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Abstract

Background: Recently, many studies have shown that microRNAs (miRNA) exhibit altered
expression in various cancers and may serve as prognostic biomarkers. We performed a
systematic review and meta-analysis to evaluate the prognostic role of miR-200c expression
in different cancers. Methods: Studies were recruited by searching PubMed, Embase and the
Cochrane Library (last search update was May 2014) and assessed by further quality evaluation.
Results: A total of 25 studies dealing with various carcinomas were identified for systematic
review. Among them, 18 studies were ultimately included in the meta-analysis. Our results
indicated that the expression of tissue miR-200c was not associated with OS and PFS in various
carcinomas; however, downregulation of tissue miR-200c did predict poor OS of patients with
stage I disease (HR=0.41, 95% CI 0.25-0.68, P=0.001). Furthermore, overexpression of blood
miR-200c was significantly related to poor OS and PFS (HR=3.07 95% CI 1.58-5.96 P=0.001,
HR=2.26 95% CI 1.66-3.08 P<0.001, respectively), especially in patients with advanced disease.
Conclusion: This systematic review and meta-analysis clarified that low expression of miR-
200c in primary tissue was significantly associated with poor survival in cancer patients at
early stage, whereas a high level of blood miR-200c predicted poor prognosis in patients with
advanced tumors.
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Introduction

MicroRNAs (miRNAs) are small non-coding RNAs that post-transcriptionally regulate
gene expression. It has been found that numerous miRNAs exhibit misregulated expression
in multiple types of cancers and are often associated with diagnosis, staging, progression,
prognosis and response to clinical therapies (reviewed in [1]). The miR-200 family includes
five members: miR-200a, miR-200b, miR-200c, miR-429 and miR-141. It plays a critical
regulatory role in two processes which are associated with metastasis and prognosis of
malignant tumors: epithelial-to-mesenchymal transition (EMT) and mesenchymal-to-
epithelial transition (MET) [2-5]. EMT is a reversible series of events in which an epithelial
cell loses cell-cell contact and acquires mesenchymal properties [6]. The miR-200 family
is a key regulator of the epithelial phenotype by directly targeting two transcriptional
repressors of E-cadherin (encoded by CDH1): ZEB1 and ZEB2 (also named TCF8 and SIP-
1). Deficiencies in miR-200 expression will lead to the accumulation of ZEB1 and ZEBZ2, and
subsequently silence the CDH1 and promote EMT [2, 3]. MET is the reverse process of EMT.
The miR-200 family is overexpressed during MET, then inhibits ZEB1 and ZEB2 expression
and promotes the synthesis of E-cadherin [4, 5].

MiR-200c is the mostrepresentative miRNA among the miR-200 family. It plays a critical
role in the regulation of both the EMT and MET processes [4, 7]. Since 2006 [8], multiple
studies have demonstrated the prognostic value of miR-200c in different cancers, including
serous ovarian cancer [9], bladder cancer [10], pancreatic cancer [11], esophageal cancers
[12], lung cancer [13] and endometrial cancer [14]. Nearly half of these studies revealed a
significant association between miR-200c overexpression and poor prognosis [8, 9, 13, 15-
22]. However, other studies reported an insignificant association or opposite conclusions
[10-12, 14, 23-30]. The evidence from individual study is insufficient to conclude whether
miR-200c can be used as a potent biomarker for prognosis. Consequently, a systematic and
comprehensive meta-analysis is urgently required to explore the relationship between miR-
200c expression and prognosis of cancer patients.

Through a systematic review and meta-analysis of global literatures, this study
performed a comprehensive and objective evaluation of the prognostic significance of
elevated tissue- and blood-based miR-200c levels in cancer patients. Moreover, we analyzed
the underlying mechanism for the regulatory roles of miR-200c in EMT and MET that are
associated with tumor metastasis and patient prognosis.

Materials and Methods

This meta-analysis was carried out in accordance with the Systematic Reviews and Meta-Analyses
(PRISMA) and the Observational Studies in Epidemiology (MOOSE) guidelines [31].

Search strategy

Literatures were searched through PubMed, Embase and the Cochrane Library (last update by May 20,
2014). Keywords used in the search strategy were “microRNA-200c OR miR-200c¢” (all fields) AND “tumor
OR tumour OR neoplasm OR cancer OR carcinoma” (all fields). We did not impose any advanced limitations
when searching the database. The reference lists of identified articles were also screened to further identify
potential studies. The comprehensive database search was carried out independently by two authors (Y.
Shao and Y. Geng).

