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Background: In this study, we conducted an integrated study of the diagnostic value of MiR-223 in ectopic pregnancy (EP).
Methods: We used GSE44731 downloaded from GEO and GEO2R to identify differentially expressed miRNA. The hub genes
corresponding to the differential miRNA were then identified by using the Xiantao academic tool, GO (Gene Ontology), and KEGG
(Kyoto Encyclopedia of Genes and Genomes). Afterward, we used the miEAA database to perform gene set enrichment analysis
(GSEA) of differential miRNA, and used Xiantao academic tools again to conduct the ceRNA network based on the target genes.
Protein—protein interaction (PPI) network construction and IncRNA of hub miRNA target genes were then predicted by the starbase
database. For validation, the villus tissue from intrauterine pregnancy and tubal pregnancy was collected and assayed by qPCR.
Results: In total 19 differentially expressed miRNAs were screened out, of which MiR-223 had a relatively clear diagnostic
significance. Hub genes were enriched and analyzed by GO, KEGG, and GSEA, and the results showed that regulation of NF-xB
and other signaling pathways are primarily enriched in ectopic pregnancy. We also obtained 215 key genes from PPI analysis. Our
ceRNA analysis indicated that LRRC75A-AS1 and PITPNA-AS1 were associated with MiR-223, and the expression of MiR-223 in
qPCR was significantly high in tubal pregnancy group.

Conclusion: We found that MiR-223 can be used in the diagnosis of EP. Our findings provide valuable information and direction for
future research into novel targets for EP diagnosis.
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Introduction

As the leading cause of maternal mortality in early pregnancy, ectopic pregnancy (EP) is responsible for 4-10% of all
pregnancy-related deaths,' but drugs can only be used to treat early EP. However, significant differences in the effects on
fertility between surgical treatment and medical treatment have been reported in the literature, suggesting that more
diagnosis markers are needed for the early stages of EP in order to reduce the risk of disease.

Early diagnosis and treatment of EP are very important. However, early detection of EP is not easy since the initial
signs and symptoms, such as lack of a menstrual period, low abdominal pain, and vaginal bleeding, are often ambiguous
and usually seen in a normal pregnancy as well.

MicroRNAs (miRNAs) are a class of short (21-25 nt), on-coding RNAs, that control their target genes’ expression at
the post-transcriptional level.” MiRNAs have been implicated in the regulation of various biological functions, including
cell proliferation, apoptosis, and cell differentiation.” Thus, miRNAs can be used as biomarkers in disease diagnoses.
However, there are only a few studies on EP and miRNAs, and none of them are related to the diagnosis of the disease.

Recently, MiR-223 has become one of a major focus of study in many different areas.* As a key component of innate
immunity and dysregulation, its expression is involved in the pathogenesis of multiple inflammatory diseases and
cancers.” However, the mechanism of action of MiR-223 in EP remains poorly understood, and there is only a small
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number of basic research studies on the subject. In this study, we adopt data from the gene expression omnibus (GEO) to
identify differentially expressed genes (DEGs). DEGs were performed pathway analyses by Gene Ontology (GO) and
Kyoto Encyclopedia of Genes and Genomes (KEGG) enrichment analysis, combining with Gene Set Enrichment
Analysis (GSEA). Then, we predicted the target genes of DEmiRNAs and the IncRNA and constructing of the
molecule—molecule network and determine their diagnostic value for EP.

Materials and Methods

Data

The chip dataset was downloaded and retrieved from the GEO database GSE 44731,° which provided us with Homo
sapiens gene samples. The platform for this data was built based on GPL14767 Agilent-021827 Human miRNA
Microarray G4470C. The data set included eight patients with tubal EP were selected as the experimental group for
this study and eight additional patients with normal pregnancies planned for voluntary termination of pregnancy were
used as the control group.

|dentification of Differentially Expressed miRNAs

The GEO2R’ (https://www.ncbi.nlm.nih.gov/geo) website is an interactive web tool for the differential analysis of

expression spectrum chips based on the GEO database and allows users to get results by comparing two or more

8-10 to

datasets in the GEO series. This time we use the GEOquery® and limma’ R packages in the Bioconductor project
acquire comparisons of those processed data tables provided by the original author.

