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Abstract

Background
Recent evidence highlights that miR-493-3p serve as crucial regulators of tumorigenesis. Nevertheless, the
expression and clinical roles of miR-493-3p has been rarely reported in non-small cell lung cancer (NSCLC). Thus,
this study was aim to investigate the expression status and potential mechanism of miR-493-3p in NSCLC
progression.

Methods
We initially examined the expression of miR-493-3p in NSCLC through The Cancer Genome Atlas (TCGA)
database and Gene Expression Omnibus (GEO) microarrays. The overlap of the conjecture miR-493-3p target
genes and down-regulated genes in NSCLC from TCGA were identi�ed as the possible miR-493-3p target genes.
Gene Ontology (GO), Kyoto Encyclopedia of Genes and Genomes (KEGG) analyses and protein-protein interaction
(PPI) network were constructed to explore the biological function and hub genes of miR-493-3p targets. The
expression pattern and prognosis value of key hub genes were examined by Genotype-Tissue Expression (GTEx)
database, The Human Protein Atlas and Kaplan- Meier Plotter database.

Results
miR-493-3p was signi�cantly increased in NSCLC tissues and connected with tumor stage in TCGA and GEO
database. A total of 46 genes were identi�ed as miR-493-3p targets, and those involved in various key pathways
by GO and KEGG analysis. Furthermore, PH domain and leucine-rich repeat protein phosphatase 2 (PHLPP2) was
indicated of miR-493-3p key targets, which low-expressed in NSCLC and predicted better overall survival.

Conclusions
Our study emphasized that up-regulated miR-493-3p may target PHLLP2 and predicate worse prognosis of NSCLC
patients.

Background
As one of the most morbidity and mortality malignant tumor, NSCLC account for 85% of the all diagnosed lung
cancer, which can be further classi�ed to lung squamous cell carcinoma (LUSC), lung adenocarcinoma (LUAD)
and large cell lung cancer (LCLC) according to the histological morphology[1,2]. Although, traditional treatment
includes surgery, chemotherapy, radiotherapy and precise treatment such as target targeted therapy,
immunotherapy made remarkable progress in treatments of NSCLC, and many biomarkers such as programmed
death ligand 1 (PD-L1), tumor mutation burden (TMB) are regard as better prognostic or predictive biomarkers in
NSCLC, patient’s overall survival (OS) remains extremely low and unsatisfying[3-7]. Therefore, it is urgent to probe
the initiating factors and mechanism of NSCLC and to boost the level of diagnosis and treatment for NSCLC.
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miRNAs are a class of small non-coding RNA of approximately 20 nucleotides in size and can suppress the
expression of multiple target genes through post-transcriptional regulation [8,9]. Recent studies have identi�ed
that miRNAs can act as tumor promoters or suppressors, and play pivotal roles in multiple malignant phenotype
of tumors, including propagation, differentiation, chemotherapy-resistant, invasion and metastasis[10-14]. The
different expression of miRNAs predict different prognosis in different caners[15,16], as well as NSCLC[17].
Despite these achievements, there is still much thought provoking mechanism urgent to explore between miRNAs
and tumors.

miR-493-3p, which has been extensively studied in multiple cancers, such as breast cancer[18], liver cancer[19],
osteosarcoma[20], pancreatic cancer[21], melanoma[22]. Most studies showed that the lower expression of miR-
493-3p acted as a cancer suppressor and associated with poor prognosis[23,24]. However, other studies reported
that up-regulated expression of miR-493-3p portend a poor prognosis[25]. Likewise, previous researches have
showed silencing miR-493-3p expression increases the chemotherapy resistance in lung cancer[26]. However, the
expression and speci�c role of miR-493-3p, as well as clinical parameters in NSCLC has not yet been elucidated.

Hence, this study was performed to ascertain the correlations between miR-493-3p expression and
clinicopathologic parameters, the hub target genes of miR-493-3p and its clinical prognostic signi�cance in
NSCLC by series public database platform (Fig. 1). This study was aim to provide comprehensive information on
the role of miR-493-3p in NSCLC progression.

