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Abstract
Background/Aims: The purpose of this study was to probe the clinico-pathological significance 
and the underlying mechanism of miR-30d-5p expression in non-small cell lung cancer (NSCLC). 
Methods: We initially examined the level of miR-30d-5p expression in NSCLC and non-cancer 
tissues using RT-qPCR. Then, a series of validation analyses including a meta-analysis of data 
from microarray chips in Gene Expression Omnibus (GEO), data mining of the cancer genome 
atlas (TCGA) and an integrated meta-analysis incorporating GEO microarray chips, TCGA data, 
in-house RT-qPCR and literature studies were performed to examine the clinico-pathological 
value of miR-30d-5p expression in NSCLC. In vitro experiments were further conducted to 
investigate the impact of miR-30d-5p on NSCLC cell growth. The molecular mechanism by 
which miR-30d-5p regulates the pathogenesis of NSCLC was probed through a bioinformatics 
analysis of its target genes. Moreover, dual luciferase reporter assay was conducted to verify 
the targeting regulatory relationship between miR-30d-5p and CCNE2. Results: Based on 
results from RT-qPCR, GEO meta-analysis, TCGA data mining and the integrated meta-analysis 
incorporating GEO microarray chips, TCGA data, in-house RT-qPCR and literature studies, miR-
30d-5p expression was decreased in NSCLC tissues, and patients with NSCLC who presented 
with lower miR-30d-5p expression tended to display an advanced clinical progression. 
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Significant pathways including the Mucin type O-glycan biosynthesis pathway, cell cycle 
pathway and cysteine and methionine metabolism pathway (all P<0.05) revealed potential 
roles of the target genes of miR-30d-5p in the oncogenesis of NSCLC. Results from in vitro 
experiments indicated that miR-30d-5p could attenuate proliferation and viability of NSCLC 
cells. Among the 12 identified hub genes, nine genes including E2F3, CCNE2, SKP2, CDK6, 
TFDP1, LDHA, GOT2, DNMT3B and ST6GALNAC1 were validated by Pearson’s correlation test 
and the human protein atlas (HPA) database as targets of miR-30d-5p with higher probability. 
Specifically, dual luciferase reporter assay confirmed that CCNE2 was directly targeted by miR-
30d-5p. Conclusion: In summary, miR-30d-5p expression is decreased in NSCLC, and it might 
play the role as tumor suppressor in NSCLC by regulating target genes.

Introduction

Lung cancer (LC) is included in the list of the most widespread human malignancies. 
The incidence and mortality of LC rank first in malignant tumors among males and second 
in malignant tumors among females [1-4]. LC is divided into two subtypes: small cell lung 
cancer (SCLC) and non-small cell lung cancer (NSCLC). NSCLC comprises lung squamous 
cell carcinoma (LUSC), lung adenocarcinoma (LUAD) and large cell lung cancer (LCLC), and 
represents 85% of all LC cases [5-8]. Despite recent diagnostic and therapeutic innovations, 
the overall 5-year survival rate of patients with NSCLC is only 10% [9], which prompted us to 
explore the molecular mechanism underlying the initiation and development of NSCLC and 
to identify novel targets for enhancing the diagnosis and treatment of NSCLC.

MiRNAs are a class of short, noncoding RNAs of 17-25 nucleotides in length [10]. More 
than 1000 miRNAs have been identified in humans and are predicted to modulate the 
expression of at least 60% of protein-coding genes at the transcriptional level [11-13]. By 
repressing target genes, miRNAs play key roles in various biological events in tumors, such as 
cell proliferation, differentiation, apoptosis and tumor invasion [14-18]. Therefore, miRNAs 
are implicated as promising diagnostic and prognostic biomarkers for human cancers, 
including pancreatic cancer, bladder cancer, colorectal cancer and gastric cancer [13, 19-21].

Previous studies have reported the involvement of miR-30d-5p in the carcinogenesis of 
several cancers, such as prostate cancer, colon cancer and conjunctival malignant melanoma 
[22-24]. Notably, miR-30d-5p expression is down-regulated in NSCLC tissues, and it exerts 
significant suppressive effects on the tumor growth, cell cycle progression, and motility of 
NSCLC cells [25]. However, the precise role of miR-30d-5p in NSCLC has not yet been clarified.

This study was designed to comprehensively evaluate the clinico-pathological value 
of miR-30d-5p in NSCLC through a combined method of real-time quantitative polymerase 
chain reaction (RT-qPCR), Gene Expression Omnibus (GEO) meta-analysis, the cancer 
genome atlas (TCGA) data mining, an integrative meta-analysis and a literature meta-
analysis. We also endeavored to shed light on the mechanism by which miR-30d-5p regulates 
the pathogenesis of NSCLC by analyzing the influence of miR-30d-5p on cell growth and the 
interaction networks of its target genes.

Materials and Methods

Clinical NSCLC tissue samples
One hundred and twenty-five formalin-fixed, paraffin-embedded (FFPE) NSCLC tissues and the 

corresponding adjacent non-cancer lung tissues were collected from Department of Pathology, The First 
Affiliated Hospital of Guangxi Medical University (Nanning, Guangxi, China) from January 2012 to February 
2014. The research protocol for this study was authorized by the ethics committee of the First Affiliated 
Hospital of Guangxi Medical University. All participants provided informed consent before enrollment in 
the study. All NSCLC cases were independently diagnosed and confirmed by two pathologists (Zu-yun Li 
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and Gang Chen). The clinico-pathological 
parameters of all enrolled patients with 
NSCLC are summarized in Table 1. Criteria 
for age and pathological grading of patients 
with NSCLC were derived from the study 
by Chen WJ et al. [26]. We divided patients 
into categories based on tumor size and 
TNM stage according to the IASLC 2009 
criteria [27].

RT-qPCR
The miRNeasy Kit (QIAGEN, KJVenlo, 

The Netherlands) was utilized to extract 
RNA from FFPE tissues, as described in 
previous studies [28-30]. A NanoDrop 
2000 (Wilmington, DE, USA) was employed 
to determine the concentration and purity 
of the extracted RNA. MiR-191 and miR-103 
were used as the housekeeping miRNAs for 
the detection of miR-30d-5p expression. 
The primers for miR-191, miR-103 and 
miR-30d-5p were provided by TaqMan® 
MicroRNA Assays. The sequences of miR-
191, miR-103 and miR-30d-5p are: miR-191 
(Applied Biosystems, 4427975-000490): 
CAACGGAAUCCCAAAAGCAGCU; miR-103 
(Applied Biosystems,4427975-000439):AG
CAGCAUUGUACAGGGCUAUGA; and miR-
30d-5p (Applied Biosystems, 4427975-
000420): UGUAAACAUCCCCGACUGGAAG. 
The reverse primers were also used in 
the step of reverse transcription with 
TaqMan® MicroRNA Reverse Transcription 
Kit (4366596, Applied Biosystems, Life 
Technologies Grand Island, NY 14072 
USA) in a total volume of 10 µl. Real-time 
qPCR for miRNAs was performed with the 
Applied Biosystems PCR7900 instrument, 
according to the manufacturer’s 
instructions. The expression level of miR-
30d-5p was calculated using 2-Δcq method.