Inclusion and exclusion criteria

Literatures that were eligible for inclusion in this systematic review met the following criteria: (1)
the expression of miR-200c in cancer tissue or blood, (2) investigation of the relationship between miR-
200c expression level and survival outcome. Studies with sample size 230 and provided sufficient data
to estimate the hazard ratio (HR) and 95% confidence intervals (CI) were advanced to inclusion in the
meta-analysis. Considering the tumorigenesis and metastasis mechanism of hematological malignancy is
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different from other tumors of epithelial origin, studies of hematological malignancy were excluded. When
multiple studies reported on the same patient cohort, only the most recent or complete study was selected.
Case reports, letters, reviews, conference abstracts and animal trials were excluded. Two reviewers
independently evaluated titles and abstracts of the identified articles and subsequently excluded those that
were considered irrelevant. The full text of enrolled articles was carefully examined for comprehensive
evaluation. Disagreement from two reviews was resolved by consensus.

Data extraction and quality assessment

The required information from all eligible studies was collected by two researchers independently,
which included first author’s surname, publication year, origin of population, tumor type, sample number,
tumor stage, lymph node metastasis, follow-up period, source of miRNA, miR-200c assessment methods
and the cut-off definition, and HR of miR-200c expression for overall survival (0S), disease-free survival
(DFS) and relapse-free survival (PFS) as well as corresponding 95% Cls. If a study reported both the results
of univariate and multivariate analysis, only the latter was selected because it has increased precision due
to accounting for confounding factors.

The quality of each study was assessed independently by two researchers according to the Newcastle-
Ottawa Quality Assessment Scale (NOS) [32]. For quality assessment, scores ranged from 0 (lowest) to 9
(highest), and studies with scores of 6 or more were rated as high quality.

Statistical analysis

High and low expression of miR-200c was defined according to the cut-off values provided in the
articles. HRs and their 95% Cls were combined to measure the effective value of miR-200c expression on
prognosis. If the statistical variables were described in the study, we extracted them directly. Otherwise,
they were calculated from available numerical data in the articles according to the methods described by
Tierney [33]. The data from Kaplan-Meier survival curves were read by Engauge Digitizer version 4.1, and
three independent researchers read the curves to reduce reading variability. We also sent e-mail to the
corresponding authors of eligible articles requesting additional information and original data needed for
the meta-analysis. An observed HR greater than 1 indicated a worse prognosis in patients with miR-200c
overexpression and HR less than 1 suggested a better prognosis. Statistical heterogeneity was assessed by
visual inspection of forest plots, by performing the Chi-square test (assessing the P value), and by calculating
the I? statistic [34, 35]. If the P value was less than 0.05 and/or I? exceeded 50%, indicating the presence
of heterogeneity, a random-effects model (the DerSimonian-Laird method) was used. Otherwise, the fixed-
effects model (the Mante-Haenszel method) was used. Subgroup analysis and meta-regression were further
performed to explore the source of identified heterogeneity. Publication bias was estimated by visually
assessing the asymmetry of an inverted funnel plot. Furthermore, Begg’s and Egger’s tests were performed
to provide quantitative evidence of publication bias. If publication bias was observed, we adjusted for the
effect by the use of the Duval and Tweedie trim-and-fill method [36]. For all analyses, STATA version 12.0
(Stata Corporation, College Station, TX, USA) was used with significance defined as a P-value of less than
0.05 except where otherwise specified.

Results

Study characteristics

Using the described searching strategy, 787 references were initially retrieved. After
screening the titles, abstracts, publication types and full text of each publication, 23 articles
including 25 studies that investigated the correlation between miR-200c expression and
patient survival or disease recurrence in various malignant tumors were selected for the
systemic review (Table 1). A total of 2,534 patients from the United Kingdom, Germany,
Spain, Poland, Japan, Sweden, Korea, Norway, Denmark, Italy, USA, China and Chinese
Taiwan were diagnosed with a variety of cancers, including esophageal cancer [12, 19, 27],
gastric cancer [16, 25, 28], colorectal cancer [8, 20, 29], rectal cancer [30], hepatocellular
carcinoma [26], pancreatic cancer [11], lung cancer [13], breast cancer [15], diffuse large
B-cell lymphoma (DLBCL) [18], bladder cancer [10], endometrial cancer [14, 17], ovarian
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Table 1. The main characteristic of all studies in the systematic review. qRT-PCR - quantitative real-time
PCR, ISH - in situ hybridization, OS - overall survival, DFS - disease-free survival, PFS - progression-free
survival, HR - hazard ratio, SC - survival curve, NR - not reported, NSCLC - non-small cell lung cancer, Ref. -

