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Abstract

Background: Digestive system cancers (DSCs) have been recognized to be linked with high morbidity
and mortality. Recent studies have reported that microRNA-10b (miR-10b) is abnormally expressed in
DSCs and associated with prognosis. However, the inconclusive results and unknown underlying
mechanisms promoted us to perform this study.

Methods: We systematic searched several databases for eligible studies and conducted quantitative
analysis for evidence regarding the associations between miR-10b and survival outcome of DSCs. We also
performed a series of bioinformatics analyses to uncover the potential mechanisms.

Results: A total of 32 eligible studies with 3392 patients were included. Increased miR-10b expression
was linked with unfavorable overall survival (OS) in DSCs (HR=1.72; 95% CI: 1.30-2.27; P <0.001). When
stratified by tumor type, the impact of miR-10b overexpression on poor prognosis was observed in
colorectal cancer, gastric cancer, hepatocellular carcinoma, and esophageal carcinoma, but not in
pancreatic cancer. Subsequently, we predicted the targets of miR-10b and conducted functional
enrichment analyses. The results disclosed that miR-10b targets were predominantly enriched in some
vital biological terms and pivotal signaling pathways associated with tumor progression including cell
cycle, FoxO, proteoglycans, central carbon metabolism, p53, Notch, HIF-1, focal adhesion, AMPK, and
pancreatic cancer. Moreover, a protein-protein interaction (PPl) network was also constructed to
identify the top ten hub genes and significant modules and demonstrated the underlying interactions
among them.

Conclusion: Our results indicated that miR-10b could act as a significant biomarker in the prognosis
DSCs. However, more research should be performed to test these findings.
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Introduction

Digestive system cancers (DSCs) have become a
major public health threat, including esophageal
squamous cell carcinoma, gastric cancer, colorectal
cancer, hepatocellular carcinoma, gallbladder cancer
and pancreatic cancer [1]. Despite significant
advancements in the diagnosis and therapy strategies

for DSCs in recent decades, these types of diseases
remain as leading causes of morbidity and mortality
of patients across the world [2]. In recent years,
considerable efforts were made to identify prognostic
factors for improving risk stratification and
personalized treatment in DSCs. Nevertheless, as the
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complexity and heterogeneity of cancers, DSCs
patients at same stages of disease could response to
the same treatment differently and lead to different
clinical outcomes [3]. Thus, it is necessary to explore
novel reliable prognostic biomarkers with high
sensitivity and specificity that provide -effective
therapeutic strategies to enhance life quality and
survival outcomes of patients with DSCs.

MicroRNAs, about 22 nucleotides, are a member
of highly conserved and single-stranded non-coding
RNAs, which function to be mRNA level regulators
by regulating messenger RNA translation and
degradation [4]. In recent years, deregulated
microRNAs have been identified in multiple types of
human diseases and cancers [5]. Moreover, a series of
studies have already demonstrated that microRNAs
also have a significant effect on cancer progression
and may be used as promising biomarkers for cancer
diagnosis, prognosis and therapy effects [6]. Thus,
more and more researches concentrate on the
microRNAs as the promising biomarkers of DSCs
[7,8].

Among  these  well-studied microRNAs,
microRNA-10b (miR-10b) may be one of the most
important members. There are several studies
indicating that miR-10b high expression is highly
related to clinical outcome of patients with various
types of malignant tumors, especially in breast cancer
[9,10]. Recently, miR-10b has been identified as a
reliable prognostic indicator in DSCs, with a
promising role in predicting the survival outcomes for
these patients [11]. Although accumulating evidence
suggests that miR-10b is aberrantly expressed in
DSCs, there has been no clear consensus about its role
regarding the prognostic value in such diseases. To
date, it remains unclear why miR-10b may be
associated with the survival outcome of patients with
DSCs.

Therefore, we performed this study to evaluate
the prognostic significance of miR-10b expression in
DSCs by analyzing all the available data coming from
a comprehensive search. Furthermore, based on
above results, we applied several bioinformatics
analysis methods for an integrated characterization of
miR-10b regarding the potential mechanism
associated with tumor progression.

Material and methods

Data sources and searches

To enroll all associated articles assessing the
prognostic value of miR-10b overexpression in
digestive system cancer, we searched PubMed
Central, Web of Science, and EMBASE (up to
December 12, 2020) with the following search terms:

(microRNA-10b OR miR-10b OR miRNA-10b) and
(esophageal OR gastric OR stomach OR
hepatocellular OR pancreatic OR rectal OR rectum OR
colon OR colorectal OR gastrointestinal OR digestive)
and (cancer OR carcinoma OR tumor OR neoplasm
OR malignancy). All related studies from the lists of
references of retrieved articles were manually
analyzed to obtain other potentially relevant reports.
Eligibility criteria

Studies were included if (i) they studied the
patients with digestive system cancers which were
diagnosed with pathology; (ii) they explored the
associations between miR-10b expression levels and
prognosis; (iii) They directly reported hazard risks
(HRs) of overall survival (OS) and the 95% confidence
intervals (CIs) or provided information to estimate
HRs; (iv) they were published in English.