Statistical analyses for RT-qPCR 
were performed using SPSS 22.0. Levels 
of miR-30d-5p expression obtained from 
RT-qPCR analyses are presented as M±SD. 
Student’s paired t test was conducted to 
compare miR-30d-5p expression in NSCLC 
and matched non-cancer tissues using 
RT-qPCR. The distribution of miR-30d-5p 
expression in other clinico-pathological groups that contained two variables was calculated using Student’s 
unpaired t test. One-way analysis of variance (ANOVA) was applied to compare miR-30d-5p expression 
between groups containing three or more variables.

Table 1. The relationship between miR-30d-5p expression 
and clinico-pathological parameters of NSCLC from RT-qPCR 
data. Note: N: number; M: mean; SD: standard deviation. 
a:paired sample’s t test was performed to compare miR-
30d-5p expression between NSCLC and non-cancer tissues. 
Independent sample’s t test was performed to evaluate 
the relationship between miR-30d-5p expression and the 
clinico-pathological parameters of NSCLC. *: One-way ANOVA 
was performed to assess the distribution difference of miR-
30d-5p in three or more groups of clinico-pathological 
parameters

Clinical variable N MiR-30d-5p relevant expression 
   M ± SD t P 

Tissue type NSCLC         12 4.169±2.51 

 
 
 

Non-cancer 

    5 

        12 

  7                                    -4.325a             <0.001 

5.652±3.18    
           5 7 

Age (years) <60          57 3.702±2.13 

 
 
 
≥60 

 
 

         68 
8 

-1.965 0.052 
   0 

Gender Female          50 4.882±2.51 

 
 
 

Male 

 
 

          75 
6 

-2.647 0.009 
   8 

Smoke No          38 4.147±2.61 

 
 
 

Yes 

 
 

          30 
4 

0.834 0.407 
   0 

Tumor size (cm) ≤3           60 4.547±2.66 

 
 
 
>3 

 
 

          65 
3 

1.621 0.108 
   1 

Lymph node metastasis No           56 4.803±2.73 

 
 
 

Yes 

 
 

          69 
1 

2.594 0.011 
   8 

Vascular invasion No           90 4.418±2.65 2.023 0.046 
   7 
 Yes          35 3.529±2.00 
   7 

TNM I-II          54 4.736±2.56  2.232    0.027 

 
 
 

III-IV 

 
 

         71 

2 

3.738±2.41 
   1 

Pathological grading I          17 3.835±2.38 
   0 

 II          78 
4.369±2.53  0.648*   0.525 

4 
 III          30 3.840±2.57 
   4 

Pathological LUAD          10 4.285±2.44 
classification           1 7 

 LUSC          23 3.759±2.83 0.817* 0.444 
   2 
 LCLC           1 1.900 

 
 
 
 
 
 
 
 
 
 
 

http://dx.doi.org/10.1159%2F000494875


Cell Physiol Biochem 2018;50:1964-1987
DOI: 10.1159/000494875
Published online: 3 November 2018 1967

Cellular Physiology 
and Biochemistry

Cellular Physiology 
and Biochemistry

© 2018 The Author(s). Published by S. Karger AG, Basel
www.karger.com/cpb

Gao et al.: miR-30d-5p: Expression Signature and Tumor Suppressive Role in NSCLC

GEO meta-analysis for miR-30d-5p expression in NSCLC tissues
We searched microarray chips relevant to miR-30d-5p expression in NSCLC published up to August 4th, 

2018 in the GEO database (http://www.ncbi.nlm.nih.gov/geo/). The strategy designed to search microarray 
chips was: (lung OR pulmonary OR respiratory OR bronchi OR bronchioles OR alveoli OR pneumocytes 
OR “air way”) AND (cancer OR carcinoma OR tumor OR neoplas* OR malignan* OR adenocarcinoma) AND 
(MicroRNA OR miRNA OR “Micro RNA” OR “Small Temporal RNA” OR “non-coding RNA” OR ncRNA OR “small 
RNA”). Microarray chips that met the following criteria were included in the GEO meta-analysis: (1) the 
species used for the experiments was human (2) the miR-30d-5p expression level in NSCLC tissues and non-
cancer tissues was detected using the microarray chip.

We extracted the following information from the included GSE datasets to pool the standard mean 
difference (SMDs): GSE ID, first author, publication year, country, experimental type, sample type, platform, 
number (N) of cases in cancer group, mean (M)±standard deviation (SD) of miR-30d-5p expression in the 
cancer group, N of cases in the non-cancer group, and M±SD of miR-30d-5p expression in the  non-cancer 
group. True positivity (TP), false positivity (FP), false negativity (FN) and true negativity (TN) for each GSE 
dataset were calculated based on the maximum Youden index and the corresponding cut-off value from the 
receiver operating characteristics (ROC) curve for each GSE dataset using SPSS v 22.0 (SPSS, Chicago, IL, 
USA).

We calculated SMD with 95% confidence interval (95%CI) and constructed summarized receiver 
operating characteristics (SROC) curves following the methods in previous studies [31].

Validation of miR-30d-5p expression in NSCLC using miRNA-sequencing data from TCGA
We extracted IlluminaHiSeq miRNA-sequencing data for miR-30d-5p in 450 LUAD and 336 LUSC 

tissues from TCGA database with the aid of online tool: Xena Public Data Hubs (https://xena.ucsc.edu/
public-hubs/) to evaluate miR-30d-5p expression in 786 NSCLC and 89 normal tissues. The expression 
difference of miR-30d-5p between NSCLC and normal tissues was calculated using Student’s unpaired t test 
in SPSS 22.0.

The integrative meta-analysis incorporating GEO microarray chips, TCGA data, in-house RT-qPCR and 
literature studies
Apart from our in-house RT-qPCR data and miR-30d-5p expression data from the above public databases, 

we also searched literature evidence of miR-30d-5p expression between NSCLC and non-cancer tissues 
in the following literatue databases: PubMed, Embase, Web of Science, Wiley online library, Springerlink, 
Chinese National Knowledge Infrastructure, Chinese Biomedical Database, Chinese VIP and Wan Fang 
database. Searching strategies for literature databases were (cancer OR carcinoma OR adenocarcinoma OR 
tumour OR tumor OR malignanc*  OR neoplas*) AND (lung OR pulmonary OR respiratory OR respiration OR  
aspiration OR bronchi OR bronchioles OR alveoli OR pneumocytes OR “air way”) AND (miR-30d OR miRNA-
30d OR microRNA-30d OR miR30d OR miRNA30d  OR microRNA30d OR “miR 30d” OR “miRNA 30d” OR 
“microRNA 30d” OR miR-30d-5p OR miRNA-30d-5p OR microRNA-30d-5p). Literature studies published 
before August 4th, 2018 that provided the detailed miR-30d-5p expression value in NSCLC and non-cancer 
tissues (M±SD) were included. We collected all expression data for miR-30d-5p in NSCLC and non-cancer 
tissues from RT-qPCR, GEO microarray chips, TCGA and literature studies to conduct an integrative meta-
analysis and achieve an overall assessment of the differential expression of miR-30d-5p in NSCLC and non-
cancer tissues. The SMD was pooled from all studies to determine the expression level of miR-30d-5p in 
NSCLC. Pooled sensitivity (SEN), specificity (SPE), positive likelihood ratio (PLR), and negative likelihood 
ratio (NLR) values and the SROC curve for the integrated meta-anlaysis were calculated to examine the 
power of miR-30d-5p expression to discriminate NSCLC from non-cancer tissues.

