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Abstract

MiR-200c has been shown to be related to cancer formation and progression. However,

the prognostic and clinicopathologic significance of miR-200c expression in cancer remain
inconclusive. We carried out this systematic review and meta-analysis to investigate the
prognostic value of miR-200c expression in cancer. Pooled hazard ratios (HRs) of miR-
200c for overall survival (OS) and progression-free survival (PFS) were calculated to mea-
sure the effective value of miR-200c expression on prognosis. The association between
miR-200c expression and clinical significance was measured by odds ratios (ORs). Twenty-
three studies were included in our meta-analysis. We found that miR-200c was not signifi-
cantly correlated with OS (HR = 1.41, 95%Cl: 0.95-2.10; P = 0.09) and PFS (HR =1.12,
95%Cl: 0.68-1.84; P = 0.67) in cancer. In our subgroup analysis, higher expression of miR-
200c was significantly associated with poor OS in blood (HR = 2.10, 95%CI: 1.52-2.90,
P<0.00001). Moreover, in clinicopathology analysis, miR-200c expression in blood was sig-
nificantly associated with TNM stage, lymph node metastasis and distant metastasis. MiR-
200c may have the potential to become a new blood biomarker to monitor cancer prognosis
and progression.

Introduction

Cancer is a class of diseases involving out-of-control cell growth. A total of 1,660,290 new can-
cer cases and 580,350 cancer deaths are projected to occur in the United States in 2013[1]. Ef-
forts have been made to find new biomarkers to predict the survival and provide information
for clinical treatment. Recently, lots of biomarkers have been evaluated in various cancers, such
as caveolin in breast cancer[2], C-reactive in urological cancer[3], MMP-9 in esophageal squa-
mous cell carcinoma[4], CD147 in ovarian cancer[5] and S100A4 in colorectal cancer[6]. How-
ever, simple and reliable predictors that can be widely used in clinical practice are not currently
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available. Therefore, there is still a great need to find novel and suitable biomarkers to predict
treatment response and outcome of cancer patients.

The miRNA-200 family containing five members (miR-200a, miR-200b, miR-200c, miR-
429, and miR-141), is commonly involved in human health and disease. The five members of
miR-200 are found in two clusters. MiR-200a, miR-200b, and miR-429 are located on chromo-
some 1p36 and miR-200c and miR-141 are on chromosome 12p13[7]. MiR-200c is highly en-
riched in epithelial tissues[8]. MiR-200c is believed to repress the expression of ZEB1 and
ZEB2 and has a direct influence on epithelial-to-mesenchymal transition (EMT)[9]. In EMT,
the miR-200c is lowly expressed, while ZEB1 and ZEB2 are highly expressed. ZEB1 and ZEB2
bind to the promoter region of CDH1, blocking the synthesis of E-cadherin, which is necessary
for intercellular adhesion[10].

In the recent time, the prognostic value and clinicopathology significance of several miR-
NAs in cancer has been analyzed by meta-analysis[11-14], and some studies have investigated
the tumor suppressive function of miR-200 family members in breast[15], colorectal[16] and
ovarian[17] cancers. Moreover, some studies have shown that expression of miR-200c is asso-
ciated with patient prognosis and clinicopathology significance[17-38]. Therefore, it is neces-
sary and timely to perform a meta-analysis to evaluate the prognostic value and
clinicopathology significance of miR-200c expression in patients with cancer.

To investigate whether the miR-200c expression could serve as a prognostic or clinical bio-
marker for cancer, we performed the systematic review and meta-analysis by extracting sum-
mary statistics of the published literature for survival endpoints.

Materials and Methods
Literature search

The PRISMA statement (S1 PRISMA Checklist) was followed in our meta-analysis. We com-
prehensively searched Cochrane Library, OVID, PubMed, Web of Science databases and China
National Knowledge Infrastructure (CNKI) until March 10, 2015. The key words in searching
was “miR-200 OR miR-200c OR miR200 OR miR200¢” AND “tumor OR neoplasm OR cancer
OR carcinoma.” Moreover, we also checked review articles and references of relevant studies to
supplement our search. Oncomine and The Cancer Genome Atlas (TCGA) were searched to
make our data sufficient enough. J. Wu and Z. Fang respectively searched the database to get
the original data.