In this study, we carried out differentially expressed analysis of our dataset using GEO2R for dataset GSE44731 with
default values for the options parameters. The differential expression miRNA screening restriction was P < 0.05 and |
logFC|> 1, where only the matched probe was retained in the expression profile during re-annotation, as well as the probe
with the largest differential expression multiple when the same miRNA matched multiple probes. Subsequently, we used

the Xiantao academic tools (https://www.xiantao.love/) to create volcano and heat maps of differentially expressed

miRNAs (DEmiRNAs) in order to analyze their differential expression visually. In addition, we evaluated the diagnostic
efficacy of DEmiRNAs. To do this we drew the ROC curve again using the Xiantao academic tool and calculated the area
below the ROC curve (AUC). We used the AUC to evaluate the credibility of the diagnostic curve, where AUC > 0.9 for
hub DEmiRNAs.

The Target Genes of DEmiRNAs and IncRNA Prediction
To find microRNA targets we searched the Starbase database (http://starbase.sysu.edu.cn/) using high-throughput CLIP-
Seq experimental data and degradation group experimental data, and we used a wide variety of visual interfaces that were

provided by the database publisher to explore microRNA targets. The database contains rich data of miRNA-ncRNA,
miRNA-mRNA, RBP-RNA, and RNA-RNA, with multiple forecasting tools (PITA) available such as RNA22,
miRmap, DIANA-microT, miRanda, PicTar, and TargetScan that can be used to search for miRNA-mRNA
interactions.'! Using this data and our above analysis, we predicted the target genes of hub DEmiRNAs and the
IncRNA in combination. The parameters for our search were set to Clade (mammal), Genome (human), Assembly
(hg19), CLIP-Data (>1), Degradome-Data (>3), pan-Cancer (=0), program Num (>3), program (None), and separately
Clade (mammal), Genome (human), Assembly (hgl9), CLIP-Data (>1), Degradome-Data (>1), and pan-Cancer (>0).

GO and KEGG Enrichment Analysis of Target Genes in DEmiRNAs

Gene Ontology (GO) is a major bioinformatics tool for annotating genes and studying the biological processes of these
genes, including molecular function (MF), biological processes (BPs), and cellular composition (CC).'*> The Kyoto
Encyclopedia of Genes and Genomes (KEGG) is a database resource for understanding advanced functions and
biological systems by generating large-scale molecular datasets through high-throughput experimental technologies.'?
In order to defining target genes, we subjected them for hub miRNA predicted by the StarBbase database to GO
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annotation and KEGG pathway enrichment analysis using the Xiantao academic tool. We considered a p-value <0.05 to
indicate a statistically significant test result.

GSEA

The miEAA (https://ccb-compute2.cs.uni-saarland.de/miecaa2/) is an online tool for miRNA enrichment analysis with

annotations that contribute to the functional analysis of miRNA sets. This tool is tailored for miRNA precursors and
mature miRNAs in multiple species, including humans, mice, and rats.'"* We took the gene set enrichment analysis
(GSEA) of differential miRNA from the miEAA database, and selected “Pathway (KEGG)” and “Gene Ontology
(miRWalk)” as the reference gene sets and considered adjusted p-values <0.05 and p-values <0.05 to indicate statistically
significant enrichment.

Construction of a Molecule-Molecule Network
The STRING (https://string-db.org/) is a database for searching for known interactions between predicted proteins that

integrates other databases data and also house predictive results from bioinformatics methods.'> This tool also contains
experimental data and text mining results from summaries of articles on PubMed (https:/pubmed.ncbi.nlm.nih.gov)

summaries. STRING was used to construct the protein—protein interaction (PPI) network of hub miRNA target genes.
The ceRNA networks of miRNA-mRNA, 1ncRNA-miRNA, and 1ncRNA-miRNA were constructed by Xiantao
academic tools based on the target genes and IncRNA predicted by the Starbase database, and we found a regulatory
relationship between the nodes of the ceRNA networks.

