR =
1.49; 95% CI: 0.48–4.66; 𝑃 = 0.493) (Figure 4(c)). Moreover,
in subtotal analyses of malignant diseases, no significant
association was displayed in subgroups of digestive system
cancers (pooled HR = 1.26; 95% CI: 0.45–3.53; 𝑃 = 0.667) by
a random-effects model (𝐼2 = 85.9%, 𝑃 = 0.000), respiratory
system cancers (pooled HR = 1.20, 95% CI: 0.43–3.31, 𝑃 =
0.726) by a fixed-effects model (𝐼2 = 37.1%, 𝑃 = 0.207),
and urogenital system cancers (pooled HR = 1.03; 95% CI:
0.95–1.12; 𝑃 = 0.511) by a fixed-effects model (𝐼2 = 0.0%,
𝑃 = 0.370) (Figure 4(d)).

3.6. Tumor Progression (DFS/PFS) Associated with miR-
141 Expression. We analyzed tumor progression associated
with miR-141 expression by combining disease recurrence,
metastasis, and disease death. Meta-analysis of the eligible
studies predicted that high level of miR-141 was significantly
associated with poor DFS/PFS (pooled HR = 1.11; 95% CI:
1.04–1.20; 𝑃 = 0.003). No significant heterogeneity was
observed (𝐼2 = 0.0%, 𝑃 = 0.627) and the fixed-effects model
was applied (Figure 5(a)).

Further stratified analyses by detected sample type dis-
played that high level of miR-141 remained to be a worse
prognostic marker in tissue subgroup (pooled HR = 1.12; 95%
CI: 1.04–1.20; 𝑃 = 0.002) by a fixed-effects model (𝐼2 =
0.0%, 𝑃 = 0.498) but failed to show a significant associa-
tion between miR-141 expression and tumor progression in
serum/plasma (HR = 0.90; 95% CI: 0.44–1.83; 𝑃 = 0.771)
(Figure 5(b)). Since all the eligible studies focusing on miR-
141 expression and tumor progression were carried out with
Caucasian cases, subtotal analysis conducted by the ethnicity
was not performed. When different malignant diseases were
considered, the result revealed that high miR-141 expression
in urogenital system cancers was associated with a poor
DFS/PFS (pooled HR = 1.12; 95% CI: 1.04–1.20; 𝑃 = 0.002)
by the fixed-effects model (𝐼2 = 0.0%, 𝑃 = 0.821). However,
subgroup analysis in digestive system cancers showed no
statistical significance (HR = 0.54; 95% CI: 0.16–1.84; 𝑃 =
0.324) (Figure 5(c)).

3.7. Heterogeneity Analysis Results. Heterogeneity was
observed among studies evaluating OS for miR-200c (OS

for all, 𝐼2 = 80.5%) and miR-141 (OS for all, 𝐼2 = 74.2%), as
well as studies evaluating DFS/PFS for miR-200c (DFS/PFS
for all, 𝐼2 = 67.8%). Then, we, respectively, assessed the
source of heterogeneity comparison by detected sample
source, ethnicity, and cancer type. Substantial heterogeneity
was discovered in tissue subgroup for miR-200c (OS as
endpoint, 𝐼2 = 73.5%), as well as tissue subgroup for miR-141
(OS as endpoint, 𝐼2 = 44.7%). The heterogeneity was partly
decreased in Caucasians in some subgroup analyses (OS for
miR-200c: 𝐼2 = 70.7%; OS for miR-141: 𝐼2 = 61.5%). However,
there was still significant heterogeneity among Asians in
some subgroup analyses (OS for miR-200c: 𝐼2 = 85.1%; OS
for miR-141: 𝐼2 = 84.9%). In subgroup analyses of tumor
type evaluating OS for miR-200c, heterogeneity was seen
in digestive system cancer (𝐼2 = 82.1%), respiratory system
cancer (𝐼2 = 77.4%), and urogenital system cancer (𝐼2 =
84.7%). The subgroup analyses of tumor type evaluating
DFS/PFS for miR-200c showed that the heterogeneity was
significant among digestive system cancer (𝐼2 = 71.7%), while
no heterogeneity was observed in other subgroups. Similar
kind of considerations held for the subgroup analyses of
tumor type for miR-141, since the heterogeneity of OS for
digestive system cancers was obvious (𝐼2 = 85.9%), while no
significant heterogeneity was viewed in other cancer types.

