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Abstract 

Background: Accumulating evidence has demonstrated that microRNA-200s (miR-200a, miR-200b and miR-200c) 
could serve as promising molecular biomarkers for cancer prognosis. Nevertheless, the associations between miR-
200s expression and colorectal cancer (CRC) prognosis remain controversial.

Methods: We applied two mainstream approaches combining meta-analysis and bioinformatics analysis to answer 
whether miR-200s were associated with the prognosis of CRC patients and why miR-200s could be used as prognostic 
biomarkers for CRC.

Results: Consequently, low expression of miR-200s was associated with unfavorable overall survival (OS) in CRC 
patients (HR: 1.09; 95% CI 1.01–1.17; P = 0.025). According to the subgroup analysis, the prognostic role of miR-200s 
was more significant for tissue samples, large samples, American patients and miR-200a subgroups. Then the tar-
get genes of miR-200s were predicted and applied for functional enrichment analyses. The results showed that the 
target genes of miR-200s were mainly enriched into some vital ontology subjects such as regulation ability, key cell 
structures and binding function. Moreover, a series of important signaling pathways were identified, which were 
significantly linked with the initiation and progression of CRC. Additionally, a protein-protein interaction (PPI) network 
of miR-200s targets was constructed to screen hub genes and modules. The identified hub genes and modules were 
validated to be highly involved in the occurrence and development of CRC.

Conclusions: Current evidences revealed that miR-200s could be promising biomarkers for CRC prognosis. However, 
the findings still need to be validated with more larger-scale prospective studies and biological experiments before 
miR-200s could be applied into clinical application.
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Background
Colorectal cancer (CRC) remains as one of the most 
malignant cancer types across almost all the coun-
tries and regions because of the marked morbidity and 

mortality [1]. Despite the advancement of novel treat-
ment options and early detection, the survival outcome 
of CRC patients has not improved significantly [2]. Cur-
rent cancer surveillance and management mainly depend 
on the tumor makers such as CEA and imaging informa-
tion such as computed tomography (CT) based on tumor 
node metastasis (TNM) stage and grade [3]. However, 
more effective prognostic markers and therapeutic meth-
ods applied for CRC treatment and prevention have still 
not been identified, which prevents the precise predic-
tion of the prognosis and metastasis of CRC patients. 
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Thus, there is an urgent need for discovering valuable 
molecular biomarkers with high precision and nonin-
vasive nature for promoting early screening, prognostic 
classification, and promising therapeutic strategies for 
CRC [4].

The discovery of microRNAs (miRNAs), which have 
been identified as prominent and intriguing tumor bio-
markers for noninvasive tests, has provided new ideas 
for early cancer diagnosis and survival prediction [5]. In 
general, miRNAs are a class of evolutionarily conserved, 
endogenous small noncoding with length of 18–24 nucle-
otides that could influence a variety of critical cellular 
processes, including cell growth, differentiation, prolif-
eration, apoptosis and metabolism [6]. There is increas-
ing published evidence that deregulated miRNAs with 
aberrant expression levels were highly involved in cancer 
initiation and progression and could be a novel kind of 
biomarkers for various cancer types including CRC [7].

Interestingly, the miR-200s (miR-200a, miR-200b and 
miR-200c) are typical and most extensively studied exam-
ples in functional miRNAs. Recent studies have indicated 
that miR-200s were dysregulated in various human can-
cers including breast cancer, ovarian cancer, prostate 
cancer, esophageal cancer, gastric cancer and CRC [8]. In 
CRC, there have been several studies validating the asso-
ciation between an aberrant expression level of miR-200s 
and the survival outcome [9]. Nevertheless, there were 
still studies revealing the insignificant or opposite results. 
Moreover, the understanding of the underlying mecha-
nism of miR-200s involved in abnormal development of 
CRC is still not fully elucidated while this is very impor-
tant to explain the diagnosis, treatment, prognosis and 
prevention of this disease.

