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Preeclampsia is a disease associated with developmental defects in the placenta. However, the
pathogenesis of preeclampsia has not been precisely elucidated. Extensive studies have found that
noncoding ribonucleic acid is involved in transcription and post-transcriptional translation. In the
present study, we expounded on the pathogenic mechanism and diagnostic potential of noncoding
ribonucleic acid in preeclampsia. We obtained the differentially expressed long noncoding
ribonucleic acid urothelial carcinoma-associated 1 from the gene expression omnibus dataset.
Urothelial carcinoma-associated 1 participated as a core gene in the construction of the competing
endogenous ribonucleic acid network. The receiver operating characteristic curves were used to
construct a diagnostic model for preeclampsia. Besides, the biological processes that urothelial
carcinoma-associated 1 may influence in preeclampsia development were explored. Then, we
detected urothelial carcinoma-associated 1, microRNA-18a, and hypoxia-inducible factor-1 alpha
expressions by real-time quantitative polymer chain reaction and Western blotting. Based on the
HTR-8/SVneo cell hypoxia model, we altered the expression of urothelial carcinoma-associated 1
or microRNA-18a by transfection. Cell counting kit-8, transwell, and wound healing assay were
applied to treated cells to detect changes in their biological behaviors. Clinical samples confirmed
that urothelial carcinoma-associated 1 and hypoxia-inducible factor-1 alpha messenger ribonucleic
acid were more abundant in the placenta of patients with preeclampsia, while microRNA-18a was
deficient. Urothelial carcinoma-associated 1 regulated the expression of hypoxia-inducible factor-1
alpha via microRNA-18a, promoting trophoblastic cell migration, invasion, and proliferation.
Aspirin treatment significantly repaired the invasive function of drug-induced hypoxic trophoblasts,
and the expression levels of these three genes were altered. Thus, we concluded that urothelial
carcinoma-associated 1/microRNA-18a/hypoxia-inducible factor-1 alpha forms a molecular pathway
that affects the biological behaviors of trophoblast cells and participates in the pathogenesis of
preeclampsia.
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Preeclampsia (PE), a clinical syndrome appearing in
pregnancy after 20 gestational weeks, is characterized
by hypertension and proteinuria and can cause
multisystem organ dysfunction in the mother. It can
produce short-term adverse pregnancy outcomes such
as fetal distress, fetal growth restriction, and stillbirth,
and long-term negative effects such as cardiovascular
diseases, autism spectrum disorder, and attention
deficit hyperactivity disorder!'*!. PE affects 2 % to 4
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% of worldwide pregnancies and is associated with
approximately 46 000 maternal deaths and 500 000
fetal and neonatal deaths each year!*’!. PE brings
severe disease and economic burdens to pregnant
women around the world. Terminating the pregnancy
is currently the only way to stop the disease from
progressing. Despite having been probed for many
years, the precise etiology and pathogenesis of PE
have not yet been elucidated. One internationally
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recognized theory is that in PE, the capacity of
extravillous trophoblast infiltration is impaired, and
uterine spiral arterioles remodeling is insufficient!.
These pathological changes contribute to reduced
placental perfusion and placental hypoxia, releasing
a variety of placental factors. Ultimately, a range of
adverse clinical symptoms that threaten the mother
and fetus occur. Overall, it is vital to elucidate the
etiology and pathogenesis of PE as soon as possible
and to find more sensitive and specific methods for
early diagnosis, treatment, and prognosis in clinical
practice.

With the development of gene sequencing technology
and Dbiological information mining technology,
multiple noncoding RNAs (ncRNAs) differentially
expressed in placental tissues, peripheral blood,
and exosomes have been identified!’). MicroRNAs
(miRNAs) and long noncoding RNAs (IncRNAs)
are the main research objectives. ncRNAs regulate
multiple cellular functions and are therefore widely
used as potential biomarkers for various diseases.
Urothelial Carcinoma-Associated 1 (UCA1l) was
the first tumorigenic IncRNA detected in bladder
cancer!'”, Numerous works have found that UCALI
is aberrantly expressed in various diseases and plays
a vital role in the pathophysiological formation
of cancer and pregnancy complications through
crosstalk with miRNAs!"). UCA1 affects cell invasion
and proliferation in diverse tumor types, including
cervical, colorectal, and pancreatic cancers!'>!],
Furthermore, UCA1 is highly expressed in the
placental tissues of pregnancies with PE. Silencing
of UCA1 enhanced trophoblast proliferation and
metastasis but inhibited apoptosis!!*. Hence, the
downstream-specific mechanisms and pathways of
UCAI1 involved in PE occurrence need to be further
elucidated.