3.8. Publication Bias and Sensitivity Analysis. Potential publi-
cation bias was assessed by Begg’s funnel plot and Egger’s test.
Among 17 cohorts evaluating OS and 7 cohorts evaluating
DFS/PFS for miR-200c, no obvious asymmetry was observed
in Begg’s funnel plots (Figures 6(a) and 6(b)), and the Egger’s
tests also showed no potential publication bias (OS: 𝑡 = 0.45,
𝑃 = 0.659; DFS/PFS: 𝑡 = 0.09, 𝑃 = 0.935). For miR-141, the
funnel plots were symmetrical (Figures 6(c) and 6(d)) and the
absence of significant publication bias was indicated by the
𝑃 values of the Egger’s tests among 9 cohorts evaluating OS
(OS: 𝑡 = 0.30, 𝑃 = 0.771) and 4 cohorts evaluating DFS/PFS
(DFS/PFS: 𝑡 = −2.22, 𝑃 = 0.156).

The sensitivity analysis was performed by omitting each
study at a given time to investigate the influence of any
individual study on the stability of overall result. The results
of sensitivity analyses for miR-200c with OS as the endpoint
(Figure 7(a)) and DFS/PFS as the endpoint (Figure 7(b))
demonstrated that the pooled HRs were not significantly
altered by removing every single study in sequence. Fur-
thermore, in the sensitivity analysis for miR-141 with OS as
the endpoint (Figure 7(c)), the result which was not changed
confirmed the stability of the studies. Owing to the limitation
of the number of eligible studies, the sensitivity analysis for
miR-141 with DFS/PFS as the endpoint was not performed.

4. Discussion

Previous researches have indicated that miRNAs play impor-
tant roles in tumorigenesis and cancer progression, which are
closely related to many pathways such as innate and adaptive
immune responses, cell cycle, angiogenesis, invasion, and
metastasis [53]. Recent researches have revealed that acting
as tumor suppressive or oncogenic genes, miRNAs exhibited
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Figure 4: Continued.
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Figure 4: Forest plots of merged analyses for overall survival (OS) associated with miR-141 expression. (a) Forest plot to assess the overall
effect; (b) Forest plots for the subgroup analysis in different detected samples; (c) Forest plots of ethnic effect; (d) Forest plots for the subgroup
analysis in different malignant diseases.
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Figure 5: Forest plots of merged analyses for disease-free survival (DFS) and progression-free survival (PFS) associated with miR-141
expression. (a) Forest plot to assess the overall effect; (b) Forest plots for the subgroup analysis in different detected samples; (c) Forest
plots for the subgroup analysis in different malignant diseases.

a special expression profile in various cancerous tissues,
which can be precisely detected and quantified by qRT-
PCR in tissues and circulating samples, even in urine or
saliva samples [10, 54]. Therefore, the miRNAs have been
considered as novel potential biomarkers for cancer.

MiR-200c-141 genomic cluster, which located on chromo-
some 12p12.31, is the member of miR-200 family. Numerous
researches have indicated that in different cancers the func-
tional roles of miR-200 family members changed frequently,
either as an oncogenic or as a tumor suppressive factor.
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Figure 6: Begg’s funnel plots of publication bias test. (a) OS associated with miR-200c; (b) DFS and PFS associated with miR-200c; (c) OS
associated with miR-141; (d) DFS and PFS associated with miR-141.

Presumably, the expression of miR-200 family members may
differ depending on the cellular contexts [31].The role ofmiR-
200c and miR-141 has been studied extensively in various
cancers, but the conclusions are inconsistent.

As the first meta-analysis [55] of miR-200c related to
outcomes of various cancers, Wang et al. retrieved 5 studies
and found that lower level of miR-200c in tumor tissue
and higher level of miR-200c in serum might be associated
with worse overall survival in solid tumors. However, the
obtained results might not be powerful, since the number of
studies included was relatively small and the clinical outcome
evaluated in this analysis was limited to OS. Particularly,
hints to the specific settings for application of miR-200c as
a prognostic biomarker might be missed because analyses
of eligible studies were performed only according to sample
types in this meta-analysis. In addition, although series of
studies have explored the correlation between miR-141 and
prognosis of various cancers, no meta-analysis has been
published on this topic to summarize the evidence. In terms
of this, we conducted the first comprehensive meta-analysis
including 23 articles and showed that evaluated miR-200c
expression cannot predict poor survival, local recurrence,
and metastasis in patients with cancer. By stratified analyses

of enrolled studies associated with miR-200c expression, we
successfully drew some valuable conclusions.