Methods
Investigating the expression of miR-493-3p in TCGA database

miRNA gene sequencing of miR-493-3p in NSCLC and paracancerous tissues (PCT) were downloaded from TCGA
database (https://cancergenome.nih.gov/). Then, we normalized the expression value of miR-493-3p by log2
transformation. The differences of miR-493-3p expression in the NSCLC tissues and the PCT were analyzed by
SPSS Statistics V22.0. Kaplan-Meier methods were used to assess the overall survival (OS) of NSCLC patients
with miR-493-3p high or low expression.

Analysis the expression status of miR-493-3p by GEO database

We screened and downloaded microarray data connected with miR-493-3p expression of NSCLC in the GEO
database (http://www.ncbi.nlm.nih.gov/geo/) deadline to September t 1th, 2019 with those search terms:
(microRNA OR miRNA) AND Lung AND (cancer OR tumor ). The inclusion criteria for research were as follows: (1)
all cases were diagnosed NSCLC by pathological diagnosis; (2) each microarray has more than three NSCLC
samples; (3) the expression information for miR-493-3p in NSCLC was reachable. All miR-493-3p expression
values ware log2-transformed. Unpaired student’s t-test was performed to analyze the expression status of miR-
493-3p in NSCLC and paracancerous tissues.

Comprehensive meta-analysis the expression of miR-493-3p in GEO data

The expression mean (M) and standard deviation (SD) of miR-493-3p of eligible GEO microarrays were
extracted to make comprehensive meta-analysis by Stata 12.0 software. Data in GEO microarrays were combined
to obtain a value of standardized mean difference (SMD) and 95% con�dential interval (CI) in forest plots. For the
results of χ2 test, when P < 0.01 and I² > 50%, GEO microarrays are signi�cant heterogeneity, using the random

http://www.ncbi.nlm.nih.gov/geo/
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effects model to the pooling process. Sensitivity analyses were performed to assess the potential impact of
microarrays in the heterogeneity. Then, publication bias was examined using funnel plots and the presence of
asymmetry was assessed with Begg’s and Egger’s tests.

Bioinformaticsprediction of miR-493-3p targets

miRWalk 2.0 (http://zmf.umm.uni-heidelberg.de/apps/zmf/mirwalk2/), an open online miRNA target genes
prediction website that including 12 prediction databases. The target genes of miR-493-3p were screened by
miRWalk must more than six prediction databases. Moreover, we extracted down-regulated genes in NSCLC by
TCGA database through Gene Expression Pro�ling Interactive Analysis (GEPIA) (http://gepia.cancer-pku.cn/). The
overlapping genes, between miRWalk2.0 predicted target genes and down-regulated genes in TCGA database
were identi�ed promising target genes of the miR-493-3p, and were used in the further functional research.

GO and KEGG clustering analysis of miR-493-3p target genes

The database for Annotation, Visualization and Integrated Discovery (DAVID) (
https://david.ncifcrf.gov/home.jsp), an online tool to perform the gene ontology (GO) analysis and the Kyoto
Encyclopedia of Genes and Genomes (KEGG) analysis of miR-493-3p target genes in NSCLC. GO analysis is
mainly composed by three parts as biological processes (BPs), cellular components (CCs) and molecular
functions (MFs). The enrichment pathways were further optimizing by R package.

PPI network construction and hub target genes selection

The Search Tool for the Retrieval of Interacting Genes (STRING) (http://string-db.org/cgi/input.pl), which was
used to construct a PPI network of miR-493-3p target genes. In addition, cytoHubba java plugin in Cytoscape
v3.7.1 were employed to �lter most likely hub genes in the PPI network.

Validating the expression and prognosis value of hub target genes

GEPIA was performed to describe the expression status of hub target genes of miR-493-3p in NSCLC and PCT, and
the results present in box plots. Moreover, we investigated proteins expression status and clinical prognostic
signi�cance of hub target genes in NSCLC and PCT through The Human Protein Atlas
(https://www.proteinatlas.org/) and the Kaplan Meier-plotter (https://kmplot.com/analysis/).