The prognostic significance of miR-30d-5p expression for NSCLC
To appraise whether miR-30d-5p can be applied in plausible clinical usage for NSCLC, we also need to 

evaluate the prognostic significance of miR30d-5p in NSCLC. Therefore, survival analysis for the in-house 
RT-qPCR data and a prognostic meta-analysis of miR-30d-5p were conducted. All patient samples for RT-
qPCR were divided into groups of low or high miR-30d-5p expression according to the average expression 
level of miR-30d-5p expression and Kaplan-Meier survival curves were plotted and a log-rank test was 
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performed to analyze the impact of miR-30d-5p expression on the survival of patients with NSCLC. P<0.05 
was regarded as statistically significant. As for the prognostic meta-analysis, we systematically searched 
in public databases such as PubMed, Embase, Web of Science, Wiley online library, Springerlink, Chinese 
National Knowledge Infrastructure, Chinese Biomedical Database, Chinese VIP and Wan Fang database 
to select qualified studies published before August 4th, 2018 for inclusion in the meta-analysis. Searching 
strategies for prognostic meta-anlaysis were designed the same as literature searching for miR-30d-5p 
expression in NSCLC tissues. The inclusion criteria were: (1) patients diagnosed with NSCLC, (2) the study 
provided hazard ratio (HRs) and 95 % CIs or relevant data from which HRs and 95% CIs could be calculated, 
and (3) studies were written in English or Chinese. The exclusion criteria were: (1) studies that performed 
experiments using cell lines or human xenografts, (2) studies published as letters, case reports, reviews or 
conference reports, and (3) studies did not provide HRs and 95% CIs or data from which these values could 
be calculated.

We extracted the following information from the included studies: name of the first author, publication 
year, country, sample size, cut-off value, method, survival type, HR, lower limit (LL), upper limit (UL) and 
sample type. When HRs and 95% CIs were not directly reported in the study, we calculated HRs and 95% 
CIs from Kaplan-Meier curves using the methods described by Tierney et al. [32]. Statistical analyses used 
in the meta-analysis were described in a previous study [33].

In vitro effect of miR-30d-5p on the biological process of NSCLC cells
Five human NSCLC cell lines: A-549, H292, H460, H1299 and PC9 were purchased from American 

Type Culture Collection (ATCC) and were cultured in Dulbecco’s modified Eagle’s medium (DMEM) (Gibco, 
USA) supplemented with  10% fetal bovine serum and penicillin–streptomycin at 37°C under the condition 
of  5% CO2 humidified atmosphere. Each of the in vitro experiments was performed three times. Before 
transfection, NSCLC cells were plated in 96-well plates at 2.5 × 103 cells per well and maintained at 37°C 
for 24 h. Blank control, negative mimic control, miR-30d-5p mimic, negative inhibitor control and miR-
30d-5p inhibitor (Ambion) were transfected in NSCLC cell lines at a final concentration of 60 nmol/L 
with Lipofectamine 2000 following the manufacturer’s instructions. The concentration for transfections 
was determined based on previous studies [28, 34]. MiR-30d-5p expression was detected with RT-qPCR in 
Applied Biosystems PCR7900 system as described previously [29, 30, 35, 36].

The impact of miR-30d-5p on the proliferation and viability of NSCLC cells was measured by 
fluorometric resorufin viability assays and MTT assays, as has been described in previous studies [29, 30]. 
The statistical analysis was carried out in SPSS v 22.0. All data were expressed in the form of M ±SD. Two-
way analysis of variance (ANOVA) and Bonferroni post-tests were used for the comparisons among groups. 
We defined a P <0.05 as statistically significant.

Bioinformatics analysis of miR-30d-5p target genes
We utilized miRWalk2.0, an online prediction website that integrates the predictions from 12 prediction 

databases: miRanda, miRDB, miRWalk, MicroT4, miRMap, RNAhybrid, miRNAMap, PITA, miRBridge, 
PICTAR2, RNA22 and TargetScan. After the duplicates were removed, the frequency of each gene in the 
prediction list was counted. Only genes that were simultaneously predicted by at least six databases were 
screened in subsequent analyses.

In addition to the online prediction software, we also predicted the target genes of miR-30d-5p in 
LUAD and LUSC by collecting significantly differentially expressed genes (DEGs) from the TCGA. DEGs from 
TCGA were processed using EdgeR package and DEGs with an false discovery rate (FDR) of less than 0.05 
were identified as possible target genes of miR-30d-5p. The final candidate target genes of miR-30d-5p 
were generated from the intersection of selected target genes from the online prediction software and DEGs 
in the TCGA database.

The gene ontology (GO) analysis that appraised the enrichment of target genes in biological process 
(BP), cellular component (CC) and molecular function (MF) as well as the Kyoto Encyclopedia of Genes 
and Genomes (KEGG) pathway analysis that enumerated significant pathways correlated with the target 
genes of miR-30d-5p were performed in Database for Annotation, Visualization and Integrated Discovery 
(DAVID) to investigate the functions of the target genes in NSCLC. Only GO terms and KEGG pathways with a 
P value<0.05 were regarded as statistically significant. Three dot plots illustrating the enrichment of target 
genes in BP, CC and MF were drawn using R package: cluster profiler. Moreover, The Search Tool for the 
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Retrieval of Interacting Genes (STRING) and Cytoscape v3.4.0 were collaboratively employed to build the 
protein-protein interaction (PPI) network for target genes in key KEGG pathways. Hub genes considered to 
play important roles in the interaction networks of target genes were filtered by the degree of connectivity 
between nodes in the PPI network.

We conducted disease ontology (DO) analysis using R package: cluster profiler to explore the assembly 
of target genes involved in human diseases. We identified those DO terms with both P and Q values <0.05 as 
diseases in which target genes were significantly clustered.

Verification of genes in key KEGG pathways as direct targets of miR-30d-5p
We downloaded the expression profiles of all component genes in key KEGG pathways from the TCGA 

database and performed Pearson’s correlation test using GraphPad Prism software v 5 to further validate 
the regulatory relationships between target genes in key KEGG pathways and miR-30d-5p. Moreover, 
immunohistochemical staining for these genes in NSCLC and normal lung tissues was retrieved from the 
human protein atlas (HPA) database to compare the expression pattern of genes from key KEGG pathways 
in NSCLC and normal tissues.

