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Background: Previous studies have investigated the expression of miR-133b in non-small

cell lung cancer (NSCLC); however, its underlying mechanism in relation to the pathogen-

esis of NSCLC remains unclear.

Methods: The aim of this study was to investigate the correlation between miR-133b

expression and clinical parameters based on the Cancer Genome Atlas (TCGA) and real-

time quantitative real-time PCR (RT-qPCR) data. Gene Ontology (GO) and Kyoto

Encyclopedia of Genes and Genomes (KEGG) analyses were performed to identify the

biological function of miR-133b. A protein-protein interaction (PPI) network was con-

structed to screen for hub genes. The Gene Expression Profiling Interaction Analysis

(GEPIA) and the Human Protein Atlas databases (HPAD) were employed to validate the

hub genes. The cBioPortal database was used to identify neighboring genes with alteration

frequencies greater than 20% gene alterations.

Results: miR-133b was downregulated in NSCLC tissues, and expression was correlated

with lymph node metastasis (P < 0.05). A total of 362 genes were considered as the potential

targets of miR-133b in NSCLC. These candidate target genes highly enriched in various key

pathways such as the PI3K-Akt pathways, P53 signal pathways, and ECM-receptor interac-

tion. PPI revealed 10 genes as hub genes with node degrees ≥10.

Conclusion: The study validated that miR-133b is downregulated in NSCLC. In addition,

miR-133b might function as a biomarker for the diagnosis and prognosis of NSCLC.

Bioinformatics analysis revealed that miR-133b could be involved in NSCLC metastasis.

Keywords: miR-133b, non-small cell lung cancer, microarray, miRNA-sequencing,

quantitative real-time PCR

Background
Lung cancer (LC) is considered a life-threatening disease, and its morbidity and

mortality rank second among all tumors.1 Non-small cell lung cancer (NSCLC)

accounts for 85% of all diagnosed LC cases.1 Currently, the main treatment of

NSCLC is a combination of surgery and chemotherapy.2 Although early detection,

diagnosis, and targeted therapy of NSCLC have made significant progress, the five-

year survival rate is still very low.3 Regional or distant metastasis is a risk factor for

relapse and poor prognosis of NSCLC.3 Therefore, there is an urgent need to

identify novel markers to study the mechanism underlying the NSCLC recurrence

and metastasis to improve patient survival rate.

MicroRNAs (miRNAs) are short endogenous non-coding RNAs that play an impor-

tant role in the regulation of gene expression by binding to the mRNA of target genes

after transcription.4 Recently, miRNAs have been considered as potential biomarkers for
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the diagnosis, treatment, and prognosis of cancer. There is

increasing evidence that some miRNAs are abnormally

expressed and play a key role in regulating the growth and

metastasis of NSCLC.5,6 miR-133b has been shown to be a

tumor suppressor that inhibits the progression of various can-

cers, including gastric, esophageal, lung cancer, and ovarian

cancers.7–10 Therefore, miR-133bmay be a promising biomar-

ker of NSCLC. However, the mechanism of miR-133b in

NSCLC metastasis and the relationship between miR-133b

and clinical characteristics have not been fully elucidated.

We investigated the correlation betweenmiR-133b expres-

sion and clinical parameters based on gene. The Cancer

Genome Atlas (TCGA) and real-time quantitative real-time

PCR (RT-qPCR) data.We then explored the potential mechan-

ism of action of miR-133b in NSCLC by predicting genes

targeted by miR-133b and performing enrichment analysis. In

addition, we also screened for hub genes by constructing a

protein-protein interaction (PPI) network and validated their

expression in tissues in TCGA and immunohistochemistry.

Finally, we selected the target genes and pathways of interest

to discuss the possible mechanisms of miR-133b in NSCLC.

Materials And Methods
MiRNA-133b Expression Data From

TCGA
TCGA (https://cancergenome.nih.gov/) was used to obtain

expression values of miR-133b in NSCLC and normal

tissues. Differences in miR-133b expression between

NSCLC and normal tissues were calculated using R soft-

ware (version 3.6.0).