Therefore, it is essentially necessary to conduct this 
systematic and comprehensive literature search of all eli-
gible studies for summarizing the published global find-
ings, and obtaining overall prognostic significance of 
miR-200s expression in CRC. Additionally, we also per-
formed an integrated bioinformatics analysis to uncover 
the potential mechanisms of miR-200s involved in CRC 
and to get a better understanding on the biomarker roles 
of miR-200s.

Materials and methods
Literature search strategy
The part of meta-analysis was carried out totally based 
on the guidelines of Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses (PRISMA) [10]. To 
accomplish a comprehensive literature search, we applied 
several databases including PubMed, EMBASE, Web 
of science, and the Cochrane Library with the following 
combination keywords: “microRNA-200a or microRNA-
200b or microRNA-200c or miR-200a or miR-200b or 

miR-200c or miRNA-200a or miRNA-200b or miRNA-
200c” and “cancer or tumor or carcinoma or neoplasm” 
or “colorectal or colon or rectal or rectum”. We con-
ducted the computerized search up to October 26th, 
2019. Additionally, the reference lists of the relevant arti-
cles were independently scanned for the potentially addi-
tional studies.

Inclusion and exclusion criteria
Studies complied with the following criteria were con-
sidered eligible: (1) the study explored prognostic value 
of miR-200s expression in CRC patients; (2) histologic 
assessment was used as gold standard for CRC; (3) the 
study provide prognostic indices such as hazard ratios 
(HRs) and the corresponding 95% confidence intervals 
(CIs), or sufficient information to calculate these param-
eters. Exclusion criteria for the articles included: (1) not 
related to our research topic; (2) without valuable data for 
our final data synthesis; (3) the forms of letters, reviews, 
case reports, conference papers or editorials.

Data extraction and document assessment
Two researchers independently extracted key informa-
tion with standardized forms, and discrepancies were 
settled by a third investigator. The following data and 
information were collected from each study: first author, 
publication year, sample source, detection method, 
patient population, patient number, tumor stage, follow-
up time, outcome measures, HR, and corresponding 95% 
CI. If the HRs and 95% CIs were not directly determined 
by univariate and multivariate analyses, they may be 
extracted from provided Kaplan–Meier curves according 
to methods developed by Tierney et  al. [11]. Methodo-
logical qualities of selected studies were evaluated by the 
Newcastle–Ottawa Scale (NOS) method [12]. The NOS 
scores ranged from 0 to 9; by convention, a study was 
considered as high quality if it has the NOS score > 6.

Statistical methods for data synthesis
All of the HRs and corresponding 95% CIs from included 
studies were applied to estimate the pooled HR for 
obtaining a whole standpoint of the associations between 
miR-200s expression and survival outcome. Inter-study 
heterogeneity was judged by using the Cochran Q 
and  I2 test [13]. According to the practice, a P-value of 
less than 0.05 for the Q test or an  I2 value of more than 
50% was regarded as indicators of high heterogene-
ity. The random-effects model would be estimated for 
the studies with a significant heterogeneity  (PQ ≤ 0.05; 
 I2 ≥ 50%); Otherwise, a fixed effects model would be 
applied  (PQ > 0.05;  I2 < 50%). Then the subgroup analysis, 
the meta-regression analysis and the sensitivity analy-
sis were conducted to explore the potential sources of 
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heterogeneity [14]. Finally, Begg’s funnel plot and Egger’s 
tests were applied to assess the included studies for the 
possibility of publication bias [15]. All statistical tests in 
the meta-analysis part were carried out using STATA 
12.0 software. A value of P < 0.05 was suggested statisti-
cally significant.

Identification of target genes
The target genes of miR-200a, miR-200b and miR-200c 
were respectively predicted from the powerful database: 
miRTarBase, which was designed for comprehensive 
information regarding experimentally proved miRNA-
target interactions [16]. In the most recent update, the 
database has been recognized as one of the most integra-
tive annotated and experimentally proved miRNA-target 
interaction tools with more than 13,404 proved miRNA-
target interactions from 11,021 articles [17].