Studies were excluded if (i) they were not
associated with our aim; (ii) they were published as
meta-analysis, case reports, conference abstracts,
reviews or letters; (iii) there was insufficient data
available in the study; and (iv) if they were written in
languages other than English.

Data extraction and document assessment

The extracted data included information on first
author, publication year, study population, patient
age, sample size, cancer type, cancer stage, detection
method, follow-up period, end point, and risk
estimates (HRs and 95% Cls). If the studies only
provided Kaplan-Meier survival curves, then data
about the HRs with 95% ClIs was extracted and
estimated by the method illustrated by Tierney [12].
Afterwards, we employed the Newcastle-Ottawa
Scale (NOS) for observational studies to evaluate the
quality of them [13]. The above parts of this study
were performed by two authors independently. When
disagreement occurred between the two reviewers, a
third investigator was invited to provide help for
meeting the consensus.

Data synthesis and analysis

The relationship of miR-10b with OS was
exhibited as a weighted average of study-specific
estimates of the HR and 95% CI. Heterogeneity
between publications was estimated using Q statistics
and Higgins 12 statistic. If statistical heterogeneity was
significant (I12>50% or P<0.05), the random-effects
model was used for quantitative synthesis; if not, the
fixed-effects model would be adopted [14]. When
heterogeneity was significant, we applied subgroup,
meta-regression and sensitivity analyses [15]. We
evaluated publication bias using Begg’s funnel plot
and Egger’s regression asymmetry test [16]. STATA
(version 12.0, College Station, TX) was applied for all
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statistical calculations and analysis. For all analyses, a
2-sided P-value of <0.05 was considered as
statistically significant.

Identification of the regulated genes of
miR-10b

The regulated genes by miR-10b were collected
from the miRTarBase database. The powerful tool
covers maybe the most integratively annotated and
experimentally confirmed microRNA-target
interactions. The wupdate in 2020 with more
improvements has promoted the database to be more
comprehensive and integrative [17].

Functional annotation of miR-10b by KEGG
and GO analysis

Gene ontology (GO) and Kyoto Encyclopedia of
Genes and Genomes (KEGG) pathway analysis were
applied for further understanding and simulating
higher-order functional activities cells or organisms
from the genomic information of miR-10b [18,19]. In
our study, GO analysis was performed for annotating
the regulated genes of miR-10b based on three major
sections containing biological processes (BP), cellular
components (CC) and molecular functions (MF). In
the current study, Database for Annotation,
Visualization, and Integrated Discovery (DAVID) was
employed for accomplishing GO functional and
KEGG pathway enrichment analyses [20]. Both GO
and KEGG terms with a P-value < 0.05 were
considered as statistically significant.

Construction of the PPl network and
integrative analysis

Search Tool for the Retrieval of Interacting Genes
(STRING) is an online database developed for
investigating the protein-protein interaction (PPI)
data [21]. To evaluate the potential associations
among the regulated genes of miR-10b, we uploaded
them into STRING and collected the interactions with
the combined score of >0.4 for constructing the PPI
network [22]. CytoNCA plug-in of Cytoscape
software was employed to identify the crucial hub
proteins while MCODE plug-in in Cytoscape was
employed to screen the significant network modules
[23]. Ultimately, the module nodes were enriched for
functional KEGG pathways. P<0.05 was considered to
reveal significance.

Validation of hub genes

First, we performed the pathway enrichment
analysis of the identified hub genes. Then, a literature
search regarding the associations among the
pathways and DSCs in PubMed was carried out.
Finally, the Gene Expression Profiling Interactive
Analysis (GEPIA) database was used to further verify

the prognostic value of the hub genes in DSCs [24].
Results

Identification of eligible studies

The concise process of literature selection was
illustrated at Figure 1. A total of 492 publications were
retrieved through searching the selected databases.
After the elimination of duplicates and carefully
screening the titles, abstracts and full-texts of these
publications, subsequently, 22 articles including 32
studies were enrolled for quantitative analysis [25-46].

Basic characteristics of the selected studies

Study characteristics of the eligible studies were
summarized at Table 1. All of the eligible studies
were published from 2011 to 2020. Among the studies
included, nine studies focused on colorectal cancer,
ten concentrated on gastric cancer, four were about
hepatocellular cancer, seven were about pancreatic
cancer and two were about esophageal squamous cell
carcinoma. Studies concerning Asians occupied the
largest proportion of patient populations among all
primary literatures (n=19), followed by Europeans
(n=7), Americans (n=5), and Africans (n=1). The
majority of the included studies focused on tissue
miR-10b. Most of the enrolled studies had a
prospective design and applied qRT-PCR for the
detection of miR-10b expression levels. According to
the NOS criteria, the study quality score varied from 5
to 7, which suggested that the study quality was
moderate to high.