Specimen Collection

In this research, the protocol was approved by ethics review boards at the First Affiliated Hospital of Guangzhou
University of Chinese Medicine. The intrauterine pregnancy group consisted of patients undergoing termination of
pregnancy entirely voluntarily in the day operating room in the First Affiliated Hospital of Guangzhou University of
Chinese Medicine from January to March 2022, and the tubal pregnancy group consisted of patients undergoing
laparoscopic surgery to treat the ectopic pregnancy from January to March 2022 in the inpatient department of
Guangzhou First Affiliated Hospital. Part of the villous tissue in both groups (washed 3 times in PBS) from the above
two groups were collected and stored in a 4°C refrigerator in a centrifugal tube equipped with RNA preservation solution
and then transferred to a —18°C refrigerator for 1 month.

The Expressions of MiR-223 as Determined by qPCR

In order to validation data-set, we extracted total trophoblast RNA by TRIzol, reverse transcribed cDNA according to the
measured RNA concentration, and amplified cDNA by qPCR using cDNA as the template. The primers were synthesized
by Guangzhou Xinli, He Biotechnology Co., Ltd., using the following reaction conditions: 95°C pre-denatured DNA for
10 min; 95°C denatured DNA for 10s, and 55°C annealing for 20s, for a total of 40 cycles. The internal reference used

2*AACT

was U6, and the results were calculated using the method. Primer sequences are shown in Table 1.

Statistical Methods
The data obtained in 2.8 were analyzed using the R language (version 3.6.3) for statistical analysis and data visualization
using the ggplot2 package (version 3.3.3) with the R language (version 3.6.3), respectively.

Results
Differentially Expressed miRNAs
The workflow of the study is displayed in Figure 1.
We obtained 19 DEmiRNAs molecules were obtained from the differential analysis of the GSE44731 dataset,
including 7 upregulated miRNAs and 12 downregulated miRNAs. Figure 2A is a volcano plot of DEmiRNAs marking
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Table | The Sequence of PCR Primers

miRNA Primers for cDNA Synthesis Primers for qPCR
Ué (internal GCTTCGGCAGCACATATACTA
reference)
CGAATTTGCGTGTCATCCTTG
Universal reverse CGAATTTGCGTGTCATCCTTG

primers for miRNA

hsa-miR-223-5p CGCGCGTGTATTTGACAAGC

GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACAACTCA
Universal reverse AGTGCAGGGTCCGAGGTATT

primers for miRNA

hsa-miR-223-3p GCGCGTGTCAGTTTGTCAAAT

GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACTGGGGT
Universal reverse AGTGCAGGGTCCGAGGTATT

primers for miRNA

the Top 3 upregulated and downregulated miRNAs. This figure also contains the heat map (Figure 2) drawn with
DEmiRNAs.

To screen hub miRNA further, we plotted the diagnostic ROC curves against the 19 miRNAs molecules obtained
from our differential analysis. As shown in Figure 3, we found that four miRNAs had relatively high diagnostic accuracy
for EP (AUC above 0.9): miRNA-30a, miRNA-196b, MiR-223, and miRNA-451.

GO and KEGG Analysis

The results from our GO and KEGG enrichment analysis of the target genes predicted by hub miRNAs are shown
in (Tables 2—5 and Figure 4). The results of GO Analysis in Biological Process implied that the target genes of
hub miRNA in the GSE44731 dataset were primarily involved in the regulation of protein polymerization, the
positive regulation of viral genome replication, clathrin coat assembly, the positive regulation of viral life cycle,
the regulation of actin filament polymerization, clathrin-dependent endocytosis, antigen processing and presenta-
tion of exogenous peptide antigen via the MHC class II low-density lipoprotein receptor particle metabolic
process, antigen processing, and presentation of peptide antigen via MHC class II, and antigen processing and

GSE44731

8 EP matched with 8 control

Differential expression analysis

Predicted mRNA Predicted IncRNA Gene Set Enrichment
by StarBase by StarBase Analysis

GO and KEGG PPI NetWork CeRNA NetWork

Analysis

Figure | Study workflow.
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Figure 2 Differentially expressed miRNAs. (A) Volcano map showing the miRNAs molecules obtained from the differential analysis of the GSE4473 | dataset, red represents
upregulated genes and blue represents downregulated genes. (B) Heat map showing the miRNA molecules obtained from the differential analysis of the GSE4473| dataset.