Aspirin belongs to the family of non-steroidal anti-
inflammatory drugs that inhibit the cyclooxygenase
pathway and is widely used to prevent a variety of
diseases including cardiovascular complications
and tumors. Clinical trials and systematic reviews
demonstrated that Low-Dose Aspirin (LDA) in
early pregnancy may decrease the risk of PEU!6],
Nevertheless, the molecular mechanisms by which
LDA benefits PE prevention remain enigmatic. One
of the most recognized mechanisms is associated
with the anticoagulant effect of aspirin. However, this
mechanism is too simple to explain all the mechanisms
involved in the prevention of PE by LDA. A recent
study has shown that aspirin protects the migration
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and invasive functions of hypoxic trophoblasts and
inhibits apoptosis through the c-Jun NH2-Terminal
Kinase (JNK)/Activator Protein-1 (AP-1)/sFltl
pathway!'”l. Aspirin has also been demonstrated to
regulate trophoblast invasive function through the
miR-200 family and Transforming Growth Factor
Beta 1 (TGFB1)!'®l There is still a large knowledge
gap about the mechanistic effects of aspirin and the
pathogenesis of PE that needs to be further explored.

The progress of ncRNAs in pathological mechanism,
marker prediction, diagnosis, and drug-targeted
treatment of tumor diseases is at least 10 y ahead
of PE research. Through such findings, it has been
identified that ncRNAs have excellent prospects in
the noninvasive prediction, diagnosis of diseases,
and targeted precision therapy. Building on existing
research, here we used databases prediction and in
vitro experimental verification to dig deeper into
the impact of UCAI1/miR-18a/Hypoxia-Inducible
Factor-1 Alpha (HIF-1a) on the biological behavior
of PE trophoblast cells and to discover new molecular
pathological mechanisms of PE. In addition, the
pathway was found to be involved in the prevention
of PE by aspirin. We ultimately aimed to uncover
effective biomarkers for the early prediction of PE
that would benefit pregnant women worldwide.

MATERIALS AND METHODS
Bioinformatics analysis:

The maternal placental tissue dataset GSE75010 was
derived from the Gene Expression Omnibus (GEO),
(https://www.ncbi.nlm.nih.gov/geo/) database
including 80 PE samples and 77 normal samples.
Data variance analysis was performed using the
limma package in the R software (version 4.2.2).
Genes meeting |log2FC>0.6] and p<0.05 (Benjamini
& Hochberg reconciliation) were used as significantly
differentially expressed genes. miRNAs that IncRNA
could target for binding were predicted in the miRcode
(http://www.mircode.org/index.php) database.
Possible target-binding mRNAs for miRNAs were
predicted using miRNA Database (miRDB) (https://
mirdb.org/), TargetScan (https://www.targetscan.
org/vert_80/), miRTarBase (https://mirtarbase.cuhk.
edu.cn/~miRTarBase/miRTarBase 2022/php/index.
php) databases. miRNAs target-binding messenger
Ribonucleic Acid (mRNA) supported by two and
more databases were selected. Protein-Protein
Interaction (PPI) networks were performed through
the String (https://cn.string-db.org/) database and
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node relationships were displayed. Using cytoscape
software (version 3.8.2), we constructed a competing
endogenous RNAs (ceRNAs) network of IncRNAs,
miRNAs, and key mRNAs.

Receiver Operating Characteristic curves (ROC)
was calculated using the pROC package, and a
ROC PE diagnostic model was acquired by the
Glmnet package in R software. The placental dataset
GSE114691 was gained from the GEO database as
the ROC model validation group. This dataset was
composed of 20 PE samples and 21 normal samples.
Principal Component Analysis (PCA) was applied to
test whether UCA1 and downstream mRNA could
discriminate between PE and normal samples in
GSE114691. Gene Ontology (GO) (http://www.
geneontology.org/) database was used to perform
functional enrichment analysis of key mRNAs
in three areas; Biological Process (BP), Cellular
Component (CC), and Molecular Function (MF).
Pathway enrichment analysis was also carried out
utilizing Kyoto Encyclopedia of Genes and Genomes
(KEGG) (https://www.kegg.jp/) database.

