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Identification of potential therapeutic target SPP1 and related RNA
regulatory pathway in keloid based on bioinformatics analysis
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ABSTRACT

Objective: To explore the complex mechanisms of keloid, new approaches have been developed
by different strategies. However, conventional treatment did not significantly reduce the recurrence
rate. This study aimed to identify new biomarkers and mechanisms for keloid progression through
bioinformatics analyses.

Methods: In our study, microarray datasets for keloid were downloaded from the GEO database.
Differentially expressed genes (DEGs) were identified by R software. Multiple bioinformatics tools
were used to identify hub genes, and reverse predict upstream miRNAs and IncRNA molecules of
target hub genes. Finally, the total RNA-sequencing technique and miRNA microarray were
combined to validate the identified genes.

Results: Thirty-one DEGs were screened out and the upregulated hub gene SPP1 was finally
identified, which was consistent with our RNA-sequencing analysis results and validation dataset.
In addition, a ceRNA network of mRNA (SPP1)-miRNA (miR-181a-5p)-IncRNA (NEAT1, MALATIT,
LINC00667, NORAD, XIST and MIR4458HG) was identified by the bioinformatics databases. The
results of our miRNA microarray showed that miR-181a-5p was upregulated in keloid, also we
found that the IncRNA NEAT1 could affect keloid progression by retrieving the relevant literature.
Conclusions: We speculate that SPP1 is a potential candidate biomarker and therapeutic target
for patients with keloid, and NEAT1/miR-181a-5p/SPP1 might be the RNA regulatory pathway that
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regulates keloid formation.

KEY MESSAGES

+ Identify new biomarkers in keloid, potentially improve disease diagnosis and treatment.

+ Through a variety of bioinformatics analysis tools, we found that the miRNA pathway NEAT1/
miR-181a-5p/SPP1 may participant in controlling disease progression in the keloid.

« Providing insight into the mechanisms of disease development in the keloid at the

transcriptome level.

1. Introduction

Keloid is usually considered a kind of benign fibropro-
liferative skin tumor that presents with raised dermal
lesions due to an impaired wound healing process and
infiltration into adjacent normal tissues [1]. Deposition
of extracellular matrix (ECM) and excessive prolifera-
tion of fibroblasts (FBs) eventually lead to the emer-
gence of keloid progression [2]. Multiple methods,
including surgical excision, silicone gel products,
hydrogel scaffolds, laser treatment, local injections of
insoluble steroids, cryosurgery treatment, and local

chemotherapeutic agents (e.g. bleomycin and
5-fluorouracil) [3-9], have been used in clinical thera-
pies. However, considering its high rate of recurrence
even after curative treatments, keloid is an intractable
disease, which has a lack of effective therapeutic
targets. Hence, there is an urgent need to explore
new molecular mechanisms and therapeutic targets
for keloid.

With the integration of computer science and biol-
ogy, we can dig and obtain huge biological informa-
tion data in the era of big data, which provides a new
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research method in many fields such as genetics and
molecular biology. Previous studies have found that
there are a large number of differentially expressed
genes (DEGs) between keloid and healthy skin, and
they are concentrated in genes related to collagen
production and angiogenesis, which is indicated by
the excessive collagen deposition and vascular prolifer-
ation of keloid [10, 11]. FBs are the primary source of
ECM and collagen proteins. FBs isolated from keloid
tissues are more sensitive to exogenous TGF-f1, PDGF,
and insulin-like growth factor | compared to FBs from
healthy skin, resulting in the upregulation of collagen
and ECM-related genes [12, 13]. Additionally, several
studies have suggested that during keloid formation,
the abnormal function of endothelial cells (ECs) and
their interaction with immune cells and FBs may influ-
ence the deposition of ECM and the progression of
inflammation [14]. Pathological changes such as vascu-
lar dysregulation, low microvessel density, microvascu-
lar occlusion, and flattened lumens could potentially
lead to tissue hypoxia in keloid tissues, thereby result-
ing in higher expression of collagen and ECM-related
genes in keloid FBs compared to healthy skin FBs [15].
Therefore, we aim to explore the key pathogenic genes
influencing keloid through the core cell populations in
these two types of keloid tissues.