Eligibility criteria

If the following conditions were met, the studies were included in this meta-analysis (a) proven
prognosis or clinicopathology significance of the miR-200c expression in cancer; (b) analyzed
the correlation of miR-200c with survival outcomes or clinical parameters; (c) registered more
than 30 patients. The titles and abstracts were read by two researchers (J. Wu and Z. Fang) in-
dependently, and irrelevant studies would be excluded; then our review team would check the
full-text and get the essential data.

Data extraction

Two reviewers (J. Wu and Z. Fang) independently extracted the following data using a form:
first author, year of publication, study location, cancer type, number of patients, distribution
of age and gender, tumor stage, method of miR-200c detection, cut-off level to consider miR-
200c as highly expressed and sample types. Multivariate analysis would be selected because it
takes into consideration confounding factors and thus is more accurate [39]. If HRs were not
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reported in the article, we used Engauge Digitizer version 4.1 (free software down-loaded from
http://sourceforge.net) to read the Kaplane-Meier survival curves to get the HRs and their 95%
CIs. Two independent authors (J. Wu and Z. Fang) checked the curves in order to reduce read-
ing variability. If there were insufficient data, controversies, or any other uncertainties in an ar-
ticle which might be related to our meta-analysis, we asked corresponding authors for
additional information.

Statistical analysis

We measured the effective value of miR-200c expression on prognosis by hazard ratios (HRs)
and corresponding 95% confidence intervals (CIs). An HR greater than 1 indicated poor prog-
nosis in patients with high expression of miR-200c. The association between miR-200c expres-
sion and clinical significance was measured by odds ratios (ORs) and 95% CIs. And P
values<0.05 were considered to denote statistical significance. Two independent authors (]J.
Wu and Z. Fang) checked the curves to reduce reading variability. The heterogeneity among
the studies was measured using Cochran's Q test and Higgins I-squared statistic. Random-ef-
fects models were utilized in order to avoid the influence of heterogeneity. These statistical
analyses were conducted using Review Manager Version 5.1 software (http://ims.cochrane.org/
revman). The publication bias was examined by R (http://cran.r-project.org/bin/windows/
base). To validate the association between miR-200c expression in blood and TNM stage, 1000
re-sampling groups were produced by the bootstrap re-sampling procedure[40,41]. The re-
sampling statistic program was shown in S1 Excel File. Furthermore, a randomly generated re-
sult was displayed in S2 Excel File. The types of each 692 samples were introduced in S1 Excel
File. No.1 was for high expression of miR-200c and high tumor stage; 2 was for low expression
of miR-200c and high tumor stage; 3 was for high expression of miR-200c and low tumor
stage; 4 was for low expression of miR-200c and low tumor stage. In a randomly generated re-
sult, 5000 samples would be produced by bootstrap re-sampling procedure in each re-sampling
group and the ORs were automatically calculated. The user could get new random data via
pressing F9. The overall ORs containing all samples and the ORs distribution of each re-sample
group were displayed in S2 Excel File.

Results
Characteristics of identified studies

After the primary literature search in database, 245 studies were found in PubMed, 335 studies
were found in Web of Science, 119 studies were found in OVID and 571 studies were found in
CNKI. Moreover, there were 4 studies found when the authors examined the reference list of
the review article. After duplicated studies were excluded, 737 studies were remained. Investi-
gators carefully read the title and abstract then excluded 684 irrelevant studies. Next, the full-
texts of the rest articles were reviewed in detail. There were twenty-three studies included in
our meta-analysis at last[17-38] (Fig 1). The baseline characteristics of eligible studies were
summarized in S1 Table. The included studies were published between 2010 and 2014. There
were 2777 participants from Italy, China, Japan, Norway, India, Korea, Poland, Spain and Ger-
many. The malignant carcinomas involved in this review included ovarian cancer, esophageal
cancer, lung cancer, colorectal cancer, gastric cancer, breast cancer, pancreatic cancer, endome-
trioid endometrial cancer and non-metastatic renal cell cancer. All studies use qRT-PCR to de-
tect miR-200c expression.
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Fig 1. Flow diagram summarizing the selection of eligible studies.

doi:10.1371/journal.pone.0128642.g001

Meta-analysis

Opverall, seventeen studies reported data on miR-200c expression and OS in cancer. The com-
bined analysis of the 17 studies showed that expression of miR-200c was not significantly cor-
related with OS in cancer(HR = 1.41, 95%Cl: 0.95-2.10; P = 0.09) (Fig 2). For studies
evaluating PFS, expression of miR-200c was not correlated with PFS in cancer (HR = 1.12, 95%
Cl: 0.68-1.84; P = 0.67) (S1 Fig).