Results
Validation the clinicopathological value of miR-493-3p expression in NSCLC through TCGA database

In total, 500 samples of LUAD patients, 470 samples of LUSC patients, and 89 samples of PCT were collected
from TCGA database. The miR-493-3p expression whether in LUAD, LUSC or in NSCLC, were remarkably up-
regulated in tumor tissues compare with the normal controls (Fig. 2A-C). Moreover, we also performed Kaplan–
Meier curve to investigate the in�uence of miR-493-3p expression on OS. No matter in LUAD, or in LUSC, there
were no signi�cant difference in OS between the patients with high miR-493-3p expression and the one with low
levels with the p-values were all smaller than 0.05 (Fig. 2D-F). In addition, we also analyzed the correlation
between miR-493-3p expression and clinicopathologic parameters of NSCLC, including age, gender, tumor stage,
lymph node status and metastasis. As can be seen in Tables 1 and Tables 2, female patients (2.2581±1.2951)

https://david.ncifcrf.gov/home.jsp
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had a higher expression level of miR-493-3p than male patients (2.0294±0.9327) in LUAD, and LUSC patients in
stages I–II (2.5992±1.2113) had a higher expression level of miR-493-3p than those in stages III–IV
(2.1763±0.9168). As for NSCLC patients, were composed by LUAD and LUSC patients, there was the signi�cance
in the statistics for the stages I–II (2.3717±1.1954) had a higher expression level of miR-493-3p than those in
stages III–IV (2.1703±1.0768) (Table 3).

Con�rmation the expression and meta-analysis of miR-493-3p in GEO database

After the selection criteria, we identi�ed 12 eligible microarrays from the GEO database for further analysis,
essential information and features of the included microarrays are depicted in Table 4. The expression of miR-
493-3p for NSCLC in each of the included GEO database are illustrated in Fig. 3, the results indicated that the
NSCLC patients had a prominently higher expression level of miR-493-3p than PCT in GSE27486, GSE15008 and
GSE93300 (Fig. 3A-C), but no signi�cance in other microarrays (Fig. 3D-L).To further con�rm the expression of
miR-493-3p in 12 included GEO database, a meta-analysis was performed. The heterogeneity test suggested
prominent heterogeneity among included GEO database (p < 0.05, I2 = 70.2%). Hence, the random effects model
was performed, as shown in Fig.4A, the forest plot of pooled SMD is 0.31 and 95% CIs is 0.07 to 0.54, which
showed NSCLC tissues had higher miR-493-3p expression than PCT. Moreover, no GEO database led to a
signi�cant deviation from the overall pooled results through sensitivity analysis (Fig. 4B). Regarding publication
bias, Bgger’s test (p=0.150) and Egger’s test (p=0.699) indicated there was no evidence of publication bias among
all included GEO databases (Fig. 4C-D).

Collection the potential target genes of miR-493-3p by bioinformatics analyses

2103 potential targeted genes of miR-493-3p in NSCLC predicted by more than six prediction databases were
obtained from miRWalk 2.0. In addition, a total of 1108 low-expressed genes in LUAD and 1920 low-expressed
genes in LUSC were obtained from GEPIA. After intersection, 33 potential target genes of miR-493-3p were sorted
out (Fig. 5A). Moreover, we screened literatures relevant to miR-493-3p targeted genes in the PubMed, and
indenti�ed 13 target genes of miR-493-3P including: AKT2, STK38L, HMGA2, E2F5, ETS1, FAM168A, PHLPP2,
RSPO2, SP1, ANTXR1, STMN-1, KCNH2, ZFX [19-21,26-30]. Ultimately, a total of 46 potential target genes of miR-
493-3p were identi�ed for further analysis.