Clinical samples collection:

In this study, placental tissue collection from
all patients was approved by the Medical Ethics
Committee of the Second Affiliated Hospital of
Harbin Medical University. 15 cases of placentas
clinically diagnosed PE and 15 cases of placental
tissue without other chronic diseases and obstetric
complications were collected. PE patients exhibited
systolic blood pressure >140 mmHg or diastolic
blood pressure >90 mmHg on two or more occasions,
accompanied by proteinuria after gestational 20
w. In exclusion criteria, patients with previous
chronic diseases (such as hypertension, kidney
disease, heart disease, rheumatism, and immune
disease), complications during pregnancy (such as
gestational diabetes mellitus and premature rupture
of membrane), personal history of poor pregnancy
(such as spontaneous miscarriage, fetal malformation,
fetal chromosomal abnormalities, stillbirth), and
multiple pregnancies have been excluded. Clinical
characteristics of all patients are summarized in
Table 1. Placenta samples of approximately 2 cm in
diameter were obtained from the middle of villous
lobules. The specimen was rinsed with pre-cooled
phosphate-buffered saline to remove blood and then
rapidly frozen in liquid nitrogen. Placental tissue
was stored in a -80° refrigerator.
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Cells culture and treatment:

The trophoblast cell line HTR-8/SVneo was
purchased from Zhong Qiao Xin Zhou Biotechnology
(Shanghai, China) and verified by Short Tandem
Repeat (STR) analysis before usage. Cells were
fully cultured in a mixture of 90 % Roswell Park
Memorial Institute (RPMI)-1640 (Corning, United
States of America (USA)), 10 % fetal bovine serum
(Procell, Wuhan, China), and 1 % penicillin (100 U/
ml) and streptomycin (100 mg/ml) (Procell, Wuhan,
China). All cells were maintained at 37° and 5 %
carbon dioxide. In this study, Cobalt dichloride
(CoCl,) (Sigma, USA) was used to induce HTR-8/
SVneo to establish a hypoxic trophoblast cell model
of PE. A study has demonstrated the above method's
effect was similar to the traditional hypoxia method,
which could induce the stable expression of HIF-
la and is more convenient to study®. In aspirin
experiments, the hypoxic HTR-8/SVneo cell model
was treated with aspirin (0.5 mM; acetylsalicylic
acid, MedChemExpress, USA), and exposed for 48
h before further analysis!'”l.

Cells transfection:

miR-18a mimic, miR-18a inhibitor, si-UCA1, and
related Negative Control (NC) were purchased from
Genepharma (Suzhou, China). RNA Oligo was
transfected into HTR-8/SVneo using GP-transfect-
Mate (Genepharma, Suzhou, China) transfection
reagent. We replaced the old medium with a freshly
complete medium after 5 h of transfection. The RNA
expression was detected after (1-3) d of culturing
cells, and the protein expression was examined after
(2-4) d of culturing cells.

Real Time-quantitative Polymerase Chain Reaction
(RT-qPCR):

The total RNA of placental tissue and trophoblast
cells was extracted with Trizol Reagent (HaiGene,
Haerbin, China). The ABScript One-Step SYBR
Green RT-qPCR kit (ABclonal, Wuhan, China) was
used to detect the expression of UCA1 and HIF-
la mRNA according to its instruction. The internal
reference gene was B-actin. Besides, the total RNA
was reverse transcribed by transcriptor first strand
cDNA synthesis kit (Roche, Switzerland), and
FastStart Universal SYRB Green Master (ROX)
(Roche, Switzerland) was used to detect miR-18a
expression. The internal reference gene was RNU6.
The gene primer sequences are shown in Table 2.
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TABLE 1: STATISTICAL ANALYSIS OF CLINICAL CHARACTERISTICS OF PATIENTS WITH PE AND