Correlation between miR-10b expression and
os

A total of 32 studies involving 3392 patients
described the associations between miR-10b and OS.
Since significant heterogeneity among the studies was
observed (12=97.5%, P<0.001), the randomized effects
model was conducted to calculate the pooled HR and
95%CI. The pooled analysis results revealed that
elevated miR-10b was significantly connected with
poor OS of DSCs patients (HR=1.72; 95% CI: 1.30-2.27;
P <0.001), which indicated miR-10b may serve as a
promising prognostic biomarker for DSCs (Figure 2).

Heterogeneity analysis

Due to the heterogeneity, subgroup analysis was
conducted by the ethnicity, sample sizes, and cancer
types (Table 2). A significant correlation between
miR-10b overexpression and a poor OS was
demonstrated in patients with colorectal cancer
(HR=1.45, 95% CI: 1.13-1.85, P=0.003), gastric cancer
(HR=1.76, 95% CI: 1.33-2.32, P<0.001), hepatocellular
cancer (HR=2.53, 95% CI. 1.25-5.15, P=0.01) and
esophageal squamous cell carcinoma (HR=3.37, 95%
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CI: 1.92-5.93, P<0.001), indicating the expression level
of miR-10b could be applied to predict the OS of
various kinds of DSCs. However, the significant
association was not observed in pancreatic cancer
(HR=1.21, 95% CI: 0.79-1.86, P=0.38). In addition, the
subgroup analysis results revealed that a high
miR-10b may act as a predictor for worse OS in Asians
(HR=1.99, 95% CI: 1.36-2.91, P<0.001), but not in
Americans (HR=1.48, 95% CI: 0.95-2.31, P=0.086), and
Europeans (HR=1.19, 95% CI: 0.95-1.49, P=0.134). In
the analysis stratified by size of sample, miR-10b was
revealed to be significantly related OS of patients in
studies with sample size larger than median
(HR=1.58, 95% CI: 1.24-2.01, P<0.001) and sample size
fewer than median (HR=1.74, 95% CI: 1.15-2.64,

P=0.009).
Furthermore, meta-regression analysis was
further performed to identify the source of

heterogeneity, based on the cancer type, ethnicity, and
sample size. The results revealed that none of the
factors might be possible source of heterogeneity.

Sensitivity analysis and publication bias

A sensitivity analysis was carried out for
evaluating the effect of a single study on the stability
of the pooled results (Figure 3). The association
continued insignificant when any single article was

omitted, which indicated that the conclusions from
the quantitative analysis were relatively reliable. We
employed Egger’s and Begg’s tests to evaluate the
potential publication bias in the evidence synthesis of
the impact of miR-10b on OS in DSCs. The results
revealed that statistically significant publication bias
was observed for the overall analysis of OS in patients
with DSCs (P=0.024).

Functional and pathway enrichment analysis

To extract biological information regarding the
function and mechanisms of miR-10b, we analyzed
the GO and KEGG pathway enrichment by using the
online tool of DAVID. The results of the GO analysis
were exhibited from three aspects: BP, CC and MF
(Figure 4). The GO functional annotation analysis of
the regulated genes by miR-10b revealed that (1) the
BP section was mainly involved in regulation of
transcription from RNA polymerase II promoter,
regulation of RNA splicing, regulation of cell
proliferation, and translational initiation; (2) the CC
section was highly related to nucleoplasm, nucleus,
nuclear chromatin, membrane and cytoplasm; and (3)
the MF section was significantly associated with
protein binding, poly(A) RNA binding, transcription
coactivator binding, ubiquitin protein ligase binding

Records identified through
database searching

[ I

Additional records identified
through other sources

and inhibin binding.

(N=844) (N=15)
e ——
- = N
Records reviewed for duplicates
(N=859) - =
\ J
262 duplicates among databases
& - -’
I )
Records after removing duplicates
(N=597) 508 articles were excluded:
~ i Letters, reviews, meta-analyses
\L #| Not about human studies
(- ] ] B \Not related to our topic )
Full-text articles reviewed
(N=89)
- T < 67 articles were excluded:
i Not relevant to prognosis
a ] . B Without sufficient data
Articles included \Wﬂh duplicate data y
(N=22)
\ 7
(" Studies included in quantitative
synthesis
\ (N=32) J