Dual luciferase reporter assay was performed to verify whether CCNE2 was directly targeted by 
miR-30d-5p. The 3’UTR of CCNE2 containing putative seed regions of miR-30d-5p were amplified by PCR 
and inserted into the psiCHECK-2 Luciferase Reporter Vector (Promega, USA) at the Xhol site to construct 
psiCHECK-CCNE2 3’-UTR. The miR-30d-5p binding site of the 3’UTR of CCNE2 was mutated to generate 
psiCHECK-CCNE2-mut 3’ UTRs. HEK-293 T cells (105 per well) were grown in 24-well plates until a cell 
density of 70-80%. The cells were co-transfected with 20pmol miR-30d-5p mimic (GenePharma, Shanghai, 
China), normal control (NC) and 500ng reporter vector of psiCHECK-CCNE2 3’UTRs or psiCHECK-CCNE2-
mut 3’ UTRs. After 27 h of incubation, the ratios between renilla and firefly luciferase activity were estimated 
by Dual Luciferase Assay (Promega, USA) according to the manufacturer’s protocol. All the experiments 
were performed in triplicate.

Results

Analysis of the clinico-pathological value of miR-30d-5p expression in NSCLC using RT-
qPCR
According to the statistical analysis of RT-qPCR data, miR-30d-5p expression was 

significantly down-regulated in NSCLC tissues compared with non-cancer tissues (Table 1) 
(Fig. 1A). Additionally, higher miR-30d-5p expression was detected in female patients than 
in male patients (Table 1). Regarding the distribution of miR-30d-5p expression in patients 
divided into other groups based on the clinic-pathological features, patients with NSCLC who 
were negative for lymph node metastasis, vascular invasion and TNM stage (I-II) presented 
higher miR-30d-5p expression than the control groups (Table 1).

Fig. 1. The notable 
down-expression of 
miR-30d-5p in NSCLC 
from RT-qPCR and 
TCGA database. A: 
Scatter plot for RT-
qPCR data showed 
that miR-30d-5p 
expression was 
significantly lower in 
NSCLC tissues (4.169 
± 2.517) than in non-
cancer tissues (5.652±3.187) (P<0.001). B: Scatter plot for miRNA-sequencing data from TCGA database 
also revealed that miR-30d-5p expression was significantly lower in NSCLC tissues (12.982±0.968) than in 
non-cancer tissues (14.348±0.709) (P<0.001).

Figure 1
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Meta-analysis of GSE datasets for miR-30d-5p expression in 
NSCLC tissues
Our search of the GEO database yielded 340 GSE datasets. 

After reviewing the titles and abstracts using all microarray 
chips, we eliminated 256 GSE datasets. Eventually, 23 GSE 
datasets containing 1098 NSCLC cases and 728 non-cancer 
cases were screened as eligible microarray chips for further 
analysis based on the selection criteria. Basic information and 
data from the included GSE datasets are summarized in Tables 
2 and 3. The expression and discriminatory power of miR-30d 
for NSCLC in each of the included GSE datasets are illustrated 
in Fig. 2 and S1 (For all supplemental material see www.karger.
com/ 10.1159/000494875/).

As shown in the forest plot of pooled SMD and 95% CIs, 
samples from patients with NSCLC exhibited lower miR-30d-
5p expression than samples from non-cancer patients (Fig. 
3A). The heterogeneity test showed significant heterogeneity 
among microarrays. Therefore, the random-effects model 
was applied to assess the pooled SMDs and 95% CIs. In 
the subgroup analysis of sample types, lower miR-30d-5p 
expression was more obvious in group of tissues (Fig. 3B). 
Nevertheless, heterogeneity between GSE datasets from tissue 
groups remained significant. The sensitivity analysis also failed 
to identify the origin of heterogeneity, as no study caused a 
significant deviation from the overall pooled results (data not 
shown). Regarding publication bias, Egger’s test indicated a lack 
of publication bias among all included studies (P=0.373) (data not shown). Furthermore, 
the favorable discriminatory power of miR-30d-5p expression from all GSE datasets was 
reflected in the SROC curves shown in Fig. 4A and the forests plots for overall SEN, SPE, 
PLR and NLR (Fig. 5). However, the distinguishing ability of circulating miR-30d-5p in GSE 
datasets sampling miR-30d-5p from plasma reported was weaker than that of miR-30d-5p 

Table 2. Basic information of all included GSE datasets. Note: N: number; M: mean; SD: standard deviation. 
Because there were no citations for GSE93300 [64], GSE46729 [69], GSE19945 [75] and GSE74190 [81], 
URLs of these GSE datasets were provided in the reference lists

GSE ID cancer n cancer m cancer sd non-cancer n non-cancer m non-cancer sd Reference number Experiment type Sample type Platform 
GSE93300 9 -2.30841 2.970626 4 1.752519 1.03737 [64] Non-coding RNA profiling by array plasma GPL21576 
GSE17681 17 12.37670335 0.606220615 19 11.99364547 0.590107404 [65] Non-coding RNA profiling by array plasma GPL9040  
GSE27486 22 1.959324922 0.448568075 23 2.053458288 0.345334981 [66] Non-coding RNA profiling by array plasma GPL11432 
GSE31568 32 12.7595809 0.491934953 70 12.78393053 0.682875266 [67] Non-coding RNA profiling by array plasma GPL9040  
GSE40738 81 2.44679994 0.290376708 56 2.366408758 0.27424126 [68] Non-coding RNA profiling by array plasma GPL16016 
GSE46729 24 2.153528599 0.093795613 24 2.163538793 0.121159742 [69] Non-coding RNA profiling by array plasma GPL8786 
GSE61741 72 12.60295617 0.587398748 94 12.34876836 0.670511937 [70] Non-coding RNA profiling by array plasma GPL9040 
GSE68951 26 2.803391767 0.099182898 12 2.79171 0.076469 [71] Non-coding RNA profiling by array plasma GPL16770 
GSE16512 3 -2.11902 0.951301 14 -2.48575 4.248141 [72] Non-coding RNA profiling by array plasma GPL8686  
GSE15008 187 14.98176149 0.863786307 188 15.78249 0.494637 [73] Non-coding RNA profiling by array tissue GPL8176 
GSE16025 61 8.684519672 0.596164003 10 9.23092 1.190293606 [74] Non-coding RNA profiling by array tissue GPL5106 
GSE19945 20 2.15724 0.318845 8 2.601904 0.13709 [75] Non-coding RNA profiling by array tissue GPL9948  
GSE25508 24 8.648466159 1.071802293 24 9.830976687 0.626059957 [42] Non-coding RNA profiling by array tissue GPL7731 
GSE47525 18 2.102482 0.241919 14 2.562352 0.118179 [76] Non-coding RNA profiling by array tissue GPL17222 
GSE48414 154 0.069243072 0.961232617 20 0.096211547 0.937891538 [77] Non-coding RNA profiling by array tissue GPL16770 
GSE51853 124 1.418157 0.467241 5 1.996553 0.111478 [78] Non-coding RNA profiling by array tissue GPL7341 
GSE63805 32 8.494284 0.841674 30 9.761643 0.471141 [79] Other tissue GPL18410 
GSE72526 67 2.916032557 1.617971363 18 3.479023139 0.080328572 [80] Non-coding RNA profiling by array tissue GPL20275 
GSE74190 66 2.88745123 0.196403106 44 3.083114395 0.064810892 [81] Non-coding RNA profiling by array tissue GPL19622 
GSE77380 3 7.626039 1.251118 12 9.311395 0.681205 [82] Non-coding RNA profiling by array tissue GPL16770 
GSE2564 14 6.356429 0.826723 4 7.5675 0.606101 [83] Non-coding RNA profiling by array tissue GPL1986 
GSE29248 6 13.88282993 0.431108514 6 14.09052748 0.374588361 [84] Non-coding RNA profiling by array tissue GPL8179 
GSE56036 29 9.645160926 0.977831077 29 11.60142125 0.511031308 [85] Non-coding RNA profiling by array tissue GPL15446 

