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The impact of miR-9 in osteosarcoma

A study based on meta-analysis, TCGA data, and bioinformatics
analysis

Fengfeng Wu?, Xuesheng Jiang®, Qun Wang®, Qian LuP, Fengxiang He?, Jianyou Li°, Xiongfeng Li°,

Mingchao Jin®, Juntao Xu®"
Abstract \\\
The function of miR-9 in osteosarcoma is not well-investigated and controversial. Therefore, we conducted meta-analysis to explore |
the role of miR-9 in osteosarcoma, and collected relevant TCGA data to further testify the result. In addition, bioinformatics analysis
was conducted to investigate the mechanism and related pathways of miR-9-3p in osteosarcoma.

Literature search was operated on databases up to February 19, 2020, including PubMed, Web of Science, Science Direct,
Cochrane Central Register of Controlled Trials, and Wiley Online Library, China National Knowledge Infrastructure, China Biology
Medicine disc, Chongging VIP, and Wan Fang Data. The relation of miR-9 expression with survival outcome was estimated by hazard
ratio (HRs) and 95% Cls. Meta-analysis was conducted on the Stata 12.0 (Stata Corporation, TX). To further assess the function of
miR-9 in osteosarcoma, relevant data from the TCGA database was collected. Three databases, miRDB, miRPathDB 2.0, and
Targetscan 7.2, were used for prediction of target genes. Genes present in these 3 databases were considered as predicted target
genes of miR-9-3p. Venny 2.1 were used for intersection analysis. Subsequently, GO, KEGG, and PPl network analysis were
conducted based on the overlapping target genes of miR-9-3p to explore the possible molecular mechanism in osteosarcoma.

Meta-analysis shown that overexpression of miR-9 was associated with worse overall survival (OS) (HR=4.180, 95% ClI: 2.880-
6.066, P<.001, I?=23.5%). Based on TCGA data, osteosarcoma patients with overexpression of miR-9-3p (HR=1.603, 95% ClI:
1.028-2.499, P=.037) and miR-9-5p (HR=1.698, 95% Cl: 1.133-2.545, P=.01) also suffered poor OS. In bioinformatics analysis,
2 significant and important pathways were enriched: Wnt signaling pathway from gene ontology analysis (gene ontology:0016055, P-
adjust=.008); hippo signaling pathway from Kyoto Encyclopedia of Genes and Genomes analysis (P-adjust=.007). Moreover,
network analysis relevant protein-protein interaction was visualized, revealing 117 nodes and 161 edges.

High miR-9 expression was associated with poor prognosis. Based on biocinformatics analysis, this study enhanced the
understanding of the mechanism and related pathways of miR-9 in osteosarcoma.

Abbreviations: GO = gene ontology, HR = hazard ratio, KEGG = Kyoto Encyclopedia of Genes and Genomes, MF = molecular
function, miRNA = microRNA, OR = odds ratio, OS = overall survival, PPl = protein-protein interaction, TCGA = The Cancer Genome
Atlas.
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1. Introduction

Osteosarcoma is the most frequent type of primary malignant
bone tumor among young population, which characterized by the
deposition of malignant osteoid because of the malignant
proliferation of primitive mesenchymal stem cells."*' The
incidence of osteosarcoma is 3.4 cases per million people per
year in the world.®! Nowadays, the most effective treatment for
osteosarcoma is the combination of surgical resection and
chemotherapy,'**) which increased the S-year survival rate to
80%.1°! Although the overall survival of osteosarcoma patients
has improved, cases with metastatic or recurrent disease have a
poor prognosis.””! Hence, it is necessary to explore the causative
factors to improve the therapeutic strategies, which improve the
outcome of patients with osteosarcoma.

MicroRNA (miRNA) is a kind of noncoding RNA with a
length of about 22 nucleotides.!®”' Some publications showed
that miRNA can regulate transcription and translation.!'®!!!
Furthermore, miRNA also plays a vital role in cell proliferation,
differentiation, and apoptosis.''*'? Several miRNAs have been
proved that associated with poor prognosis in osteosarcoma
patients.*71 Currently, studies found that miRNA-9 (miR-9) is
downregulated in gastric cancer,'”! breast cancer,""®! and renal
cell carcinoma!*®! because of promoter methylation; however,
miR-9 has been found to be upregulated in colorectal cancer!>!
and gliomas.!*!! Until now, the function of miR-9 in osteosarco-
ma is not well-investigated, and it is unclear the detail mechanism
of miR-9 expression contributes to osteosarcoma pathogenesis.