Further understanding of the reported genes and
molecular networks will enhance a comprehensive
understanding of keloid pathology. High false positive
rates were observed in studies using only one microar-
ray platform and a small number of samples, which
may lead to inconsistent results. Thus, it is necessary
to identify new therapeutic targets and biomarkers to
overcome the inconsistencies observed in previous
studies [16, 17]. Herein, we compared the mRNA
expression profiles of FBs and ECs in healthy and
keloid skin from GEO database. The intersection DEGs
in different datasets were used for subsequent analy-
sis. Then, the STRING database was utilized to establish
a protein-protein interaction (PPI) network for further
analysis and identification of hub genes. It is hoped
that the comprehensive investigation of hub genes
will facilitate our understanding of keloid pathogenesis
and progression. However, new therapeutic targets
remain to be validated by further comprehensive

Table 1. Details for GEO data sets.

analysis. Moreover, our bioinformatics analysis only
determines the gene-level correlation differences, and
further experimental studies are needed to explore the
proteomic differences.

2. Methods
2.1. Data set acquisition and DEG filtration

The expression profiles of keloid and healthy skin sam-
ples were obtained from GEO (http://www.ncbi.nlm.
nih.gov/geo/), a public database comprising of many
gene profiles in various diseases [18]. The datasets
GSE7890 [19], GSE145725 [20] and GSE121618 [21]
(including 18 keloid samples and 19 healthy skin sam-
ples) as training sets to find hub DEGs. In addition, the
GSE92566 [22] based on GPL570 included 4 keloid
samples and 3 healthy skin samples, as validation set
(Table 1). We selected the gene expression dataset
GSE92566 from whole tissue biopsy samples of keloid
as the validation set for this study, aiming to confirm
the expression of key genes in the overall tissue.

The raw data were retrieved as MINIML files. All
data were standardized, and the batch effect was
removed. ldentification of DEGs was achieved with
LIMMA v3.40.2 in R language [23]. Significance was
defined as a P-value of <0.05 and |Log2Fold
Change(FQ)|>1 as the thresholds for the screening of
DEGs. The volcano plots were generated by the
ggplot2 package in R software [24]. The pheatmap in
R was used to display the heatmap [25]. Both were
visualized through an online database Assistant for
Clinical Bioinformatics (www.aclbi.com). Analyses were
performed independently for the keloid and healthy
specimens, and the intersection among 3 training
datasets was used to determine the DEGs. A Venn dia-
gram of DEGs was drawn, and the overlapping DEGs
were retained for further analysis [26].

2.2. Functional enrichment analysis of DEGs

Functional enrichment analysis was conducted to fur-
ther assess the functions of the potential target. Gene
Ontology (GO) is the most widely used ontology and
involves biological process (BP), molecular function

DEG
Category GEO accession Platform Specimen Keloid  Healthy skin Up Down
Training sets GSE7890™ GPL570 FB 5 5 91 260
GSE145725%° GPL16043 FB 9 10 212 247
GSE121618% GPL21185 EC 5 6 247 415
Validation set GSE92566% GPL570 Whole skin biopsies 4 3 -

FB: fibroblast; EC: endothelial cell; GEO: Gene Expression Omnibus.
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(MF), and cellular component (CC) of human and model
organism genes. To analyze gene function and related
advanced genomic functions, Kyoto Encyclopedia of
Genes and Genomes (KEGG) [27] is a useful resource.
The DAVID6.8 bioinformatics database was used to
excavate the enrichment pathways of GO and KEGG to
further confirm the biological role of DEGs [28]. Bubble
diagrams (displayed by R software package ggplot2),
and chord diagram from the free online platform
Bioinformatics (http://www.bioinformatics.com.cn) are
both visualization tools useful for highlighting the sig-
nificantly enriched GO and KEGG terms of DEGs.

