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Background: Non-syndromic cleft lip with or without cleft palate (NSCL/P) is a common
craniofacial birth defect. Growing evidence has demonstrated the competing endogenous
RNA (ceRNA) hypothesis has played a role in the pathogenesis of NSCL/P. Here, we
identified the important IncRNAs in NSCL/P and constructed a ceRNA regulatory network
to predict their underlying functional mechanism.

Methods: Total RNA isolated from the peripheral blood samples were analyzed by the
Human Clariom D Affymetrix platform and differentially expressed genes (DEGs) were
identified. Using the limma package in R software, DEGs in the expression profile of
GSE42589 were identified from Gene Expression Omnibus (GEO) database. Co-differen-
tially expressed IncRNAs (co-DEIncRNAs) were used to predict the microRNAs that may
bind to them. Co-differentially expressed mRNAs (co-DEmRNAs) were subjected to Gene
Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway enrich-
ment analyses. The hub genes were screened using the cytohubba plug-in in Cytoscape. A
ceRNA network was built to investigate the molecular mechanism underlying the etiology of
NSCL/P. The expression levels of IncRNAs, miRNAs, and mRNAs in the network were
assessed by quantitative real-time polymerase chain reaction (QRT-PCR).

Results: We found 116 DEIncRNAs and 2955 DEmRNAs from the GSE42589 dataset, and
2626 DEIncRNAs and 2771 DEmRNAs from the Human Clariom D gene chip. A network of
co-DEmRNAs containing 3712 edges and 621 nodes were identified by PPI analysis. A
ceRNA regulatory network comprising IncRNA USP17L6P, hsa-miR-449¢-5p, and MYC
was established. qRT-PCR results revealed significantly lower expression levels of IncRNA
USP17L6P and c-Myc in NSCL/P tissues, while the expression level of hsa-miR-449¢c-5p
was higher as compared to control samples (p < 0.05).

Conclusion: The identified IncRNAs and the established ceRNA regulatory network pro-
vide novel insight into the pathogenesis of NSCL/P, therefore hold great promise in NSCL/P
management in clinical practice.
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Introduction

Non-syndromic cleft lip with or without cleft palate (NSCL/P) is regarded among
the most prevalent neonatal craniofacial defects.! Affected by factors, including
race, geographic location, economic status, etc., the birth prevalence of NSCL/P is
estimated at the level of 3.4 to 22.9 per 10,000 births globally, the incidence of
which is 1.82/1,000 live births in China.? Other than impacting patient’s pronuncia-
tion, hearing, aesthetics, and systemic health, NSCL/P is associated with a heavy
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economic burden to the patient’s family and society owing
to the huge surgical cost. Previous evidence shows that the
etiology of NSCL/P is extremely complex and the key
cause of the diseases is the interaction between genetics
and the environment during embryonic development.®

Non-coding RNAs (ncRNAs) are described as RNAs
that are not translated into protein, including small nuclear
RNA (snRNA), transfer RNA (tRNA), microRNA
(miRNA), circular RNA (circRNA), PIWI-interacting
RNA, and long non-coding RNA (IncRNA).* Mature
miRNAs inhibit messenger RNAs (mRNAs) and exert
negative regulatory effects on gene expression through
specific binding to their 3'-UTRs. Mounting evidence has
demonstrated the essential roles of miRNAs in numerous
biological processes, including embryonic development,
cell proliferation, and differentiation.® Some researchers
have revealed a close association between abnormal
miRNA expression and the pathogenesis of NSCL/P. For
instance, miR-106a-5p was found to increase the apoptosis
level of palatal mesenchymal cells by regulating the
expression of the target gene TGFBR2, and this influenced
the occurrence of cleft palate.” More evidence indicates
that miR-374a-5p, miR-4680-3p and miR-133b inhibit the
proliferation of palatal mesenchymal cells by regulating
the expression of RUNX2, WNT5A, BMP2, MSX1, and
other cleft palate-related genes.”

IncRNAs are >200 nt non-coding RNA lacking pro-
tein-coding function. IncRNAs can be used as a decoy or
sponge to regulate the behavior of miRNAs, thereby reg-
ulating the expression of target genes at transcription, post-
transcription, and epigenetics levels.”'® Studies have illu-
strated the essential roles of differentially expressed
IncRNAs in various cellular and pathologic processes
related to NSCL/P.'""'> However, comprehensive analyses
of NSCL/P-associated IncRNAs and miRNAs in the con-
text of a ceRNA network are relatively scanty. The dis-
covery of the ceRNA regulatory network can enrich our
understanding and provide new insights into NSCL/P
pathogenesis.