Quantitative Real-Time PCR
A total of 44 paired non-small cell lung cancer specimenswere

obtained from the Affiliated Tumor Hospital of Guangxi

Medical University, Nanning, China from January 2017 to

December 2018 were collected for this study. The study meth-

odologies conformed to the standards set by the Declaration of

Helsinki, and the study was approved by the hospital’s ethics

committee. Written informed consent was obtained from the

patients to utilize their tissue samples. Formalin fixation and

paraffin embedding (FFPE) were performed to preserve the

specimens. Next, total RNA of tissue samples was extracted

using TRIzol® reagent (Invitrogen). After pipetting 1 μg of

RNA, a variety of reagents were added according to the

instructions of M-MLV reverse transcriptase kit (TAKARA,

Dalian, China). Quantitative real-time PCR was performed

using Applied Biosystems 7900HT Fast Real-Time PCR

System software. PCR amplification was performed using

primers designed with Primer Premier 5.0 software. The pri-

mers were as follows: has-miR-133b, forward, 5ʹ-GAACC

AAGCCGCCCGAGA-3ʹ and reverse, 5ʹ-CCGCCCTGCTGT

GCTGGT-3ʹ; β-actin, forward 5-GGGAAATCGTGCGTG

ACATTAAG-3ʹ and reverse 5ʹ-TGTGTTGGCGTACAGG

TCTTTG-3ʹ. The expression levels of miR-133b was normal-

ized to the expression of β-actin using the 2–ΔΔCT method. The

expression of miR-133b in the NSCLC tissues of each patient

was compared to that of the average of the adjacent normal

tissues, and the patients were accordingly grouped into high-

and low-expression groups.

Predictive Value Of miR-133b In NSCLC

Prognosis
The prognostic roles of miR-133b in NSCLC were ana-

lyzed using TCGA data. Differences with a Cox P < 0.05

were considered statistically significant.

Diagnostic Value Of miR-133b In The

Diagnosis Of NSCLC
To evaluate the diagnostic value of miR-133b in the diag-

nosis of NSCLC, the ROC curve of miR-133b in NSCLC

was established using IBM SPSS Statistics V22.0 soft-

ware. The area under the ROC curve > 0.5 was considered

to have a certain diagnostic value. At the same time, the

closer the area under the ROC curve to 1, the higher the

diagnostic value of miR-133b for the diagnosis of NSCLC.

Candidate Targets Of miR-133b In

NSCLC
The target gene of miR-133b was predicted by miRWalk

3.0, which identifies miRNA binding sites within the com-

plete sequence of a gene, but also combines this informa-

tion with a comparison of binding sites resulting from 12

existing miRNA-target prediction programs. It is widely

known that miRNAs exert their biological effect primarily

by directly targeting the 3ʹ untranslated region of mRNA.

To improve the reliability of our subsequent analysis of the

screened miR-133b target genes, we next verified the

expression of these target genes in the Gene Expression

Profiling Interaction Analysis (GEPIA) database. The

intersection of the upregulated genes in LUAD and

LUSC with the predicted target genes was considered a

target gene of miR-133b in NSCLC.
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GO Annotation And KEGG Pathway

Enrichment Analysis
To identify the biological function of miR-133b, the

Enrichr database (http://amp.pharm.mssm.edu/Enrichr/)

was used to perform GO functional annotation and

KEGG pathway enrichment analysis of the target

genes and the most frequently altered neighboring

genes. GO functional annotation analysis included

three categories: biological process (BP), cellular com-

ponent (CC), and molecular function (MF).

PPI Network Analysis
To better understand the relationship among the

screened genes, a PPI network was established using

STRING (https://string-db.org/). The hub genes were

identified according to degree using Cytoscape (ver-

sion 3.6.1).

Validation Of Hub Genes
The expression levels of the top 10 hub genes were

further validated using the GEPIA and the Human

Protein Atlas (https://www.proteinatlas.org/) databases.

Hub genes with |log2FC| > 2 and P < 0.05 were con-

sidered statistically significant.

GEPIA Database Analysis
The prognostic roles of screened hub genes in NSCLC

were analyzed using the GEPIA database, which is a

newly developed interactive web server for analyzing the

RNA sequencing expression data of 9736 tumors and 8587

normal samples from the TCGA and the GTEx projects.