© 2015 S. Karger AG, Basel
www.karger.com/cpb

reference
Lymph o i
Study Case T Sample  Tumor stage node Follow-up Detected MiR-200c  Cut-off Multivariate ~ Survival  Meta Hazard oo
nationality number 1/1/1/1v —/+ months sample assay definition analysis analysis analysis ratios "
Xi 2006 USA colorectal cancer 25 4/4/8/8 NR over 50 tissue qRT-PCR dCT=4.54 NO 0s NO 8]
Nam 2008 Korea ovarian cancer 20 NR NR NR tissue qRT-PCR NR NO 0s NO 91
Wiklund 2011 Denmark bladder cancer 100 100/0/0/0 0/100 over 40 tissue ISH NR NO 0s YES SC [10]
Yu 2010 Japan pancreatic cancer 99 9/85/1/4 33/66  over 60 tissue qRT-PCR  0.64 YES 0s YES sC 1]
Hamano 2011 Japan esophageal cancer 98 6/28/28/36 29/69 median 28.8 tissue qRT-PCR median NO 0s YES SC [12]
(23-96.7)
Liu 2012 China NSCLC 70 136/11-111-1V34 38/32 24 tissue qRT-PCR fold change=2 NO 0s YES report [13]
Karaayvaz USA endometrial 48 26/4/6/12 NR 125 tissue QRT-PCR  dCT=35.5 NO 0s YES sc [14]
2012 cancer
Madhavan Germany breast Cancer 164 11-1V164 NR 24 plasma qRT-PCR lower quartile NO 0S, PFS YES SC [15]
2012
Valladares Spain gastric cancer 52 1-119/1112/IV31  9/24  over 50 blood qRT-PCR  mean YES 08, PFS YES report  [16]
Ayerbes2012
Torres 2013 Poland endometrial 73 50/5/20/2 15/29  NR tissue qRT-PCR  median YES 0s YES report  [17]
Berglund 2013 Sweden DLBCL 61 1-1125/111-1V36 NR over 60 tissue qRT-PCR mean NO 0s NO SC [18]
Tanaka 2013 Japan esophageal cancer 64 1125/111-1V39 16/48  median 24 serum QRT-PCR  median YES PFS YES report  [19]
Toiyama 2014 Japan colorectal cancer 182 1-1v182 105/77  over 60 serum qRT-PCR  median YES 0s YES report  [20]
Toiyama 2014 Japan colorectal cancer 156 11-1V156 77/69 over 60 tissue gqRT-PCR median NO 0s YES report [20]
Vilming Elgaaen Norway ovarian cancer 35 0/0/25/10 NR over 100 tissue qRT-PCR tertiles NO 0s NO [21]
2014
Leskela 2011 Spain ovarian cancer 72 3/5/54/10 NR NR tissue qRT-PCR NR YES 0s NO 23]
Marchini 2011 Italy ovarian cancer 89 89/0/0/0 89/0  median110 tissue QRT-PCR  median YES 08, PFS YES report  [24]
(84-139)
Marchini 2011 Italy ovarian cancer 55 55/0 55/0 median 108 tissue qRT-PCR median YES 0S, PFS YES report [24]
(73-144)
Tang 2013 China gastric cancer 126 1-1151/111-1V75 38/88 50 tissue ISH expression YES 0S, DFS YES report [25]
scores >2
Yeh 2014 Taiwan hepatocellular 90 NR NR 36 tissue qRT-PCR NR YES 0S, DFS NO [26]
Yu 2013 China esophageal cancer 164 0/0/86/71 0/164  over 50 serum QRT-PCR  median YES 0s YES report  [27]
Song 2014 China gastric cancer 364 4/123/111/147 127/258 median 35 tissue qRT-PCR median YES 0S, PFS YES report 28]
(1-112)
Diaz 2014 Spain colorectal cancer 127 0/18/64/45 82/45 median 113 tissue qRT-PCR median YES 0S, DFS YES SC [29]
Bhangu 2014 UK rectal cancer 103 25/44/34/0 69/34 NR tissue ISH NR NO 0S, DFS NO 30]
Lin 2014 Australia prostate cancer 97 0/0/11/86 NR median 12 blood qRT-PCR median NO 0s YES report [22]
(3-62)

cancer [9, 21, 23, 24] and prostate cancer[22]. In the primary reports, 11 studies showed
a significant association between high miR-200c and poor prognosis [8, 9, 13, 15-22], 9
provided the opposite result [10, 11, 24-27, 29, 30] and 5 found no prognostic value of miR-
200c for tumor patients [12, 14, 20, 23, 28]. The expression of miR-200c was most often
detected in tumor tissue samples, while five studies tested it in plasma or serum [15, 16,

Fig. 1. Flow diagram of the study selection process

Database searching result (n=787)

evaluation (n=37)

Full-text reviewed for more detailed

750 articles excluded:

Revealed no relation, review,
letter, comment, case report,
conference abstract

23 articles including 25 studies
accepted in the systematic review

14

articles excluded:
Revealed no relation

16 articles including 18 studies
accepted for analysis
(tissue=12 and blood=6)