2.3. Establishment of the PPl network and
identification of the hub genes

The STRING interaction network analysis tool (https://
string-db.org/) was applied to generate PPl networks
[29]. All the identified DEGs were uploaded to STRING's
official website to determine the interrelationships
among the proteins in order to elucidate the mecha-
nisms of keloid development. Then, the interaction data
were downloaded and the PPl network was constructed
and displayed with Cytoscape v3.8.0 [30]. The CytoHubba
[31] plugin was employed for the identification of hub
genes in this network. Density of Maximum
Neighborhood Component (DMNC), Maximal Clique
Centrality (MCC), Degree, Edge Percolated Component
(EPC), Maximum neighborhood component (MNCQ),
EcCentricity, BottleNeck, Radiality, Closeness, Stress,
Betweenness, and Clustering Coefficients of twelve
algorithms were used to measure the top five hub
genes. The intersection genes of the 12 calculation
methods were used as the hub genes.

2.4. Verification of the identified hub gene
expression by total RNA-sequencing (RNA-seq)
techniques and a validation microarray data from
the GEO database GSE92566

The hub genes for keloid were screened for further
confirmation. For this, a total of 8 participants, includ-
ing 4 keloid specimens and 4 healthy control speci-
mens extracted from non-lesion sites, were recruited
from West China Hospital. There were no significant
differences in age, gender and parts of the material
between them (p>0.05) (Supplementary Table 1). Our
research adheres to the Declaration of Helsinki. The
study began on April 29th, 2014, recruitment began
on May 16, 2014, and research to this day. Ethical
approval was obtained from the Ethics Committee of
West China Hospital of Sichuan University, the number
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is 2014 REVIEW (NO.65), and informed consent was
signed by the patients before specimen collection.
Keloid patient inclusion criteria: (a) duration of illness
more than two years; (b) clinical diagnosis by an expe-
rienced clinician and confirmed by pathological exam-
ination; (c) no local infection or ulcer; (d) no nonsurgical
treatment received before operation. The exclusion cri-
teria were connective tissue diseases or other fibrous,
systemic immune, genetic, or infectious skin diseases.

According to the manufacturer’s protocol, total RNA
was extracted from tissues using Trizol reagent. The
quantity and integrity of the RNA were assessed using
Agilent 2200 TapeStation. The ribosomal RNA was
digested using the TruSeq Stranded Total RNA with
Ribo-Zero Gold kit, and the mRNA was fragmented to
approximately 200bp. Following the TruSeq Stranded
Total RNA library preparation kit with Ribo-Zero Gold,
the RNA fragments underwent first and second strand
cDNA synthesis through adapter ligation and low-cycle
enrichment. The purified library products were evalu-
ated using the Agilent 2100 Bioanalyzer. These libraries
were sequenced by Ribobio’s lllummina at 150bp
paired ends.

Besides, the validation set GSE92566 was also
employed to verify the expression levels of hub genes.

2.5. Analyses of mRNA-miRNA targets and
establishment of the ceRNA network

Investigating the miRNAs of target mRNAs is critical for
elucidating the regulatory mechanism and function of
mMRNAs. Herein, the upstream regulatory miRNAs of
the target hub genes were predicted by employing
the online predictive databases miRTarBase v8.0 [32],
StarBase3.0 [33], miRDB [34], and miRWalk [35]. The
predicted miRNAs are shown in a Venn diagram. In
addition, StarBase3.0 was used to predict the upstream
molecule IncRNAs of target miRNAs. The screening cri-
teria were: human, mammalian h19 genome, with or
without degradome data, and strict stringency (>=5).
Finally, the network of the mRNA-miRNA-IncRNA pairs
was visualized using Cytoscape software.

2.6. Quantitative analysis of the identified miRNA
by miRNA microarray

Similarly, miRNA microarray data analysis was per-
formed using the four keloid and four healthy control
samples collected above to evaluate the expression
levels of identified hub miRNA, The clinical baseline
data of the samples are shown in Supplementary
Table 1. Total RNA was extracted by Trizol reagent.


http://www.bioinformatics.com.cn
https://string-db.org/
https://string-db.org/
https://doi.org/10.1080/07853890.2024.2382949
https://doi.org/10.1080/07853890.2024.2382949
https://doi.org/10.1080/07853890.2024.2382949