Using the Clariom D Human chip technology, we,
herein, identified DEGs in peripheral blood samples from
NSCL/P patients and healthy volunteers. DEIncRNAs and
DEmRNAs between dental pulp stem cells of NSCL/P
patients and matched normal dental pulp stem cells were
further identified from the gene expression profile of
GSE42589 in the GEO database. Through GO enrichment
and KEGG pathway analyses, we explored the major
biological functions of the co-DEmRNAs. The hub genes

related to NSCL/P were screened based on the PPI net-
work and integrated to co-DEIncRNA to establish a
IncRNA-miRNA-mRNA regulatory network. Last but not
least, the expression levels of IncRNAs, miRNAs, and
mRNAs were verified in the constructed ceRNA regula-
tory network through qRT-PCR. The relevant biological
functions and signal pathways of mRNAs in the network
were explored via single-gene GSEA analysis.

Materials and Methods
Patients Recruitment and Samples

Collection

The collection of clinical samples was carried out in
accordance with the Declaration of Helsinki. The Ethics
Committee of Beijing Stomatological Hospital Affiliated
to Capital Medical University (Beijing, China) approved
this study, and informed consent was obtained from
patients and their families before sampling. A total of 31
subjects, including 16 healthy volunteers and 15 NSCL/P
patients who were hospitalized in the Department of
Plastic ~ Trauma  surgery,
Stomatological Hospital, Capital Medical University
between July 2020 and March 2021, were enrolled in the
study. The inclusion criteria of NSCL/P patients include:
(1) Patients diagnosed with NSCL/P without congenital
malformations of other system organs; (2) patient’s family

Maxillofacial Beijing

members without a history of other genetic diseases.
Fasting blood samples were collected on the morning of
the third day of admission in BD Vacutainer K2EDTA test
tubes using a 21-gauge needle. Eleven samples (6 controls
and 5 NSCL/P) were used for Human Clariom D micro-
array analysis, whereas the remaining 20 samples (10
controls and 10 NSCL/P) were used for qRT-PCR.
Information of all participants is listed in Table 1.

Microarray Analysis

Total RNA was extracted using the miRNeasy mini kit
(Qiagen GmbH, Hilden, Germany) according to the man-
ufacturer’s instructions. Protocols for cRNA preparation,
sample hybridization, and scanning followed those pro-
vided by Affymetrix using a Cogentech Affymetrix micro-
array unit (Campus IFOM IEO, Milan, Italy). Samples
were hybridized on Human Clariom D (Thermo Fisher
Scientific) gene chip. Background-adjustment, normaliza-
tion, and log-transformation of signals intensity were per-
formed with the Signal Space Transformation-Robust
Multi-Array Average algorithm (RMA). Raw data were
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Table | Information About the Participants

Group Age (Months) | Gender | Sample Classification
NSCL/P | 6 Male Human Clariom D array
NSCL/P | 8 Female Human Clariom D array
NSCL/P 16 Female Human Clariom D array
NSCL/P | 5 Male Human Clariom D array
NSCL/P | 22 Male Human Clariom D array
NSCL/P | 3 Female Real-time PCR
NSCL/P | 8 Male Real-time PCR
NSCL/P 10 Female Real-time PCR
NSCL/P 14 Male Real-time PCR
NSCL/P | 9 Male Real-time PCR
NSCL/P 17 Female Real-time PCR
NSCL/P I Male Real-time PCR
NSCL/P 19 Male Real-time PCR
NSCLP | 7 Female Real-time PCR
NSCL/P 13 Male Real-time PCR
Control 16 Female Human Clariom D array
Control | 21 Female Human Clariom D array
Control 15 Male Human Clariom D array
Control | 21 Female Human Clariom D array
Control | 24 Male Human Clariom D array
Control | 31 Male Human Clariom D array
Control 18 Male Real-time PCR
Control | 23 Male Real-time PCR
Control | 27 Female Real-time PCR
Control | 7 Male Real-time PCR
Control 16 Female Real-time PCR
Control | 20 Female Real-time PCR
Control 18 Male Real-time PCR
Control | 25 Female Real-time PCR
Control | 29 Male Real-time PCR
Control | 34 Male Real-time PCR

analyzed by transcriptome analysis console (TAC) 4.0
software (Applied Biosystems, Foster City, CA, USA)
awaiting further analysis. Genes with >1.5-fold-change
(FC) and p <0.05 were considered to be significantly

differentially expressed.