A B
1.0 A 1.0
0.8 1 084
o '3
o o
= 06 = 0.6
F 2
= =
3 04 - Z 04
)] Q
0 ) —"hsa-miR-379 (AUC = 0.891)
0.2 - — hsa-miR-410 (AUC = 0.797) 02 ~— hsa-miR-144 (AUC = 0.859)
‘ — hsa-miR-1 (AUC = 0.750) : — hsa-miR-16 (AUC = 0.844)
—— hsa-miR-133b (AUC = 0.750) — hsa-miR-25 (AUC = 0.891)
— hsa-miR-487b (AUC = 0.734) — hsa-miR-409-3p (AUC = 0.859)
00 ] T 1 T 00 T L] T 1
0.0 0.2 04 06 0.8 10 00 0.2 04 0.6 08 10
C 1-Specificity (FPR) D 1-Specificity (FPR)
1.0 1.0
0.8 4 0.8
3 @
%, 0.6 E 0.6
= =
= =
3 04+ Z 04
o — hsa-miR-376a (AUC = 0.828) @
0 —"hsa-miR-654-3p (AUC = 0.828) n
] ~— hsa-miR-376¢ (AUC = 0.844) ] — hsa-miR-30a (AUC = 0.906)
02 — hsa-miR-136 (AUC = 0.891) 0.2 — hsa-miR-196b (AUC = 0.969)
— hsa-miR-377 (AUC = 0.812) —— hsa-miR-223 (AUC = 0.938)
— hsa-miR-127-3p (AUC = 0.828) — hsa-miR-451 (AUC = 0.953)
00 T T T T 00 T T T T
0.0 0.2 04 06 0.8 10 00 0.2 04 06 08 10

1-Specificity (FPR)

1-Specificity (FPR)
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Table 2 BP (Biological Process) of GSE4473| Dataset

Ontology | ID Description GeneRatio | BgRatio p value p Adjust | q value

BP GO:0032271 | Regulation of protein polymerization 117199 218/18,670 2.30e-05 0.030 0.026

BP GO:0045070 | Positive regulation of viral genome 5/199 35/18,670 3.27e-05 0.030 0.026
replication

BP GO:0048268 | Clathrin coat assembly 4/199 18/18,670 3.4l1e-05 0.030 0.026

BP GO:1903902 | Positive regulation of viral life cycle 6/199 61/18,670 4.64e-05 0.030 0.026

BP GO:0030833 | Regulation of actin filament 9/199 162/18,670 6.15e-05 0.030 0.026
polymerization

BP GO:0072583 | Clathrin-dependent endocytosis 5/199 40/18,670 6.36e-05 0.030 0.026

BP GO:0019886 | Antigen processing and presentation of | 7/199 98/18,670 8.58e-05 0.030 0.026

exogenous peptide antigen via MHC
class Il

BP GO:0032799 | Low-density lipoprotein receptor 4/199 23/18,670 9.46e-05 0.030 0.026
particle metabolic process
BP GO:0002495 | Antigen processing and presentation of | 7/199 101/18,670 1.04e-04 0.030 0.026
peptide antigen via MHC class Il
BP GO:0002504 | Antigen processing and presentation of | 7/199 102/18,670 1.10e-04 0.030 0.026
peptide or polysaccharide antigen via
MHC class Il

Table 3 CC (Cellular Component) of GSE4473| Dataset

Ontology | ID Description GeneRatio | BgRatio p value p Adjust | q value
CcC GO:0005925 | Focal adhesion 22/208 405/19,717 | 3.62e-10 | 6.77e-08 5.62¢-08
CcC GO:0005924 | Cell-substrate adherens junction 22/208 408/19,717 | 4.17e-10 | 6.77e-08 5.62e-08
CcC GO:0030055 | Cell-substrate junction 22/208 412/19,717 | 5.00e-10 | 6.77e-08 5.62e-08
CcC GO:0030125 | Clathrin vesicle coat 4/208 29/19,717 2.32e-04 | 0.022 0.018
CcC GO:0000118 | Histone deacetylase complex 5/208 58/19,717 3.62e-04 | 0.022 0.018
CcC GO:0030120 | Vesicle coat 5/208 58/19,717 3.62e-04 | 0.022 0.018
CcC GO:0019897 | Extrinsic component of plasma membrane | 8/208 165/19,717 | 3.74e-04 | 0.022 0.018
CcC GO:0043025 | Neuronal cell body 14/208 497/19,717 | 8.44e-04 | 0.040 0.033
CcC GO:0030136 | Clathrin-coated vesicle 8/208 188/19,717 | 8.83e-04 | 0.040 0.033
CcC GO:0030132 | Clathrin coat of coated pit 3/208 20/19,717 0.001 0.042 0.035