Figure 1. Flowchart presenting the steps of literature search and selection.
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Study %
D HR(95% Cl)  Weight
Preis et al/2011 —_— 3.10(1.66, 5.77) 3.08
Nakata et al/2011 —r— 1.81(1.13,2.90) 3.29
Schultz et al/2012 - ! 0.87 (0.73, 1.03) 3.58
Nishida et al/2012 —r— 1.56 (1.06, 2.38) 3.37
Li et al/2012 ——— 2.39(1.04, 5.50)2.75
Pizzini et al/2013 e 1.19(1.01, 1.39) 3.59
Pizzini et al/2013 —— 1.45(1.05, 1.91) 3.49
Wang et al/2013 ———— 9.13(1.74, 48.01)1.59
Wang et al/2013 _— 2.89 (1.36, 6.15) 2.87
Wang et al/2013 — 1.77 (1.26, 2.48) 3.45
Wang et al/2013 -+ 1.38 (0.84, 2.28) 3.25
Hur et al/’2015 e e 1.22 (0.57, 2.59) 2.87
Hur et al/’2015 —_— 0.82 (0.35, 1.96) 2.70
Jiang et al/’2016 8 im—— 463(267,7.54)3.23
Nguyen et al/2016 e 1.12(0.54, 2.32) 2.91
Dammak et al/2017 — 250(142,441)3.16
Huang et al/2017 —— 0.88 (0.53, 1.35) 3.30
Yoon et al/2017 - - 4.99 (4.60, 5.57) 3.62
Yang et al/’2017 —l— 1.99 (1.07, 3.73) 3.07
Yang et al/2017 —_— 0.80 (0.39, 1.67) 2.91
Coebergh et al/2018 —_ 0.99 (0.59, 1.65) 3.23
Gao et al/2018 e e 2.51(1.35,4.36) 3.13
Gao et al/2018 e 3.22(1.28,5.79) 2.87
Gao et al/2018 A 1.43(1.02, 2.48) 3.33
Gao et al/2018 —— 1.22(0.70, 2.44) 3.07
Obermannova et al/2018 —t— 2.00 (1.00, 3.98) 2.97
Lu et al/2018 ——— 3.09(1.35, 7.06) 2.75
Lu et al/2018 —_—— 3.64 (1.68,7.91)2.84
Li et al/2018 —_— 1.84 (1.14,2.97) 3.28
Guan et al/2018 -+~ 1.75(1.28, 2.40) 3.47
Yang et al/’2019 ! 1.01(1.00, 1.02) 3.63
Xu et al/2020 —t—| 0.52 (0.34, 0.80) 3.35
Overall (l-squared = 97.5%, p = 0.000) 1.72(1.30, 2.27) 100.00
NOTE: Weights are from random effects gllglvs isll

RS

Figure 2. Forest plot for the association between miR-10b expression and the overall survival of patients with digestive system cancers.

Table 1. Characteristics of the included articles

Author Year Country Ethnicity M/F N  Age Cancer type TNM  Sample Methods Endpoints Median Hazard ratio
stage  source follow-up time