To explore the expression and potential biological processes of
miR-9 in osteosarcoma, we conducted meta-analysis to explore
the role of miR-9 in osteosarcoma, and collected relevant TCGA
data to further testify the result. In addition, bioinformatics
analyses including Gene ontology (GO), Kyoto Encyclopedia of
Genes and Genomes (KEGG) and the protein-protein interaction
(PPI) network analysis were conducted based on the overlapping
target genes of miR-9-3p to explore the possible molecular
mechanism in osteosarcoma.

2. Materials and methods

2.1. Meta-analysis

This was conducted by reviewing previous papers, thereby ethical
approval is not required. Literature search was operated on
databases up to February 19, 2020, including PubMed, Web of
Science, Science Direct, Cochrane Central Register of Controlled
Trials, and Wiley Online Library, China National Knowledge
Infrastructure, China Biology Medicine disc, Chongqing VIP, and
Wan Fang Data. The keywords were as follows: (osteosarcoma OR
osteogenic sarcoma OR osteogenic tumor) and (miR-9 or miRNA-
9 or microRNA-9 or miR9 or miRNA9 or microRNA9 or “miR 9”
or “miRNA 9” or “microRNA 9” or miR-9 or miRNA-9 or
microRNA-9 or miR-9 or miRNA-9 or microRNA-9).
The included criteria were:

(1) the relation of miR-9 expression and survival outcome or
clinicopathological parameters was evaluated;

(2) hazard ratio (HR) or sufficient row data was available to
calculate HR;

The excluded criteria were:

(1) review, experimental studies, conference abstracts, expert
opinion, or case report;
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(2) miR-9 was combined with other factors to calculate a HR.
The following data was extracted: fist author, publish year,
country, tumor type, sample size, sample source, test method,
follow-up time, survival index, statistical method, clinico-
pathological parameters, and HR and its 95% CIs. New-
castle-Ottawa quality assessment scale was used to assess the
quality of included studies. The relation of miR-9 expression
with survival outcome was estimated by HRs and 95% ClIs.
HR less than 1 with 95% CI not overlapping 1 indicates a
better prognosis for the miR-9 high expression group. We
used the methods described by Parmar et al and the software
Engauge Digitizer Version4.1 (http://digitizer.sourceforge.
net/) when the Kaplan-Meier survival curve was the only
available data.””??! When Kaplan—Meier survival, multivariate
and/or univariate analyses were all available, the multivariate
HRs and 95% Cls were combined for better revealing the
effect of multiple factors on the survival response, follow by
univariate analysis, and Kaplan—-Meier survival curve.
Considering many sources of heterogeneity among the
studies and consequently among their individual HR, we
calculated the overall HR with a random-effect model.**!
The odds ratio (OR) with 95% CI were used to assess
clinicopathological parameters and heterogeneity was tested
by Q-statistic and I*-statistic, I > 50% was considered to be
significant heterogeneity and the random-effects model was
used, otherwise the fixed-effects model. Meta-analysis was
conducted on the Stata 12.0 (Stata Corporation, TX).

2.2. TCGA data collection

To further assess the function of miR-9 in osteosarcoma, relevant
data from the TCGA database (https://cancergenome.nih.gov/)
was collected. Overall survival (OS), disease-free survival were all
analyzed by univariate Cox regression, and the relation between
miR-9 and the clinicopathological parameters was assessed by
the Independent-sample ¢ test. The statistical analysis was
conducted on SPSS statistical software package, version 21.0
(IBM Corporation, Armonk, NY), and P <.05 indicates significant.