 
 

Table 3. Diagnostic data of 
all included GSE datasets. 
Note: TP: true positivity; 
FP: false positivity; FN: false 
negativity; TN: true negativity

ID TP FP FN TN 
GSE17681 12 4 5 15 
GSE27486 18 12 5 10 
GSE31568 22 48 34 33 
GSE40738 48 22 33 34 
GSE46729 4 1 20 23 
GSE61741 41 32 31 62 
GSE68951 10 1 16 11 
GSE16512 9 0 5 3 
GSE15008 164 55 124 132 
GSE16025 8 6 2 55 
GSE19945 8 4 0 16 
GSE25508 22 9 2 15 
GSE47525 14 1 0 17 
GSE48414 17 27 3 127 
GSE51853 5 23 0 101 
GSE63805 26 5 4 27 
GSE72526 16 2 2 65 
GSE74190 42 18 2 48 
GSE77380 12 1 0 2 
GSE2564 4 4 0 10 
GSE29248 6 3 0 3 
GSE56036 27 1 2 28 
GSE93300 0 2 4 7 
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in all GSE datasets (Fig. 4B).

Validation of miR-30d-5p expression in NSCLC using miRNA-sequencing data from TCGA
Scatter plot for miRNA-sequencing data showed that significantly lower miR-30d-5p 

expression was detected in NSCLC tissues than in normal tissues (P<0.001) (Fig. 1B).

The integrated meta-analysis incorporating GEO microarray chips, TCGA data, in-house 
RT-qPCR and literature stuides
After a thorough literature survey of miR-30d-5p expression in NSCLC and non-cancer 

tissues, we included only two literature studies that provided the expression data of miR-
30d-5p in NSCLC (9.273±1.007 for 26 NSCLC tissues in the study of Nymark P et al.; 0.47±0.4 
for 50 NSCLC tissues in the study of Wu Y et al.) and non-cancer tissues (10.775±0.933 for 
26 non-cancer tissues in the study of Nymark P et al.; 0.99±0.05 for 50 non-cancer tissues in 
the study of Wu Y et al.) [37, 38]. The integrated meta-analysis incorporating all data from 

Fig. 2. MiR-30d-5p expression in each of the included GSE datasets. The scatter plots display the differential 
expression levels of miR-30d-5p in NSCLC tissues and non-cancer tissues for each of the included GSE 
datasets.

Figure 2
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RT-qPCR, GSE datasets, TCGA miR-seq data and literature studies reported consistent results 
with the meta-analysis of GSE datasets. The down-regulation of miR-30d-5p expression in 
NSCLC tissues was confirmed by the forest plot shown in Fig. 6A. In particular, the decrease 
in miR-30d-5p expression was more distinct in NSCLC samples derived from tissues (Fig. 
6B). Results from the sensitivity analysis were similar to the corresponding part of the meta-
analysis of GSE datasets (data not shown). High AUC value (Fig. 7) as well as pooled SEN, SPE, 
PLR and NLR values indicated the fine discriminatory power of miR-30d-5p in distinguishing 
NSCLC tissues from non-cancer tissues (Fig. 8).

Fig. 3. The forest plot 
and subgroup analysis 
for GEO meta-analysis of 
miR-30d-5p expression 
in NSCLC. A: MiR-30d-
5p presented lower 
expression in NSCLC 
tissues compared with 
non-cancer tissues 
(SMD =-0.77, 95%CI 
=-1.13 — 0.40, I2 
=89.7%, P <0.001), 
with considerable 
heterogeneity. B: 
Subgroup analysis was 
conducted to assess the 
influence of sample type 
on the heterogeneity of 
the studies. The pooled 
SMD for the plasma 
and tissue subgroups 
were 0.11 (-0.13-0.36) 
and -1.27 (-1.63--0.91), 
respectively. Significant 
heterogeneity still 
existed in subgroup of 
tissue (I2 =79.1%).

Figure 4
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The prognostic significance of miR-30d-5p expression for NSCLC
The Kaplan-Meier survival analysis for RT-qPCR data revealed a trend that the prognosis 

of patients with NSCLC who presented with higher miR-30d-5p expression was better 
than patients with lower miR-30d-5p expression, although the result only displayed weak 
statistical significance (Fig. 9A).

With respect to prognostic meta-analysis, a total of 1113 studies were included in 
the initial search for prognostic meta-analysis. After scanning the titles and abstracts, we 
excluded 1090 studies. Eventually, four suitable studies were included in the meta-analysis 
[39-42]. Basic information from the included studies is listed in Table 4. Since no direct HRs 
and 95% CIs were provided in the study by Czubak K et al. [41], we extracted the HRs and 

Fig. 4. SROC curves 
for GEO meta-analysis. 
A: SROC curves for 
all the included GSE 
datasets. The AUC 
value of the SROC 
curves was 0.8500, 
indicating favorable 
discriminatory ability 
of miR-30d-5p in 
NSCLC. B: SROC curves 
for GSE datasets 
sampling miR-30d-
5p from plasma. The 
AUC value of the SROC 
curves was 0.6312, 
indicating weak 
diagnostic value of 
circulating miR-30d-
5p in NSCLC.

Figure 5
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95% CIs from the Kaplan-Meier survival curves. The forest plot shown in Fig. 9B depicted 
miR-30d-5p expression as a risk factor for the prognosis of NSCLC patients. Nevertheless, 
the result was statistically insignificant because the 95%CI for HR contained zero. The 
subsequent subgroup analysis revealed that plasma miR-30d-5p levels were more likely 
to serve as a risk factor for the survival of patients with NSCLC than miR-30d-5p levels in 
tissues (Fig. 9C). Sensitivity analysis did not reveal a significant impact of any study on the 
results obtained from whole study cohort, and publication bias was not detected by Begg’s 
and Egger’s tests (data not shown).