Subgroup analysis

To get further insights, we performed subgroup analysis with respect to ethnicity and sample
type to evaluate miR-200c prognostic value in cancer. As shown in Table 1, expression of miR-
200c was not significantly correlated with OS in Caucasians (HR = 1.37, 95%Cl: 0.74-2.53;

P =0.32) (S2 Fig) and Asians (HR = 1.46, 95%Cl: 0.85-2.52; P = 0.17) (S3 Fig). Expression of
miR-200c was also not significantly associated with OS in tissue (HR = 0.99, 95%Cl: 0.59-1.67;
P =0.97) (54 Fig). However, in blood, miR-200c expression was significantly associated with
OS (HR =2.10, 95%CI: 1.52-2.90, P<0.00001) (Fig 3).

Sensitivity analysis

Sensitivity analysis was carried out through omitting one study each time and calculating the
pooled HRs again. As shown in S2-S7 Tables, the stability of the entire study was not influ-
enced by one individual study.

Publication bias

Publication bias was evaluated by Begg’s funnel plot and Egger’s test. The result was displayed
in Table 2. Begg’s funnel plot and Egger’s test didn’t suggest any evidence of publication bias.
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Clinicopathology analysis

Eleven studies were enrolled in the clinicopathology analysis. Higher expression of miR-200c
was significantly associated with higher TNM stage (HR = 1.74, 95%CI: 1.06-2.86, P = 0.03)
(S5 Fig). No significant association was revealed between miR-200c expression and tumor dif-
ferentiation (HR = 0.93, 95%CI: 0.61-1.42, P = 0.72) (S6 Fig) lymph node metastasis

(HR =1.25,95%CI: 0.74-2.11, P = 0.40) (Fig 4) as well as distant metastasis (HR = 1.40, 95%
CI: 0.81-2.44, P = 0.23) (Fig 5).

In blood, higher expression of miR-200c was significantly associated with higher tumor
stage (HR = 2.16, 95%CI: 1.58-2.96, P<0.00001) (Fig 6). Moreover, higher expression of miR-
200c was significantly associated with more lymph node metastasis (HR = 1.69, 95%CI: 1.21-
2.35) (Fig 4)and more distant metastasis (HR = 1.91, 95%CI: 1.17-3.12) (Fig 5).

Re-sampling statistics

Bootstrap re-sampling procedures were applied to investigate the association between miR-
200c expression and TNM stage in blood. One randomly generated results were displayed in
S2 Excel File. Odds ratios were mostly distributed between 1.72 and 2.27 among 1000 re-sam-
pling groups. The odds ratio was 1.97 when evaluating 5000000 samples (95%CI: 1.97-1.98,
P<0.00001) (S7 Fig).

Discussion

MiR-200c is believed to repress epithelial mesenchymal transition (EMT) and tumor metasta-
sis. For instance, increased miR-200c expression leads to a reversal of EMT in bladder cancer

Hazard Ratio Hazard Ratio
Study or Subaroup  log[Hazard Ratio] SE Weight [V, Random, 95% CI IV, Random, 95% CI
Ayerbes 2012 081 0.37 f.5% 2.251[1.09, 4 54] -
Cao 2014 279 1.3 1.9% 16.281[1.27, 208.08] ’
Diaz 2014 -0.63 0.34 B.7% 0483 [0.27,1.04] /]
Elgaaen 2014 077 042 f.1% 2161[0.95, 4.52) —
Kim 2014 1.3 058 4.9% .67 [1.18,11.44] -
Li 2014 -0.a6 022 7.5% 0.87 [0.37, 0.88] -
Liu 2012 1.8 077 3.8% G.04[1.34, 27.36] -
Madhavan 2012 1.27 0.65 4.5% 286 11.00,12.73] —
Marchini 2011 -1.41 0B 4 8% 0.24 [0.08, 0.74)] -
Song 2014 028 024 7.4% 1.32[0.83, 2.12) T
Tanaka 2013 042 086 4.8% 1.52[0.47, 4.93] e
Tang 2013 -0.71 025 7.3% 0.45[0.30, 0.80] -
Tejerno 2014 025 0.3 fi.5% 1.28[0.70, 2.36] T
Taivama 2013 1.87 0.45 5.9% 4.8111.99,11.61] -
Tarres 2012 1 0.3 f.5% 2.72[1.48, 4894 -
Y2010 -0.8 037 fi.5% 0.45[0.22, 0.593] -
Y2014 ns1 0.2 7.6% 1.67 [1.13, 2.46] -
Total (95% CI) 100.0% 1.41 [0.95, 2.10] l‘