Preis et al 2011 USA Americans NR 95 68  Pancreatic -1V Tissue ISH os NA 3.10 (1.66-5.77)
Nakata et al 2011 Japan Asians 73/42 115 64  Pancreatic -1V Tissue RT-PCR OS 13 1.81 (1.13-2.90)
Schultz et al 2012 Denmark Europeans 111/114 225 64  Pancreatic I-1I Tissue RT-PCR OS 24 0.87 (0.73-1.03)
Nishida et al 2012 Japan Asians 55/33 88 65  Colorectal LIV Tissue RT-PCR OS 48 1.56 (1.06-2.38)
Lietal 2012 China Asians 29/5 34 50  Hepatocellular I-IV Tissue RT-PCR OS 60 2.39 (1.04-5.50)
Pizzini et al 2013 Ttaly Europeans NR 20 61  Colorectal v Tissue RT-PCR OS 60 1.19 (1.01-1.39)
Pizzini et al 2013 Italy Europeans NR 26 61  Colorectal v Tissue RT-PCR OS 60 1.45 (1.05-1.91)
Wang et al 2013 China Asians 69/21 90 63  Gastric I Tissue RT-PCR OS 60 9.13 (1.74-48.01)
Wang et al 2013 China Asians 80/24 104 63  Gastric I Tissue RT-PCR OS 60 2.89 (1.36-6.15)
Wang et al 2013 China Asians 133/40 173 63  Gastric il Tissue RT-PCR OS 60 1.77 (1.26-2.48)
Wang et al 2013 China Asians 53/19 69 63  Gastric v Tissue RT-PCR OS 60 1.38 (0.84-2.28)
Hur etal 2015 USA Americans 66/18 83 67  Colorectal LIV Tissue RT-PCR OS 80 1.22 (0.57-2.59)
Hur etal 2015 Japan Asians 102/73 175 68  Colorectal LIV Tissue RT-PCR OS 60 0.82 (0.35-1.96)
Jiang et al 2016 China Asians 176/70 246 60  Colorectal -1V Tissue RT-PCR OS 60 4.63 (2.67-7.54)
Nguyen et al 2016 USA Americans 36/19 55 48  Pancreatic I-1I Tissue RT-PCR OS 34 1.12 (0.54-2.32)
Dammak et al 2017 Tunisia Africans  NR 50 63  Colorectal -1V Tissue RT-PCR OS 33 2.50 (1.42-4.41)
Huang et al 2017 China Asians 134/54 188 60  Gastric LIV Serum RT-PCR OS >50 0.88 (0.53-1.35)
Yoon et al 2017 Korea Asians 21/3 24 57  Hepatocellular III-IV ~ Serum  RT-PCR OS 60 4.99 (4.60-5.57)
Yang et al 2017 Germany Europeans NA 69 NA Pancreatic I-Iv Tissue RT-PCR OS >60 1.99 (1.07-3.73)
Yang et al 2017 Germany Europeans NA 41 69  Pancreatic -1V Tissue RT-PCR OS >60 0.81 (0.39-1.67)
Coebergh et al 2018 Netherlands Europeans 82/73 155 NR Colorectal I-II Tissue RT-PCR OS 30 0.99 (0.59-1.65)
Gao etal 2018 China Asians 13/12 25 59  Gastric 1 Tissue ISH os 60 2.51 (1.35-4.36)
Gao etal 2018 China Asians 15/14 29 59  Gastric I Tissue ISH (6] 60 3.22 (1.28-5.79)
Gao etal 2018 China Asians 25/23 48 59  Gastric I Tissue ISH 0os 60 1.43 (1.02-2.48)
Gao etal 2018 China Asians 10/8 18 59  Gastric v Tissue ISH Os 60 1.22 (0.70-2.44)
Obermannova etal 2018 Czech Europeans 28/39 67 68  Gastric -1V Tissue RT-PCR OS 60 2.00 (1.00-3.98)
Luetal 2018 China Asians 77/16 93 60  Esophageal I-Iv Tissue RT-PCR OS 80 3.09 (1.35-7.06)
Luetal 2018 China Asians 84/18 102 60  Esophageal -1V Tissue RT-PCR OS 80 3.64 (1.68-7.91)
Lietal 2018 USA Americans NR 173 NR Hepatocellular I-IV Tissue RT-PCR OS 60 1.84 (1.14-2.97)
Guan et al 2018 China Asians NR 320 NR Hepatocellular I-IV Tissue RT-PCR OS 60 1.75 (1.28-2.40)
Yang et al 2019 USA Americans NR 212 68  Colorectal -1V Tissue RT-PCR OS 60 1.01 (1.00-1.02)
Xu et al 2020 China Asians 106/74 180 60  Pancreatic -1V Tissue RT-PCR OS 81 0.52 (0.34-0.80)

Abbreviation: F, female; M, male; N, number; NR, not report; OS, overall survival.
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Figure 3. Sensitivity analysis of HR for association between miR-10b expression and overall survival.
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Figure 5. Pathway enrichment results. (A) Top 30 pathways enriched by all the target genes of miR-10b; (B) Top 30 pathways enriched by the hub nodes of miR-10b.

Table 2. Results of subgroup and meta-regression analyses

Subgroup Studies HR (95%CI) P-value Heterogeneity (I2) Pheterogeneity Meta-regression (P-value)
Ethnicity P=0.182
Asians 19 1.99 (1.36-2.91) P<0.001 93.4% P<0.001

Americans 5 1.48 (0.95-2.31) P=0.086 78.6% P=0.001

Europeans 7 1.19 (0.95-1.49) P=0.134 67.7% P=0.005

Cancer type P=0.772
Colorectal 9 1.45 (1.13-1.85) P=0.003 86.0% P<0.001

Gastric 10 1.76 (1.33-2.32) P<0.001 55.9% P=0.016

Hepatocellular 4 2.53 (1.25-5.15) P=0.01 94.5% P<0.001

Esophageal 2 3.37 (1.92-5.93) P<0.001 0.0% P=0.777

Pancreatic 7 1.21 (0.79-1.86) P=0.38 83.0% P<0.001

Sample size P=0.550
Large (N>median) 16 1.58 (1.24-2.01) P<0.001 87.9% P<0.001

Small (N< median) 16 1.74 (1.15-2.64) P=0.002 95.4% P=0.009

The results of the KEGG analysis were presented
at Figure 5. The regulated genes by miR-10b were
significantly enriched in cell cycle, FoxO signaling
pathway, proteoglycans in cancer, microRNAs in
cancer, central carbon metabolism in cancer,
pancreatic cancer, p53 signaling pathway, Notch
signaling pathway, HIF-1 signaling pathway, Focal
adhesion, AMPK signaling pathway and Pathways in
cancer. The pancreatic cancer pathway from KRGG
was plotted at Figure 6, which also has close
relationships with p53 signaling, cell cycle, PI3K-Akt
signaling and VEGEF signaling.