Results from in vitro experiments
As illustrated in Fig. 10, cell proliferation evaluated by MTT assays decreased sharply at 

96 h in all five cell lines transfected with miR-30d-5p mimic. The negative influence of miR-
30d-5p mimic on cell proliferation was observed to be most significant in H460 cell lines, in 
which obviously diminished cell proliferation started at 48 h and continued until 96 h (Fig. 
10C). For the influence of miR-30d-5p on cell viability, fluorometric resorufin viability assay 
reflected almost the same effect of miR-30d-5p on cell growth as MTT assays (Fig. 11).

Fig. 5. Forest plot of the discriminatory ability of miR-30d-5p in NSCLC from all included GSE datasets. A: 
SEN: 0.65 (95%CI: 0.61-0.68). B: SPE: 0.75 (95%CI: 0.72-0.78). C: PLR: 3.09 (95%CI: 2.24-4.28). D: NLR: 
0.38 (95%CI: 0.27-0.53).

Figure 6
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Fig. 6. The forest plot 
and subgroup analysis 
for the integrated 
meta-analysis of miR-
30d-5p expression in 
NSCLC. A: MiR-30d-
5p showed lower 
expression in NSCLC 
tissues compared with 
that in non-cancer 
tissues (SMD =-0.85, 
95%CI =-1.17—0.54, 
I2 =91.0%, P <0.001), 
with considerable 
study heterogeneity. 
B: Subgroup analysis 
was conducted to 
assess the influence 
of sample type on the 
heterogeneity of the 
studies. The pooled 
SMD for the plasma and 
tissue subgroups were 
0.11 (-0.13-0.36) and 
-1.27 (-1.56—0.98), 
respectively. Significant 
heterogeneity still 
existed in the subgroup 
of tissue (I2=83.4%).

Figure 7
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Fig. 7. SROC curves for 
the integrated meta-
analysis of miR-30d-5p 
expression in NSCLC. 
The AUC value of the 
SROC curves was 0.8450, 
indicating favorable 
distinguishing capacity of 
miR-30d-5p in NSCLC.

Figure 8

Fig. 8. Forest plots of discriminatory ability of miR-30d-5p in NSCLC for the integrated meta-analysis. A: 
overall SEN: 0.65 (95%CI: 0.63-0.68). B: overall SPE: 0.77 (95%CI: 0.75-0.78). C: overall PLR: 3.07 (95%CI: 
2.31-4.07). D: overall NLR: 0.37 (95%CI: 0.27-0.50).

Figure 9
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Bioinformatics analysis of miR-30d-5p target genes
Two thousand four hundred twelve target genes appeared in the prediction lists from 

at least six online prediction programs and 14399 up-regulated genes with a FDR value of 
less than 0.05 were selected from the TCGA database. After consolidating the overlapping 
results from the two databases, 507 candidate target genes were screened in subsequent 
bioinformatics analysis.

Among the 121 recorded significant GO terms (P<0.05), the target genes were mainly 
involved in the BP neuron migration, positive regulation of transcription from RNA 
polymerase II promoter and axon guidance (Table 5). The target genes were significantly 
clustered in the following CC: cell junction, cell surface and plasma membrane (Table 5). The 
top three significant terms in the MF category were transcriptional activator activity, RNA 
polymerase II core promoter, and sequence-specific DNA binding and transcription factor 
activity (Table 5). GO enrichment plots for BPs, CCs and MFs for the target genes are shown 
in Fig. S2A-S2C.

Fig. 9. Kaplan-meier survival analysis for RT-qPCR data and the prognostic meta-analysis. (A) Despite P 
value from Log-rank test was insignificant (P=0.193), it can be seen from the Kaplan-Meier Survival curves 
that the prognosis of NSCLC patients with higher miR-30d-5p expression was better than those with lower 
miR-30d-5p expression. (B) Forest plot of HR and 95%CI. (C) Subgroup analysis based on sample type.

Figure 10

Table 4. Basic information of the included literature studies. Note: OS: overall survival; PFS: progression-
free survival; HR: hazord ratio; LL: lower limit; UL” upper limit. Patients in the study of Czubak K et al. were 
divided according to the copy number variation of miR-30d-5p; therefore, no cut-off value was provided in 
this study
First 
author 

Publication 
year Country Sample 

size Cut-off Method Survival 
type HR LL UL Sample 

type 
Reference 
number 

Li C 2017 China 423 median Kaplan-Meier survival curves OS 0.578 0.4 0.835 tissues [39] 
Guo J 2016 China 34 median Univariate Cox regression analysis PFS 3.812 1.655 8.781 plasma [41] 
Hu ZB 2010 China 303 median Kaplan-Meier survival curves OS 4.26 2.81 6.47 plasma [42] 
Karol Czubak 2015 Poland 120  Kaplan-Meier survival curves OS 1.5 0.78 2.88 tissues [40] 
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The functional analysis of the involvement of target genes in pathways was analyzed 
using the KEGG. A total of nine pathways including mucin type O-glycan biosynthesis, cell 
cycle and cysteine and methionine metabolism pathway, were significantly related to target 
genes (P<0.05), and the top three KEGG pathways were displayed in Table 5. Specifically, 
PPI networks were created to illustrate the interactions of target genes engaged in the top 
three significant KEGG pathways (Fig. S2D). By counting the degree of connectivity of the 
target genes in PPI networks, we identified 12 genes, B3GNT6, ST6GALNAC1, E2F3, CCNA1, 
CCNE2, TFDP1, SKP2, CDK6, LDHA, GOT2, DNMT3B and DNMT3A, as the hub genes because 
they possessed a relatively greater number connections in the corresponding PPI networks.

According to results of the DO analysis (Fig. S2E), the significant disease enriched by 
target genes of miR-30d-5p 
was developmental disorder 
of mental health.

Validation of hub genes
Pearson’s correlation 

analysis conducted in 
GraphPad Prism software v 
5 implied that seven of the 
12 hub genes (E2F3, CCNE2, 
SKP2, CDK6, LDHA, GOT2 and 
DNMT3B) were negatively 
correlated with miR-30d-5p 
expression (all P <0.05) (Fig. 
12). HPA database confirmed 
the overexpression of the 
following hub genes in NSCLC 

Table 5. GO and KEGG pathway analysis of the target genes of miR-
30d-5p. Note: BP: biological process; CC: cellular component; MF: 
molecular function. Only top three GO terms for BP, CC and MF as well 
as KEGG pathways were displayed in the table

Category ID Term Count % P value 
GOTERM_BP_DIRECT GO:0001764 neuron migration 14 2.777777778 4.94E-06 

GOTERM_BP_DIRECT GO:0045944 
positive regulation of 

transcription from RNA 
polymerase II promoter 

50 9.920634921 2.31E-05 

GOTERM_BP_DIRECT GO:0007411 axon guidance 16 3.174603175 2.70E-05 
GOTERM_CC_DIRECT GO:0030054 cell junction 30 5.952380952 1.19E-05 
GOTERM_CC_DIRECT GO:0009986 cell surface 31 6.150793651 9.77E-05 
GOTERM_CC_DIRECT GO:0005886 plasma membrane 142 28.17460317 1.95E-04 