4 €> RXEETAL

RNA quantification was performed using NanoDrop
ND-2000 (Thermo Scientific) and RNA integrity was
detected by Agilent Bioanalyzer 2100 (Agilent
Technologies). After the RNA was qualified, the sam-
ples were labeled, hybridized and eluted according to
the standard process of Agilent Human miRNA, Release
21.0 (8*60K,Design 1D:070156). First, the total RNA is
dephosphorylated, denatured, and further labeled with
Cyanine-3-CTP(Cy3). The labeled RNA was purified and
hybridized with the chip, and the original image was
obtained by scanning with Agilent Scanner G2505C
(Agilent Technologies) after elution. Feature Extraction
software version10.7.1.1 (Agilent Technologies) was
used to process the original image and extract the
original data. Next, Genespring software (version13.1,
Agilent Technologies) is used for quantile standardiza-
tion and subsequent processing.

2.7. Statistical analysis

Statistical tests were performed with SPSS v26.0 and
GraphPad Prism v8 software. Unpaired t test was uti-
lized for comparing the group’s differences. p<0.05
was deemed statistically significant.

3. Results

The flowchart of this study is detailed in Figure 1.

3.1. Screening of DEGs

For the statistical evaluation of microarray data, the
changes in gene expression were analyzed in the
R programming language. The robust multiarray
average expression measured in R was applied for the

Keloid datasets

GSE7890, GSE145725, GSE121618

download from
GEO database

Analysis of DEGs by Limma

lR language

datasets (n=31)

Integreting the DEGs of three

DAVID 6.8 STRING
database database
Enrichment Constructing PPI
analysis network
l Cytoscape software
Identified hub gene
(SPP1)
Verification ¢
experiment + +
Verification of hub Prediction of upstream
gene mirnas, Incrnas
Validation ¢
dataset

Figure 1. Summary graphic illustration of selection of studies. GEO: Gene expression omnibus; DEGs: differentially expressed

genes; SPP1: secreted phosphoprotein 1.
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Figure 2. Multiple dataset standardization. (a) Intersection between genes in three datasets. (b) The box plots of sample distribu-
tions for the three datasets before removing batch effects. (c) The box plots of sample distributions for the three datasets after

removing batch effects.

normalization of the obtained data. After normaliza-
tion, the mean gene expression values of the samples
were basically the same (Figure 2). From the box plots,
we can observe significant differences in sample distri-
butions among the datasets before batch effect
removal, indicating the presence of batch effects. After
removing batch effects, the data distributions among
the datasets tend to align, with the median values
lying on a single line. Overall, 351 DEGs, of which 260
were downregulated and 91 were upregulated, were
screened in GSE7890 dataset; 459 DEGs were screened
in the GSE145725 dataset, comprising of 247 downreg-
ulated genes and 212 upregulated genes; and 662
DEGs were identified in the dataset GSE121618, includ-
ing 415 downregulated genes and 247 upregulated
genes (Supplementary Table 2). Heatmaps and volcano
plots of genes with significantly changed expression
were generated using the R program (Figure 3). The
candidate DEGs acquired from the three datasets were

intersected using a Venn diagram (Figure 4(a)). Finally,
31 DEGs were identified.

3.2. Results of functional and pathway enrichment
analyses for the DEGs

Gene enrichment analysis, including GO and KEGG,
was carried out using DAVID to further understand the
biological characteristics of these DEGs in a thorough
and comprehensive way. The top related enriched
terms were selected (Table 2). The significantly enriched
GO term analysis included ECM organization, positive
regulation of protein processing and mutation etc.
KEGG analysis revealed that there were mainly three
pathways, such as ‘protein digestion and absorption,
‘mucin type O-glycan biosynthesis’ and ‘vascular
smooth muscle contraction; in the DEG-enriched path-
ways (Figure 4(b,c)).
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Figure 3. Identification Of DEGs. Volcano plots were constructed using fold-change values and adjusted P. The red point in the
plot represents the over-expressed DEGs and the blue point indicates the down-expressed DEGs with statistical significance. In
the heat maps, red represents up-regulated DEGs and blue represents down-regulated DEGs. Due to the large number of different
genes, 50 up-regulated genes and 50 down-regulated genes with the greatest difference were shown here. (a—c) Volcano plot of
DEGs from GSE7890, GSE145725 and GSE121618. (d—f) The heat map of DEGs from GSE7890, GSE145725 and GSE121618. DEGs:

differentially expressed genes.
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associations. The thickness of the edges represents the strength of the association. (e) PPl network constructed with the DEGs in cytoscape
software. (f) 12 CytoHubba plugins were used to analyze significant genes, the top five genes with high score. GO: Gene ontology; BP: biolog-
ical processes; CC: cellular component; MF: molecular function; KEGG: Kyoto Encyclopedia of Genes and Genomes; Protein-protein interaction.
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Table 2. The significantly enriched KEGG terms top five GO terms for DEGs.