Differences with a Cox P < 0.05 were considered statisti-

cally significant.

c-BioPortal Analysis
Alterations involving hub genes in the NSCLC sam-

ples were analyzed using the c-BioPortal database. The

tab OncoPrint displays an overview of genetic altera-

tions in hub genes. The tab co-expression displays an

overview of co-expressed of hub genes. The tab

Network visualizes the biological interaction of hub

genes, and includes neighboring genes with alteration

frequencies > 20%. We then performed GO and KEGG

pathway enrichment analyses of the most frequently

altered neighboring genes using the Enrichr database.

Statistical Analysis
The number of cancer and non-cancer groups, mean (M),

and standard deviation (SD) of miR-133b in the TCGA

databases were calculated using R software. Most of the

statistical analysis were performed using bioinformatics

tools as earlier mentioned. Differences with Cox P < 0.05

were considered as statistically significant for survival

analysis.

Results
Relationship Between miRNA-133b

Expression And Clinical Characteristic

Based On TCGA Data
TCGA included 444 samples for LUSC patients and 343

samples for LUAD patients. For LUSC, miR-133b expression

was downregulated compared with normal tissues (0.9882589

± 0.6567950 vs. 2.5674577 ± 0.7299547, p < 0.001 [Figure 1B

and Supplement Table 1]). For LUAD, the expression level of

miR-133b was significantly lower than in normal tissues

(1.095345 ± 0.7195799 vs. 2.238352 ± 0.7299547, p < 0.001

[Figure 1A and Supplement Table 1]). The expression level of

miR-133b was downregulated in NSCLC tissues compared

with normal tissues (1.049451 ± 0.6949068 vs. 2.5476656 ±

0.7288576, p < 0.0001 (Figure 1C and Supplement Table 1). A

Kaplan-Meier curve was used to identify the effects of miR-

133b expression on survival rate. Figure 2 shows that the p

values of the Kaplan-Meier curves were < 0.05 in LUAD, thus

indicating significant differences in survival between the

downregulated and upregulated miR-133b groups. The ROC

curve of miR-133b in NSCLC is listed in Figure 3. The areas

under the ROC curve >0.5 were 0.873, 0.905, and 0.937 for

LUAD, LUSC, andNSCLC, respectively, indicating that miR-

133b could be considered as a diagnostic marker for NSCLC.

Supplement Table 1 shows the clinical characteristics of 332

LUSC patients and 445 LUAD patients were downloaded

from TCGA. Regarding LUAD and NSCLC, a significant

difference in miR-133b was observed at the N stage (p =

0.01195 and p= 0.01192, respectively).

Relationships Between miRNA-133b

Expression And Clinical Characteristics

Based On qRT-PCT Analysis
Figure 4 and Supplement Table 2 show that the

NSCLC group has significantly lower miR-133b

expression levels than the normal group (0.3782883 ±

0.4082107 vs. 3.0388487 ± 0.6888178, p<0.001). miR-
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133b downregulation was observed in both LUSC and

LUAD (p < 0.0001, p < 0.0001, respectively). miR-

133b downregulation was observed in patients with

lymph node metastasis but not in those without (p =

0.008; Supplement Table 2). miR-133b downregulation

was observed in males and LUSC relative to females

Figure 1 The expression of miRNA-133b in NSCLC and control groups, based on The Cancer Genome Atlas data. (A) The expression of miRNA-133b in LUAD; (B) The
expression of miRNA-133b in LUSC; (C) The expression of miRNA-133b in NSCLC.

Figure 2 Kaplan–Meier curves for miRNA-133b in NSCLC based on The Cancer Genome Atlas data. (A) Kaplan–Meier curves for miRNA-133b in LUAD; (B) Kaplan–
Meier curves for miRNA-133b in LUSC; (C) Kaplan–Meier curves for miRNA-133b in NSCLC. Cox P < 0.05 was considered as significant.

Figure 3 ROC curve for miR-133b in diagnosis of NSCLC. (A) ROC curve for miR-133b in diagnosis of LUAD, AUC=0.873; (B) ROC curve for miR-133b in diagnosis of LUSC,

AUC=0.905; (C) ROC curve for miR-133b in diagnosis of NSCLC, AUC=0.936. The area under the ROC curve >0.5 was considered as to have a certain diagnostic value.
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and LUSC (p = 0.009, p = 0.006, respectively). No

statistical differences in clinical stage, tumor size,

smoking status, vascular invasion, or histology were

observed (Supplement Table 2).