7 articles excluded:

e 4 did not provide available data
to extract the HRs

e 2did not provide enough sample
size

e 1did not belong to solid tumor of
epithelial origin
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Table 2. HRs and corresponding 95% Cls of eligible studies in the meta-analysis according to tissue-
based miR-200c overexpression. qRT-PCR - quantitative real-time PCR, ISH - in situ hybridization, OS
- overall survival, DFS - disease-free survival, PFS - progression-free survival, HR - hazard ratio, CI -
confidence interval, NR - not reported, NSCLC - non-small cell lung cancer, DLBCL - diffuse large B-cell

© 2015 S. Karger AG, Basel
www.karger.com/cpb

lymphoma, Ref. - reference

Study Tumor type MiR-200c assay 0s PFS / DFS Ref.
HR (95% CI) HR (95% CI)
Wiklund 2011 bladder cancer ISH 0.52 (0.29, 0.93) NR [10]
Yu 2010 pancreatic cancer qRT-PCR 0.65 (0.34,1) NR [11]
Hamano 2011 esophageal cancer qRT-PCR 1.68 (0.95, 2.96) NR [12]
Liu 2012 NSCLC qRT-PCR 6.02 (1.344,26.971) NR [13]
Karaayvaz 2012 endometrial cancer qRT-PCR 1.31 (0.56, 3.09) NR [14]
Torres 2013 endometrial cancer qRT-PCR 2.723 (1.47,5.043) NR [17]
Toiyama 2014 colorectal cancer qRT-PCR 0.56 (0.28,1.1) NR [20]
Marchini 2011 ovarian cancer qRT-PCR 0.244 (0.076, 0.785) PFS 0.419 (0.146,1.204) [24]
Marchini 2011 ovarian cancer qRT-PCR 0.094 (0.012, 0.766) PFS 0.035 (0.004,0.311) [24]
Tang 2013 gastric cancer ISH 0.4 (0.27,0.82) DPS 0.51 (0.39,0.87) [25]
Song 2014 gastric cancer qRT-PCR 1.32(0.82,2.12) PFS 1.06 (0.7, 1.6) [28]
Diaz 2014 colorectal cancer qRT-PCR 0.46 (0.23,0.93) DFS 0.54 (0.28, 1.04) [29]

Fig. 2. Forest plots of studies evalua-
ting hazard ratios of tissue-based high
miR-200c expression (a) Overall survi- o

Study

%

HR (95% CI) Weight
val based on tissue miR-200c. The survi-
. 05 (based on tissue miR-200c)
val data from 13 studies were pooled to Wikiund 2011 . 052029093 965
calculate overall survival. (b) In the sub- Yu2010 —* 065034100) 987
) . . Hamano 2011 —— 1.68 (095, 2.96) 973
group analySlS Of patlents Wlth Stage I Liu2012 —_—— 6.02(1.34,26.97) 5.10
cancer, the fixed effect analysis model was Karaayvaz 2012 T 131056309 816
Torres 2013 — 2.72(1.47,5.04) 947
used to calculate the pooled HRs for OS. Tolyama2o14 ] 056026,110) 910
Marchini 2011 —_—— 0.24(0.08,0.79) 6.53
Marchini 2011 —_—— 0.09(0.01,0.77) 338
Tang 2013 — 0.40 (0.27,0.82) 9.79
Song 2014 +— 1.32(0.82,2.12) 10.19
Diaz 2014 —] 0.46 (0.23,0.93) 9.02
Subtotal (I-squared = 79.6%, p = 0.000 C> 0.82(0.52,1.29) 100.00
NOTE: Weights are from random effects analysis
‘ ‘
012 1 833
2a
Study %
D HR (95% CI) Weight

19, 20, 27]. 22 of the 25 studies assessed miR-200c expression by quantitative real-time
polymerase chain reaction (qQRT-PCR), a widely used method for miRNA quantitation. The
cut-off values of normal miRNA levels were different in each study, and included median,

Wiklund 2011

Marchini 2011

Marchini 2011

patients with stage | (based on tissue miR-200c)

——]

—_—

—_—

Subtotal (I-squared = 39.9%, p = 0.189) <>

052(0.29,0.93) 7532

0.24(0.08, 0.79) 1876

0.09(0.01,0.77) 592

0.41(0.25,0.68) 100.00

2b

T
012 1

833

mean, quartile, maximum normal tissue expression value and others.

However, 7 of the 23 articles were excluded because they did not have a large enough
sample size, or did not provide sufficient data to calculate the HRs and 95% Cls, or did not
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Table 3. The pooled associations between different groups of miR-200c overexpression and the prognosis
of patients. qRT-PCR - quantitative real-time PCR, ISH - in situ hybridization, OS - overall survival, DFS -
disease-free survival, PFS - progression-free survival, HR - hazard ratio, CI - confidence interval, fixed - fixed-
effects model, random - random-effects model.