Gene ontology and pathway enrichment analysis
To understand why miR-200s were associated with 
occurrence and development with CRC, functional 
enrichment analyses of the targets of miR-200s were 
performed including Gene Ontology (GO) analysis and 
Kyoto Encyclopedia of Genes and Genomes (KEGG) 
pathway analysis [18, 19]. Gene ontology analyses con-
centrate on three domains including biological pro-
cesses, cellular components, and molecular functions. To 
accomplish GO and KEGG analysis of the target genes of 
miR-200s, the online tool Database for Annotation, Visu-
alization and Integrated Discovery (DAVID) was applied 
[20]. The DAVID online software identified the signifi-
cant function terms and potential pathways of the target 
genes with P-values < 0.05.

Construction and analysis of the PPI network
The protein–protein interaction (PPI) information were 
retrieved from the Search Tool for the Retrieval of Inter-
acting Genes (STRING) database, which is an online 
tool developed for collecting, scoring and integrating 
all publicly available sources of PPI data, and comple-
menting these with computational predictions [21]. The 
target genes of miR-200s were mapped to STRING to 
evaluate the PPI information and data with confidence 
scores > 0.4 were regarded as significant and retrieved. 
Then Cytoscape was employed to analyze and visual-
ize the network. The hub genes were selected using the 
CytoNCA network analyzer plug-in based on three dif-
ferent centrality measures including betweenness cen-
trality and closeness centrality and degree centrality [22]. 
Moreover, the MCODE plug-in was utilized to filter and 
identify the significant network modules in Cytoscape. 
Finally, KEGG functional analysis was performed to fur-
ther determine the function of these hub genes and genes 

involved the identified modules. P < 0.05 was regarded to 
indicate a statistically significant result.

Results
Summary of the included studies
The literature identification process was depicted in 
detail at Fig.  1. A total of 381 records were identified 
through systematic search and manual review for initial 
search. On the basis of the study selection and exclusion 
criteria, finally, a total of 11 articles including 30 studies 
were found to be eligible and enrolled in the data syn-
thesis [23–33]. Overall, all enrolled studies obtained a 
NOS score more than 6, which revealed a moderately sat-
isfactory quality. The studies were published from 2006 
to 2019. The participants of the selected articles were 
Asians, Europeans and Americans. Most patients had 
a relatively long follow-up time. The specimens used in 
these 30 studies were classified as blood (n = 9), and tis-
sue (n = 21). The expression levels of miR-200s were eval-
uated via quantitative reverse transcription polymerase 
chain reaction (RT-PCR). The main characteristics of the 
16 studies eligible for meta-analysis are shown in Table 1.

Identification of the prognostic value of miR‑200s
As obvious heterogeneity was identified among the 
enrolled researches  (I2 = 70.6%, P < 0.001), subsequent 
meta-analysis with a random-effect model was applied 
to generate the pooled OS. The results demonstrated that 
low expression of miR-200s was significantly linked with 
poor OS (HR: 1.09; 95% CI 1.01–1.17; P = 0.025; Fig. 2), 
compared than those patients with high expression of 
miR-200s.

Given that the substantial heterogeneity exhibited, 
subgroup analysis was performed to explore the het-
erogeneity of covariates including sample source, sam-
ple size, ethnicity and miR-200s classification (Table 2). 
Sample source subgrouping explored that low miR-200s 
expression predicted significant poor OS in tissue sam-
ples (HR: 1.16; 95% CI 1.08–1.26; P < 0.001), but not in 
blood samples (HR: 0.89; 95% CI 0.76–1.05; P = 0.161). 
Subgroups analysis by ethnicity indicated that lower 
miR-200s expression status was identified as a signifi-
cant worse prognostic marker in Americans (HR: 1.19; 
95% CI 1.08–1.30; P < 0.001), but not in Asians (HR: 
0.69; 95% CI 0.23–2.01; P = 0.491) and Europeans (HR: 
0.98; 95% CI 0.87–1.10; P = 0.707). Subgroups analy-
ses were also carried out based on sample size and the 
results revealed that the predictive effect was more sig-
nificant in large sample size (HR = 1.06; 95% CI 1.01–
1.12; P = 0.036) than in small sample size (HR = 1.17; 
95% CI 0.94–1.46; P = 0.159). When stratified by miR-
200s classification, the prognostic role of miR-200s was 
more significant for miR-200a with the combined HR 
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being 1.13 (95% CI 1.01–1.26; P = 0.027) than miR-200b 
(HR = 1.14; 95% CI 0.97–1.33; P = 0.113) and miR-200c 
(HR = 1.00; 95% CI 0.85–1.17; P = 0.973).