Acquisition and Processing of Gene
Expression Data in Public Datasets
The gene expression profile of GSE42589 was retrieved
from the GEO (https:/www.ncbi.nlm.nih.gov/geo) of
NCBI. GSE42589, including seven dental pulp stem cell
samples of NSCL/P and six, matched normal dental pulp

stem cell samples were processed in the GPL6244 plat-
form (Affymetrix Human Gene 1.0 ST Array). Raw CEL
files of the microarray from GSE42589 were normalized
using RMA in the R affy package. Normalized gene

expression levels were presented as log2-transformed
values by RMA. DEGs were identified by comparing
NSCL/P and normal samples via the R limma package.
Genes that met the cutoff criteria, a p-value < 0.05 and a |
FC |> 1.5, were considered as DEGs.

GO and KEGG Functional Enrichment
Analysis of Co-DEmRNAs

GO annotation and KEGG enrichment analyses were per-
formed using R packages (clusterProfiler, enrichplot, and
geplot2) to reveal significant functional genes and biological
pathways of co-DEmRNAs. Significantly enriched terms
were determined at p-value < 0.05 and g-value < 0.05.

Protein-Protein Interaction (PPI)
Network Analysis and Hub Gene

Identification

To gain insights into the interactions of co-DEmRNAs, a
PPI network was constructed and analyzed using the
STRING (https://stringdb.org/) tool to explore the mole-
cular mechanisms underlying NSCL/P (combined score

>0.4). The hub genes were screened according to the cut-
off criteria of degree calculated by cytoHubba in
Cytoscape (version 3.8.1).

Construction of the ceRNA Network

To establish the IncRNA-associated ceRNA network in
NSCL/P, miRNA-IncRNA interactions were evaluated in
the miRcode (http://www.mircode.org/info.php) database.
miRDB (version 6.0), miRTarBase (version V.8) and
TargetScan (release 7.2) were subsequently employed to

retrieve miRNA-targeted mRNAs. The main analysis pro-
cess of this method is illustrated in Figure 1.

Gene Set Enrichment Analysis (GSEA)

Gene set enrichment analysis (GSEA) of mRNA in the
ceRNA regulatory network was performed to investigate
the biological pathways related to NSCL/P pathogenesis.
GSEA generated an ordered list of all genes based on their
correlation with mRNA expression in the ceRNA network.
Next, a predefined gene set receives an enrichment score
(ES), which is a measure of statistical evidence rejecting
the null hypothesis that its members are distributed randomly
in the ordered list. mRNA expression level in the ceRNA
network was employed as the phenotype label. “Metric for
ranking genes” was set to Pearson Correlation, while all other
basic and advanced fields were set to default. C5. GO. v7.4
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Figure | Main steps of the construction of the regulatory network in NSCL/P.

gene sets, C2. CP. KEGG.v7.4 gene sets and Hallmark col-
lections for enrichment analysis were obtained from the
Molecular Signatures Database (MSigDB). Of note, 1000
gene set permutations were used for each analysis.
Significant gene sets were determined using NOM at
p-value < 0.05 and FDR ¢g-value < 0.25.

gRT-PCR Validation

To verify the reliability of the constructed ceRNA regulatory
network, we used qRT-PCR to explore the expression levels of
IncRNAs, miRNAs, and mRNAs in the ceRNA network in
another 20 samples (10 controls and 10 NSCL/P). Total RNA
was extracted for each sample and the cDNA template was
a High-Capacity cDNA Reverse
Transcription Kit (Thermo Fisher Scientific, USA) according

synthesized using

to the manufacturer’s instructions. The following temperature
steps were used for reverse transcription reaction: Incubation
for 10 min at 25°C, followed by 120 min at 37°C, and reaction
termination by heating at 85°C for 5 min. qRT-PCR was

DEmMRNAs: differentially expressed mRNAs
DEIncRNAs: differentially expressed INcRNAs
co-DEmRNAs: co-differentially expressed mRNAs
co-DEIncRNAs: co-differentially expressed INcRNAs

performed on the Light-Cycler96 Sequence Detection system
(Roche Diagnostics, Basel, Switzerland) using SYBR™
GreenER™ gPCR SuperMix (Thermo Fisher Scientific,
USA). All samples were processed in triplicates. Reactions
were incubated in a 96-well optical plate at 95°C for 10 min,
followed by 40 cycles of 95°C for 10 sec and 60°C for 40 sec.
The sequences of the primers used are outlined in Table 2.
Relative expression levels were normalized to the expression
of U6 mRNA and calculated using the 2-**<" method. The
expression levels of IncRNAs, miRNAs, and mRNAs in nor-
mal and NSCL/P specimens were compared by the unpaired
Wilcoxon test. P<0.05 denoted a statistically significant
difference.