Table 4 MF (Molecular Function) of GSE4473| Dataset

Ontology | ID Description GeneRatio | BgRatio p value | p Adjust | q value
MF GO:0045296 | Cadherin binding 16/203 331/17,697 | 1.44e-06 | 6.13e-04 5.47e-04
MF GO:0050839 | Cell adhesion molecule binding 18/203 499/17,697 | 1.87e-05 | 0.004 0.004
MF GO:1902936 | Phosphatidylinositol bisphosphate binding 8/203 110/17,697 | 3.93e-05 | 0.006 0.005
MF GO:0017016 | Ras GTPase binding 15/203 429/17,697 | 1.34e-04 | 0.012 0.011
MF GO:0003779 | Actin binding 15/203 431/17,697 | 1.4le-04 | 0.012 0.011
MF GO:0031267 | Small GTPase binding 15/203 443/17,697 | 1.89e-04 | 0.013 0.012
MF GO:0005543 | Phospholipid binding 14/203 427/17,697 | 4.28e-04 | 0.026 0.023
MF GO:1901981 | Phosphatidylinositol phosphate binding 8/203 161/17,697 | 5.48e-04 | 0.029 0.026
MF GO:0005546 | Phosphatidylinositol-4,5-bisphosphate binding | 5/203 75/17,697 0.002 0.067 0.060
MF GO:0048156 | Tau protein binding 4/203 45/17,697 0.002 0.067 0.060
2698  "tes International Journal of General Medicine 2023:16
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Table 5 KEGG (Kyoto Encyclopedia of Genes and Genomes) of GSE4473| Dataset

Ontology ID Description GeneRatio BgRatio p value p. Adjust q value
KEGG hsa05100 Bacterial invasion of epithelial cells 10/111 77/8076 8.12e-08 1.70e-05 1.56e-05
KEGG hsa05135 Yersinia infection 10/111 137/8076 1.71e-05 0.002 0.002
KEGG hsa04530 Tight junction 10/111 169/8076 1.03e-04 0.007 0.007
KEGG hsa04810 Regulation of actin cytoskeleton /111 218/8076 1.91e-04 0.010 0.009
KEGG hsa05132 Salmonella infection L/ 249/8076 5.96e-04 0.025 0.023
KEGG hsa04670 Leukocyte transendothelial migration 71111 114/8076 9.42e-04 0.033 0.030
KEGG hsa04510 Focal adhesion 911 201/8076 0.002 0.048 0.045
KEGG hsa05131 Shigellosis 10/111 246/8076 0.002 0.048 0.045
KEGG hsa01210 2-Oxocarboxylic acid metabolism 3/111 19/8076 0.002 0.048 0.045
KEGG hsa04144 Endocytosis 10/111 252/8076 0.002 0.050 0.046

presentation of peptide or polysaccharide antigen via MHC class II (Figure 4A). The results of GO Analysis in
Cellular Component are related to focal adhesion, neuronal cell body, clathrin-coated vesicle, cell-substrate
junction and cell-substrate adherens junction (Figure 4B). Finally, the results of GO Analysis in Molecular
Function implied that adhesion molecule binding, cadherin binding, small GTPase binding, actin binding, Ras
GTPase binding, and phosphatidylinositol phosphate binding (Figure 4C). However, our KEGG results showed
that the target genes of hub miRNA in the GSE44731 dataset were primarily enriched in bacterial invasion of
epithelial cells, Yersinia infection, tight junction, regulation of actin cytoskeleton, Sa/monella infection, leukocyte
transendothelial migration, focal adhesion, shigellosis, 2-oxocarboxylic acid metabolism, and endocytosis
(Figure 4D).
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Figure 4 GO and KEGG enrichment analysis of DEM target genes. (A) Biological processes enriched (BPs) in the GSE4473| dataset; (B) Cell compositions enriched in
GSE44731 dataset (CCs); (C) Molecular functions enriched in the GSE4473 | dataset (MFs); (D) Signaling pathways enriched in the GSE44731| dataset (KEGG).
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Table 6 GSEA of miRNA