Meta-regression analysis was further carried out 
based on the main characteristics. The meta-regression 
revealed that heterogeneity may not be induced by sam-
ple source (P = 0.196), sample size (P = 0.124), ethnicity 
(P = 0.136) and miR-200s classification (P = 0.656), as 
the results have not reached statistical significance.

Sensitivity analysis and publication bias
To investigate the robustness of relationship and 
explore potential factors of statistical heterogeneity, 
sensitivity analyses were carried out by skipping at a 
time to evaluate the specific influence of the individ-
ual data on the pooled HRs. Sensitivity analysis dem-
onstrated that no obvious variation in pooled HR by 
excluding any of the study, suggesting that the conclu-
sions are stable (Fig. 3). Begg’s funnel plot and Egger’s 
tests were employed to evaluate the publication bias. 
The value was 0.40 for Egger’s tests, which revealed 
there was no obvious evidence of publication bias 
(Fig. 4).

Functional characterization of miR‑200s
To understand the miR-200s underlying biological pro-
cesses and pathways, GO and KEGG pathway analyses 
were performed to explore the biological functions. The 
top 10 enriched results of GO analysis were presented 
at Fig.  5. With respect to biological processes, the tar-
get genes of miR-200a, 200b and miR-200c were all pri-
marily enriched in regulating some important biological 
processes such as regulation of transcription from RNA 
polymerase II promoter, regulation of cell prolifera-
tion and regulation of apoptotic process. Regarding the 
enriched cellular components, the target genes of miR-
200a, 200b and miR-200c were all mainly clustered in 
some key cell structures including nucleus, cytoplasm 
and nucleoplasm. In addition, with regard to molecular 
function, the target genes of miR-200a, 200b and miR-
200c were all highly involved in binding function con-
taining transcription regulatory region DNA binding, 
protein binding, and transcription factor binding.

The top significantly enriched KEGG pathways for the 
target genes of miR-200a, miR-200b and miR-200c were 
also identified and plotted at Fig. 6. These genes may play 
a crucial role in several important pathways including 
miRNAs in cancer, pathways in cancer, FoxO signaling 

Fig. 1 A flowchart presenting the steps of literature retrieval and selection
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pathway, proteoglycans in cancer, colorectal cancer, p53 
signaling pathway, PI3K-Akt signaling pathway, HIF-1 
signaling pathway and focal adhesion. As shown in Fig. 7, 
FoxO signaling pathway, one of the most representative 
pathways, also had close relations with cell cycle, apopto-
sis, regulation of autophagy, MAPK signaling, PI3K-Akt 
signaling and JAK-STAT signaling pathway.

Integration of protein–protein interaction network
To further investigate the potential associations among 
the target genes of miR-200s, we constructed the PPI 
networks of the targets of miR-200a, miR-200b and miR-
200c, respectively. By separately uploading the targets of 
miR-200a, miR-200b and miR-200c into STRING data-
base, the PPI networks of miR-200a, miR-200b and miR-
200c were visualized using Cytoscape. To identify the 
most important target genes of miR-200s, the Cytoscape 
CytoNCA Network Analyzer plug-in identified top ten 