NORMAL PREGNANCY

Variable Normal, n=15" PE, n=15" p value?
Maternal age (years) 30.0+4.1 29.0+6.5 0.7
?fgf;’;fz)preg”ancy BMI 21.1£3.1 25.0+3.6 0.013
Delivery BMI (kg/m?) 28.3+2.8 31.245.2 0.051
Systolic blood pressure (mmHg) 11311 15723 <0.001
Diastolic blood pressure (mmHg) 79+7 105£13 <0.001
Proteinuria (+) 0+0.5 31.2 <0.001
Newborn weight (g) 3650+428 2350+891 <0.001
Newborn length (cm) 50.0+1.8 44.0+6.6 <0.001
Apgar score 9+0 8+2 <0.001
Gestational week (weeks) 39.7+7.5 36.0+4.2 <0.001

Note: BMI: Body Mass Index; (') median+SD, n (%) and (2) Wilcoxon rank sum test

TABLE 2: PRIMER SEQUENCES OF TARGET GENES AND INTERNAL REFERENCE GENES

Gene Primer sequence (5'-3')
HIF-1a Forward CGTTCCTTCGATCAGTTGTC
Reverse TCAGTGGTGGCAGTGGTAGT
UCAT Forward CTCTCCATTGGGTTCACCATTC
Reverse GCGGCAGGTCTTAAGAGATGAG
B-actin Forward TGGAATCCTGTGGCATCCATGAAAC
Reverse TAAAACGCAGCTCAGTAACAGTCCG
iR-18a Forward GCCGCTAAGGTGCATCTAGT
Reverse CAGAGCAGGGTCCGAGGTA
RNUG Forward CTCGCTTCGGCAGCACA

Reverse AACGCTTCACGAATTTGCGT

Cell protein extraction and Western Blotting (WB):

Radioimmunoprecipitation Assay (RIPA) lysis buffer
and protease inhibitor were mixed at 1:100. Protein
concentration was detected by the Bicinchoninic Acid
Assay (BCA) method. Prepare 10 % Polyacrylamide
Gel Electrophoresis (PAGE) gel according to the
instruction of the PAGE gel rapid preparation kit
(YaMei, Shanghai, China). All primary antibodies
(Wanleibio, Shenyang, China) were derived from
rabbits, and secondary antibodies (Wanleibio,
Shenyang, China) were goat anti-rabbit antibodies.
Glyceraldehyde 3-Phosphate Dehydrogenase
(GAPDH) protein was used as the internal reference
protein. The gray value of the target protein/the gray
value of the inner reference protein was used as the
relative expression level of the target protein.

Cell proliferation assay:

The proliferation of HTR-8/SVneo was detected
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after transfection or (and) hypoxic treatment. HTR-
8/SVneo cells were seeded in 96-well plates at 3000
cells/well. Cell Counting Kit-8 (CCKS8) (Seven,
Beijing, China) was added to the 96-well plate 1 d, 2
d, and 3 d after cell seeding, and the absorbance was
measured at 450 nm wavelength with a microplate
reader after 1 h.

Wound healing assay:

Transfected or (and) hypoxia-treated trophoblasts
were cultured in 6-well plates to near 100 % density.
Cells are cultivated in a medium without fetal bovine
serum. Photographs were captured at O h, 1 d, 2 d,
and 3 d after scratching, and the experimental results
were processed with ImageJ software (version 1.53a).

Transwell invasion assay:

In the experiment, a layer of Matrigel was pre-laid
on the upper layer of the transwell chamber. The
cell suspension was added after it solidified. The
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upper layer of each chamber was filled with 200 pl
(3%10° cells/ml) of the resuspended cell suspension
with medium without fetal bovine serum, and
700 pul complete medium was added in the lower
chamber. After 2 d, the chambers were taken out.
The bottom of the chambers was immersed with 4
% paraformaldehyde for 30 min. Afterward; the
chambers were gently washed three times with
Phosphate Buffer Solution (PBS). They were stained
with crystal violet for 30 min. 6 fields were randomly
photographed in each experimental group, and the
number of cells in each visual area was counted.