Category Subcategory Enrichment | P-value | P-Adjusted | Q-value | Observed
Pathways (KEGG) Prion diseases Depleted 0.0001 0.0161 0.0161 8l
Pathways (KEGG) Thl and Th2 cell differentiation Depleted 0.0001 0.0161 0.0161 155
Pathways (KEGG) NF-kappa B signaling pathway Depleted 0.0003 0.0362 0.0362 187
Pathways (KEGG) Chemokine signaling pathway Depleted 0.0006 0.0458 0.0458 237

Gene Ontology (miRWalk) [ GOO0006351 transcription DNA dependent | Depleted 0.0000 0.0005 0.0005 88

Gene Ontology (miRWalk) | GO0005730 nucleolus Depleted 0.0000 0.0002 0.0002 86

Gene Ontology (miRWalk) | GO0005524 ATP binding Depleted 0.0004 0.0292 0.0292 84

Gene Ontology (miRWalk) | GO0003677 DNA binding Depleted 0.0000 0.0006 0.0006 82

GSEA

For GSEA, we selected pathway (KEGG) and GO (miRWalk) as reference gene sets and regarded p-adjusted
<0.05 and p-value <0.05 as indications of statistically significant essential enrichment. We performed the analysis
on the GSE44731 dataset, and the results are displayed in Table 6 and Figure 5. The results show that hub
miRNAs were mostly enriched in signaling pathways such as Thl and Th2 cell differentiation, Prion diseases, the
NF-kB signaling pathway, the chemokine signaling pathway, DNA binding, ATP binding, nucleolus, the transcrip-
tion-DNA-dependent, and other biological processes.

Construction of the Molecule—Molecule Network

To identify potential molecular interaction relationships among target genes, the protein—protein interaction network
based on the STRING database was constructed, as shown in Figure 6A. The PPI network map contains a total of 215
nodes and 458 pairs of interaction relationships. In addition, we predicted the hub miRNAs, mRNA-mRNA interaction
network using the Starbase database and the ceRNA network for miRNA (Figure 6B), IncRNA-miRNA (Figure 6C), and
IncRNA-miRNA-mRNA interaction networks, respectively (Figure 6D).

A Th1 and Th2 cell differentiation 8 Prion diseases c NF-kappa B signaling pathway D Chemokine signaling pathway
- H 3
21 b
s
§ i g 4 g J ¥
i L i g
5 5 i i
E -1 r 35 : ° l? R |
€ F] E < s é
7] 4 7 ]
i1 2] i 4
ER . '
¥ 3 g R
T % = = = m m T I T T I 3 P S S A A A S A S A S
Ponton e werted |t Auaties 10 aated tet Pewron 1 wartet ot Powren 0 serted bat
E dna binding F atp binding G nucleolus H transcripton dna dependent
g
= E 1 s | 8
L ; :
g 1
i i H H
i1 i i P
e H H H
1 5
R : .
7 E 1 ]
: i
R

Figure 5 GSEA of miRNAs: (A) Thl and Th2 cell differentiation; (B) Prion diseases; (C) NF-kB signaling pathway; (D) Chemokine signaling pathway; (E) DNA binding; (F)
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Figure 6 Network construction. (A) PPl network of target genes; (B) miRNA-mRNA interaction network; (C) miRNA-IncRNA interaction network; (D) ceRNA network.

Comparison of the Expression Levels of MiR-223 in the Two Groups of Cells
To study differential expression in diseases further, we performed qPCR experiments on villous tissue in utero and in

ectopic pregnancy site. Compared to the intrauterine pregnancy group, the expression of MiR-223 was higher in the
control group, as shown in Figure 7.
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Figure 7 Expression of miRNA-223 in both groups of cells (ns, p20.05; *p <0.05).

Discussion

Early diagnosis of EP can better preserve patients’ fertility. However, the current methods used to diagnose early EP are
primarily dynamic observation of the change in HCG and the location of the amniotic sac through ultrasound, both of
which require an extended period of observation.'® High-throughput sequencing to detect EP is extremely rare, as is the
clinical application of its results. This study aimed to describe the miRNA of EP and intrauterine pregnancy and to
provide a research basis for its use in the early clinical diagnosis of EP in the future.