GO and KEGG enrichment analysis of potential target genes

To further explore the biological functions of miR-493-3p target genes, GO and KEGG analysis were performed by
DAVID. For the GO analysis, 3 terms were gathered for biological processes (BPs) including hepatocyte
proliferation (GO:0072574), epithelial tube branching involved in lung morphogenesis (GO:0060441), regulation of
microtubule polymerization or depolymerization (GO:0031110), 3 terms were gathered for cellular components
(CCs) including: cell surface (GO:0009986), transcription factor complex (GO:0005667), chromosome, centromeric
region (GO:0000775), 3 terms were gathered for molecular functions (MFs) including: transcription factor activity
and sequence-speci�c DNA binding (GO:0003700), transcription factor activity and RNA polymerase II core
promoter proximal region sequence-speci�c binding (GO:0000982), DNA binding(GO:0003677) (Fig. 5B). For the
KEGG analysis, 11 signi�cant pathways were identi�ed involving in NSCLC, cell cycle, PI3K-Akt signaling pathway,
etc (Fig. 5C).These GO and KEGG enrichment pathways may be the key regulatory mechanisms of miR-493-3p in
NSCLC progression.
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Construction the PPI network and validation of hub genes

To further explore the hub genes of miR-493-3P targets, a PPI network comprises 45 nodes and 17 edges was
constructed on STRING (Fig. 6), a single gene can connect with several genes, this intersect can form a functional
complex involved in NSCLC progression. Moreover, we identi�ed 9 hub genes of miR-493-3P (MKI67, MAD2L1,
FEN1, SKA3, E2F1, SP1, ETS1, PHLPP2, TGFA) using MCODE module analysis in Cytoscape v3.7.1. The
expression of 9 hub genes in NSCLC were analyzed in GEPIA, and found that two genes (PHLPP2, ETS1) lowly
expressed in 486 LUSC patients and 483 LUAD patients compare to normal tissues(Fig. 7A-B), others found not
dramatically different or higher expressed in NSCLC than normal tissues(Fig. 7C-I). Since miR-493-3p is
overexpressed in NSCLC, the target genes of miR-493-3p are most likely low-expressed in NSCLC. However, ETS1
exhibits contradicted with the previous researches for highly expressed in NSCLC tissues compared with normal
tissues [31-33]. Therefore, PHLPP2 was most likely to become target gene of miR-493-3p.

To assess the prognostic value of PHLPP2, we explore PHLPP2 protein expression in the Human Protein Atlas
database, and found PHLPP2 was down-regulated in LUAD and LUSC compared to normal tissues (Fig.8A).
Moreover, Kaplan-Meier curve analysis were performed to estimate the clinical prognostic signi�cance of PHLPP2,
the results indicated that high expression of PHLPP2 predict signi�cantly longer survival (Fig. 8B).

Discussion
NSCLC, consisted of LUAD and LUSC chie�y, remains the leading reason of cancer mortality worldwide. Until the
last decade, the 5-year overall survival rate for patients with metastatic NSCLC was less than 5%[34]. Further
understanding of the biology molecular mechanism and �nding new biomarks of NSCLC may provide novel
therapeutic targets. Although previous study have documented miR-493-3p involved in the progression of
NSCLC[35], the expression and molecular mechanism of miR-493-3p in NSCLC progression still not been clari�ed.
In this study, we intended using a comprehensive bioinformatics analysis to investigate the expression, targets
genes and potential molecular mechanism of miR-493-3p in NSCLC progression.

As one of the noncoding RNAs, microRNAs (miRNAs) are novel gene regulators that target the 3’-UTR of
downstream mRNAs to accelerate their degradation and/or block their translations via seed region matching.
Current studies have reported that miR-493-3p differentially expressed in multiple cancers, and had been de�ned
as tumor suppressor which inhibits the progressions of several types of cancers. For example, miR-493-3p had
been found down-regulated in leukemia cells and could affect leukemogenesis, clonogenic and stemness
capacities[36]. Wang et al. revealed that miR-493-3p downregulated in laryngeal squamous cell carcinoma(LSCC),
and LINC01605 directly target at miR-493-3p to promote LSCC proliferation[37]. Xu et al. found that miR-493-3p
was downregulated in prostate cancer cells and regulated the expression of YTHDF2, which indirectly regulated
N6-methyladenosine modi�cation to inhibit the proliferation and migration abilities of prostate cancer cells[38].
However, the expression pattern and speci�c molecular mechanisms of miR-493-3p in NSCLC were still unclear.