Construction of the PPl network and
identification of hub genes

In order to investigate the correlations between
the regulated genes by miR-10b, the interaction
network of PPl was established using the STRING
database. Each node gene in this network was
subjected to statistical analysis including betweenness
centrality and closeness centrality and degree
centrality (Figure 7). Ultimately, the top ten hub
nodes were identified: AKTI1, BRCAI1, CREBI,
NOTCH]1, PIK3CA, PLK1, POLR2A, RPS9, SRSF1, and
TP53. The sub-network reconstructed with the
selected hub nodes and their first neighbor genes was
also plotted at Figure 7.
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Figure 6. The pancreatic cancer signaling pathway enriched in KEGG. Objects with pentagrams are acting locus by mapped genes.

Module screening and characterization of
function

To further explore the significance of the
molecules of the DSCs associated PPI network, the
module analysis was carried out by utilizing the
MCODE plug-in in Cytoscape. Afterwards, KEGG
pathways of those module nodes were re-analyzed
via DAVID to better understand their functions
(Figure 8). The results indicated that the module
nodes were significantly enriched in cell cycle,
microRNAs in cancer, PI3K-Akt signaling pathway,
pathways in cancer, FoxO signaling pathway,
apoptosis, central carbon metabolism in cancer, p53
signaling pathway, pancreatic cancer, sphingolipid
signaling pathway, AMPK signaling pathway, mTOR
signaling pathway, proteoglycans in cancer and focal
adhesion.

Functional enrichment and prognostic value
assessment of hub genes

To obtain more comprehensive information
about the critical pathways of the identified hub
genes, KEGG pathways analysis was also conducted
with DAVID tool (Figure 5). We found that the
regulated genes by miR-10b were mainly enriched in

PI3K-Akt signaling pathway, apoptosis, colorectal
cancer, central carbon metabolism in cancer,
pancreatic cancer, estrogen signaling pathway, TNF
signaling pathway, sphingolipid signaling pathway,
neurotrophin signaling pathway, AMPK signaling
pathway and FoxO signaling pathway.

Besides, we investigated the prognostic values of
hub genes using GEPIA database. As shown in Figure
9, high expression of AKT1 (logrank p=0.012), CREB1
(logrank p=0.032), and PIK3CA (logrank p=1.4e-05)
predicted a poor prognosis for DSCs patients, while
the high expression of RPS9 (logrank p=0.004) and
SRSF1 (logrank p=0.042) predicted a favorable
prognosis for DSCs patients. However, the expression
levels of BRCA1 (logrank p=0.86), NOTH1 (logrank
p=0.15), PLK1 (logrank p=0.43), POLR2A (logrank
p=0.054), and TP53 (logrank p=0.27) were not
associated with OS prognosis of DSCs patients.

Discussion

As the early symptoms of DSCs are not obvious,
the high morbidity and mortality rate of DSCs have
become a major fatal problem across the world. The
rapid progression and unsatisfactory survival make it
inevitable to explore tumor biomarkers, which could
enhance the early diagnosis and treatment effect
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through leading more precise and valuable
information. It is now well documented that
microRNAs play a pivotal role in a series of critical
processes of tumorigenesis, including tumor cell
mutation, proliferation, invasion, progression and
metastasis. Among those microRNAs, miR-10b is of
full interest to researchers for its significant role as a
promising biomarker for predicting the overall
survival of various malignancies. Nevertheless, to the
best of our knowledge, the independent prognostic
role of miR-10b in DSCs remains unclear due to
different results from different studies. Therefore, the
purpose of this study was to provide a comprehensive
and relatively reliable conclusion about the
association between miR-10b expression and
prognostic value in patients diagnosed with DSCs. In
addition, we also explored the potential mechanisms
for miR-10b involved in the progression of DSCs by
using several bioinformatics methods.

The pooled results of quantitative analysis
demonstrated that high miR-10b expression was
significantly associated with worse OS in DSCs

(pooled HR=1.72, 95% CI. 1.30-2.27, P<0.001).
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Moreover, subgroup analysis by cancer type indicated
that high expression of miR-10b was significantly
correlated with poor OS in colorectal cancer, gastric
cancer, hepatocellular cancer and esophageal
squamous cell carcinoma, suggesting that miR-10b
was an indicator of decreased survival rate in various
types of DSCs. Then we observed that ethnicity may
influence the association between miR-10b and OS in
DSCs as the predictive value of miR-10b in Asians
was more significant than in Americans and
Europeans by subgroup analysis. Moreover, sample
size seemed to have little effect on the final result as
small sample size presented more significant
predictive role than larger sample size. In addition,
sensitivity analysis proved the reliability of the pooled
results. Taken together, miR-10b may function as a
promising biomarker for monitoring the progression
of DSCs.