Statistical analysis:

Clinical patient’s characteristics were analyzed
using the R software rank sum test, and the data
were shown with mean+Standard Deviation (SD).
GraphPad Prism 9 software performed an unpaired
t-test to analyze the experimental data of two groups.
Statistical analysis of experimental data of multiple
groups was performed using conventional one-way
Analysis of Variance (ANOVA). All experiments
were repeated at least three times. p<0.05 indicated
statistical ~ significance  (*p<0.05, **p<0.01,
**%p<(0.001 or ****p<0.0001).

RESULTS AND DISCUSSION

53 differentially expressed genes were generated by
GSE75010 data differential analysis, including 10
down-regulated genes and 43 up-regulated genes
(|log2FC>0.6| and p<0.05). We showed the top 10
most significant differences in up-regulated and
down-regulated genes separately (fig. 1A). UCA1
was identified as the single most significant IncRNA
with increased expression in PE placental samples
(fig. 1B). The trend of UCA1 differential expression
was consistent with the results of previous work!4.
The miRcode database predicted 44 miRNAs that
can bind directly to UCA1. 401 mRNAs supported
by two and more prediction databases are the target
genes for 44 miRNAs. Notably, miR-18a was only
predicted to bind to HIF-la in the TargetScan
database. 401 predicted mRNAs were subjected
to PPI analysis using the String database (fig. 1C).
There were 222 relationship pairs and 162 node
genes in the PPI networks, and the top 20 node genes
with the most relationship pairs were selected for
presentation, including Kirsten Rat Sarcoma Virus
(KRAS), Janus Kinase 2 (JAK2), Phosphoinositide-
3-Kinase Regulatory 1 (PIK3R1), Argonautel
(AGO1), CRKL, and others (fig. 1D).
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We picked node genes with relationship pairs equal
to or >3 pairs as key mRNAs and used Cytoscape
software to construct a ceRNA network with UCAL1
as the core hub (fig. 2A). The ceRNA network
consisted of UCA1, 14 miRNAs including miR-18a,
and 58 mRNAs including HIF-la. Subsequently,
we explored and examined in depth the evidence
that UCA1/miR-18a/HIF-1a constituted a ceRNA
mechanism involved in PE pathogenesis. Based on
the prediction from the miRcode website, UCA1 had
a highly conserved binding site that binds directly
to miR-18a (fig. 2B). The possible targeted binding
sites of miR-18a and HIF-1a mRNA were predicted
utilizing the TargetScan website (fig. 2C). Further
confirmation of clinical samples by RT-qPCR showed
that UCA1 was more abundant in the placenta of PE
patients than in normal placentas, indicating that
it might play an essential role in the pathogenesis
of PE. Furthermore, the content of miR-18a in the
placenta of PE patients was lacking compared with
that of normal women. At the same time, HIF-1a
mRNA expression was increased (fig. 2D).

We constructed ROC curves and a logistic model
about UCAI and its competing mRNAs PIK3R1,
CRKL, GSK3B, JAK2, and HIF1A (i.e., HIF-1a)
in GSE75010. This model's area under the ROC
curve (Area under the Curve (AUC)) was 0.861
(95 % Confidence Interval (CI); 0.799-0.918) (fig.
3A). The GSE114691 dataset validated the above
genes for their ability to differentiate PE samples.
The wvalidation group model exhibited AUC of
0.990 (95 % CI; 0.964-1.000), indicating that the
above genes in combination were more capable of
predicting PE (fig. 3B). PCA analysis revealed only
a small overlap of regions between the control and
PE groups in GSE114691, reaffirming the ability
of the above genes to diagnose PE disease (fig.
3C). GO and KEGG analysis revealed that the
five most significantly enriched BP, CC, MF, and
KEGG pathways terms for UCA1 key competitor
mRNAs (fig. 3D). UCA1 mainly affected BP such as
intracellular protein catabolism, cellular adhesion,
apoptosis, and migration. Transcription-related CC
that may be potentially influenced by UCAT1 include
the RISC complex and RNAi effector complex.
UCA1 may have roles in such as RNA polymerase II-
specific DNA-binding, transcription factor binding,
and DNA-binding transcription factor binding to
interfere with protein transcription. UCAT1 is engaged
in the Phosphoinositide 3-Kinase (PI3K)-Protein
Kinase B (Akt) signaling pathway, microRNAs in
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multiple cancers, human papillomavirus infection,
and other pathways affecting disease progression.