First, in order to clarify the prognostic values of miR-
200c in different source of samples, we classified the enrolled
studies into subgroups of tissue samples and serum/plasma
samples. We found that high level of miR-200c was sig-
nificantly related to a poor OS in serum/plasma subgroup,
but no statistical significance was defined in tissue subgroup
for OS. Surprisingly but familiar to the results of previous
meta-analysis by Wang et al. [55], our result demonstrated
that elevated miR-200c expression can predict a significantly
worse DFS/PFS in serum/plasma samples but a significantly
favorable DFS/PFS in cancerous tissues. This may suggest
that there was no direct correlation between circulating and
matched tissue miR-200c expression.

Recent studies have revealed that the miR-200 fam-
ily members exert important effects at distinct stages in
tumor cell invasion and metastasis. The miR-200c have been
indicated to regulate epithelial-to-mesenchymal transition
(EMT) through the reciprocal miR-200-ZEB feedback loop,
and the impaired expression of miR-200c induces EMT
and promotes invasion and metastasis in various human
tumors [14–18]. Across a diverse range of epithelial-derived
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Figure 7: Sensitivity analysis. (a) effect of individual studies on the pooled HR for OS associated with miR-200c expression; (b) effect of
individual studies on the pooled HR for DFS and PFS associated with miR-200c expression; (c) effect of individual studies on the pooled HR
for OS associated with miR-141 expression.

cancer cell types, high miR-200c expression can enforce an
epithelial state by repressing the expression of E-cadherin
transcriptional repressors ZEB1 and ZEB2, whereas inhibited
expression of miR-200c in mesenchymal cancer cells leads
to upregulation of ZEBs and induces downregulation of E-
cadherin. However, while miR-200 is downregulated in some
cancers, upregulation ofmiR-200c has been found inmultiple
tumors indicating that miR-200c may also exhibit oncogenic
potential, likely due to miR-200c overexpression increasing
metastatic risk by the induction of MET. In the light of
this, the prognostic value of miR-200c may vary in different
cancers.

For this meta-analysis, the results indicated that high
expression of miR-200c in circulation and low expression of
miR-200c in tumor tissue were associatedwithworse survival
in solid tumors. In the light of this finding, the expression
of miRNAs in circulation and cancerous tissues cannot
maintain consistency under some circumstance, which may

be attributed to the hypothesis that the impact ofmiR-200c on
the prognosis of cancer may be a process of dynamic change
in tumorigenesis and tumor progression. The prognostic
role of miR-200c may differ in distinct progression stages
of tumor. In one of the included studies, Yuji Toiyama
researched miR-200c expression in both serum and tissue
and found that thematchedmetastases had higher expression
level of miR-200c than the primary tumor. Accordingly, we
speculate that low expression of miR-200c in tumor tissue
may be related to a worse prognosis mainly in early stage
of cancer. In such early stage, metastasis has not started yet,
which is necessary to activate EMT as an initiating event
of metastasis. Given the suppressive effect of miR-200c on
EMT, tumors with upregulation of miR-200c have decreased
the potential of invasion and metastasis by inhibiting EMT,
ultimately leading to a favorable prognosis of cancer. With
the increasing of tumor invasiveness, during the process of
tumormetastasis, the positive prognostic role of upregulation
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of miR-200c in tissue may become less or even inexistent
in advanced tumors and the negative prognostic value of
high expression of circulating miR-200c may begin to raise
in metastatic tumors. Therefore, circulating miR-200c was
conjectured to be the origin of metastatic site.

Additionally, miR-200c plays a crucial role in regulat-
ing stem cell self-renewal and differentiation. This can be
explained by the hypothesis that miRNA-200c in circulation
may be a mirror of circulating tumor cells (CTCs). CTCs
in peripheral blood can be a useful predictor of survival
in various cancers [56]. It has been documented that the
capacity of circulating miR-200c and miR-141 indicated the
CTCs status, as well as its potential surrogate markers for
CTCs and prognostic markers in patients with metastatic
breast cancer [57]. This study also supports that circulating
miR-200c in blood may be the origin of metastasis and
overexpression of circulating miR-200c can be a valuable
prognostic biomarker for advanced tumors.