2.3. Bioinformatic analysis

Three databases, miRDB,**! miRPathDB 2.0,/*’! and Targetscan
7.2,21 were used for prediction of target genes. Genes present in
these 3 databases were considered as predicted target genes of
miR-9-3p. Online tool, Venny 2.1 (https://bioinfogp.cnb.csic.es/
tools/venny/), were used for intersection analysis. Subsequently,
GO, KEGG, and PPI network analysis were conducted based on
the overlapping target genes of miR-9-3p to explore the possible
molecular mechanism in osteosarcoma. GO can describe the
functions of gene products from all organisms.'*”! GO annotation
includes 3 categories: biological process, cellular component and
molecular function. KEGG is a comprehensive knowledge base
for both functional interpretation and practical application of
genomic information.””® In the present study, GO and KEGG
analyses were conducted by the clusterProfiler package of R
software.*’!P value <.05 and Q values<0.05 were set as the
cutoff criterion.®®*! Additionally, the PPI network was
analyzed by the search tool for the retrieval of interacting genes
database (https:/string-db.org/), and target genes with target
score>80 were used for PPI analysis. The cut-off criteria were a
combined score of >0.9 for a PPI network. Disconnected nodes
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Figure 1. The detailed process of literature research.

were hided in the network. Line thickness indicates the strength
of data support. Furthermore, we used the plug-in of molecular
complex detection (MCODE) app in Cytoscape 3.7.0 software to
extract hub genes from the PPI network.**! The advanced
options set as degree cutoff=2, K-Core=2, and Node Score
Cutoff=0.2.

3. Results
3.1. Meta-Analysis

The detailed process of literature research was showed in
Figure 1. Three studies published from 2014 to 2015 with 229
patients were included in the meta-analysis.*>! Based on the
expression level of miR-9, 2 studies evaluated overall-survival
(0S)B*+351 and the rest 1 only evaluated clinicopathological
parameters.*®! The characteristics and quality score of the
included studies were showed in Table 1. Meta-analysis shown
that high expression of miR-9 was associated with worse OS for
osteosarcoma patients, the combined HR was 4.180 (95% CI:

2.880-6.066, P<.001, *=23.5%) (Fig. 2A). However, there
was no statistical significance between the expression of miR-9
and clinicopathological parameters, including gender (OR=
1.729, 95% CI: 0.811-3.683, P=.156, I*=0%) (Fig. 2B) and
stage (OR =3.629, 95% CI: 0.318-41.364, P=.299,1*=83.3%)
(Fig. 2C).

3.2. Analyses on TCGA data

215 and 260 osteosarcoma patients with miR-9-3p and miR-
9-5p expression levels were downloaded from TCGA data-
base. Univariate Cox regression shown that overexpression of
miR-9-3p (HR=1.603, 95% CI: 1.028-2.499, P=.037)
(Fig. 3A) and miR-9-5p (HR=1.698, 95% CI: 1.133-2.545,
P=0.01) (Fig. 3B) were all linked with better OS but not with
disease-free survival (HR=0.837, 95% CI: 0.470-1.493,
P=.548 for miR-9-3p; HR=1.090, 95% CI: 0.668-1.778,
P=.732 for miR-9-5p). Interesting, female patients tended to
have higher miR-9-3p (P=.024) and miR-9-5p (P=.006)
expressions (Table 2).
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Table 1
The characteristics and quality score of included studies.
Gender Stage NOS
High Low High Low
expression  expression expression expression
First Sample Test Follow-up Statistic
author Yr Country source method Case (mo) Survival method HR LL UL Outcome Male Female Male Female 1l I-l 1l Il
FeiD 2014 China Serum gRT-PCR 118 48 0S Survival  3.18 1.35 4.42 Worse ~ / / / / / / / / 7
curve
XuS 2014 China Tissue gRT-PCR 79 60 0S  Multivariate 4.77 2.86 591 Worse 25 15 19 20 31 9 9 30 6
analysis
You JN 2015 China  Tissue @qRT-PCR 32 / / / /] / 8 6 8 10 3 11 4 14 5

" = outcome was for patient with high miR-9 expression, /=not available, HR =hazard ratio, LL = lower limit, NOS =the scores of Newcastle-Ottawa quality assessment scale, 0S = overall survival, UL = upper

limit.

3.3. Bioinformatic analysis

In total, 991 genes were predicted from miRDB, 6649 genes were
predicted from miRPathDB, 4306 genes were predicted from
Targetscan, and finally 909 overlapping target genes were
obtained. In bioinformatics analysis based on the overlapping
target genes, 2 significant and important pathways were enriched:
Wnt signaling pathway from GO analysis (GO:0016055, P-
adjust=.008); hippo signaling pathway from KEGG analysis (P-
adjust=.007). Meanwhile, based on adjusted P value and genes
count, gland development (GO:0048732), forebrain develop-
ment (GO:0030900), and positive regulation of cell adhesion
(GO:0045785) were the top 3 pathways in the biological process.
With respect to cellular component, the top 3 terms gathered by