GOTERM_MF_DIRECT GO:0001077 
transcriptional activator 

activity, RNA polymerase II 
core promoter 

22 4.365079365 1.16E-06 

GOTERM_MF_DIRECT GO:0043565 sequence-specific DNA 
binding 34 6.746031746 2.64E-06 

GOTERM_MF_DIRECT GO:0003700 
transcription factor activity, 

sequence-specific DNA 
binding 

46 9.126984127 1.19E-04 

KEGG_PATHWAY hsa00512 Mucin type O-Glycan 
biosynthesis 6 1.19047619 0.001057396 

KEGG_PATHWAY hsa04110 Cell cycle 9 1.785714286 0.014437641 
KEGG_PATHWAY hsa00270 Cysteine and methionine 

metabolism 5 0.992063492 0.015878523 

 

Fig. 10. The influence of miR-30d-
5p on cell proliferation of the tested 
cell lines. A: A549 cell lines. B: H292 
cell lines. C: H460 cell lines. D: H1299 
cell lines. E: PC9 cell lines. Points 
and bars represent the average of 
three repeated experiments and the 
standard deviation, respectively. **P 
<0.01 and ***P <0.001. Comparisons 
were conducted between the miR-
30d-5p mimic group or the miR-
30d-5p inhibitor group and the 
corresponding negative or blank 
groups at the same time point.

Figure 11
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tissues: CCNE2 (antibody CAB007825), DNMT3B (antibody HPA001595), SKP2 (antibody 
CAB013491), GOT2 (antibody HPA018139), LDHA

(antibody CAB015336), ST6GALNAC1 (antibody HPA014975), and TFDP1 (antibody 
CAB033605) (Fig. 13). The moderate or high staining intensity of these five proteins in 
NSCLC tissues contrasted sharply with the low intensity or lack of staining in normal lung 
tissues.

Based on the above mentioned validation results, a total of five genes including CCNE2, 
DNMT3B, SKP2, GOT2 and LDHA were simultaneously validated by Pearson’s correlation 
test and HPA database to present higher expression in NSCLC tissues. We noted that CCNE2 
appeared in the prediction lists with the highest frequency (nine databases). Therefore, 
we conducted dual luciferase reporter assay to further verify whether CCNE2 was directly 
targeted by miR-30d-5p.

We identified a binding site for miR-30d-5p in the 3’-UTR of CCNE2 mRNA with the aid 
of online prediction programs: miRANDA and Targetscan (Fig. 14A). In luciferase reporter 
assay, we found that the luciferase activity decreased substantially in HEK-293T cells co-
transfected with psiCHECK-2/CCNE2 3’-UTR and miR-30d-5p mimics, compared with 
controls (Fig. 14B). This outcome revealed that CCNE2 was a direct target of miR-30d-5p.

Fig. 11. The influence 
of miR-30d-5p on cell 
viability of the tested 
cell lines. A: A549 cell 
lines. B: H292 cell lines. 
C: H460 cell lines. D: 
H1299 cell lines. E: 
PC9 cell lines. Columns 
and bars represent 
the average of three 
repeated experiments 
and the standard 
deviation, respectively. 
**P <0.01 and ***P 
<0.001. Comparisons 
were conducted between 
the miR-30d-5p mimic 
group or the miR-30d-5p 
inhibitor group and the 
corresponding negative 
or blank groups at the 
same time point.

Figure 12

http://dx.doi.org/10.1159%2F000494875


Cell Physiol Biochem 2018;50:1964-1987
DOI: 10.1159/000494875
Published online: 3 November 2018 1980

Cellular Physiology 
and Biochemistry

Cellular Physiology 
and Biochemistry

© 2018 The Author(s). Published by S. Karger AG, Basel
www.karger.com/cpb

Gao et al.: miR-30d-5p: Expression Signature and Tumor Suppressive Role in NSCLC

Fig. 12. Pearson correlation analysis of miR-30d-
5p expression and the expression of hub genes. 
The correlation diagrams depict the correlations 
between miR-30d-5p expression and the 
expression of hub genes from key KEGG pathway. 
Expression of E2F3, CCNE2, SKP2, CDK6, 
LDHA, GOT2 and DNMT3B showed significant 
correlation with miR-30d-5p expression in 
NSCLC (all P<0.05).

Figure 14

Fig. 13. Immunohistochemistry of 
hub genes from key KEGG pathway in 
NSCLC tissues and normal tissues. A: 
CCNE2 expression in NSCLC tissues 
(antibody CAB007825). B: CCNE2 
expression in normal tissues (antibody 
CAB007825). C: DNMT3B expression in 
NSCLC tissues (antibody HPA001595). 
D: DNMT3B expression in normal 
tissues (antibody HPA001595). E: 
SKP2 expression in NSCLC tissues 
(antibody CAB013491). F: SKP2 
expression in normal tissues (antibody 
CAB013491). G: GOT2 expression in 
NSCLC tissues (antibody HPA018139). 
H: GOT2 expression in normal tissues 
(antibody HPA018139). I: LDHA 
expression in NSCLC tissues (antibody 
CAB015336). J: LDHA expression in 
normal tissues (antibody CAB015336). 
K: ST6GALNAC1 expression in NSCLC 
tissues (antibody HPA014975). 
L: ST6GALNAC1 expression in normal tissues (antibody HPA014975). M: TFDP1 expression in NSCLC 
tissues (antibody CAB033605). N: TFDP1 expression in normal tissues (antibody CAB033605). From the  
immunohistochemistry results of the HPA, all the above genes showed medium or high immunostaining in 
NSCLC tissues. Conversely, low or no immunoreactivity of these genes was detected in normal tissues.

Figure 15
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Discussion

Current studies have reported 
the down-regulation of miR-30d-
5p expression in NSCLC, and miR-
30d-5p exerts inhibitory effects 
on the proliferation, motility and 
invasion of NSCLC cells [25, 35, 
38]. Nevertheless, the underlying 
molecular mechanism by which miR-
30d-5p regulates the tumorigenesis 
of NSCLC remains elusive.

In the present study, miR-
30d-5p down-regulation in NSCLC 
was supported by rich samples 
of 1995 NSCLC patients and 994 
non-cancer patients from RT-qPCR, 
GEO and TCGA databases, which 
guaranteed the reliability of our 
results. Additionally, the clinic-
pathological significance of miR-
30d-5p in NSCLC calculated from 
RT-qPCR data results were consistent with the findings from the studies by Wu Y et al. and 
Chen D et al., showing that miR-30d-5p exerted inhibitory influences on tumor progression 
of NSCLC [25, 38]. We also appraised the prognosis-predicting and discriminatory ability 
of miR-30d-5p in NSCLC to achieve a comprehensive assessment of the clinico-pathological 
value of miR-30d-5p in NSCLC. Since assessment results from survival analysis for RT-qPCR 
data and the prognostic meta-analysis reported conflicting influence of miR-30d-5p on the 
prognosis of NSCLC patients, we could not conclude the prognostic significance of miR-30d-
5p for NSCLC in the present study. With regard to the discriminatory capacity of miR-30d-5p, 
the favorable distinguishing ability revealed by both the SROC curves for GEO meta-analysis 
and the integrated meta-analysis hinted at the potential use of miR-30d-5p for screening of 
NSCLC. Considering the non-invasive nature of the circulating miRNA-based test, circulating 
miRNAs might conceivably surpass tissue mRNAs as the most attractive screening tools for 
NSCLC [43, 44]. Therefore, a SROC curve was specially created for plasma miR-30d-5p levels. 
Unfortunately, the diagnostic ability of plasma miR-30d-5p levels for NSCLC in our study 
was even lower than plasma and tissue miR-30d-5p levels, which might be explained by the 
phenomenon that miRNAs from blood exosomes were partially taken up by cancer cells in 
addition to transcribed essential miRNAs, resulting in the relatively lower levels of miRNAs 
in the blood [45-47]. Further studies are required to confirm whether miR-30d-5p has the 
potential to be applied as a novel prognostic and diagnostic biomarker for NSCLC.