Moreover, different secretory mechanisms and stability
in blood and tissue may be the other reason accounting
for the result. Besides, these conflicting results may be
explained by different extraction and quantification meth-
ods. In current research associated with tumor prognosis,
detection of miRNA in cancerous tissues has been widely
used. However, compared to matched tissues, serum/plasma
samples are easier and faster to access, and detection of
miRNA in human peripheral blood has the advantages of
low cost, convenience, and noninvasion. Particularly, because
detection of circulating miR-200c is available at any time
point during follow-up, it may be an efficacious method
for dynamically monitoring the prognosis and evaluating
recurrence risk for cancer patients.

Second, the enrolled studies associated with miR-200c
were subgrouped into Asians and Caucasians according to
ethnic affiliation in order to clarify the impact caused by
the different genetic backgrounds on the results. Results
indicated that highmiR-200c expression was not a significant
prognostic predictor for OS in both Asians and Caucasian
populations. Interestingly, analyses revealed that high miR-
200c expression was a significant favorable prediction for
tumor progression in Asians, but not in Caucasians. Previous
researches have demonstrated that specific miRNAs emerged
diverse expression levels and predictive values in various eth-
nic groups [58–60]. These discrepancies may be attributed to
the difference in hereditary backgrounds and environmental
exposures. Finally, in order to further exclude the histological
differences among various cancers, subgroup analysis was
performed on the basis of cancer categories. We failed to
find any statistical significance in subgroup analyses for OS,
as well as in digestive system cancers subgroup analysis for
DFS/PFS. However, it was observed that high level of miR-
200cwas significantly associated with favorable DFS/PFS in
urogenital and respiratory system cancers.

This meta-analysis indicated that high level of miR-141
did not predict cancer overall survival. Stratified analyses
provide further confirmation, in bothAsians andCaucasians,
that no significant association was found between miR-141
expression and cancer overall survival. However, further
analysis revealed that high level of miR-141 was correlated

with a worse DFS/PFS. Based on the stratified analysis, we
found that detected sample type had a considerable influence
on the prognostic role of miR-141 expression. High level
of miR-141 may be a significant predictor for poor survival
and tumor progression in tissues but not in serum/plasma
samples. Subgroup analysis on the basis of cancer categories
revealed that in urogenital system cancers high level of miR-
141 was suitable for predicting tumor progression.

What calls for special attention is that when interpreting
the results of meta-analysis, heterogeneity is a potential and
crucial issue that cannot be neglected [61]. In this meta-
analysis, heterogeneity was observed in total comparison
for overall survival on miR-200c and miR-141, as well as
overall comparison for tumor progression on miR-200c.
These results indicated that the pooledHRs of overall analyses
are too crude to present accurate prognostic values of miR-
200c and miR-141. Stratified analyses should be carried out
to reduce the interference of heterogeneity.The heterogeneity
was partly decreased in some subgroups when we conducted
stratified analyses by classifying studies into subgroups of
sample source, dominant ethnicity, and malignant diseases.
However, heterogeneity still existed.Then sensitivity analyses
were performed. We found that the estimated pooled hazard
ratio changed quite a little when successively excluding each
single study, which strengthened the results of this meta-
analysis. The results suggested that ethnicity, sample, and
cancer types may explain the heterogeneity observed in
this meta-analysis. Moreover, lifestyle, environmental back-
ground, and other unknown aspects may also explain the
results. No significant publication bias was shown implying
these possible true results.

Admittedly, some limitations existed in this meta-
analysis. Firstly, all literatures included in this meta-analysis
were published in English although no restriction was set
on retrieval. Concerns have been expressed on English
language bias in meta-analytic researches [62, 63]. Secondly,
the number of included studies was not sufficiently large for
a comprehensive analysis despite the fact that no significant
publication bias was detected in the meta-analysis. Further-
more, it is difficult to perform a meta-analysis in subgroups
on the basis of the current finite sample size. This might
weaken the reliability ofmeta-analysis results.Thirdly, several
aspects which were not referred to in this meta-analysis
might affect the pooled HRs.The heterogeneity was probably
attributed to the differences in the patients characteristics,
the clinical tumor stage, the cut-off criteria, the duration of
follow-up, and so on. Owing to the absence of original infor-
mation, data for survival were extracted from eligible studies
based on univariate analysis without adjustment for age,
gender, and other risk factors (e.g., dietary history and genetic
predisposition to disease), which may cause confounding
bias. These factors should be taken into consideration when
drawing a conclusion. Finally, several HRs were calculated
with the data estimated from survival curves, some minor
differences exist between the exact HRs and the extrapolated
data, according to Tierney’s method [44].