HTR-8/SVneo cells were transfected with NC, miR-
18a mimic, and miR-18a inhibitor, respectively, to
investigate the effect of miR-18a on the biological
behavior of trophoblast cells. After transfection, the
transfection efficiency of cells and the expression
levels of UCAT1, HIF-1oa mRNA, and HIF-1a protein
were measured by RT-qPCR and WB. We found
that overexpression of miR-18a, which induced
UCALI and HIF-1a decreased expression at the RNA
and protein levels. Meanwhile, the knockdown of
miR-18a resulted in UCA1 and HIF-la increased
expression at both RNA and protein levels (fig. 4A
and fig. 4B). CCK8, transwell, and wound healing
assay were performed. The results demonstrated that
overexpression of miR-18a promoted migration,
invasion, and proliferation of trophoblast cells, while
knockdown of miR-18a produced the opposite effects
(fig. 4C-fig. 4E).
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To exploit the pathological and physiological roles
of UCA1 in PE and investigate the possibility that
miR-18a mediates UCA1 to affect HIF-1a involved
in PE, HTR-8/SVneo cells without other treatments
were transfected with ncRNA or si-UCAL,
respectively. The HTR-8/SVneo hypoxic model
established by CoCl, induction was transfected
with si-UCA1 and simultaneously transfected with
si-UCA1 and a miR-18a inhibitor. We had the
following findings; compared with trophoblast
cells under normoxic conditions, the expression
of HIF-lo mRNA and protein were increased in
the hypoxia model, indicating that this model was
successfully established. Additionally, when treated
with si-UCAT1, miR-18a expression was upregulated,
and HIF-1a, mRNA and protein expressions were
downregulated (fig. SA and fig. 5B). Therefore, we
considered that the UCA1/miR-18a/HIF-1a axis is
likely to participate in the pathogenesis of PE.
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Fig. 1: (A): Top 10 most significant differential genes up and down-regulated in GSE75010; (B) UCA1 was the most significantly increased IncRNA
in PE placentas in GSE75010; (C): Possible competing protein PPI networks for UCA1 were obtained from the String database and (D): Top 20

node genes with the most relationship pairs
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Fig. 2: (A): Constructing a ceRNA network with UCAL1 as the core hub utilizing cytoscape software; (B): Binding sites between UCA1 and miR-
18a were predicted using the miRcode website; (C): TargetScan website predicted the binding site between miR-18a and HIF-1o. mRNA and (D):
UCAL1, miR-18a, and HIF-1a. mRNA expressions in the placentas of patients with PE and normal women
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Fig. 3: (A): Constructing ROC curves and a logistic model about UCA1, PIK3R1, CRKL, GSK3B, JAK2, and HIF1A in GSE75010; (B): The
GSE114691 dataset validated the above genes for their ability to differentiate PE samples; (C): PCA analysis reaffirmed the ability of the above
genes to diagnose PE disease and (D): GO and KEGG analysis showed that the five most significantly enriched BP, CC, MF, and KEGG pathways
terms for UCA1 key competitor proteins
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Fig. 4: (A): Altering miR-18a expression, UCA1, miR-18a, and HIF-1o. mRNA were detected in the HTR-8/SVneo cells by RT-qPCR; (B): Altering
miR-18a expression, the expression of HIF-1a protein was detected in HTR-8/SVneo cells by WB and (C-E): The effects of miR-18a on HTR-8/
SVneo cell invasion, proliferation, and migration were examined by transwell, CCKS8, and wound healing assay
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Fig. 5: (A): HIF-10 protein was detected by WB after transfected and/or hypoxna-treated HTR-8/SVneo; (B): UCA1, miR-18a, and HIF- la mRNA
were detected by RT-qPCR after transfected and/or hypoxia-treated HTR-8/SVneo cells and (C-E): Variations in HTR-8/SVneo cell invasion,
proliferation, and migration were detected by transwell, CCK8, and wound healing assay in transfected and/or hypoxia-treated HTR-8/SVneo cells
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We further explored the effect of UCA1 on the
biological functions of trophoblast cells. The results
displayed that si-UCA1 transfection enhanced such
cells’ migration, invasion, and proliferation. Thus,
the knockdown of UCA1 reduced the decline of
cell migration, invasion, and proliferation capacity
affected by hypoxia, while inhibiting miR-18a
expression reversed this circumstance to a certain
extent (fig. 5C-fig. SE). Therefore, we concluded that
the UCA1/miR-18a/HIF-1a axis interfered with the
invasion, proliferation, and migration of trophoblast
cells in the hypoxia model and is involved in the
pathophysiology of PE.