hub genes from the PPI networks of miR-200s by esti-
mating the network nodes based on centrality analysis 
(Fig. 8). In detail, TP53, EGFR, PTEN, CTNNB1, STAT3, 
HSPA4, SMAD2, EZH2, HGF, SOD2 were identified 
for miR-200a, KRAS, VEGFA, EP300, JUN, ZEB1, FN1, 
RHOA, EZH2, NOTCH1, KDR were screened for miR-
200b, and EP300, PTEN, VEGFA, FN1, CDH1, NOTCH1, 
KRAS, JUN, MDM2, HSP90AA1 were retrieved for miR-
200c. Comprehensive function analysis indicated that 
the hub genes for miR-200a were significantly associ-
ated with FoxO signaling pathway, pathways in cancer, 
proteoglycans in cancer, miRNAs in cancer, colorectal 
cancer, and PI3K-Akt signaling pathway, the hub genes 
for miR-200b were mainly involved in Focal adhesion, 
Notch signaling pathway, VEGF signaling pathway, and 
Wnt signaling pathway while the hub genes for miR-200c 
were highly linked with pathways in cancer, miRNAs 
in cancer, PI3K-Akt signaling pathway, FoxO signaling 

Fig. 2 Forest plot of studies evaluating the correlation of low miR-200s expression with overall survival of colorectal cancer patients
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pathway, Proteoglycans in cancer, Focal adhesion and 
Viral carcinogenesis.

Module screening and analysis
In addition, the MCODE plug-in identified the most sig-
nificant modules, and then conducted function and path-
way enrichment analysis (Fig.  9). The most significant 

module for miR-200a network consisted of 12 nodes 
and 56 edges, which were primarily involved in miRNAs 
in cancer, pathways in cancer, colorectal cancer, FoxO 
signaling pathway, proteoglycans in cancer, cell cycle 
and Hippo signaling pathway. The most important mod-
ule for miR-200b network contained 18 nodes and 73 
edges, which were mainly linked with miRNAs in cancer, 

Table 2 Results of subgroup and meta-regression analyses

Subgroup Studies HR (95% CI) P‑value Heterogeneity  (I2) (%) Pheterogeneity Meta‑
regression 
(P‑value)

Sample source P = 0.196

 Blood 9 0.89 (0.76–1.05) P = 0.161 68.5 P = 0.001

 Tissue 21 1.16 (1.08–1.26) P < 0.001 64.4 P < 0.001

Sample size P = 0.124

 Large (> median) 16 1.06(1.01–1.12) P = 0.036 40.5 P = 0.047

 Small (< median) 14 1.17 (0.94–1.46) P = 0.159 82.1 P < 0.001

Ethnicity P = 0.136

 Asian 3 0.69 (0.23–2.01) P = 0.491 81.3 P = 0.005

 Europeans 10 0.98 (0.87–1.10) P = 0.707 72.1 P < 0.001

 Americans 17 1.19 (1.08–1.30) P < 0.001 67.1 P < 0.001

miR-200s classification P = 0.656

 miR-200a 10 1.13 (1.01–1.26) P = 0.027 69.6 P = 0.001

 miR-200b 9 1.14 (0.97–1.33) P = 0.113 72.3 P < 0.001

 miR-200c 11 1.00 (0.85–1.17) P = 0.973 74.0 P < 0.001

Fig. 3 Sensitivity analysis for the influence of individual studies on summarized hazard ratios
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Fig. 4 Funnel plot for publication bias analysis

Fig. 5 Top ten GO annotation of miR-200s target genes. a Biological processes for miR-200a; b Cell component for miR-200a; c Molecular function 
for miR-200a; d Biological processes for miR-200b; e Cell component for miR-200b; f Molecular function for miR-200b; g Biological processes for 
miR-200c; h Cell component for miR-200c; i Molecular function for miR-200c
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pathways in cancer, PI3K-Akt signaling pathway, focal 
adhesion, FoxO signaling pathway, and transcriptional 
misregulation in cancer. The most vital module for miR-
200c network including 15 nodes and 86 edges, which 
were highly associated with pathways in cancer, FoxO 
signaling pathway, miRNAs in cancer, PI3K-Akt signaling 
pathway, proteoglycans in cancer, Viral carcinogenesis, 
HIF-1 signaling pathway, cell cycle, and p53 signaling 
pathway.