In summary, we concluded that miR-200c and miR-141
expression in peripheral bloodmay be effective predictors for
monitoring cancer progression and prognosis in the future.
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MiR-200c was suitable to predict tumor progression espe-
cially in Asians and urogenital system cancers and there was
no direct correlation between peripheral blood and matched
tissue miR-200c expression. Furthermore, High miR-141
expression was better at predicting tumor progression than
patient survival for malignant tumors. To get a more com-
prehensive evaluation of the prognostic role of MicroRNA-
200c-141 cluster expression in patientswith cancer,morewell-
designed studies with larger sample sizes are needed.

Conflict of Interests

There is no conflict of interests regarding the publication of
this paper.

Acknowledgments

This work was supported by the Fundamental Research
Funds for the Central Universities of Central South Uni-
versity (no. 2013zzts337) and grants from the National Nat-
ural Science Foundation of China (no. 81372871 and no.
81302339).

References

[1] R. Siegel, J. Ma, Z. Zou, and A. Jemal, “Cancer statistics, 2014,”
CA: ACancer Journal for Clinicians, vol. 64, no. 1, pp. 9–29, 2014.

[2] R. Siegel, D.Naishadham, andA. Jemal, “Cancer statistics, 2013,”
CA:ACancer Journal for Clinicians, vol. 63, no. 1, pp. 11–30, 2013.

[3] F. Bray, J.-S. Ren, E. Masuyer, and J. Ferlay, “Global estimates of
cancer prevalence for 27 sites in the adult population in 2008,”
International Journal of Cancer, vol. 132, no. 5, pp. 1133–1145,
2013.

[4] Globocan, IARC, 2012, http://globocan.iarc.fr/Pages/fact sheets
cancer.aspx.

[5] D. Paul, A. Kumar, A. Gajbhiye, M. K. Santra, and R. Srikanth,
“Mass spectrometry-based proteomics in molecular diagnos-
tics: discovery of cancer biomarkers using tissue culture,”
BioMed Research International, vol. 2013, Article ID 783131, 16
pages, 2013.

[6] G. J. Hannon and J. J. Rossi, “Unlocking the potential of the
human genome with RNA interference,” Nature, vol. 431, no.
7006, pp. 371–378, 2004.

[7] D. P. Bartel, “MicroRNAs: genomics, biogenesis, mechanism,
and function,” Cell, vol. 116, no. 2, pp. 281–297, 2004.

[8] R. C. Lee, R. L. Feinbaum, and V. Ambros, “The C. elegans
heterochronic gene lin-4 encodes small RNAs with antisense
complementarity to lin-14,”Cell, vol. 75, no. 5, pp. 843–854, 1993.

[9] B. Zheng, L. Liang, C. Wang et al., “MicroRNA-148a suppresses
tumor cell invasion and metastasis by downregulating ROCK1
in gastric cancer,” Clinical Cancer Research, vol. 17, no. 24, pp.
7574–7583, 2011.

[10] M. Ferracin, A. Veronese, and M. Negrini, “Micromarkers:
MiRNAs in cancer diagnosis and prognosis,” Expert Review of
Molecular Diagnostics, vol. 10, no. 3, pp. 297–308, 2010.

[11] P.Nana-SinkamandC.M.Croce, “MicroRNAs in diagnosis and
prognosis in cancer: what does the future hold?” Pharmacoge-
nomics, vol. 11, no. 5, pp. 667–669, 2010.

[12] E. Berardi, M. Pues, L. Thorrez, and M. Sampaolesi, “miRNAs
in ESC differentiation,” The American Journal of Physiology—
Heart and Circulatory Physiology, vol. 303, no. 8, pp. H931–
H939, 2012.

[13] S. Roy and C. K. Sen, “miRNA in wound inflammation and
angiogenesis,”Microcirculation, vol. 19, no. 3, pp. 224–232, 2012.

[14] U. Burk, J. Schubert, U. Wellner et al., “A reciprocal repression
between ZEB1 and members of the miR-200 family promotes
EMT and invasion in cancer cells,” The EMBO Reports, vol. 9,
no. 6, pp. 582–589, 2008.