Prediction Of Target Genes Of miR-133b
miRWalk 3.0 predicted approximately 11,994 genes that are

targeted by miR-133b in NSCLC. A total of 1111 and 1922

overexpressed genes in LUADandLUSCwere collected on the

basis of GEPIA, respectively. After intersection of the upregu-

lated genes inLUADandLUSCwith the predicted target genes,

362 predicted target genes were selected (Figure 5).

GO Function And KEGG Pathway

Enrichment Analyses
The top 10 enriched GO items are listed in Figure 6. GO BP

analysis revealed that the target genes ofmiR-133b significantly

enriched the functional categories of DNA metabolic process

and centromere complex assembly (Figure 6A). For CC analy-

sis, these genes significantly enriched the functional categories

of spindle and chromosome and centromeric region

(Figure 6B). MF analysis of these genes revealed enrichment

of the categories of protein binding involved in heterotypic cell-

cell adhesion and microtubule motor activity (Figure 6C).

KEGG pathway enrichment analysis of target genes was

further performed. Figure 6D shows that the target genes of

miR-133b significantly enriched the functional categories of

cell cycle, oocyte meiosis, p53 signaling pathway, ECM-

receptor interaction, progesterone-mediated oocyte matura-

tion, mucin-type o-glycan biosynthesis, DNA replication,

arrhythmogentic right ventricular cardiomyopathy, arginine

and proline metabolism, and drug metabolism pathway.

Screening Of Hub Genes
We constructed a PPI network of these genes (Figure 7).

To obtain the hub genes in the PPI network, these node

pairs were entered into the Cytoscape software. The hub

genes with a node degree value ≥10 are listed in

Supplement Table 3. For the target genes of miR-133b,

the hub genes were STMN1, HIST1H2BD, POSTN,

MMP1, H1F0, KIF26B, ITGB4, TMED3, POC1A, and

CXCL10.

Figure 4 The expression of miRNA-133b in NSCLC and control groups, based on quantitative real-time PCR data. (A) The expression of miRNA-133b in LUAD and

control groups; (B) The expression of miRNA-133b in LUSC and control groups; (C) The expression of miRNA-133b in NSCLC and control groups.

Figure 5 Venn diagram of target genes of miR-133b.
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Figure 6 GO functional annotation and KEGG pathway analysis of candidate genes. (A) the top 10 enriched BP items of candidate genes; (B) the top 10 enriched CC items

of candidate genes; (C) the top 10 enriched MF items of candidate genes; (D) The top 10 enriched KEGG pathways for the intersection of target genes of miR-133b.
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Confirmation Of Potential Hub Genes
The GEPIA database was used to detect the expression

levels of 10 hub genes. Figure 8 shows that the expression

levels of the 10 hub genes were significantly lower in the

NSCLC tissues than in normal tissues. In addition, Human

Protein Atlas database (https://www.proteinatlas.org/) was

used to validate the translational levels of the 10 hub genes

(Figure 9). Immunohistochemical analysis of NSCLC sec-

tions revealed that most of the hub genes (MMP1 and

CXCL10 were not available in the database) have moder-

ate to high levels of expression. To further identify hub

genes, the prognostic roles of these 10 hub genes in

NSCLC were evaluated using the GEPIA database.

Figure 10 shows that the higher expression of ITGB4 and

POSTN is correlated to poor prognosis in NSCLC.

Biological Interaction Network Of Hub

Gene Alterations In NSCLC
cBioPortal was used to show neighboring genes that

were altered at frequencies >20% (Figure 11A and B).

The 10 hub genes were altered in NSCLC, and KIF26B,

STMN1, and POSTN were altered most often in LUAD

Figure 7 The protein–protein interaction (PPI) networks of the promising target genes of microRNA-133b in non-small cell lung cancer.

Figure 8 Expression of hub genes in non-small cell lung cancer and normal tissues, based on Gene Expression Profiling Interactive Analysis (GEPIA). (A) STMN1; (B)
HIST1H2BD; (C) POSTN; (D) MMP1; (E) H1F0; (F) KIF26B; (G) ITGB4, (H) TMED3; (I) POC1A; (J) CXCL10.
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(23%, 10%, and 10%, respectively), and ITGB4 and

KIF26B in LUSC (12% and 11%, respectively), includ-

ing amplification and missense.