In present study, up-regulated expression of miR-493-3p was identi�ed in NSCLC by TCGA and GEO database.
This results hints miR-493-3p may act as a tumor promoter in NSCLC progression. Although the Kaplan-Meier
curves showed no signi�cance difference between the low-expression miR-493-3p patients and the high-
expression miR-493-3p patients from TCGA database, the clinical correlation analysis revealed that female
patients had a higher expression of miR-493-3p than male patients in LUAD, and high expression of miR-493-3p
was related to the tumor stages in LUSC patients. Moreover, the meta-analysis indicated NSCLC patients had
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higher miR-493-3p expression than non-tumor patients in GEO database. Due to that miR-493-3p function with
target genes, bioinformatics analyses were performed to discover the potential target genes and speci�c
molecular mechanisms of miR-493-3p in NSCLC. Based on miRWalk2.0 and GEPIA, the intersection including 33
potential target genes were selected, and 13 target genes of miR-493-3P through literature screening and
extraction. Finally, a total of 46 candidate target genes were identi�ed.

To con�rm the functions of 46 target genes, GO and KEGG enrichment analyses were performed. As for the GO
enrichment analysis, we found that hepatocyte proliferation, epithelial tube branching involved in lung
morphogenesis and regulation of microtubule polymerization or depolymerization were the main functions for
BPs, and the functions including cell surface, transcription factor complex, chromosome, centromeric region were
the main terms for CCs, 3 terms were the main functions for MFs including transcription factor activity and
sequence-speci�c DNA binding, transcription factor activity and RNA polymerase II core promoter proximal region
sequence-speci�c binding, DNA binding. For the KEGG analysis, we identi�ed 11 signi�cant pathways that might
play vital functions in NSCLC progression, including PI3K-Akt signaling pathway, cell cycle. This results consistent
with the previous research about miR-493-3p functions in tumor progression, xu et al. revealed that miR-493-
3p acts as a negative regulator in hepatocellular carcinoma progression which suppressed the expression of
ANTXR1 and RSPO2[39]. Yu et al. also revealed that miR-493-3p can inactive the PI3K-Akt pathway to inhibited
proliferation and metastasis of osteosarcoma cells[40]. Those signi�cant GO and KEGG enrichment pathways
indicated that those target genes of miR-493-3p may pay important role in NSCLC progression.

Basis on the PPI network, nine hub genes (MKI67, MAD2L1, FEN1, SKA3, E2F1, SP1, ETS1, PHLPP2, TGFA) were
identi�ed. Since miR-493-3p is up-regulated in NSCLC, the target genes of miR-493-3p have greater potential low-
expressed in NSCLC, so we found ETS1 and PHLPP2 were lowly expressed in NSCLC patients compare with the
normal tissues through GEPIA database, but EST1 was opposite to the previous studies for high expression in
NSCLC tissues[41-43], PHLPP2 lowly expressed in NSCLC tissues and consistent with the previous studies[44,45] ,
and we also fund PHLPP2 lowly expressed in LUAD and LUSC tissues compare to normal lung tissues through
Human Protein Atlas database. Moreover, Kaplan-Meier curve analysis indicated that NSCLC patients with high
expression of PHLPP2 had a better OS. Therefore, PHLPP2 may be the most likely target gene of miR-493-3p.
PHLPP2 catalyzes the dephosphorylation of Akt kinase, reduces the activity and expression level of Akt to
suppress tumor growth[46]. Previous studies have showed that PHLPP2 expression is ubiquitously lost in multiple
cancers and plays a key role in a wide range of biological behavior, such as cancer cell propagation, metastasis,
autophagy and apoptosis[47-49]. As for NSCLC, wang et al, found PHLPP2 expression less pronounced in NSCLC
tissue samples than that in non-tumor lung tissues and associated with the presence of lymph node
metastasis[44]. Mei et al, found that the up-regulated miR-141 can direct target and suppress PHLPP2 to promote
the proliferation of NSCLC[50]. Therefore, miR-493-3p might target at PHLPP2 to play an important role in NSCLC
progression.