[15] C. P. Bracken, P. A. Gregory, N. Kolesnikoff et al., “A double-
negative feedback loop between ZEB1-SIP1 and the microRNA-
200 family regulates epithelial-mesenchymal transition,”Cancer
Research, vol. 68, no. 19, pp. 7846–7854, 2008.

[16] S.-M. Park, A. B. Gaur, E. Lengyel, and M. E. Peter, “The miR-
200 family determines the epithelial phenotype of cancer cells
by targeting the E-cadherin repressors ZEB1 and ZEB2,” Genes
& Development, vol. 22, no. 7, pp. 894–907, 2008.

[17] P. A. Gregory, A. G. Bert, E. L. Paterson et al., “The miR-
200 family and miR-205 regulate epithelial to mesenchymal
transition by targeting ZEB1 and SIP1,” Nature Cell Biology, vol.
10, no. 5, pp. 593–601, 2008.

[18] M. Korpal, E. S. Lee, G. Hu, and Y. Kang, “The miR-200
family inhibits epithelial-mesenchymal transition and cancer
cell migration by direct targeting of E-cadherin transcriptional
repressors ZEB1 and ZEB2,”The Journal of Biological Chemistry,
vol. 283, no. 22, pp. 14910–14914, 2008.

[19] N. Ratert, H.-A. Meyer, M. Jung et al., “miRNA profiling
identifies candidate mirnas for bladder cancer diagnosis and
clinical outcome,”The Journal of Molecular Diagnostics, vol. 15,
no. 5, pp. 695–705, 2013.

[20] M. Karaayvaz, C. Zhang, S. Liang, K. R. Shroyer, and J. Ju,
“Prognostic significance of miR-205 in endometrial cancer,”
PLoS ONE, vol. 7, no. 4, Article ID e35158, 2012.

[21] C. V. Pecot, R. Rupaimoole, D. Yang et al., “Tumour angiogen-
esis regulation by the miR-200 family,” Nature communications,
vol. 4, article 2427, 2013.

[22] Q. Cao, K. Lu, S. Dai, Y. Hu, and W. Fan, “Clinicopathological
and prognostic implications of the miR-200 family in patients
with epithelial ovarian cancer,” International Journal of Clinical
and Experimental Pathology, vol. 7, no. 5, pp. 2392–2401, 2014.

[23] H.-M. Lin, L. Castillo, K. L. Mahon et al., “Circulating microR-
NAs are associated with docetaxel chemotherapy outcome in
castration-resistant prostate cancer,” British Journal of Cancer,
vol. 110, no. 10, pp. 2462–2471, 2014.

[24] H. Yu, B. Duan, L. Jiang et al., “Serum miR-200c and clinical
outcome of patients with advanced esophageal squamous can-
cer receiving platinum-based chemotherapy,” American Journal
of Translational Research, vol. 6, no. 1, pp. 71–77, 2013.

[25] K. Tanaka, H. Miyata, M. Yamasaki et al., “Circulating miR-
200c levels significantly predict response to chemotherapy and
prognosis of patients undergoing neoadjuvant chemotherapy
for esophageal cancer,” Annals of Surgical Oncology, vol. 20, no.
3, pp. S607–S615, 2013.

[26] T. Diaz, R. Tejero, I. Moreno et al., “Role of miR-200 family
members in survival of colorectal cancer patients treated with
fluoropyrimidines,” Journal of Surgical Oncology, vol. 109, no. 7,
pp. 676–683, 2014.

[27] M. Valladares-Ayerbes, M. Reboredo, V. Medina-Villaamil et
al., “Circulating miR-200c as a diagnostic and prognostic
biomarker for gastric cancer,” Journal of Translational Medicine,
vol. 10, no. 1, article 186, 2012.



18 Disease Markers

[28] S. Marchini, D. Cavalieri, R. Fruscio et al., “Association between
miR-200c and the survival of patients with stage I epithelial
ovarian cancer: a retrospective study of two independent
tumour tissue collections,” The Lancet Oncology, vol. 12, no. 3,
pp. 273–285, 2011.

[29] Y. Toiyama, K. Hur, K. Tanaka et al., “SerummiR-200c is a novel
prognostic and metastasis-predictive biomarker in patients
with colorectal cancer,” Annals of Surgery, vol. 259, no. 4, pp.
735–743, 2014.