To understand whether the main biological
functions of miR-10b are related to initiation and
progression of DSCs, functional enrichment analysis
of the regulated genes of miR-10b was performed by
using the DAVID online tool. The results of GO
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Figure 7. PPl network construction results. (A) Betweenness centrality distributions of nodes; (B) Closeness centrality distributions of nodes; (C) Degree distributions of
nodes; (D) The sub-network reconstructed with the selected hub nodes and their first neighbor genes.
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showed that the genes regulated by miR-10b were
mostly involved in some important regulation
processes for the BP section, significantly linked with
some crucial cell components for the CC section and
highly enriched into the key molecules binding for the
MF section. These enriched terms were highly
associated with tumor occurrence and progression.
KEGG analysis also indicated that most of the
genes regulated by miR-10b were mainly enriched in
pathways including cell cycle, pathways in cancer
proteoglycans in cancer, microRNAs in cancer, central
carbon metabolism in cancer, pancreatic cancer, FoxO,
p53, Notch, HIF-1, focal adhesion, and AMPK
signaling pathway. These pathways have been
well-studied and have been confirmed according to
the previous experimental researches. For example,
the signaling of pathways in cancer indicated that the
genes regulated by miR-10b participated in a series of
important pathways involved in DSCs [47]. Moreover,
the signaling pathway of microRNAs in cancer and
pancreatic cancer demonstrated the direct association
again [48]. Cell cycle, perhaps the most crucial
signaling in the initiation and progression of multiple
types of cancers including DSCs, has been recognized
as an extremely important mechanism for cell growth,
development, metabolism and regeneration of
eukaryotic organism [49]. Proteoglycans have been

A B

BUB1

identified to be crucial regulators of the cell/matrix
interface and, consecutively, biological function, the
discrete expression of which has been distinguished
to serve a specific role during disease development in
diverse cancer type including DSCs [50]. It is well
established that central carbon metabolism plays a
crucial role in cancer cell proliferation through
regulating cancer cell metabolism [51]. Emerging
evidence has supported the vital role of FoxO
signaling in multiple cellular and physiological
activities such as, cell proliferation, regulating
programmed cell death, longevity, metabolism and
cancer and decorating cell cycle [52]. The p53
signaling, another very vital pathway, participated in
regulating a plethora of biological processes ranging
from development, cell signaling, and tumorigenesis
to cell metabolism [53]. Notch signaling pathway is
highly conserved and critical in regulating various
developmental processes and in the maintenance of
tissue homeostasis in many cancers [54]. Recent new
evidence gathered so far has indicated that
non-coding RNAs could not only activate or inhibit
Notch signaling, but also regulate the initiation and
progression of cancer through Notch signaling [55].
The HIF-1 pathway has a profound effect in different
types of cancer with the significant properties to
induce tumor cell growth [56]. Targeting HIF-1 may
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be adopted as a promising therapy in some kinds of
cancers [57]. And for the focal adhesion signaling,
accumulating new evidence has revealed that it plays
a vital part during the progression of tumors to a
malignant phenotype [58]. Last but not least, AMPK is
a key factor in regulating tissue energy metabolism,
controlling immune responses and modifying
immunometabolism and the biological functions of
immune cells [59]. For a preliminary summary, the
statistically significant biological processes and the

KEGG pathways may present the potential
mechanisms of miR-10b to some extent.
Furthermore, we analyzed the potential

associations among the genes regulated by miR-10b
through conducting an integrated PPI network
analysis. A series of key hub genes were then
identified. To explore the potential mechanisms of
these hub proteins, KEGG pathway analysis was
performed using DAVID online tool. The enrichment
analysis indicated that these key hub proteins were
enriched in apoptosis, colorectal cancer, central
carbon metabolism in cancer, pancreatic cancer, PI3K-

Akt, estrogen, TNF, Sphingolipid, Neurotrophin,
AMPK, and FoxO signaling pathway. Most of these
pathways have been reported as the most promising
signaling pathway involved in the carcinogenesis of
DSCs. The colorectal cancer signaling demonstrated
that miR-10b was associated with DSCs [60].
Apoptosis has been critically reviewed by a large
amount of studies for its roles in cell growth,
inflammation, differentiation, and metastasis, the
abnormal activation of which may contribute to the
pathogenesis of DSCs [61]. There is considerable
evidence that PI3K-Akt signaling plays an important
role in regulating cell proliferation, growth, cell size,
metabolism, and motility [62]. A large body of
evidence from preclinical studies reveals that estrogen
has a close association with the presence of colorectal
cancer initiation and progression [63]. Accumulating
new evidence has identified TNF to be a
proinflammatory cytokine with pivotal role in
coordinating tissue homeostasis through the
regulation of cytokine production, cell survival, and
cell death [64]. Sphingolipids have been known as
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bioactive lipids that take part in multiple biological
mechanisms, such as cell death and proliferation.
Targeting sphingolipids may provide potential target
structures for pharmaceutical anticancer research [65].
Emerging evidence supports the critical roles of the
Neurotrophin signaling as drivers of neurogenesis
within the processes of development and
regeneration, and they could be expressed in human
cancers where they could stimulate cancer cell growth
[66]. These results demonstrated that these hub
proteins played important roles in DSCs and could be
critical therapeutic targets.