Discussion
Numerous profiling studies have demonstrated that aber-
rant expression of miRNAs plays a significant role in the 
diagnosis and prognosis of human carcinomas includ-
ing CRC (Additional file 1: Table S1). As one of the most 

representative miRNA members, miR-200s have been 
demonstrated by mounting evidence, indicating that 
miR-200s are noteworthy biomarkers for CRC prognosis. 
However, inconsistent results have emerged in different 
studies. Therefore, to clarify the prognostic value of miR-
200s as survival prediction biomarkers for CRC, data 
from published studies of miR-200s were systematically 
collected and assessed. We separately analyzed the bio-
marker roles of miR-200s through an integrated bioinfor-
matics analysis to uncover their underlying mechanism 
involved in CRC.

We first quantitatively explored the prognostic role 
of miR-200s through a comprehensive meta-analysis. 
The result indicated that patients with a low miR-200s 
expression level were significantly correlated with shorter 

Fig. 6 Pathway enrichment results. a Top 20 pathways enriched by all the target genes of miR-200a; b Top 20 pathways enriched by the hub nodes 
of miR-200b; c Top 20 pathways enriched by the hub nodes of miR-200c
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OS, compared than those with a high miR-200s expres-
sion level. Thus, it was preliminarily concluded that low 
miR-200s expression was closely related with worse OS 
in CRC. Afterwards, the subgroup analysis was selected 
to investigate the main factors that may contribute to the 
heterogeneity. The subgroup analysis results suggested 
that low expression of miR-200s was more significantly 
associated with worse OS of CRC patients among Ameri-
cans than Asians and Europeans, which suggested that 
ethnicity may play an important part in association of 
miR-200s expression and CRC patient prognosis because 
of the variations in genetic background, environmen-
tal factors. According to the analysis results, it was also 
summarized that sample size had a significant impact on 
the predictive role of miR-200s which means that well-
designed studies with larger sample sizes are required 
to further improve the predictive role of miR-200s. Our 
results also suggested that the prognostic role of miR-
200s varied for different types of sample types. Based on 
the analysis results, tissue samples could be considered 
as better sample source for classifying miR-200s as the 
molecular predictive biomarker of CRC. The results from 
subgroup studies by miR-200s classification revealed 
that the subgroup of miR-200a emerged statistically sig-
nificantly higher predictive accuracy than miR-200b and 
miR-200c. Moreover, the meta-regression was also per-
formed to seek the potential sources of heterogeneity; 

however, no significant findings were identified. In addi-
tion, sensitivity analysis demonstrated the robustness of 
our study. Promisingly, no obvious publication bias was 
found.

To further qualitatively explore the potential biologi-
cal and molecular mechanisms associated with miR-
200s, bioinformatics analysis was applied to investigate 
the underlying functions, pathways, and networks of the 
genes. The GO analysis indicated that the target genes of 
miR-200a, miR-200b and miR-200c were mainly involved 
in regulating some important cellular processes at the 
biological process level, significantly enriched in some 
key cell structures for the cellular component level, and 
highly involved in binding function regarding the molec-
ular function level, which primarily revealed the function 
of miR-200s involved in CRC initiation and progression. 
A KEGG analysis further explored the function of miR-
200s and revealed that the target genes of miR-200a, 
200b and miR-200c were particularly enriched in some 
important pathways. Most of identified pathways have 
been demonstrated to play important roles in the occur-
rence and development according to previous studies. 
For example, miRNAs in cancer, pathways in cancer, and 
colorectal cancer pathways intuitively reflected the rela-
tionships among miR-200s and CRC. Moreover, proteo-
glycans have been widely recognized as communication 
molecules which produce a marked effect in the invasion 