Results

Identification of DEGs in NSCL/P

A total of 116 DEIncRNAs (Figure 2A) and 2955 DEmRNAs
(Figure 2D) were identified from the GSE42589 dataset based
on the screening criteria, p <0.05 and [FC[>1.5. Besides, 2626

9934

Dove!

International Journal of General Medicine 2021:14


https://www.dovepress.com
https://www.dovepress.com

Dove

Wang et al

Table 2 Oligonucleotide Primers Used for Reverse Transcription-Quantitative Polymerase Chain Reaction Validation of Candidate

Noncoding RNAs and mRNAs in the Present Study

Gene

Primer Sequence (5'-3")

USPI7L6P

hsa-miR-449c-5p

c-Myc

F: TGCCTTGACATGCAGCCATA

R: GTGACCTCGGCATCATCCAT
F:GTCGTATCCAGTGCAGGGTCCGAGGTGCACTGGATACGACACAGCCG
R: TGCGGUAGGCAGUGUAUUGCUAGCG

F: TCTGGATCACCTTCTGCTGG

R: TGTTGCTGATCTGTCTCAGG

ué F: GCTTCGGCAGCACATATACTAAAAT

R: CGCTTCACGAATTTGCGTGTCAT

DEIncRNAs (Figure 2B) and 2771 DEmRNAs (Figure 2E)
were identified from the Human Clariom D microarray. After
filtering, 10 co-DEIncRNAs (Figure 2C) and 622 co-
DEmRNAs (Figure 2F) were identified between the
GSE42589 dataset and the Human Clariom D microarray.

Enrichment Analyses of the Co-
Differentially Expressed mRNAs

The functions of the co-DEmRNAs were explored via Go and
KEGG pathway enrichment analyses of the interacting of 622
co-DEmRNAs from GSE42589 and Human Clariom D

A GSE42589 B

Human Clariom D microarray c

microarray using the clusterprofiler package in R (version
3.6.3). GO analysis results demonstrated that the co-
DEmRNAs were mainly enriched in BP (Biological
Process), including nuclear DNA replication, regulation of
DNA replication, regulation of response to DNA damage
stimulus, methylation; CC (Cellular Component), including
small nucleolar ribonucleoprotein complex, organelle outer
membrane, MCM complex, N-terminal protein acetyltransfer-
ase complex; MF (Molecular Function), including DNA heli-
DNA-dependent ATPase activity, DNA
replication origin binding, TFIID-class transcription factor

case activity,

GSE42589

Human Clariom D microarray
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Figure 2 DEGs between NSCL/P samples and control samples. (A) Volcano plot for the DEIncRNAs in dataset GSE42589. (B) Volcano plot for the DEIncRNAs in Human
Clariom D microarray. (C) Intersection of Human Clariom D microarray and GSE42589 DEIncRNAs. (D) Volcano plot for the DEmRNAs in dataset GSE42589. (E) Volcano
plot for the DEmRNAs in Human Clariom D microarray. (F) Intersection of Human Clariom D microarray and GSE42589 DEmRNAs. The x-axis indicates the logFC, and
the y-axis indicates the logl0 (p-value). The red dots represent upregulated genes, and the blue dots represent downregulated genes. The DEGs were screened on the basis

of a |fold change| > I.5 and p-value of < 0.05.
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Figure 3 (A) Top 10 significant enrichment GO terms of co-DEmRNAs. The sizes of the dots represent the numbers of genes in each GO category. The colored dots
represent the term enrichment: blue indicates low enrichment, and red indicates high enrichment. (B) Top five enriched KEGG pathways for the co-DEmRNAs. The y-axis
shows the KEGG pathway names. The sizes of the dots represent the numbers of genes. The colored dots represent the term enrichment: blue indicates low enrichment,

while red indicates high enrichment.

Abbreviations: BP, biological process; CC, cellular component; MF, molecular function.

complex binding (Figure 3A). Table 3 shows the top 15
enriched GO terms of the co-DEmRNAs. Detailed result of
the GO enrichment analyses is provided in Supplementary
Table 1.