Conclusion
This research demonstrated that miR-493-3p was highly expressed in NSCLC and might target at PHLPP2 to
promote NSCLC progression based on online, comprehensive, large database. Certainly, much effort and research
is still needed to verify the functions of miR-493-3p in NSCLC progression, which is a challenging but promising
task. Those �ndings suggest miR-493-3p might function as a latent tumor biomarker in the prognosis prediction
for NSCLC, and pave the way for clinical NSCLC treatment and future molecular mechanism exploration.
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 Table 1 Association between miR-493-3p expression and clinicopathological parameters in LUAD patients
based on TCGA data.

Clinicopathological  n mean±SD p-value

Tissue Adjacent normal tissue 44 1.2560±0.5629 <0.0001

  LUAD 512 2.1510±1.1456  

Age <60 135 2.1694±0.8387 0.841

  ≥60 365 2.1462±1.2426  

Gender Female 269 2.2581±1.2951 0.026

  Male 231 2.0294±0.9327  

Tumor stage Stage - 393 2.1489±1.1363 0.8939

  Stage - 107 2.1656±1.1887  

T T1-T2 433 2.1873±1.1819 0.0846

  T3-T4 67 1.9276±0.8623  

N No 322 2.1844±1.1885 0.4028

  Yes 178 2.0947±1.0676  

M No 341 2.1330±1.1122 0.5788

 Yes 159 2.1942±1.2194  

 T, tumor; N, lymph node; M, metastasis; SD, standard deviation
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Table 2 Association between miR-493-3p expression and clinicopathological parameters in LUSC patients
based on TCGA data.

Clinicopathological  n mean±SD p-value

Tissue Adjacent normal tissue 45 1.9233±0.6484 <0.0001

  LUSC 471 2.5227±1.1749  

Age <60 85 2.6451±1.2068 0.2886

  ≥60 385 2.4957±1.1660  

Gender Female 122 2.3964±1.1113 0.1674

  Male 348 2.5670±1.1932  

Tumor stage Stage - 385 2.5992±1.2113 0.0026

  Stage - 85 2.1763±0.9168  

T T1-T2 381 2.5612±1.1944 0.1416

  T3-T4 89 2.3580±1.0719  

N No 297 2.5885±1.2215 0.1113

  Yes 173 2.4097±1.0809  

M No 386 2.4724±1.2144 0.0464

 Yes 84 2.7538±0.9391  

T, tumor; N, lymph node; M, metastasis; SD, standard deviation
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Table 3 Association between miR-493-3p expression and clinicopathological parameters in NSCLC patients
based on TCGA data.

Clinicopathological  n mean±SD p-value

Tissue Adjacent normal tissue 89 1.5934±0.6932 <0.0001

  NSCLC 982 2.3299±1.1745  

Age <60 220 2.3532±1.0237 0.7595

  ≥60 750 2.3256±1.2165  

Gender Female 391 2.3013±1.2408 0.5057

  Male 579 2.3525±1.1279  

Tumor stage Stage - 778 2.3717±1.1954 0.0334

  Stage - 192 2.1703±1.0768  

T T1-T2 814 2.3622±1.2023 0.0655

  T3-T4 156 2.1731±1.0101  

N No 619 2.3786±1.2212 0.101

  Yes 351 2.2499±1.0842  

M No 727 2.3132±1.1798 0.3931

 Yes 243 2.3876±1.1613  

T, tumor; N, lymph node; M, metastasis; SD, standard deviation
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Table 4 Features of the enrolled GEO datasets in current study.