The current miRNA research focuses almost exclusively on the field of oncology and immune diseases. Trophoblasts
have proliferative properties similar to tumor cells, and as with alloantigen, avoid immune rejection and help maintain
pregnancy continuation.'” The process of trophoblast implantation, with its proper depth, and the establishment of
immune balance at the maternal and fetal interface, all involve the precise regulation of genes, and the MiR-223 gene
specifically, which is located within the q12 locus of the X chromosome and has been highly conserved during human
evolution.’

The long primary transcript of MiR-223 (pri-MiR-223) contains a hairpin structure in exon 3 of the non-coding
transcript that principally causes production of the MiR-223-3p strand. A minor product, MiR-223-5p, is also generated
that is prone to degradation yet has been shown to be involved in several diseases.’ It generates a minor product MiR-
223-5p as well, which is inclined to degradation yet has been proved to be involved in different roles of various diseases.
Apoptosis,'® proliferation,'® and metastasis*® have also been shown to be regulated by MiR-223, and a growing number
of evidence shows that MiR-223 may work as a biomarker for carcinogenesis and cancer progression in cancers such as
breast cancer,?' oral cancer,?? liver cancer,” colon cancer,”* and lung cancer.>> By sponging MiR-223, LRRC75A-AS]1
and PITPNA-ASI can also worsen glioblastoma.?

More recently, the role of MiR-223 has also been described for numerous immunological and inflammatory disorders.

7 and increase the success rate of heart

30

Researchers have found that MiR-223 can adjust immune function’
transplantation,”® and that is also closely related to immune diseases such as asthma®® and multiple sclerosis.
Currently, the research in an integrated analysis of GSE44731 dataset shows that MiR-223 has a relatively high
diagnostic performance for EP, with an AUC of 0.938.

In this study, we used GSEA to research the potential signaling pathways of hub genes in EP. According to the results,
EP patients were shown to be enriched in Thl and Th2 cell differentiation, the NF-kB signaling pathway, and the
chemokine signaling pathway, which are closely related to cell proliferation and immune regulation. Regulation of Th1/
Th2 response also plays an important role in autoimmune diseases, and numerous miRNAs including MiR-223 are
known to affect Thl and Th2 cytokines and alter Th1/Th2 balance.®*'*? The chemokine signaling pathway is composed
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of a variable set of chemokines. Abnormal regulation of chemokines can give rise to the excess inflammation
characteristic of many autoimmune diseases, such as rheumatoid arthritis, psoriasis, Crohn’s disease, type-1 diabetes,
and many others.*>>> Additionally, protection of chondrocyte extracellular matrix degradation by MiR-223 occurs via
SDF1/CXCR4 signaling, a branched pathway of the chemokine signaling pathway.***” In particular, miR-223 has been
unexplored in the literature until now. This study will provide new insights into the biomarker for early detection of EP.

Furthermore, the NF-«B signaling pathway has been shown to be inhibited by MiR-223, and this can delay cancer cell
proliferation®* and is closely related to immune regulation as well.>> However, results acquired from computational
analysis typically require further validation through wet-lab testing, such as qPCR experiments, which we also
performed. In our qPCR results, we found that MiR-223 showed a high expression status in the villous tissues of EP
and significant differences between the experiment and control groups. So far, there have been very few studies
characterized the expression of miRNAs in EP, and none have applied it diagnostically. We believe this approach is an
important direction for future research that could lead to new biomarkers for early diagnosis of EP.

The current study is not without its limitations of course. Firstly, the lack of complete clinical data in GEO results in
a relatively small sample size. Hence, the statistical power is also low. Therefore, our research can benefit from larger
sample sizes whose larger statistical power can be used to obtain more significant results. Secondly, despite the fact that
microarray-based bioinformatics analysis is a powerful tool to effectively understand molecular mechanisms and identify
potential biomarkers underlying EP, further experimental validations of MiR-223 at the molecular, cellular, and organism
levels are needed.

Conclusion

In conclusion, our integrated bioinformatics analysis of EP datasets from GEO databases revealed 19 DEGs, many
potential molecular mechanisms, and several key pathways involved in EP. Results of our study imply that MiR-223 may
be a potential diagnostic biomarker for the very early stages of EP. Furthermore, the biological role of MiR-223 in EP has
yet to be validated experimentally.
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