KEGG pathway analysis results revealed that the co-
DEmRNAs were significantly enriched in ribosome bio-
genesis in eukaryotes, cell cycle, RNA transport, DNA
replication, RNA degradation (Figure 3B). Table 4 shows
these five enriched KEGG pathways of the co-DEmRNAs.

Identification of Hub Genes in PPI

Network and Construction of the

ceRNA Regulatory Network in NSCL/P

To explore the interaction among the 622 co-DEmRNAs, the
PPI network was established with a cutoff score of >0.4 using
the logical data retrieved from the STRING database, https://
stringdb.org/ (Figure 4A). With degree as the criterion, the top

Table 3 Top Five Enriched KEGG Pathways of the Co-
DEmRNAs

100 linked co-DEmRNAs were identified (Figure 4B). The
network comprised 100 nodes and 1338 edges, with an aver-
age local clustering coefficient of 0.606. As demonstrated in
Figure 4B, the top 10 genes with a high-ranking degree are
labeled in purple; they are associated with much larger circles
All the edges were distinguished based on connection score.

In a network, hub genes (highly connected genes) are
expected to be crucial in understanding the biological
mechanism of response under stresses/conditions. In the
present study, the top 10 hub proteins included NOP56,
FBL, NOP58, WDRI12, MYC, WDR3, NIP7, PESI,
NOP14, WDR43. The hub genes were identified by filter-
ing according to the criterion of degrees >10 criteria (each
node had more than 10 interactions) using the cytoHubba
plugin in Cytoscape software (version 3.8.1), considering
the top 10 closely related interactions (Figure 4C and
Table 5); 10 nodes and 38 edges were involved.

We searched the miRcode database for miRNAs with
the ability to bind to co-DEIncRNAs. The targeted
mRNAs of these miRNAs were predicted by TargetScan,
starBase, and miRDB databases. Meanwhile, the core
genes of co-DEmRNAs were screened by cytohubba
plug-in in Cytoscape. The ceRNA regulatory network
was constructed based on co-expressed IncRNA/miRNA,
miRNA/mRNA, IncRNA/mRNA. Overlapping datasets
are shown in Figure 4D. The ceRNA regulatory network
comprised two IncRNAs (USP17L6P, OR4G2P), one

ID Description p value | Count

hsa03008 | Ribosome biogenesis in eukaryotes | |.49E-10 20

hsa04110 | Cell cycle 2.87E-07 17

hsa03013 | RNA transport 3.31E-07 21

hsa03030 | DNA replication 0.000107 7

hsa03018 | RNA degradation 0.000169 10
9936 https:
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Figure 4 (A) The PPl networks of co-DEmRNAs. This network includes 3712 edges and 621 nodes. The circles represent genes, and the lines represent interactions
between the proteins encoded by the genes. (B) The PPl networks of top 100 co-DEmRNAs. All the circles are proteins encoded by top 100 co-DEmRNAs. The red colors
represent the 10 highest degree genes and the circles with blue represent the remaining genes. (C) Screening of hub genes. The hub genes were identified by filtering
according to the criterion of degrees >10 criteria using the cytoHubba plugin in Cytoscape software. The lines represent interactions between the proteins encoded by the
genes. 10 nodes and 38 edges were involved. (D) Venn diagram showing the number of distinct and overlapping RNAs among the co-DEmRNAs and the RNAs identified
with Targetscan, miRDB, and miRTarBase. The overlapping areas show the co-DEmRNA:s identified by three online tools. (E) Interaction of RNAs in the USPI7L6P and
OR4G2P-associated ceRNA network. The hexagon nodes and diamond node represent the IncRNAs and miRNA, respectively. The rectangle nodes represent miR-449c-5p
targeted mRNAs. The ellipse nodes are the top 10 hub co-DEmRNAEs in the network. The up and downregulated genes are colored in red and green, respectively.

miRNA (hsa-miR-449c¢-5p), and one mRNA (MYC proto-
oncogene, MYC) (Figure 4E). A comprehensive analysis
of the relationships among USP17L6P, OR4G2P, hsa-miR-
449c-5p, and MYC and the top 10 downstream connected
genes is illustrated in Figure 4E.