We then performed GO and KEGG pathway enrich-

ment analyses of the most frequently altered neighboring

genes. For LUAD, the enriched GO terms indicated that

the genes were related to the Set1C/COMPASS complex,

MLL3/4 complex, and histone methyltransferase com-

plex. These proteins are primarily involved in beta-cate-

nin-TCF complex assembly, positive regulation of

chromosome organization, and positive regulation of

gene silencing by miRNA (Figure 12A–C). Similarly,

KEGG pathway analysis showed enrichment of the

PI3K-Akt signaling pathway, focal adhesion, regulation

of actin cytoskeleton, and cell cycle (Figure 12D). For

LUSC, the enriched GO terms indicated that the genes

were related to nuclear chromosome part, histone methyl-

transferase complex, and MLL3/4 complex. These pro-

teins are primarily involved in beta-catenin-TCF complex

assembly, vascular endothelial growth factor receptor

signaling pathway, and axon guidance (Figure 12E–G).

Similarly, KEGG pathway analysis showed enrichment in

Figure 9 Validation of the ten hub genes on a translational level using the Human Protein Atlas database. (A) POC1A; (B) POSTN; (C) H1F0; (D) HIST1H2BD; (E) KIF26B; (F)
STMN1; (G) TMED3.

Figure 10 The association of hub gene expression and the survival in patients with non-small cell lung cancer. (A) STMN1; (B) HIST1H2BD; (C) POSTN; (D) MMP1; (E)
H1F0;(F) KIF26B; (G) ITGB4; (H) TMED3; (I) POC1A; (J) CXCL10.
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chemokine signaling pathway, focal adhesion, and regu-

lation of actin cytoskeleton (Figure 12H). The tab

OncoPrint displays an overview of genetic alterations in

hub genes per sample.

Figure 11 Network review of hub genes neighborhood and genetic alteration of hub genes in non-small cell lung cancer. (A) Network review of hub genes neighborhood in

LUAD. (B) Network review of hub genes neighborhood in LUSC. The relationship between hub genes and drugs is also exhibited.
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Identification Of Potential miRNA-mRNA

Regulatory Pathways
A previous study showed that miR-133b inhibits cell growth

of NSCLC by targeting EGFR and regulating its downstream

signaling pathway. We found a positive correlation between

EGFR, IGTB4, and PTK2 in NSCLC through the c-BioPortal

database (Figure 13), suggesting that the miR-133b/EGFR/

ITGB4/FAK pathway may be present in NSCLC (Figure 14).

Discussion
Although the role of miRNAs in cancer has been postulated,

the molecular mechanisms by whichmiRNAs regulate tumor

metastasis have not been established. The aim of this study

was to identify the expression of miR-133b in NSCLC and to

study the association of clinical features of NSCLC with

miR-133b. In addition, we investigated the possible mechan-

ism of miR-133b in the metastasis of NSCLC.

In this study, we found that miR-133b was downregu-

lated in NSCLC compared with normal tissues. For the

TCGA data, miR-133b expression levels in LUAD and

NSCLC were related to lymph node metastasis. For

LUAD, we observed a significant difference in survival

time between the downregulated and upregulated miR-

133b groups using the TCGA data. RT-qPCR analysis

Figure 12 Enrichment analysis of the genes altered in the ten hub genes neighborhood in non-small cell lung cancer. (A) the top 10 enriched BP items in LUAD; (B) the top
10 enriched CC items LUAD; (C) the top 10 enriched MF items LUAD; (D) The top 10 enriched KEGG pathways LUAD; (E) the top 10 enriched BP items in LUSC; (F) the
top 10 enriched CC items LUSC; (G) the top 10 enriched MF items LUSC; (H) The top 10 enriched KEGG pathways LUSC.
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also revealed that miR-133b expression was related to

lymph node metastasis. These results indicate that miR-

133b could be involved in the metastasis of NSCLC. In

addition, miR-133b might function as a biomarker for the

diagnosis and prognosis in NSCLC.