Heterogeneity: Tau®=0.591; Chi®= 83.15, df= 16 (P = 0.00001); *= 21%

Testfor overall effect: 2= 1.69 (F = 0.049) 0.01 01 ! 10 100

Favours experimental Favours control
Fig 2. Meta-analysis evaluating miR-200c expression and overall survival (OS) in cancer patients.

doi:10.1371/journal.pone.0128642.9002
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Table 1. A summary of hazard ratios (HRs) for the overall and subgroup analyses of miR-200c expression of cancer patients.

No. of studies Pooled HR 95%ClI P-value Heterogeneity

12(%) P-value
(O}S)
Overall 17 1.41 0.95-2.10 0.09 81 <0.00001
Caucasians 7 1.37 0.74-2.53 0.32 77 0.0002
Asians 10 1.46 0.85-2.52 0.17 83 <0.00001
Blood 7 2.10 1.52-2.90 <0.00001 32 0.19
Tissue 10 0.99 0.59-1.67 0.97 79 <0.0001
Gastric cancer 3 1.10 0.47-2.57 0.82 86 0.0008
Ovarian cancer 3 1.60 0.23-11.43 0.64 85 0.002
Lung cancer 4 1.67 0.65—4.31 0.29 83 0.0006
PFS
Overall 8 1.12 0.68-1.84 0.67 80 <0.0001
Blood 3 2.27 1.65-3.12 <0.00001 0 0.78
Tissue 5 0.75 0.51-1.11 0.15 42 0.14

OS, overall survival; PFS, progression-free survival

doi:10.1371/journal.pone.0128642.1001

[42]. MiR-200c can also inhibit cancer stem cell self-renewal and attenuate differentiation[43].
MiR-200c were confirmed to be downregulated in human breast cancer stem cells as well as in
normal human and murine mammary stem/progenitor cells. Moreover, miR-200c has a modu-
latory function in cell division and apoptosis[44]. High expression of miR-200c in cancer was
reported in various type of cancer including ovarian cancer, glioma, non-small cell lung cancer
(NSCLCQ), colorectal cancer, gastric cancer, breast cancer, pancreatic cancer and non-metastatic
renal cell cancer. In this study, we aimed to explore the association between miR-200c expres-
sion and cancer prognosis and clinicopathology.

In our meta-analysis, expression of miR-200c was not significantly correlated with OS in
cancer(HR = 1.41, 95%Cl: 0.95-2.10; P = 0.09). For studies evaluating PFS, expression of miR-
200c was not correlated with PFS in cancer (HR = 1.12, 95%Cl: 0.68-1.84; P = 0.67). However,
in our subgroup analysis, we found that high expression of miR-200c was significantly

Hazard Ratio Hazard Ratio
Study or Subaroup  log[Hazard Ratio]l SE Weight I, Random, 95% CI IV, Random, 95% CI
Ayerbes 2012 0.az2 037 140% 227110, 4.69] -
Madhavan 2012 1.27 0.65 a8.7% 386 [1.00,12.73]
Tanaka 2013 042 0.6 f.5% 1.82[0.47,4.83] N
Tejerno 2014 028 031 17.7% 1.28[0.70, 2.36] I
Taiyarna 2013 1687 045 105% 4.81[1.99 11.61] -
Tarres 2012 1 031 17.7% 2.721[1.48, 4.84] —
Yu 2014 a1 0.2 2749% 1.67[1.13, 2.46] -
Total (95% CI) 100.0% 2.10[1.52, 2.90] . 2

Heterogeneity: Tau®= 0.06; Chi*=8.77, df=6 (P=0.18); F= 32%

Test for overall effect: 2= 4.590 (F = 0.00001) 0.01 01 ! 10 100

Favours experimental Favours control
Fig 3. Meta-analysis evaluating miR-200c expression and overall survival (OS) for blood samples.

doi:10.1371/journal.pone.0128642.9003
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Table 2. Begg’s funnel plot and Egger’s test of publication bias on the relationships between miR-200c and prognostic value in cancer.