Outcome subgroup (sample type) No. of patients  No. of studies HR (95%CI) - model Pvalue heterogeneity  Publication bias
(%) P Begg's P Egger's P

0OS (tissue) 1405 12 0.82 (0.52-1.29) - random 0.382 79.6 <0.001  0.631 0.653

Tumor stage

All patients with stage | 244 3 0.41 (0.25-0.68) - fixed 0.001" 393 0.189 0.117 0.061

Patients with others stages 1161 9 1.04 (0.64-1.69) - random 0.884 804 <0.001 0.754 0518

Tumor type

Endometrial cancer 121 2 2.12 (1.29-3.49) - fixed 0.003* 461 0.173

Colorectal cancer 283 2 0.51 (0.31-0.83) - fixed 0.007* 0 0.693

Gastric cancer 490 2 0.73 (0.23-2.36) - random 0.603 90.2  0.001

Ovarian cancer 144 2 0.19 (0.07-0.54) - fixed 0.002* 0 0.433

MiR-200c assay method

qRT-PCR 1179 10 0.94 (0.57-1.56) - random 0.810 78.0 <0.001 0.371 0.466

ISH 226 2 0.45 (0.3-0.68) - fixed <0.001" 0 0.523

Analysis type

Multivariate 933 7 0.64 (0.33-1.22) - random 0.173 835 <0.001 0.368 0.253

Univariate 472 5 1.12 (0.56-2.22) - random 0.753 759 0.002 0.462 0.344

DFS (tissue) 253 2 0.52 (0.37-0.73) - fixed <0001 0 0.884 - -

PFS (tissue) 508 3 0.36 (0.09-1.52) - random 0.156 819 0.004 0.117 0.087

0S (blood) 659 5 3.07 (1.58-5.96) - random 0.001" 82.6 <0.001 0.086 0.158

Tumor stage

Advanced tumor patients 607 4 3.36 (1.46-7.71) - random 0.004* 869 <0.001  0.089 0.183

Analysis type

Multivariate 398 3 1.91 (1.40-2.59) - fixed <0.001" 0 0.482 0.296 0.151

Univariate 261 2 5.79 (0.91-36.96) -random  0.064 92.7 <0.001 - -

PFS (blood) 280 3 2.26 (1.66-3.08) - fixed <0.001" 0 0.907 0.296 0.34

belong to solid tumors of epithelial origin [8, 9, 18, 21, 23, 26, 30]. The article from Marchini
et al. included two studies as it analyzed different cohorts [24], while Toiyama et al. analyzed
the associations of both tissue and serum miR-200c with survival outcome [20]. So 18 studies
were identified in the 16 articles and were enrolled into the meta-analysis (Fig. 1) [10-17,
19, 20, 22, 24, 25, 27-29]. It has been previously reported that there was no association
between serum miR-200c and miR-200c in primary tumor tissue [20], thus we performed a
meta-analysis based on both tissue and circulating miR-200c independently.

Quality assessment

Each of the 18 eligible studies included in our meta-analysis was assessed for quality
according to the NOS. The quality of all studies included varied from 5 to 9, with a mean of
6.6. A higher value indicated better methodology. Therefore, all studies were included in the
subsequent analysis.

Meta-analysis of tissue-based miR-200c overexpression

Of 18 studies, 12 studies reported data of tissue miR-200c expression and the prognosis,
which included 1,405 cancer patients. All the HRs and corresponding 95% Cls from these
articles are shown in Table 2. Based on the 12 studies providing OS of patients [10-14, 17,
20, 24, 25, 28, 29], a random model was used to calculate the pooled HR and its 95% CI
due to the high heterogeneity between these studies (P<0.001, [’=79.6%) (Table 3). The
results showed that high expression of tissue miR-200c was not associated with favorable
0S in various carcinomas, with the pooled HR of 0.82 (95% CI 0.52-1.29, P=0.382) (Table 3;
Fig. 2A). Because the two studies that reported DFS did not display obvious heterogeneity
(P=0.884, I’=0%) (Table 3) [25, 29], we calculated the pooled HR using a fixed model. The
pooled HR revealed that tissue miR-200c overexpression significantly predicted better DFS
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Fig. 3. Forest plots of studies eva-
luating hazard ratios of elevated

blood-based miR-200c levels (a) Study *
Overall survival based on blood © KRS Welghe
miR-200c. The survival data from
. 0S(based on blood miR-200c)
5 studies were pooled to calculate sseconblodm
overall surv1va] (b) Progress]on- Madhavan 2012 ——— 15.27(6.70, 34.79) 17.97
free sur 1 al ba.sed on blOOd m1R Valladares—Ayerbes 2012 —_—— 2.24(1.09,4.61) 1921
urviv -
200 Th . l d t f 3 Toiyama 2014 —— 2.67(1.28,5.67) 1893
c. The survival data from
Yu 2013 — 1.66(1.13,244) 2295
records were pooled to calculate
. f . l Lin 2014 —_—— 2.30(1.30,4.10) 20.95
rogression-free survival.
prog Subtotal (I-squared = 82.6%, p = 0.000) O 3,07 (158, 5.96) 10000
ﬁoTE: Weights are from random effects analysis