these target genes were neuronal cell body (GO:0043025),
synaptic membrane (GO:0097060), and cell to cell junction
(GO:0005911). These target genes were also significantly
clustered in terms of molecular function, such as proximal
promoter sequence to specific DNA binding (GO:0000987),
RNA polymerase Il proximal promoter sequence to specific
DNA binding (GO:0000978), and transcription coregulator
activity (GO:0003712) (Figs. 4 and SA, and Supplementary
Table 1, http:/links.lww.com/MD/E748). With regard to KEGG
pathway analysis, the 9 significant signaling pathways for the
target genes of miR-9-3p were hepatocellular carcinoma, hippo
signaling pathway, longevity regulating pathway, tight junction,
chronic myeloid leukemia, signaling pathways regulating

miR-9 and OS
Study %
D HR (95% CI} Weight
Fei D (2014) _— 3.18(1.35,4.42) 3259
Xu S (2014) ————— 4.77(2.86,591) 6741

<> 4.18 (2.8, 6.07) 100.00

Overall (I-squared = 23.5%, p = 0.253)

INOTE: Weights are from random effects analysis.

miR-9 and gender

Study %
) OR (95% CI) Weight
Xu'S (2014) —_— 1.75(0.72,430) 7063

You JN (2015)

Overall (I-squared = 0.0%, p = 0.952) <O

1.67 (0.41,6.82) 29.37

1.73(0.81,3.68) 100.00

; :
A 165 1 6.07
miR-9 and stage
Study %
D OR (95% CI) Weight
Xu S (2014) 1148 (4.01,32.86) 5369

You JN (2015)

095 (0.18, 5.19) 46.31

<i’> 363 (0.32.41.35)  100.00

Overall (I-squared = 83.3%, p = 0.014)

NOTE. Weights are kom randorm affects analysis

0242 414

C

147 682

Figure 2. The forest plots for the relation between miR-9 and (A) OS (HR=4.180, 95% Cl: 2.880-6.066, P <.001, [°=23.5%), (B) gender (OR=1.729, 95% Cl:
0.811-3.683, P=.156, °’=0%) and (C) stage (OR=3.629, 95% Cl: 0.318-41.364, P=.299, I°=83.3%).
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Figure 3. (A) Overall survival analysis of miR-9-3p (P=

.037), and (B) miR-9-5p (P=.01) in osteosarcoma.

pluripotency of stem cells, foxO signaling pathway, melanoma,
and non-small cell lung cancer (all P and Q values <.05, Fig. 5B,
Supplementary Table 2, http:/links.lww.com/MD/E749). Fur-
thermore, molecular pathways and processes were calculated on
348 genes to generate a PPI network (Fig. 6). Relevant PPI were
visualized, revealing 117 nodes and 161 edges.

4. Discussion

In the meta-analysis, we confirmed that patients with high miR-9
expression had poor OS, and based on TCGA data, we also
found that miR-9-3p and miR-9-5p were associated with worse
OS. Among included studies, Fei et al reported that serum miR-9

levels of osteosarcoma patients were significantly increased,
compared to the healthy controls, and upregulation of miR-9 was
associated with worse OS, advanced stage, larger tumor size and
positive metastasis status.*>! The results of Xu et al study
indicated that high miR-9 expression was strongly correlated
with aggressive progression of osteosarcoma and unfavorable
0S.54" Although meta-analysis showed that miR-9 was not
associated with osteosarcoma stage, it is worth mentioning that
the heterogeneity between 2 included studies upped to 83.3%.
The study of Xu et al with 79 patients indicated high expression
of miR-9 was linked with advanced osteosarcoma stage
(P=.009),* but You et al reported that miR-9 expression
was not associated with stage based on only 32 patients
(P=.7).331 Therefore, more patients are needed to verify the

The relation of miR-9 expression and clinicopathological parameters of osteosarcoma (TCGA data).

miR-9-3p miR-9-5p
Expression Expression
Clinicopathological parameters Case Mean SD P Case Mean SD P
Age
<60 yr 99 1.76 1.48 189 117 9.35 2.49 .623
>60 yr 116 1.50 1.37 143 9.20 2.36
Gender
Female 120 1.81 1.48 .024 141 9.6439 2.44147 .006
Male 95 1.38 1.31 119 8.8256 2.31751
Recurrence
Yes 23 1.85 1.53 394 29 9.3341 2.33542 .905
No 125 1.55 1.37 144 9.2771 2.31436
Metastasis
Yes 49 1.63 1.29 .958 59 9.18 2.40 .539
No 101 1.64 1.46 118 9.41 2.29
Tumor depth
<5cm 62 1.58 1.44 976 79 9.21 2.35 .841
>5cm 89 1.57 1.43 106 9.14 2.54