Fig. 7 The FOXO signaling pathway enriched in KEGG. Objects with pentagrams are acting locus by mapped genes
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and growth and metastatic properties of cancerous cells 
[34]. Accumulating evidence indicates that proteoglycans 
have a significant impact on the behavior of cancer cells 
and the microenvironment during the progression of car-
cinogenesis and may serve as attractive pharmacological 
targets in cancer immunotherapy [35]. FoxO signaling 
plays a pivotal functional role as regulator of cellular 
homeostasis and putative tumor suppressor [36]. Target-
ing FoxO signaling may represent a potential approach 

to treat cancer [37]. Focal adhesion kinase, as a tyrosine 
kinase with high expressions in cancer cells, has been 
identified highly involved in the progression of tumors 
to a malignant phenotype [38]. Converging evidence 
have indicated that p53 signaling play an important 
role in various transcriptional and non-transcriptional 
biological processes such as cell proliferation, senes-
cence, DNA repair, and cell death [39]. Previous stud-
ies have demonstrated that PI3K-Akt signaling serves 

Fig. 8 PPI network construction results. a Degree distributions of nodes for the network set up with miR-200a targets; b Degree distributions of 
nodes for the network set up with miR-200b targets; c Degree distributions of nodes for the network set up with miR-200c targets; d Hub genes of 
the network for miR-200a targets; e Hub genes of the network for miR-200b targets; f Hub genes of the network for miR-200c targets; g Pathway 
enrichment results for the selected hub genes of miR-200a targets network; h Pathway enrichment results for the selected hub genes of miR-200b 
targets network; i Pathway enrichment results for the selected hub genes of miR-200c targets network
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as crucial coordinator of intracellular signaling includ-
ing cell growth, differentiation, migration, and survival, 
as well as angiogenesis and metabolism [40]. Increasing 
evidence has confirmed the important part of Wnt sign-
aling in a great diversity of cellular activities, including 
embryonic stem-cell development, tissue regeneration, 
cell differentiation, and immune cell regulation [41]. The 
RAS signaling regulates cancer cell proliferation, apop-
tosis, inflammation, migration, and metastasis [42]. The 
aberrant RAS signaling may cause carcinogenesis and 
targeting it may bring substantial improvement in clinical 
outcome in metastatic colorectal cancers [43]. It is well 
established that mTOR signaling, a critical protein in reg-
ulating cancer cells, takes part in varieties of fundamen-
tal biological activities containing cell death, autophagy, 
metabolic reprogramming, cell growth, and cell cycle 
[44]. HIF-1, a transcription factor with important part in 
response to low oxygen concentrations, or hypoxia, play 
significant roles in normal tissue development and func-
tion and cancer progression [45]. Activation of the HIF-1 
pathway has been considered as an attractive therapeu-
tic target [46]. The Hippo signaling, made up of a core 
kinases module and transcriptional activation module, 

has recently emerged as an important biochemical sign-
aling in regulating a variety of signaling processes such as 
organ development and maintenance of tissue homeosta-
sis [47]. The mechanism of miR-200s affecting the metas-
tasis and unfavorable prognosis of CRC patients may be 
partly understood.

PPI network analysis was applied to investigate the 
most important target genes for miR-200s in CRC. The 
top network nodes with high degrees of betweenness 
centrality and closeness centrality and degree centrality 
were considered as the hub genes. To further validate the 
potential roles of the hub genes in CRC, KEGG pathway 
enrichment analysis was conducted. Results from KEGG 
analysis demonstrated that these hub genes were also 
significantly associated with some vital pathways. Most 
of the pathways have been proved by previous biologi-
cal experiments. Aside from the above mentioned path-
ways, Notch signaling pathway has been identified as a 
highly conserved system in various multicellular organ-
isms that is crucial for driving T-cell fate decisions, pro-
liferation, and aberrant growth [48]. Moreover, VEGF 
signaling is a pivotal coordinator in the development of 
tumor angiogenesis, and inhibiting VEGF may provide a 

Fig. 9 Module analysis results of the PPI network. a The most significant module in the PPI network for miR-200a targets; b The most significant 
module in the PPI network for miR-200b targets; c The most significant module in the PPI network for miR-200c targets; d Pathways enriched by all 
the nodes involved in the identified module for miR-200a; e Pathways enriched by all the nodes involved in the identified module for miR-200b; f 
Pathways enriched by all the nodes involved in the identified module for miR-200c
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promising approach for tumor vessel normalization [49]. 
From the findings of the PPI analysis, it might be possi-
ble to hypothesize that miR-200s have a role in the initia-
tion and progression of CRC by targeting these hub genes 
involved these key pathways, which may provide poten-
tial therapeutic targets.