The network module might be helpful to provide
novel insights into protein function explanation. Thus,
we identified the significant modules through
network analysis. To further investigate the biological
functions of these modules, KEGG enrichment
analysis was performed with the nodes involved in
the selected module. The results indicated that the
module nodes were mainly enriched in cell cycle,
microRNAs in cancer, pathways in cancer, apoptosis,
central carbon metabolism in cancer, pancreatic
cancer, proteoglycans in cancer, focal adhesion,
PI3K-Akt, FoxO, p53, Sphingolipid, AMPK and
mTOR signaling pathway. These results were
consistent with the above analysis and have been
demonstrated to be an important factor for the
tumorigenesis of DSCs. It is worth noting that the
mTOR signaling pathway, which plays an obvious
role in regulating cellular growth, proliferation,
survival, metabolism, angiogenesis, and transcription
[67]. Targeting mTOR signaling may provide
innovative therapeutic strategies for DSCs [68]. The
PPI network analysis will provide a new perspective
on the potential mechanisms for miR-10b in DSCs.
Moreover, targeting the above pathways might help
develop effective strategy for the treatment of DSCs.

Recently, a number of previous published
meta-analysis and review articles have studied the
impact and potential mechanisms of miR-10b in
DSCs. For example, Mei L et al. carried out a study to
assess the prognostic and diagnostic values of
miR-10b in gastric cancer based on meta-analysis and
TCGA database. The results indicated that miR-10b
may function as a tumor suppressor with prognostic
and diagnostic values for GC, which was consistent
with our expectations about the prognostic roles of
miR-10b [69]. Lu Y et al. studied the association
between abnormal miR-10b expression and cancer
risk through a meta-analysis and found that
high-expression of miR-10b could be significantly
related to cancer risk [70]. Huang Q performed a
systematic review and meta-analysis to determine the
implication of miR-10b on the survival of cancer
patients in 2017 and they showed that overexpression

of miR-10b predicted the shorter OS for the patient
with different types of cancers [71]. These studies
have focused on the specific prognostic value of
miR-10b in DSCs and no attention in these studies has
been paid to why miR-10b can act as a biomarker. In
addition, Chen XL et al. found that miR-10b promoted
the invasion and metastasis of human gastric cancer
cells through inhibiting the expression of CSMD1,
causing the activation of the NF-«xB pathway while Lu
YF et al. suggested up-regulated expression of
miR-10b-3p caused by promoter hypomethylation
contributed to the progression of esophageal
squamous cell carcinoma [38,72]. These studies have
focused on a specific molecular mechanism of
miR-10b; however, the functions of miR-10b are
complex and various. Although there may be a lack of
novelty, we not only conducted a comprehensive
analysis of miR-10b and prognosis of DSCs, but also
revealed the potential mechanisms from the overall
level by using some bioinformatics analysis methods.
Although not perfect, most of the findings have been
successfully confirmed by recent experimental
literatures. According to our findings, we would like
to propose some recommendations for future
research. Firstly, more attention should be paid for the
impact of miR-10b on the prognosis of DSCs,
especially researches beyond China and Japan.
Secondly, the key genes regulated by miR-10b and the
crucial pathways may provide effective strategy for
the treatment of DSCs and worth further research.
Last but not least, a large-scale and multicenter study
will be needed to promote the clinical application of
miR-10b in DSCs.

We aware that the current research may exist
several significant limitations. Firstly, due to a limited
size of enrolled studies of some types of cancers, the
results of these types of cancers were statistically
insignificant and might be less powerful. Secondly,
the cut-off values in the included studies were not
uniform, which might be a potential factor of
heterogeneity. Moreover, potential publication bias
was observed in this study as some studies that
yielded negative results were generally not published.
In addition, some survival data were manually
extracted from Kaplan-Meier curves, which may also
contribute to unavoidable bias and heterogeneity. All
the eligible studies were retrospectively designed,
which tended to be published when positive
conclusions have been confirmed. The main findings
and conclusion of our study have not been validated
by biological experiment.

Conclusions

In conclusion, the study demonstrated that high
miR-10b expression level is significantly associated
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with poor prognosis in DSCs patients. Therefore,
miR-10b may become a valuable biomarker for
predicting prognosis in DSCs patients. Moreover, a
series of key genes regulated by miR-10b may be
involved in the initiation and progression of DSCs
and ultimately affect their prognosis through some
important signaling pathways. However, more
clinical investigations with larger sample size should
be carried out to focus on the relationship between
miR-10b expression and patient prognosis.
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