Category ID Description p Value Count
BP G0:0030198 Extracellular matrix organization 0.00010432 5
BP G0:0043062 Extracellular structure organization 0.00020765 5
BP G0:0010954 Positive regulation of protein processing 0.00074843 2
BP G0:0010575 Positive regulation of vascular endothelial 0.00080316 2
growth factor production
BP G0:1903319 Positive regulation of protein maturation 0.00085976 2
cc G0:0005581 Collagen trimer 0.00028422 3
cc G0:0031012 Extracellular matrix 0.00059028 5
CC G0:0005788 Endoplasmic reticulum lumen 0.00106099 4
CC G0:0044421 Extracellular region part 0.00172439 12
CC G0:0044420 Extracellular matrix component 0.00224766 2
MF G0:0005201 Extracellular matrix structural constituent 0.00009224 4
MF G0:0004653 Polypeptide N-acetylgalactosaminyltransferase 0.00037998 2
activity
MF G0:0008376 Acetylgalactosaminyltransferase activity 0.00108855 2
MF G0:0008201 Heparin binding 0.00145949 3
MF G0:0030020 Extracellular matrix structural constituent 0.00178478 2
conferring tensile strength
KEGG hsa00512 Mucin type O-glycan biosynthesis 0.00095648 2
KEGG hsa04974 Protein digestion and absorption 0.00870223 2
KEGG hsa04270 Vascular smooth muscle contraction 0.01633424 2

GO: Gene Ontology; KEGG: Kyoto Encyclopedia of Genes and Genomes; BP: biological process; CC: cellular component; MF: molecular function.

Table 3. Screening hub gene by twelve CytoHubba algorithms.

Algorithm Gene name

McC VCAM1, SPP1,POSTN, COL14A1, COL15A1
DMNC VCAMT1, SPP1, COL14A1,POSTN, COL15A1
MNC VCAM1, SPP1, COL14A1,POSTN, COL15A1
Degree POSTN,VCAM1,SPP1,COL14A1, COL15A1

EPC POSTN,VCAM1,SPP1,COL14A1, COL15A1

BottleNeck POSTN,SPP1,VCAM1,COL14A1, COL15A1
EcCentricity VCAM1,SPP1,POSTN, BUB1B, CDKN3

Closeness POSTN,VCAM1,SPP1,COL14A1, COL15A1
Radiality POSTN,VCAM1,SPP1,COL14A1, COL15A1
Betweenness POSTN,VCAM1,SPP1,COL14A1, COL15A1
Stress POSTN,VCAM1,SPP1,COL14A1, COL15A1

Clustering Coefficient COL14A1, COL15A1, SPP1, CDKN3, KIF20A

The significance of the bold values were that different algorithms all find
the same key gene ‘SPP1’

3.3. PPI network establishment and hub gene
identification

Thirty-one DEGs were uploaded to the STRING online
database to construct the PPI network (Figure 4(d)). The
minimum required interaction score was 0.4, the local
clustering coefficient was 0.376, and the PPl enrichment
P-value was 4.01e-05. The obtained PPl network con-
tains 31 nodes and 13 edges. CytoHubba screened five
genes with high clustering coefficients plugin by twelve
different algorithms in Cytoscape (Figure 4(e), Table 3).
Finally, we crossed the results of the 12 algorithms, and
secreted phosphoprotein 1 (SPP1) was selected as a
hub gene because it was identified among 12 results
(Figure 4(f), Table 4). Therefore, we speculate that the
SPP1 may be one of the important factors influencing
the development of keloid.