To gain insights on how miR-30d-5p affects the pathogenesis of NSCLC, we conducted in 
vitro experiments to explore the influence of miR-30d-5p on cell growth in NSCLC. MTT and 
fluorometric resorufin viability assay proved that the proliferation and viability of NSCLC 
cells was restrained notably by miR-30d-5p. The inhibition of tumor cell growth by miR-
30d-5p has also been shown in in vitro experiments with prostate cancer [48]. Therefore, we 
hypothesized that miR-30d-5p may act as a tumor suppressor in NSCLC through inhibiting 
tumor growth.

To date, miR-30d-5p has been shown to target several downstream molecules to 
promote the pathogenesis of human cancers. According to Yan L et al., down-regulated miR-
30d-5p enhances the proliferation and invasion of colorectal carcinoma cells by targeting 
LRH-1 [49]. In the study by Xie R et al., miR-30d-5p was reported to attenuate the migration 
and invasion of esophageal squamous cell carcinoma cells by regulating EZH2 expression 
[50]. In NSCLC, the regulatory relationship between miR-30d-5p and two target molecules, 

Fig. 14. Dual luciferase reporter assay. A: The predicted 
miR-30d-5p binding site of the 3’-UTR of CCNE2 mRNA. B: 
Luciferase activity of HEK-293T cells remarkably decreased 
after co-transfection with psiCHECK-2/ CCNE2 3’-UTR and 
miR-30d-5p mimics (**P<0.01). Each experiments were 
repeated three times and data was presented in the form of 
M±SD.

Figure 16
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CCNE2 and NFIB, have been recorded in the literature [25, 38]. However, the mere revelation 
of two target genes of miR-30d-5p is not sufficient to interpret the molecular mechanism by 
which miR-30d-5p regulates the occurrence and development of NSCLC, because a single 
miRNA is capable of modulating the expression of hundreds of target genes. Therefore, we 
focused on the regulatory network of target genes in an attempt to provide new insights into 
the role of miR-30d-5p in NSCLC.

According to the bioinformatics analysis of the target genes, the enrichment of  the target 
genes in biological processes such as neuron migration, positive regulation of transcription 
from RNA polymerase II promoter and axon guidance suggested potential molecular 
functions of miR-30d-5p in NSCLC by regulating the expression of target genes involved in 
these biological processes. In addition to the GO analysis, we also obtained important clues 
about the regulatory interactions between the target genes from KEGG pathway analysis. The 
top three pathways, mucin type O-glycan biosynthesis, cell cycle and cysteine and methionine 
metabolism, all implicated the target genes in the molecular mechanism of NSCLC. Mucin-
type O-glycans, important components of mucins, are widely expressed in the mucosa in 
different parts of the body [51]. Mucin-type O-glycans play critical roles in the promoting the 
barrier function of mucus and mediating the mutualism of host and the microbial community 
[52-54], which has been extensively studied in the intestinal epithelium. We postulated that 
the dysfunction of mucin-type O-glycans in lung tissues might damage the barrier function 
of the respiratory tract mucosa and cause an imbalance in local microbial community, which 
would subsequently initiate the oncogenesis of NSCLC. Regarding the cell cycle pathway, an 
uncontrolled cell cycle is acknowledged as one of the hallmarks of various cancers, including 
NSCLC [55]. We speculate that the target genes of miR-30d-5p might serve as constituents 
of cell cycle.

pathways to contribute to the dysregulated growth of NSCLC cells. Another pathway 
worth mentioning is the cysteine and methionine metabolism pathway. Abnormal cysteine 
and methionine metabolism has been linked to the formation of human cancers [56-58]. 
Several studies have elaborated on the methionine-dependency of tumors [56-58]. As shown 
in the study by Al-Awadi F et al., a decreased plasma cysteine level is significantly associated 
with the growth in breast, prostate and pancreatic tumors implanted in nude mouse [59], 
indicating an effect of cysteine and methionine metabolism on the progression of caners. The 
participation of the target genes in pathways related to cysteine and methionine metabolism 
might conceivably predict biological events such as tumor proliferation or invasion in NSCLC.

In further analysis, we emphasized on hub genes, as they contained key information 
of the complicated interaction networks of the target genes. Although the regulatory 
relationship between miR-30d-5p and all 12 hub genes, except CCNE2, have not been 
recorded in the literature, several of these target genes have been reported to correlate 
with the malignant potential of NSCLC. Silencing of E2F3 by the tumor-suppressor miR-
449a induces the growth arrest and senescence of NSCLC cells [49]. Transfection of a CCNA1 
siRNA into NSCLC cell lines significantly increases the cell cycle arrest and apoptosis of 
NSCLC cells [60]. SKP2 overexpression in NSCLC tissues and the coordinate suppression of 
SKP2 by miR-3163 and Megs inhibit the growth of NSCLC tumors [61]. Decreased LDHA 
expression induced by ectopic miR-499a expression induces apoptosis and DNA damage 
when cells are exposed to ionizing radiation [62]. The growth of NSCLC cells is significantly 
retarded upon the inhibition of CDK6 expression via transfection of miR-137 [63]. These 
findings suggested a possible molecular mechanism underlying the role of miR-30d-5p in 
the pathogenesis of NSCLC and implied that the tumor-suppressor role of miR-30d-5p in 
NSCLC might be achieved by targeting these genes. Furthermore, validation from Pearson’s 
correlation analysis or the HPA database to provided indirect evidence for the possible 
regulatory relationship between miR-30d-5p and these hub genes. Dual-luciferase report 
assay confirmed CCNE2 to be directly targeted by miR-30d-5p, which strengthened the 
credibility of our prediction results. Our future studies should be directed at validating the 
regulatory relationship between miR-30d-5p and other target hub genes, as well as the 
functional roles of the hub genes in NSCLC through in vivo or in vitro experiments.
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Conclusion

We identified the down-regulation of miR-30d-5p expression in NSCLC and revealed 
that the tumor suppressor function of miR-30d-5p might be explained by its inhibitory effect 
on cell growth and the regulatory network of its target genes, which are involved in specific 
biological process and pathways.
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