T T
3 a 0287 1 348
Study %
D HR(95%Cl ) Weight
PFS(based on blood miR-2009
Madhavan 2012 —_— 2.20(1.53,3.16) 7237
Valladares—Ayerbes 2012 —_——— 2.27(1.09,4.71) 17.83
Tanaka 2013 —_— 279(1.11,7.96) 9.79
Subtotal (I-squared = 0.0%, p = 0.907) <> 2.26 (1.66, 3.08) 100.00
T T
3 b 126 1 7.96

(HR=0.52, 95% CI 0.37-0.73; P<0.001) (Table 3). Data from three studies that reported
PFS [24,28] revealed no correlation between high miR-200c level in tissue and better PFS
(HR=0.36, 95% CI 0.09-1.52, P=0.156, random-effects model; P=0.004 for heterogeneity
test, ’=81.9%) (Table 3).

Four subgroup analyses were performed that stratified patients by tumor type, stage,
miR-200c assay method and analysis type. All the pooled HRs and corresponding 95% Cls of
the subgroups are shown in Table 3. In the subgroup analysis of patients with stage I cancer,
the pooled HR indicated that low tissue miR-200c levels were significantly associated with
poor OS (HR=0.41, 95% CI 0.25-0.68, fixed-effects model; P=0.189 for heterogeneity test,
I=39.3%) (Table 3, Fig. 2B). This conclusion was also found in other subgroups of colorectal
cancer, ovarian cancer and ISH assay method used. However, the subgroup analysis of
endometrial cancer indicated the opposite result. We did not find any significant association
between miR-200c and prognosis in subgroups of patients with other stages, gastric cancer,
gRT-PCR assay method used, multivariate or univariate analysis.

Meta-analysis of blood-based miR-200c overexpression

A total of six studies encompassing 723 tumor patients focused on blood miR-200c
expression and the prognosis of patients [15,16,19, 20,22, 27]. All the HRs and corresponding
95% Cls are shown in Table 4. Five of six studies reported OS and displayed significant
heterogeneity among them (P<0.001, I?= 82.6%) (Table 3) [15, 16, 20, 22, 27]. Therefore,
a random model was applied to overall data integration, and we found that patients with
high miR-200c levels in blood had a significantly poorer OS (HR=3.07, 95% CI 1.58-5.96;
P=0.001) (Table 3; Fig. 3A). Because the three studies that reported PFS were not of obvious
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Fig. 4. Funnel plots of studies included in the two meta-analyses (a) overall survival based on tissue miR-
200c (b) overall survival based on blood miR-200c.

Table 4. HRs and corresponding 95% Cls of eligible studies in the meta-analysis according to blood-
based miR-200c overexpression. qRT-PCR - quantitative real-time PCR, OS - overall survival PFS - pro-
gression-free survival, HR - hazard ratio, CI - confidence interval, NR - not reported, Ref. - reference.

0s PFS

Study Tumor type MiR-200c assay Ref.
HR (95% CI) HR (95% CI)
Madhavan 2012 breast cancer qRT-PCR 15.27 (6.7, 34.79) 2.2 (1.53,3.16) [15]
Valladares Ayerbes 2012  gastric cancer qRT-PCR 2.24(1.091,4.614) 2.27 (1.093,4.712) [16]
Tanaka 2013 esophageal cancer qRT-PCR 2.787 (1.1079,7.9585) [19]
Toiyama 2014 colorectal cancer qRT-PCR 2.67 (1.28,5.67) NR [20]
Yu 2013 esophageal cancer qRT-PCR 1.665 (1.135, 2.443) NR [27]
Lin 2014 prostate cancer qRT-PCR 2.30 (1.30,4.10) NR [22]

heterogeneity (P=0.907, I’= 0%) (Table 3) [15, 16, 19], they were analyzed via a fixed model
and the pooled HR revealed a significant positive association between high level of miR-
200c in blood and poor PFS (HR=2.26, 95% CI 1.66-3.08, P<0.001) (Table 3; Fig. 3B). In the
subgroup analysis of patients with advanced tumors, the pooled HR also indicated that high
blood miR-200c level was significantly associated with poor OS (HR=3.36,95% CI 1.46-7.71,
random-effects model; P<0.001 for heterogeneity test, ’=86.9%). This conclusion was also
found in the subgroup of multivariate analysis (HR=1.91, 95% CI 1.40-2.59, P<0.001), but
not in univariate analysis subgroup (HR=5.79, 95% CI 0.91-36.96, P=0.064).