Begg's funnel plot Egger's test
Z test for plot asymmetry P value t value P value

(O]

Overall 1.56 0.120 1.71 0.106
Caucasians 0.25 0.803 -0.23 0.827
Asians 0.54 0.592 1.64 0.140
Blood 1.00 0.319 1.47 0.193
Tissue 1.07 0.283 1.61 0.146
PFS

Overall 0.25 0.803 -0.27 0.796
Blood 0.64 0.526 1.58 0.159
Tissue 1.02 0.307 1.53 0.181

OS, overall survival; PFS, progression-free survival.

doi:10.1371/journal.pone.0128642.1002

associated with poor OS in blood (HR = 2.10, 95%ClI: 1.52-2.90, P<0.00001). And significant
association between miR-200c expression and TNM stage, lymph node metastasis as well as
distant metastasis in blood was observed. Re-sampling statistics were used to get robust and
replicable results and confirm that higher expression of miR-200c was significantly associated

Experimental Control Odds Ratio Odds Ratio
Study or Subagroup  Events  Total Events Total Weight M-H. Random, 95% CI M-H. Random, 95% CI
10.1.1 blood sample
Ayerbes 2012 14 24 K] 4 B.9% 2.80[0.56,13.99] ]
Tanaka 2013 26 48 4] 16 10.0% 1.87 [0.62, 6.29] -1
Toiyama 2013 48 Th 43 107 157% 2.65[1.44, 4.87] —
Yu 2014 T 144 92 1894 175% 1.27 [0.83, 1.96] ™
Fhang 2013 14 3 20 3 11.89% 1.43[0.54, 3.73] N
Subtotal (95% CI) 322 364 62.0% 1.69 [1.21, 2.35] . 2
Total events 184 164

Heterogeneity: Tauw*=0.01; Chi*= 427, df=4{(P=037), F=6%
Test for overall effect: Z= 3.06 (P =0.002)

10.1.2 tissue sample

Ceppi 2010 10 28 25 41 11.5% 0.36[0.13, 0.596] ]
Harnano 2011 a8 64 11 29 126% 2.01[0.83, 487 T
Tang 2013 a0 a8 21 38 138% 0.42[0.19,0.891] -
Subtotal (95% CI) 185 108 38.0% 0.67 [0.23, 1.96] ~etifiie-
Total events ia ar

Heterogeneity: Tau*= 069, ChiF=883, df=2(P=0013 F=77%
Testfor overall effect Z=0.73 (P = 0.46)

Total (95% CI) 507 472 100.0% 1.25[0.74, 2.11] .
Total events 262 2

Heterogeneity: Tau®*= 0.36; Chi*= 2223, df= 7 (P =0.0023; F= 69%
Test for overall effect: Z=0.84 (F = 0.40)

Testfor subaroun differences: Chi*= 2.59. df =1 (P=0111. F=61.4%

Fig 4. Meta-analysis evaluating miR-200c expression and lymph node metastasis in cancer patients.

doi:10.1371/journal.pone.0128642.9004

001 04 1 10 100
Favours experimental Favours control
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Experimental Control Odds Ratio Odds Ratio
Study or Subagroup  Events  Total Events Total Weight M-H. Random, 95% CI M-H. Random, 95% CI
11.1.1 blood sample
Ayerbes 2012 17 29 11 23 16.9% 1.65[0.51, 4.69] e
Tanaka 2013 3 32 K] 3z 89.0% 1.00[0.19, 5.37] -
Toivama 2013 a 11 83 182 126% 318082, 12.38] T =
YU 2014 42 71 36 g6 306% 2.01 [1.06, 3.81] —
Subtotal (95% CI) 143 323 69.1% 1.91[1.17, 3.12] <
Total events 7n 133