GSEA of the Biological Function of MYC and
Its Related Signaling Pathways in NSCL/P

The potential molecular functions and related signaling
pathways of MYC in NSCL/P were explored by single

Table 4 Top 10 Genes in Network Ranked by Degree Method

Rank Symbol Score
| NOP56 87
2 FBL 85
3 NOP58 73
4 WDRI2 66
5 WDR3 56
6 MYC 56
7 NIP7 55
8 PESI 55
9 NOPI4 54
10 WDR43 54

gene GSEA analysis. Results showed that, of the 186
signaling pathways, 129 were upregulated. Nine signaling
pathways were significantly enriched at NOM p < 0.05 and
FDR g-value < 0.25. The items “O glycan biosynthesis”,
“pentose phosphate pathway”, “Tryptophan metabolism”,
“Arginine and proline metabolism”, were associated with
epithelial-mesenchymal transition (EMT) and significantly
enriched in the positive correlation group of MYC expres-
sion (Figure 5). In addition, the items “TNFA signaling via
NF-kB”, “epithelial-mesenchymal transition”, “MTORCI
“P53 pathway”, “IL6-JAK-
STATS3 signaling” were significantly enriched in the posi-
tive correlation group of MYC expression for
HALLMARK gene sets (Figure 6). Finally, the items
“cellular response to retinoic acid”, “mesenchymal cell

signaling”, “Apoptosis”,

proliferation”, “mesenchymal epithelial cell signaling”,
“regulation of BMP signaling pathway”, “response to
BMP” and other biological functions were significantly
enriched in the positive correlation group of MYC expres-
sion for GO gene sets (Figure 7). Detailed results of the
GSEA enrichment analyses are provided in Supplementary
Tables 2—4.
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Table 5 Top 15 Enriched GO Terms of the Co-DEmRNAs

Terms Description p value Count
GO.BP:0034470 ncRNA processing 2.45E-27 63
GO.BP:0042254 ribosome biogenesis 1.37E-26 55
GO.BP:0022613 ribonucleoprotein complex biogenesis 4.95E-25 66
GO.BP:0016072 rRNA metabolic process 6.09E-25 47
GO.BP:0034660 ncRNA metabolic process 1.81E-24 66
GO.CC:0030684 preribosome 1.07E-11 18
GO.CC:0098687 chromosomal region 7.27E-08 31
GO.CC:0032040 small-subunit processome 1.66E-06 9
GO.CC:0005732 small nucleolar ribonucleoprotein complex 1.95E-06 8
GO.CC:1902555 endoribonuclease complex 2.56E-06 8
GO.MF:0008094 DNA-dependent ATPase activity 1.09E-09 19
GO.MF:0003678 DNA helicase activity 2.20E-09 16
GO.MF:0140097 catalytic activity, acting on DNA 1.15E-08 25
GO.MF:0004386 helicase activity 3.38E-08 21
GO.MF:0140098 catalytic activity, acting on RNA 9.55E-08 34

gRT-PCR Validation of the ceRNA

Regulatory Network

To verify the accuracy of the IncRNA-miRNA-mRNA
regulatory network, the expression levels of IncRNA
USP17L6P, hsa-miR-449c-5p, and MYC were further
explored by qRT-PCR with another 20 samples (10 con-
trols, 10 NSCL/P). Results revealed significantly lower
expression levels of USP17L6P and MYC in NSCL/P
samples than the control group, whereas the expression
level of has-miR-449¢-5p was higher in NSCL/P samples
as compared to normal samples (Figure 8, p <0.05).

Discussion

Studies have demonstrated a close association of orofacial
morphogenesis with the strict regulation of biological
behaviors, including cell proliferation, apoptosis, migra-
tion, and differentiation.'>™ In this view, it is speculated
that the imbalance of genes or signaling pathways
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coordinating these processes are key players in the patho-
genesis of NSCL/P. Identification of these regulatory genes
and exploring their regulatory role via signaling pathways
will enrich our understanding of the molecular mechanism
of NSCL/P and guide the development of more efficient
prevention strategies.