Currently, the specific molecular mechanism of NSCLC

is not widely understood. Therefore, bioinformatics analyses

were performed to elucidate the possible mechanism of miR-

133b in NSCLC metastasis. We predicted the target genes

using miRWalk3.0 and TCGA data. After intersection of the

upregulated genes in LUAD and LUSC with the predicted

target genes, 362 predicted target genes were selected. To

further explore the roles of target genes, KEGG analysis was

performed. We observed that some pathways were enriched

with differentially expressed genes in NSCLC such as P53

signaling pathway and ECM-receptor interaction. In addi-

tion, KEGG pathway analysis of the most frequently altered

neighbor genes showed enrichment of the PI3K-Akt signal-

ing pathway, focal adhesion, regulation of actin cytoskeleton,

and the cell cycle. These results of KEGG analysis revealed

the roles of the candidate targets of miR-133b in NSCLC.

Next, a PPI network was constructed and the top 10 central

genes were identified. In addition, the GEPIA and Human

Protein Atlas database were used to further assess expression

analysis of these central genes in NSCLC.

Most of these hub genes have been identified as key

regulators in NSCLC. For example, the periostin protein,

encoded by the POSTN gene, is a component of the

Figure 13 Correlation between expression of mRNA of EGFR, ITGB4 and PTK2 in TCGA HNSC patients. (A) Correlation between expression of mRNA of EGFR and ITGB4
in LUAD. (B) Correlation between expression of mRNA of EGFR and PTK2 in LUAD. (C) Correlation between expression of mRNA of EGFR and ITGB4 in LUSC. (D)

Correlation between expression of mRNA of EGFR and PTK2 in LUSC. Pearson’s coefficient less than 0.05 suggests significant significance.

Dovepress Chen and Ruan

OncoTargets and Therapy 2019:12 submit your manuscript | www.dovepress.com

DovePress
9431

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com
http://www.dovepress.com


extracellular matrix, which has been observed in a variety of

human malignancies.11,12 Recently, periostin was identified

as a novel factor in the growth, invasion, angiogenesis and

metastasis of numerous types of tumors. Hu et al reported

that periostin promotes epithelial-mesenchymal transition

through the MAPK/miR-381 axis in lung cancer, thereby

promoting lung cancer metastasis.13 Hong et al reported

that overexpression of periostin predicts poor prognosis in

NSCLC.14 In our study, overexpression of POSTN indicates

poor prognosis using the TCGA data. In addition, Integrin

α6β4 (ITGB4) is an extracellular matrix receptor that is

involved in tumor progression.15,16 Stewart et al reported

that integrin β4 expression is elevated in LUSC and that its

overexpression is associated with venous invasion and

reduces overall survival in NSCLC patients.17 Based on the

TCGA data, we confirmed that the expression of integrin β4

is associated with poor prognosis. Zhu et al reported that the

ITGB4/FAK/growth factor receptor-bound protein 2 (Grb2),

protein kinase B (AKT), and extracellular signal-regulated

kinase (ERK) pathways are involved in the regulatory

mechanisms of miR-133b/EGFR axis in metastases in the

esophageal squamous cell carcinoma.18 Liu et al reported

that miR-133b specifically interacts with the 3ʹ-UTR of

EGFR mRNA in NSCLC.10 We found a positive correlation

between EGFR, IGTB4, and PTK2 in NSCLC through the

c-BioPortal database, suggesting that the miR-133b/EGFR/

ITGB4/FAK/PI3K/Akt pathway may also be involved in the

pathogenesis of NSCLC. Based on the above studies, we

have discovered the possible mechanism of miR-133b in

NSCLC metastasis.

Taken together, the study validated thatmiR-133b is down-

regulated inNSCLC. In addition,miR-133bmaypotentially be

used as a biomarker for diagnosis and prognosis in NSCLC.

Bioinformatics analysis revealed that miR-133b could be

involved in the metastasis of NSCLC. Additional experiments

validating the above pathway are warranted.

Figure 14 KEGG pathway annotations of the PI3K-Akt pathway in non-small cell lung cancer. Red marked nodes are associated with miR-133b.
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Conclusions
The study has shown that miR-133b is downregulated in

NSCLC. In addition, miR-133b may be potentially utilized

as a biomarker for the diagnosis and prognosis in NSCLC.

Bioinformatics analysis revealed that miR-133b may be

involved in the metastasis of NSCLC.
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