[30] H. Tang, M. Deng, Y. Tang et al., “miR-200b and miR-200c
as prognostic factors and mediators of gastric cancer cell
progression,” Clinical Cancer Research, vol. 19, no. 20, pp. 5602–
5612, 2013.

[31] R. Tejero, A. Navarro, M. Campayo et al., “MiR-141 and miR-
200c as markers of overall survival in early stage non-small cell
lung cancer adenocarcinoma,” PLoS ONE, vol. 9, no. 7, Article
ID e101899, 2014.

[32] X.-G. Liu, W.-Y. Zhu, Y.-Y. Huang et al., “High expression
of serum miR-21 and tumor miR-200c associated with poor
prognosis in patients with lung cancer,” Medical Oncology, vol.
29, no. 2, pp. 618–626, 2012.

[33] R. Hamano, H. Miyata, M. Yamasaki et al., “Overexpression
of miR-200c induces chemoresistance in esophageal cancers
mediated through activation of the Akt signaling pathway,”
Clinical Cancer Research, vol. 17, no. 9, pp. 3029–3038, 2011.

[34] J. Yu, K. Ohuchida, K. Mizumoto et al., “MicroRNA, hsa-miR-
200c, is an independent prognostic factor in pancreatic cancer
and its upregulation inhibits pancreatic cancer invasion but
increases cell proliferation,”Molecular Cancer, vol. 9, article 169,
2010.

[35] M. K. Kim, S. B. Jung, J.-S. Kim et al., “Expression of microRNA
miR-126 and miR-200c is associated with prognosis in patients
with non-small cell lung cancer,” Virchows Archiv, vol. 465, no.
4, pp. 463–471, 2014.

[36] J. Li, X. Li, S. Ren et al., “miR-200c overexpression is associated
with better efficacy of EGFR-TKIs in non-small cell lung cancer
patients with EGFR wild-type,” Oncotarget, vol. 5, no. 17, pp.
7902–7916, 2014.

[37] H. Cheng, L. Zhang, D. E. Cogdell et al., “Circulating plasma
MiR-141 is a novel biomarker for metastatic colon cancer and
predicts poor prognosis,” PLoS ONE, vol. 6, no. 3, Article ID
e17745, 2011.

[38] Y. Liu, Y. Ding, J. Huang et al., “MiR-141 suppresses the
migration and invasion of HCC cells by targeting Tiam1,” PLoS
ONE, vol. 9, no. 2, Article ID e88393, 2014.

[39] L. A. Selth, S. L. Townley, A. G. Bert et al., “Circulating
microRNAs predict biochemical recurrence in prostate cancer
patients,” British Journal of Cancer, vol. 109, no. 3, pp. 641–650,
2013.

[40] S. Marchini, R. Fruscio, L. Clivio et al., “Resistance to platinum-
based chemotherapy is associated with epithelial to mesenchy-
mal transition in epithelial ovarian cancer,” European Journal of
Cancer, vol. 49, no. 2, pp. 520–530, 2013.

[41] G. Zhao, B. Wang, Y. Liu et al., “miRNA-141, downregulated
in pancreatic cancer, inhibits cell proliferation and invasion
by directly targeting MAP4K4,”Molecular CancerTherapeutics,
vol. 12, no. 11, pp. 2569–2580, 2013.

[42] R. M. Silva-Santos, P. Costa-Pinheiro, A. Luis et al., “microRNA
profile: a promising ancillary tool for accurate renal cell tumour
diagnosis,” British Journal of Cancer, vol. 109, no. 10, pp. 2646–
2653, 2013.

[43] D. F. Stroup, J. A. Berlin, S. C. Morton et al., “Meta-analysis of
observational studies in epidemiology: a proposal for report-
ing. Meta-analysis Of Observational Studies in Epidemiology
(MOOSE) group,” The Journal of the American Medical Associ-
ation, vol. 283, no. 15, pp. 2008–2012, 2000.

[44] J. F. Tierney, L. A. Stewart, D. Ghersi, S. Burdett, and M. R.
Sydes, “Practical methods for incorporating summary time-to-
event data into meta-analysis,” Trials, vol. 8, article 16, 2007.

[45] M. K. B. Parmar, V. Torri, and L. Stewart, “Extracting summary
statistics to perform meta-analyses of the published literature
for survival endpoints,” Statistics in Medicine, vol. 17, no. 24, pp.
2815–2834, 1998.