Heterogeneity, Tau*=0.00; Chi*=1.28, df = 3{(P=073, F=0%
Testfor overall effect =259 (P=0.010)

11.1.2 tissue sample

Tuormarila 2014 53 112 33 GO 30.9% 0.73[0.359,1.28] ——
Suhtotal (95% CI) 112 60  30.9% 0.73[0.39, 1.38] -
Total events 53 33

Heterogeneity: Mot applicable
Test for overall effect: 2= 0.96 (P = 0.34)

Total (95% CI) 255 383 100.0% 1.40[0.81, 2.44] <
Total events 123 166
Heterogeneity: Tauw*= 016, Chi*=6.79, df =4 {P=015); F=41%
Testfor overall effect: Z=119(F=0.22)
Testfor subaroup differences: Chi*=551. df=1{F=003 F=3818%
Fig 5. Meta-analysis evaluating miR-200c expression and distant metastasis in cancer patients.

doi:10.1371/journal.pone.0128642.g005

001 04 1 10 100
Favours experimental Favours control

with higher TNM stage. In our sensitivity analysis, we found that the stability of the entire
study was not influenced by one individual study. No publication bias was observed. So we can
conclude that miR-200c may serve as a blood biomarker for cancer.

MiRNAs are detectable in blood and circulating miRNAs have the potential to be new bio-
markers in patients with cancer. The usefulness of miRNA expression as a blood biomarker
has been explored in breast cancer[45], esophageal squamous cell cancer[46], hepatocellular
carcinoma[47] and non-small cell lung cancer[48]. However, the mechanism how miRNAs in
blood affected invasion and metastasis of tumor was not fully uncovered. Increased levels of

Experimental Control Odds Ratio Odds Ratio
Study or Subaroup  Events  Total Events Total Weight M-H. Random, 95% CI M-H. Random, 95% CI
Ayerbes 2012 149 M ] 21 7.8% 211 [0.68, B.51]
Tanaka 2013 25 39 10 24 59.8% 3.38[1.24,8.29] -
Tejern 2014 a7 61 61 94 18.5% 1.82 [0.87, 3.78] T
Toivama 2013 a0 T4 41 103 272% 2.61[1.43, 4.77] =
YU 2014 42 71 36 g6 243% 2.01 [1.086, 3.81] -
Fhang 2013 23 42 16 3B 124% 1.81 [0.62, 3.70] B
Total (95% CI) 323 369 100.0% 2.16 [1.58, 2.96] L 2
Total events 206 173 .

Heterogeneity: Tau®*= 0.00; Chi*= 2.02, df=5{P=0.85);, F=0%

Testfor overall effect: Z=4.79 (F = 0.00001) 0.01 0.1 1 10 100

Favours experimental Favours control
Fig 6. Meta-analysis evaluating miR-200c expression and TNM stage for blood samples.
doi:10.1371/journal.pone.0128642.9006
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expression of epithelial-specific miRNAs in blood, including miR-200c, might indicate the cir-
culation of tumor cells which might be closely associated with tumor invasion and metastasis
[23].

However, there were still some limitations in our meta-analysis. Firstly, only articles in En-
glish were included in our meta-analysis. Strictly, some eligible studies published in other lan-
guage would be missed. Secondly, some HRs were calculated according to the data extracted
from the survival curve, several tiny errors might be brought. Thirdly, cut-off values were dif-
ferent among these studies, we could not set up a baseline referring to miR-200c high expres-
sion and inconsistency might be observed. Fourthly, studies included in our meta-analysis
were not sufficient, which led to the relative insufficiency of studies in subgroup analyses. The
prognostic value of miR-200c in certain tumor type and tissue sample was not fully elucidated
because of the insufficient studies. More studies were needed to evaluate the association be-
tween miR-200c expression and the prognosis of certain type of cancer.

In summary, our study demonstrated that miR-200c expression was not significantly associ-
ated with cancer prognosis. However, miR-200c expression in blood was significantly associat-
ed with prognosis, TNM stage, lymph node metastasis and distant metastasis. More studies are
needed to confirm the association between miR-200c expression and cancer.
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