The network module may determine the stability and 
function of the network. Correspondingly, the most 
significant modules of the networks for the targets 
of miR-200s were identified. KEGG pathway analysis 
revealed that the genes consisting of the networks for 
miR-200a, miR-200b and miR-200c were mainly associ-
ated with a series of well-studied pathways. In addition 
to the majority of these pathways that proved by litera-
ture exploration, another part have to mention is that the 
well-studied cell cycle pathway has been a vital pathway 
mediating every aspect of various fundamental cellular 
processes such as cell proliferation, apoptosis, differentia-
tion, and migration [50]. Module analysis demonstrated 
that miR-200s were highly associated with the initiation 
and development of CRC again.

CRC is a heterogeneous disease and its initiation and 
progression may be affected by various confounding 
factors. It is deserved to be mentioned that miR-200a, 
miR-200b and miR-200c were enriched into the simi-
lar functional ontology, pathways, modules or networks 
and afterwards become more consistent, although they 
located at different chromosomal regions and regulated 
different types of genes. By convention, function associ-
ated miRNAs may exhibit a coordinated expression to 
play their role within the same functional modules, sug-
gesting that miR-200a, miR-200b and miR-200c could 
have a synergistic effect to serve as an effective biomarker 
during the occurrence and development of CRC [51].

It should be noted that there were several limitations in 
our study. First, although we have conducted a compre-
hensive and systematic literature search and enrolled as 
many documents as possible, the size of available samples 
for evidence synthesis was still relatively small. More rel-
evant studies and patients would be necessary to improve 
the reliability and confidence of our findings. Second, the 
cutoff definitions for high miR-200s expression were not 
precisely acknowledged among the studies, which could 
cause potential heterogeneity. Third, although we had 
planned to consider the impact of several important fac-
tors concerning heterogeneity such as age, sex and stage 
of cancer, this could not be accomplished due to the lack 
of access to the original data from the reviewed studies. 
Fourth, as drug resistance is a major problem with most 
of the cancer treatments. However, the enrolled studies in 
our study have not focused on the status of miR-200s in 
those CRC patients who developed resistant to therapy. 
Moreover, more and more findings have demonstrated 

that right-sided colon cancers and left-sided colon can-
cers are distinct clinical and biological entities and sug-
gest that they should be treated as different diseases. 
However, most of the enrolled studies have not separated 
the status of miR-200s in tissue samples from different 
regions of colon in CRC patients. Lastly, our study cer-
tainly has its weaknesses due to the lack of experimen-
tal validation as such an experiment that focuses on the 
confirmation of the predictive power of our approach is 
difficult for us by now.

Nevertheless, we also need to stress some advantages 
in the present study. We combined two mainstream 
approaches including meta-analysis and bioinformat-
ics analysis to answer whether miR-200s were associated 
with the prognosis of CRC patients and why miR-200s 
could be used as a prognostic biomarker for CRC. Several 
interesting results from our study may promote further 
investigation into the functions and partners of miR-
200s, push forward the clinical application of miR-200s 
and also provide us with more targets and strategies for 
therapy. Although not perfect, most of the findings from 
our results have been successfully confirmed by recent 
experimental literatures [34–51]. To better confirm the 
predictive power of our approach and understand the 
mechanisms underlying the initiation and progression 
of CRC, more large-scale and standard investigations are 
worth conducting.

Conclusions
In conclusion, based on meta-analysis and bioinformat-
ics analysis results, our study demonstrated that miR-
200s could be promising biomarkers for CRC. However, 
further molecular and functional studies and large-scale 
controlled clinical studies are required to further explore 
the biomarker roles of miR-200s.
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