Database Platform Year Type NSCLC Normal P-value

n M SD n M SD

GSE16025 GPL5106 2013 Tissue 61 5.5579 0.2822 10 5.5354 0.2223 0.814

GSE15008 GPL8176 2012 Tissue 187 7.139 1.3113 188 6.3309 1.1693 <0.001

GSE61741 GPL9040 2017 Blood 58 4.9729 1.0887 79 4.8683 1.4451 0.646

GSE46729 GPL8786 2014 Blood 24 3.9499 0.1683 24 4.0158 0.248 0.297

GSE14936 GPL8879 2012 Tissue 18 7.6915 0.5865 17 7.4566 0.4502 0.208

GSE25508 GPL7731 2014 Tissue 24 6.1212 0.1668 34 6.0486 0.2493 0.227

GSE27486 GPL11432 2012 Blood 22 0.7677 0.1928 13 0.6259 0.1592 0.037

GSE36681 GPL8179 2019 Tissue 103 9.4005 0.6475 103 9.3104 0.9049 0.414

GSE40738 GPL16016 2019 Blood 82 0.5279 0.1139 59 0.5029 0.1229 0.153

GSE63805 GPL18410 2016 Tissue 32 4.8243 0.7155 31 4.6832 0.7668 0.4637

GSE74190 GPL19622 2015 Tissue 66 0.2172 0.0483 44 0.1994 0.0481 0.802

GSE93300 GPL21576 2017 Blood 9 -6.044 0.3318 4 -8.187 0.5109 0.004

 M, mean; SD, standard deviation

Figures
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Figure 1

Overall �ow chart. The current study were comprehensively analyzed based on multiple online database:
validation miR-493-3p expression in NSCLC by TCGA and GEO databases, collection of the possible miR-493-3p
target genes and potent molecular mechanism through GEPIA, MiRWalk2.0, DAVID, STRING, and GEPIA
databases.
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Figure 2

Expression and Kaplan-Meier survival curves of miR-493-3p in NSCLC based on TCGA data. A. miR-493-3p
expression in LUAD and PCT. B. miR-493-3p expression in LUSC and PCT. C. miR-493-3p expression in NSCLC and
PCT. Overall survival curve of miR-493-3p expression in D.LUAD patients, E. LUSC patients, F. NSCLC patients.
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Figure 3

Expression of miR-493-3p in NSCLC patients based on GEO datasets. A. GSE27486, B. GSE15008, C. GSE93300,
D. GSE61741, E. GSE46729, F. GSE14936, G.GSE25508, H. GSE63805, I. GSE16025, J. GSE36681, K. GSE40738, L.
GSE74190.
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Figure 4

Meta-analysis of miR-493-3p expression in GEO database. A. Forest plot of GEO chips. The pooled standard mean
deviation of 0.31 (95%CI: 0.07, 0.54) with great heterogeneity (I2 = 70.2%, p <0.05). B. Sensitivity analysis of GEO
chips. C.A funnel plot was applied to evaluate the publication bias of GEO chips (Begg’s test, p = 0.15). D.A funnel
plot was applied to evaluate the publication bias of GEO chips (Egger’s test, p = 0.44).
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Figure 5

Collection the potential target genes of miR-493-3p, performing GO and KEGG enrichment analysis. A. Venn
diagrams of potential target genes of miR-493-3p, showing the intersection (n=33) between different groups,
miRWalk2.0 forecast target genes (n=2103) and TCGA low-expressed genes in LUAD (n=1108) and in LUSC
(n=1920). B. GO enrichment analysis. C. KEGG enrichment analysis. The x-axis represents the ratio of involved
genes, and the y-axis represents the GO and KEGG terms. Each bubble represents a term. The size of the bubble
indicates the number of involved genes. Lighter colors indicate smaller P values.
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Figure 6

The PPI network of possible miR-493-3p target genes in NSCLC. Each node represents a gene-encoded protein,
while lines between the nodes represent protein associations.
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Figure 7

Expression of nine hub genes in LUSC (T, n=486) and normal tissues (N, n=338), LUAD (T, n=483) and normal
tissues (N, n=347) based on GEPIA. A. PHLPP2, B. ETS1, C. SP1, D. SKA3, E. FEN1, F. TGFA, G.MAD2L1, H.MKI67, I.
E2F1.
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Figure 8

Protein expression and Kaplan-Meier survival curves of PHLPP2. A. Median staining of PHLPP2 in lung normal
tissue, LUAD, LUSC (up: magni�cation of 4×10, down: 4×100). B. OS survival curve of NSCLC patients based on
PHLPP2 expression level (P = 0.0058).