3.4. Validation of the identified hub gene

We utilized three independent training sets to assess
the mRNA expression levels of SPP1 and found a

significant increase in SPP1 expression in keloids
(Figure 5(a-c)). Consistent with the results from the
training sets, the mRNA levels of SPP1 in keloid sam-
ples were significantly increased in both ourselves
RNA-sequencing data (p=0.028) and the validation
dataset (p=0.022), shown in Figure 5(d-e). The receiver
operating characteristic (ROC) curves were established
to discriminate keloid patients from healthy controls
for the gene, and the areas under the ROC curves
(AUCs) were used to evaluate the diagnostic accuracy
of the identified hub gene. We combined the data
from our RNA-sequencing techniques and the
GSE92566 validation dataset, followed by ROC curve
analysis using ROCR software (Figure 5(f)). These find-
ings demonstrate that SPP1 (AUC = 0.759) has good
accuracy as a biomarker for keloid.

3.5. Further miRNA prediction and construction of
ceRNA networks

By combining the results of four databases (Supplementary
Table 3), only upstream miRNA hsa-miRNA-181a-5p was
obtained (Figure 6(a)). In addition, the results of miRNA
microarray ~ expression  analysis  showed  that
miRNA-181a-5p was upregulated in keloid tissue com-
pared with NS tissue (Figure 6(b)). Recent studies found
that IncRNA TRHDE-AS1 could inhibit hypertrophic scar
fibroblast (HSF) proliferation and promote HSF apoptosis
by downregulating miRNA-181a-5p expression [36].
miRNA-181a has been shown to promote cell prolifera-
tion, inhibit apoptosis, and ultimately accelerate the for-
mation of pathological scars [37]. Therefore,
miRNA-181a-5p plays a vital role in keloid pathogenesis.
Then, StarBase was used to predict the upstream IncRNA
molecules that could interact with the selected miRNAs.


https://doi.org/10.1080/07853890.2024.2382949
https://doi.org/10.1080/07853890.2024.2382949

Table 4. Identified hub gene.
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Gene GSE7890" GSE145725%0 GSE121618%
symbol Full name Log,(FC) p Value Log,(FC) p Value Log,(FC) p Value
SPP1 Secreted phosphoprotein 1 2.303 0.003 1.733 0.003 2.226 0.430
FC: fold change.
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Figure 5. (a) SPP1 Expression in dataset GSE7890. (b) SPP1 expression in dataset GSE145725. (c) SPP1 expression in dataset
GSE121618. (d) The expression of SPP1 by our RNA-sequencing techniques. (e) Verification of SPP1 by GSE92566. Student’s t-tests

were utilized for all the comparison and error bars are mean+SD.

dation data of GSE92566 and our sequencing data, AUC = 0.759.

Six target IncRNAs (NEAT1, MALAT1, LINC0O0667, NORAD,
XIST and MIR4458HG) were identified (Figure 6(c)). Finally,
a literature search was conducted. NEAT1 was highly
expressed in keloid tissues, and NEAT1 knockdown sup-
pressed the formation of keloid [38]. Hence, we propose
that NEAT1/miRNA-181a-5p/SPP1 may be a RNA regula-
tory pathway involved in keloid progression (Figure 6(d)).

4, Discussion

Keloids characterized by fibroblast proliferation and exces-
sive accumulation of ECM have a high incidence around
the world, and the global impact is enormous. Although
there are a variety of keloid treatment methods, such as

(f) The ROC curve analysis of SPP1 in keloid tissues from vali-

surgical resection, glucocorticoid injection, laser treatment
and radiotherapy, the treatment effect is not satisfactory
and the recurrence rate is extremely high. In addition, the
pathogenesis of keloid has not been fully elucidated, and
there is still a lack of radical treatment [10]. Therefore, it
is of great clinical significance to find new targets for
early treatment and prognostic prediction of keloid. This
study aimed to integrate the DEGs between keloid and
healthy skin samples from public database, so as to
explore the key factors affecting keloid collagen synthesis
and angiogenesis. Overall, 31 DEGs were identified, and
in-depth analysis was carried out.