Heterogeneity Analysis

There was clear heterogeneity in 9 of the 16 analysis groups, as shown in Table 3. The
heterogeneity in the OS analysis group based on tissue miR-200c, which included 12 studies,
was obvious (P<0.001, I’=79.6%), thus, a meta-regression was conducted to explore the
factors that induced the obvious heterogeneity. As a result, the obvious heterogeneity was
induced by tumor stage (P=0.044) rather than tumor type (P=0.170), analysis type (P=0.294),
miR-200c assay method (P=0.344), patients origin (P=0.422), follow-up time (P=0.378), cut-
off values (P=0.804) and publication year (P=0.916).

Publication Bias

The publication bias of all enrolled studies was evaluated using funnel plots, and Egger’s
and Begg’s tests. The funnel plots of the OS analysis based on tissue and blood miR-200c
were almost symmetric, as shown in Fig. 4. In the 16 analysis groups, the P values of Egger’s
and Begg’s tests were all greater than 0.05 (Table 3). Hence, significant publication bias was
not observed in our meta-analysis.
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Discussion

Metastasis is the spread of tumor cells from a primary tumor to a secondary site, and
it remains the cause of 90% of deaths of cancer patients. Tumor metastasis is achieved by
a series of intricate steps, including cell dissociation from the primary lesion, invasion into
blood or lymphatic vessels, survival as microembolus in the circulatory system, extravasation
and the formation of macroscopic foci in distant organs [37-39]. These steps are sequential
and interrelated, and a failure or an insufficiency at any step can prevent the completion
of metastasis. One of the key molecular steps in the process of distant metastasis is EMT,
which permits invasion and emigration in various cancers [40, 41]. EMT is a complex
process by which epithelial cells lose their epithelial cancer cell characteristics, but acquire
a mesenchymal phenotype that is characterized by cell skeleton reorganization, motility,
invasiveness and a heightened resistance to apoptosis [42]. Thus, EMT is thought to initiate
early events of metastatic dissemination in carcinomas. The expression of cellular adhesion
proteins such as E-cadherin and y-catenin is significantly downregulated during the EMT
process, while the expression of mesenchymal markers such as vimentin and N-cadherin is
upregulated. [6]. The functional loss of E-cadherin is a well-known hallmark of EMT and is
accomplished generally through altered expression of the CDH1 transcriptional repressors,
such as ZEB1/2, SNAI1/2, Twist1/2 and others [43-46]. In physiological conditions, the shift
from EMT to MET is a necessary step in tissue construction. Similar to metastasis, tumor
cells also undergo MET to facilitate the establishment of macroscopic metastases [42, 47,
48].

The miR-200 family members play an important role in regulating metastasis.
Particularly, miR-200c plays critical roles in inhibiting EMT and promoting MET by direct
targeting of E-cadherin transcriptional repressors ZEB1 and ZEBZ2. It is well documented
that highly expressed miR-200c in epithelial cancer cells represses the expression of ZEBs,
whereas impaired expression of miR-200c in mesenchymal cancer cells leads to upregulation
of ZEBs and induces downregulation of E-cadherin [2-4, 49]. Some studies have revealed that
the expression of miR-200c is impaired in various human tumors, such as bladder cancer,
gastric cancer, pancreatic cancer, esophageal cancer, colorectal cancer and ovarian cancer,
thereby inducing EMT and disease progression [10, 11, 24, 25, 27, 29, 50]. In addition, miR-
200c plays a crucial role in regulating stem cell self-renewal and differentiation. By targeting
B lymphoma Mo-MLV insertion region 1 homolog (BMI1), a known regulator for stem cell
self-renewal, miR-200c strongly suppresses the ability of normal mammary stem cells to
form mammary ducts and decreases tumor formation driven by human breast cancer stem
cells (CSCs) in vivo [51]. These data collectively indicate that the miR-200c may act as a
tumor suppressor. However, upregulation of miR-200c has been found in multiple tumors
including NSCLC, breast cancer, ovarian cancer and endometrial cancer [9, 13, 15, 17, 52],
indicating that miR-200c may also exhibit oncogenic potential, likely due to over expression
of miR-200c increasing metastatic risk by the induction of MET. Thus, it is controversial miR-
200c expression can be used as a prognostic biomarker in different cancers.