Several lines of evidence have shown that non-coding
RNAs, including IncRNAs, miRNAs, and circRNAs play
critical functions in physiological development and patho-
logical process.'®'® Although some researchers have
affirmed the functional relevance of several miRNAs and
IncRNAs in NSCL/P,'>* studies on the relationship
between ceRNA regulatory network based on IncRNA and
NSCL/P remain immature. In the present study, the Human
Clariom D assay was employed to identify DEIncRNAs and
DEmRNAs from the peripheral blood of NSCL/P patients,
while DEIncRNAs and DEmRNAs were identified in the
GSE42589 dataset of the GEO database. The potential
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Figure 5 Enrichment plots from gene set enrichment analysis (GSEA). The GSEA results revealed that genes involved in O glycan biosynthesis, pentose phosphate pathway,
Tryptophan metabolism, Arginine, and proline metabolism were differentially enriched in the positive correlation group of MYC expression.
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Figure 6 GSEA identified that five gene sets were significantly enriched including mtorc| signaling, P53 pathway, hypoxia, epithelial mesenchymal transition, apoptosis.
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Figure 7 GSEA results for c-Myc in NSCL/P patients. Seven high-scoring sets, including cellular response to retinoic acid, mesenchymal cell proliferation, mesenchymal
epithelial cell signaling, fibronectin binding, interferon receptor activity, regulation of BMP signaling pathway, response to BMP, are identified by GSEA analysis.

functions of co-differentially expressed IncRNAs and potential regulatory mechanisms of ncRNAs and mRNAs in
mRNAs were predicted through bioinformatics analysis. ~ NSCL/P.

According to the ceRNA theory, a IncRNA-miRNA- We have strongly demonstrated the potential regulatory
mRNA regulatory network was established to explore the  role of IncRNA USP17L6P in the pathological progress of
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Figure 8 Relative expression levels of USP17L6P, miR449c-5p, c-Myc in NSCL/P and control samples. The transcript levels of USPI7L6P, miR-449¢-5p, and c-Myc were
determined by qRT-PCR and normalized to those of the reference RNA U6. **p < 0.001 was considered statistically significant.

NSCLP by competitively binding to miR-449c¢c-5p, which
impacts the expression of the downstream target gene,
MYC. Ubiquitination is a crucial mechanism of cell
cycle regulation. Studies show that cyclins and cyclin-
dependent kinase inhibitors (CDKI) require ubiquitination
modification.?' There is evidence on the role of ubiquiti-
nation modification in cell apoptosis, protein degradation,
cell cycle control, transcription regulation, tumorigenesis,
and intracellular signal transduction.”? Yang et al in their
work, integrated and analyzed two genome-wide associa-
tion studies (GWAS) datasets and expression quantitative
trait loci (eQTL) datasets. They demonstrated that NSCL/P
development could be regulated by genes related to ubi-
quitin-mediated proteolysis and DNA synthesis, and the
fatty acid metabolism pathway.>® Deubiquitination,
described as the removal of ubiquitin from the protein
substrate bound by ubiquitin, is mediated by several deu-
biquitinating enzymes (DUBs), including ubiquitin-speci-
fic processing protease (USP).>* USP17L6P belongs to a
subfamily of cytokine-inducible DUBs. Reports from pre-
vious investigations indicate that USP17 subfamily pro-
teins influence cell proliferation by regulating the activity
of the GTPase CAAX-box processing enzyme Ras-con-
verting enzyme 1 (RCE1).?® The hyaluronan and/or RNA
binding domains contained in USP17 subfamily proteins
may also contribute to cell cycle regulation.”® More evi-
dence indicates that USP17 subfamily proteins may

regulate EMT of various cells by acting on Snaill,
Snail2, and Twist1.?”

MiR-449c¢-5p is one subtype of the mature miR-449,
located in the reverse strand of chromosome 5ql1.2.
Studies have demonstrated the regulatory role of miR-
449c in various biological processes by inhibiting specific
mRNA at the posttranscriptional level. For instance, miR-
449c was found to inhibit the proliferation and invasion of
NCI-H23 and NCI-H838 cells by targeting c-Myc and
exert a regulatory effect on the development of non-
small cell lung cancer (NSCLC).”® Gastric cancer (GC)
investigation revealed that miR-449c¢ directly regulates the
6-phosphofructo-2-kinase (PFKFB3) expression in GC
cells and blocks the migration and invasion of SGC-7901
cells, events which regulated the pathological progression
of GC.*’ In the present work, qPCR analysis of clinical
samples showed that miR-449¢c-5p expression was higher
in NSCL/P samples compared to the control samples. The
precise posttranscriptional mechanisms of miR-449¢-5p in
NSCL/P remain to be determined.