In our study, the upregulated hub genes were found
to be highly enriched in ECM organization-related
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biological functions and pathways, and the main com-
ponent of the ECM was collagen. Previous studies have
found that the protein encoded by the SPP1 gene is
responsible for the attachment of osteoclasts to the min-
eralized bone matrix, and is associated with FB activa-
tion [39]. Numerous studies have confirmed that SPP1
participates in promoting tumor cell proliferation, migra-
tion, and invasion [40, 41]. Kramerova et al. reported
that SPP1 could upregulate collagen expression in FBs
[42]. Similarly, Bi et al. demonstrated that the function of
hub gene was highly enriched in keloids and collagen
synthesis [43]. At the same time, the latest research
shows that SPP1 stimulation in vitro can increase the
expression of collagen in FBs and the proportion of
CTHRC1+ FBs [44]. Herein, we found that the up-regulated
gene SPP1 might activate FB during the formation of
keloids, resulting in the synthesis and deposition of a
large number of collagen fibers, thus promoting the syn-
thesis of ECM. Our RNA-sequencing results indicated
that the expression of SPP1 was increased in keloid
patients, which is consistent with our conjectured results.
Thus, we hold the opinion that SPP1 plays a vital role in
keloid pathogenesis and may be a novel biomarker and
therapeutic target, which can be useful for understand-
ing the pathogenesis of keloids. Inhibition of scar forma-
tion by blocking the interaction between SPP1 and its
receptor through molecular targeted drugs of SPP1.

By using predictive online databases, the upstream
miRNAs of SPP1 were screened. It was found that
hsa-miRNA-181a-5p directly targeted SPP1. Then, our

miRNA microarray analysis revealed that the expres-
sion of hsa-miRNA-181a-5p was remarkably upregu-
lated (p=0.0013) in keloid tissue. Wei et al. confirmed
that the upregulated level of hsa-miRNA-181a-5p pro-
moted FB proliferation and inhibited it by directly
binding to PTEN mRNA and downregulating PTEN
expression. In addition, several studies have suggested
that hsa-miRNA-181a-5p is involved in cellular prolifer-
ation, invasion, and migration [45, 46]. Although
hsa-miRNA-181a-5p has not been reported in keloid,
we speculate that miRNA-181a-5p can regulate SPP1
by suppressing the translation of SPP1, thereby affect-
ing keloid formation. Finally, we gradually reverse
predicted the upstream IncRNAs (NEAT1, MALAT1,
LINC00667, NORAD, XIST, and MIR4458HG) from
hsa-miR181a-5. There have been reports of the upreg-
ulated expression of NEAT1 in keloid, suggesting the
potential role of NEAT1 as an effective therapeutic tar-
get. Previous research has shown that IncRNAs act as
sponges for miRNAs, thus interfering with mRNA
expression [47]. Collectively, we predict that IncRNA
NEAT1 is directly connected to miRNA-181a-5p as a
molecular sponge, eliminating its inhibitory effect on
SPP1 mRNA translation, thereby promoting collagen
synthesis and deposition and inducing scar formation.
Furthermore, we successfully constructed a ceRNA reg-
ulatory network, in which NEAT/miRNA-181a-5p/SPP1
may be a potential regulatory mechanism of keloid
formation, and we can inhibit keloid progression by
regulating gene expression on this axis.



To the best of our knowledge, this is the first work
to determine the association between SPP1 and keloid.
Compared with other studies, by integrating the differ-
ences in the transcription levels of keloid fibroblast
and endothelial cell line, the potential therapeutic tar-
gets and the pathways of target genes are identified,
which regulate the occurrence and development of
keloids. There are, however, few limitations that need
to be addressed. First, this study was conducted mainly
via bioinformatic analyses, which requires to be veri-
fied by further experimental studies. Second, the num-
ber of samples for validation was limited. Therefore,
follow-up studies are warranted to validate our
findings.

5. Conclusions

In our study, we analysed three keloid microarray data-
sets to comprehensively analyse the genes that drive
keloid development and minimize the high false-
positive rate that is often reported when using single
microarray analyses. We speculate that the SPP1 gene
might be a novel biomarker for the treatment of keloid
and that NEAT1/miR-181a-5p/SPP1 might be a poten-
tial RNA regulatory pathway that controls disease pro-
gression, providing insight into the mechanisms of
keloid disease development at the transcriptome level.
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