SD =standard deviation.
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result, and significant association between miR-9 and osteosar- Previously, several studies found miR-9 can regulate biological
coma stage may be achieved if the sample size is large enough.  functions in different cancer. Yang et al indicated that high
Interesting, while no significant association was detected based  expression of miR-9-3p leads to a low level of Herpud1, which
on the limited sample size in our meta-analysis, we found female ~ may promote apoptosis in glioma.!*®! Other research proposed
patients tended to have higher miR-9-3p and miR-9-5p  that miR-9-3p plays regulatory roles in tumor initiation, growth,
expressions by analyzing the data patients from TCGA. and progression in non-small cell lung cancer.*”**! In colorectal
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cancer, miR-9 up-regulation is involved metastasis by promoting
cell motility,'*”! and was identified upregulated in gliomas.*" In
osteosarcoma, inhibition of miR-9 decreases the proliferation of
tumor cells by targeting p16.”*"! In addition, miR-9 was
upregulated in spontaneous canine osteosarcoma and promoted
the invasion and migration of osteosarcoma cells.!*'! Meanwhile,
miR-9 was an oncogene and promoted proliferation of
osteosarcoma through targeting Grap2 and cyclin D interacting
protein.*?! Upregulated miR-9 expression was also related with
increased cell proliferation, migration, invasion, and decreased
apoptotic ability.[*3!

In bioinformatics analysis, 2 significant and important pathways
were enriched: Wnt signaling pathway from GO analysis and
hippo signaling pathway from KEGG. Many studies found that
Wt signaling pathway plays an important role in the development
of osteosarcoma. Du et al,/** found that inhibition of miRNA- 184
may reduce tumor volume of osteosarcoma by regulating the Wnt
/B- catenin signaling pathway. Zhang et al,'** suggested that miR-
107 inhibit development of osteosarcoma via the Wnt signaling
pathway, and the critical role of miR- 214 in human osteosarcoma
also through involving the Wnt signaling pathway.!**! Hence, it
was proposed that miR-9-3p may possess a vital effect on
osteosarcoma by Wnt signaling pathway. KEGG analysis of the
target genes of the miR-9-3p showed hippo signaling pathway is a
significant pathway, which associated with worse prognostic
outcomes in various cancers. Furthermore, many studies have
demonstrated that hippo signaling pathway is an important
pathway in osteosarcoma.*” ! Previous study found that defects
in the hippo signaling pathway induce the hyperactivation of its
downstream effector like transcriptional co-activator with PDZ-
binding motif (TAZ).®®! Higashi et al verified that miR-9-3p
targeting TAZ expression in hepatocellular carcinoma.>" Taken
together, above results suggested that miR-9-3p might act as an
efficient regulator for osteosarcoma development.

Although our study confirmed that osteosarcoma patients with
increased miR-9 suffered poor prognosis, several limitations
should be mentioned in our study. Firstly, the heterogeneity in
meta-analysis of stage was significant, which might generate from
the different characteristics, treatments, and cut-off values of
patients. Secondly, results of clinicopathological parameter
analysis were different in meta-analysis and TCGA data analysis.
That may be caused by small sample size and included studies in
meta-analysis. The number of patients was small and included
studies were limited to China in the meta-analysis. However, a
larger number of patients were from USA in the TCGA data
analysis. Thus, our results need to be confirmed by more patients
from different countries. Thirdly, only survival curve was
available in the study of Fei et al,”**! this might bring bias when
we obtained HR data. Finally, all included studies were
retrospective studies, which might more inclined to be published
with positive result rather than negative one. Thus, the relation
between overexpression of miR-9 and poor prognosis in
osteosarcoma might be overestimated.

5. Conclusion

Our study revealed that high miR-9 expression was associated
with poor prognosis, compared with low expression of miR-9.
Based on bioinformatics analysis, this study enhanced the
understanding of the mechanism and related pathways of
miR-9 in osteosarcoma.
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