The main members of the MYC proto-oncogene family
include c-Myc, N-Myc, and L-Myc. Myc proteins are
bHLHZ transcription factors and have been reported to
regulate genes related to growth and proliferation of
Multiple cells.*® The multifunctional transcription factor
encoded by the c-myc proto-oncogene plays a regulatory
role in a series of cell cycle processes, including
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proliferation, differentiation, and apoptosis of various
cells.®! Emerging evidence indicates that c-Myc is one of
the downstream transcription factors regulated by TGF-f,
and an E-cadherin transcription activator.>*>> Microtubule
disruption has been shown to trigger aberrant expression
of Snail, Zeb, and c-MYC by blocking the TGF-f/SMAD?2
signaling pathway, which consequently leads to the failure
of EMT.** Elsewhere, a study confirmed that 154791774 in
NTNI could regulate c-Myc transcription and contributed
to the etiology of non-syndromic cleft lip only
(NSCLO).*> Numerous reports have further confirmed
the close association between the 8q24 chromosome
region (where the c-Myc gene is located) and NSCLP,
which can be ascribed to the variants of the tissue-specific
enhancer of c-Myc or other genes.**>® Here, gPCR ana-
lysis of clinical samples showed significantly lower
expression of c-myc in the NSCL/P group as compared
to that, of the control group.

The molecular function and potential mechanism of
c-Myc in NSCL/P were explored by categorizing the spe-
cimens into c-Myc positive correlation group and c-Myc
negative correlation group according to the correlation
between other genes and c-Myc expression. Further ana-
lysis was performed by the GSEA software. Regarding the
C2 set defined by MSigDB, the analysis demonstrated that

9

the items, “O glycan biosynthesis”, “pentose phosphate

LEINT3

pathway”, “Tryptophan metabolism”, “Arginine, and pro-
line metabolism”, were significantly enriched in the c-Myc
positive correlation group. Previous evidence has demon-
strated the relationship between these pathways and the
occurrence of NSCL/P or EMT of multiple cells.**** On
the other hand, the items, “cellular response to retinoic
acid”, “mesenchymal cell proliferation”, “response to
BMP”, “regulation of BMP signaling pathway”, and
“mesenchymal epithelial cell signaling” were enriched in
the GO gene sets of the ¢c-Myc positive correlation group.
As far as we know, the pathological mechanism of NSCL/
P involves a variety of cellular behaviors and molecular
events, including EMT, apoptosis, cell migration, and pro-
liferation. As such, any behavior that influences the above
processes may induce the occurrence of NSCL/P. A wealth
of studies have also confirmed the association between the
occurrence of NSCL/P and the regulation of the cell cycle,
DNA damage repair response, and oxidative stress-initiat-
ing environmental factors.**** In this view, it is impera-
tive to explore the relevant regulatory genes to understand
the pathogenesis of NSCL/P.

As an important link connecting all organs in the
human body, peripheral blood is rich in RNA, DNA,
microvesicles and other biological components, which
can effectively aid clinicians diagnose and identify various
diseases.*®*” In addition, the acquisition of peripheral
blood samples is more convenient and less invasive than
other tissues. Although the pathogenesis of NSCL/P is
closely related to various factors in embryonic develop-
ment, some studies have confirmed that a number of these
differences persist after birth.**** This study preliminarily
analyzed the peripheral blood samples of NSCL/P patients
through Human Clariom D platform technology, and
further combined with the relevant data of NSCL/P
patients in GEO database to explore the possible regula-
tory network of NSCL/P, which provides a reference for
further enriching the pathogenesis of NSCL/P, and pro-
vides a certain research basis for clinicians to perform
NSCL/P gene therapy in the future.

Using the Affymetrix Clariom D array, the transcrip-
tome profile of NSCL/P patients was revealed, including
mRNAs, IncRNAs, and precursor miRNAs. A combina-
tion of the transcriptome profile findings with the
GSE42589 chip results in the GEO database allowed for
exploration of the biological functions and related signal
pathways of common differential genes. A ceRNA regu-
latory network was then constructed based on this analy-
sis. Last but not least, the expression levels of related
genes in the constructed ceRNA network were verified
by qRT-PCR.

Conclusions

A potential mechanism by which IncRNA USP17L6P
competes with miR-449¢-5p to regulate c-Myc expression
is demonstrated. According to qRT-PCR analysis, the
expression of USP17L6P and c-Myc in NSCL/P tissues
were significantly down-regulated, while the expression of
miR-449¢-5p was significantly upregulated as compared to
the control group. Combined with the above comprehen-
sive analysis of the ceRNA regulatory network, this work
reveals some new key features of NSCL/P. The findings
provide new insights into NSCL/P pathogenesis and may
guide potential diagnosis and treatment strategies in clin-
ical practice.
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