[46] J. Lau, J. P. A. Ioannidis, and C. H. Schmid, “Quantitative
synthesis in systematic reviews,” Annals of Internal Medicine,
vol. 127, no. 9, pp. 820–826, 1997.

[47] J. P. T. Higgins and S. G.Thompson, “Quantifying heterogeneity
in ameta-analysis,” Statistics inMedicine, vol. 21, no. 11, pp. 1539–
1558, 2002.

[48] N. Mantel and W. Haenszel, “Statistical aspects of the analysis
of data from retrospective studies of disease,” Journal of the
National Cancer Institute, vol. 22, no. 4, pp. 719–748, 1959.

[49] R. DerSimonian and N. Laird, “Meta-analysis in clinical trials,”
Controlled Clinical Trials, vol. 7, no. 3, pp. 177–188, 1986.

[50] P. T. Julian and S. G. Higgins, “Analysing data and undertaking
meta-analyses,” inCochraneHandbook for Systematic Reviews of
Interventions, version 5.1.0, The Cochrane Library, John Wiley
& Sons, Chichester, UK, 2011, http://handbook.cochrane.org/.

[51] C. B. Begg and M. Mazumdar, “Operating characteristics of a
rank correlation test for publication bias,” Biometrics, vol. 50,
no. 4, pp. 1088–1101, 1994.

[52] M. Egger, G. D. Smith, M. Schneider, and C. Minder, “Bias
in meta-analysis detected by a simple, graphical test,” British
Medical Journal, vol. 315, no. 7109, pp. 629–634, 1997.

[53] L. Hong, Y. Han, S. Li et al., “The malignant phenotype-
associated microRNA in gastroenteric, hepatobiliary and pan-
creatic carcinomas,” Expert Opinion on Biological Therapy, vol.
10, no. 12, pp. 1693–1701, 2010.

[54] D.-J. Kim, S. Linnstaedt, J. Palma et al., “Plasma components
affect accuracy of circulating cancer-related microRNA quanti-
tation,” The Journal of Molecular Diagnostics, vol. 14, no. 1, pp.
71–80, 2012.

[55] H.-Y. Wang, J. Shen, C.-P. Jiang, and B.-R. Liu, “How to explain
the contradiction of microRNA 200c expression and survival in
solid tumors? A meta-analysis,” Asian Pacific Journal of Cancer
Prevention, vol. 15, no. 8, pp. 3687–3690, 2014.

[56] F.-B. Wang, X.-Q. Yang, S. Yang, B.-C. Wang, M.-H. Feng, and
J.-C. Tu, “A higher number of circulating tumor cells (CTC) in
peripheral blood indicates poor prognosis in prostate cancer
patients—a meta-analysis,” Asian Pacific Journal of Cancer
Prevention, vol. 12, no. 10, pp. 2629–2635, 2011.

[57] D. Madhavan, M. Zucknick, M. Wallwiener et al., “Circulating
miRNAs as surrogate markers for circulating tumor cells and
prognostic markers in metastatic breast cancer,”Clinical Cancer
Research, vol. 18, no. 21, pp. 5972–5982, 2012.

[58] H. Yazici, J. Zipprich, T. Peng et al., “Investigation of themiR16-
1(𝐶 > 𝑇)+7 substitution in seven different types of cancer from
three ethnic groups,” Journal of Oncology, vol. 2009, Article ID
827532, 4 pages, 2009.

[59] L. C. Bovell, C. Shanmugam, B.-D. K. Putcha et al., “The prog-
nostic value of microRNAs varies with patient race/ethnicity
and stage of colorectal cancer,” Clinical Cancer Research, vol. 19,
no. 14, pp. 3955–3965, 2013.



Disease Markers 19

[60] R. S. Huang, E. R. Gamazon, D. Ziliak et al., “Population dif-
ferences in microRNA expression and biological implications,”
RNA Biology, vol. 8, no. 4, pp. 692–701, 2011.

[61] S. Boccia, E. De Feo, P. Gall̀ı, F. Gianfagna, R. Amore, and G.
Ricciardi, “A systematic review evaluating the methodological
aspects ofmeta-analyses of genetic association studies in cancer
research,” European Journal of Epidemiology, vol. 25, no. 11, pp.
765–775, 2010.
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