Recently, a meta-analysis reported by Wang et al. [53] assessed the correlation between
miR-200c and prognosis of patients with malignant tumors, and the results demonstrated
that low expression of miR-200c in tumor tissue and high expression of miR-200c in serum
were associated with worse survival in solid tumors. However, its search of relevant literature
was limited to PubMed and just contained 6 articles. Obviously, it's not comprehensive
enough to collect all relevant evidence available from the literature, and the strength of their
conclusions was doubtful. In this study, we search the literature through PubMed, Embase
and the Cochrane Library, and 19 articles are enrolled. The conclusion of this meta-analysis is
different from Wang etal’s, and we believe it is more powerfully evidence-based and credible.
In this systemic review and meta-analysis, all the studies that reported the prognostic value
of miR-200c in patients with malignant tumors did not come to an accordant conclusion.
In this systematic review, we found that low expression of tissue miR-200c was a negative
prognostic factor in groups consisted mainly of early cancer patients. With the increased
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ratio of patients with advanced tumors in investigative subjects, the prognostic value of
tissue miR-200c became less or even inexistent. However, when patients with advanced
tumors dominated in the investigative group, high expression of miR-200c became a negative
prognostic factor. This phenomenon demonstrates that the effect of miR-200c on the
prognosis of cancer patients may be a process of dynamic change with different progression
stages of tumor. Our future meta-analysis confirmed that although there was no relationship
between tissue miR-200c expression and the prognosis of all patients regardless of tumor
stage, low expression level of miR-200c¢ in primary tumor tissue was associated with poor
prognosis of patients with stage I cancer. In such early stage, metastasis has not yet started,
so it is necessary for tumor cells to undergo EMT as an initiating event of metastasis. Given
the suppressive effect of miR-200c on EMT, tumors with low miR-200c expression have
increased potential of invasion and metastasis by promoting EMT, ultimately leading to poor
prognosis of patients. We also found that high blood miR-200c level was associated with poor
0S and PFS. However the quantity of patients with early disease is too small, and there is no
special study which researches only early stage patients. Although there is no hard evidence
to support the relationship between blood miR-200c expression and early stage patients’
outcome, the results of the subgroup analysis bases on patients with advanced disease
demonstrated that overexpression of blood miR-200c predict poor prognosis in patients
with advanced tumors. This interesting result may confirm the following hypothesis. During
the process of tumor metastasis, miR-200c is initially silenced to change cell behaviors that
induce tumor cells to escape from the primary sites. It is then upregulated to reverse the
metastatic phenotype and facilitate local growth of metastatic lesions. Advanced tumors
are typically accompanied by lymphovascular invasion and have accomplished the first
step of metastasis via EMT. MET is subsequently necessary to accomplish the final step of
colonization. High levels of miR-200c in blood can be viewed as a critical promoter of MET
that induces circulating tumor cells to form macroscopic metastatic nodules. Therefore, we
speculate that the prognosis of patients with advanced tumors is influenced by miR-200c
in blood more than miR-200c in primary tissue. Toiyama et al. reported that the expression
status of miR-200c in serum was consistent with metastatic tissue, but inconsistent with
that in primary tissue [7, 20]. This result also supports the theory we propose here: the
expression of miR-200c in primary tissue and blood can be a valuable prognostic biomarker
for patients with early stage and advanced tumors, respectively.

However, some details need to be further refined. First, this study only included only
18 eligible studies, which resulted in relatively insufficiency data in the subgroup analyses.
Second, due to the lack of a unified cut-off value in miR-200c expression, different cut-off
values were used in those studies. The inaccurate cut-off values may affect the availability of
miR-200c as a predictive biomarker in cancer prognosis. Third, several HRs were calculated
based on the data extracted from the survival curves, which inevitably leads to small
statistical errors. Fourth, there was significant heterogeneity displayed in our meta-analysis
and most likely due to variation in patient origin, publication year, tumor type, tumor stage,
miR-200c assay method, analysis type, follow-up time, cut-off values among others. Finally,
although there was no significant publication bias found in this meta-analysis, the sample
size was still not large enough to determine the existence of publication bias.

Conclusion

In conclusion, we found that low expression of miR-200c in primary tissue was
significantly associated with poor survival in cancer patients at an early stage of disease,
whereas high level of miR-200c in blood could predict poor prognosis in patients with
advanced tumors. Considering the limitations of present analysis, the conclusions should
be regarded cautiously. Further prospective multi-center studies with larger sample size are
needed to test the association between miR-200c and cancer prognosis, as well as to explore
effective therapies. Besides, the results of this meta-analysis also suggest the opposite effects
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of miR-200c in tumor local infiltration and distant metastasis via the process of EMT and
MET, respectively: the low expression of miR-200c in early tumor tissues promotes EMT
and increases potential of invasion, but the high level of blood miR-200c in advanced cases
contributes to MET and the establishment of macroscopic metastasis. This theory requires
further investigations to explore the potential mechanism.
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