We sought to dig out whether the UCA1/miR-18a/
HIF-1a pathway is one of the mechanisms by which
aspirin prevents the development of PE. Aspirin
treatment altered the expression levels of UCAI,
miR-18a, and HIF-1a in hypoxic HTR-8/SVneo cells.
UCA1 and HIF-1a expression was decreased, while
miR-18a expression was increased (fig. 6A and fig.
6B). Importantly, the invasive function was repaired
after exposing in aspirin, although the proliferative
function of trophoblast cells was not significantly

changed (fig. 6C and fig. 6D). Thus, we considered
that UCA1/miR-18a/HIF-1a was involved in the
pharmacological mechanism of aspirin in controlling
the pathogenesis of PE.

PE affects >20 000 of pregnant women worldwide.
The heterogeneity and complexity of PE make
prediction, diagnosis, and treatment become
difficult. Clarifying the molecular mechanisms
of PE and searching for new PE biomarkers are
necessary to reduce maternal and child harm and the
global economic burden. With advances in precise
molecular targeting methods, extensive studies have
found that ncRNAs are involved in the occurrence
and development of various diseases including
multiple pregnancy complications!*'?*!, In particular,
IncRNAs and miRNAs play essential roles in disease
diagnosis and treatment. For example, the IncRNA
TUGI1 promotes angiogenesis of human umbilical
vein endothelial cells in PE by regulating the miR-
29a-3p/Vascular Endothelial Growth Factor A
(VEGFA) pathway®!. These findings prompted the
exploration of the role of ncRNA in the pathology,
diagnosis, and treatment of PE.
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Fig. 6: (A): UCA1, miR-18a, and HIF-1a mRNA were detected by RT-qPCR after aspirin treatment HTR-8/SVneo cells; (B): HIF-1a protein was
detected by WB after aspirin treatment HTR-8/SVneo and (C and D): Variations in HTR-8/SVneo cell invasion and proliferation were detected by

transwell and CCKS in aspirin treatment HTR-8/SVneo cells
Note: ( ~# ): Normal; ( -# ): CoCl, and ( —& ): CoCl,+aspirin
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Herein, we aimed to broaden the molecular
mechanisms by which combinations of IncRNA/
miRNA/mRNA are involved in the pathogenesis of
PE. Utilizing bioinformatics mining, we identified
the potential biological significance of UCALI in the
placenta of women with PE. Afterward, the ceRNA
network we constructed illustrated that UCAT1 can act
as a core gene that competed with multiple mRNAs
to bind miRNAs, influence protein expression, and
engage in the pathogenesis of PE. Four miRNAs
(miR-206, miR-18a, miR-135a-5p and miR-507)
of the ceRNA network have been demonstrated
to be abnormally abundant in PE placental tissue,
affecting specific molecular mechanisms leading to
PER>28. Key mRNAs in the PPI network influenced
by UCAL included JAK2, PIK3R1, CRKL, GSK3B,
and HIF-1a. They have been supported by several
evidence to influence trophoblast function and
participate in PE occurrence by activating JAK2/
STAT3, AKT signaling pathway, the RAS and JUN
kinase signaling pathways, and inhibiting PI3K-Akt
signaling pathway, respectively®-4.

We selected the above genes to constitute a
diagnostic model for PE and validated that the model
is diagnostically sound, identifying that UCAI1
and its competing mRNAs were diagnostic for PE.
KEGG analysis displayed that UCAI1 competing
mRNAs were significantly enriched in the PI3K-
Akt signaling pathway and microRNAs in cancer.
PI3K/Akt/endothelial Nitric Oxide Synthase (eNOS)
and PI3K/Akt/mammalian Target of Rapamycin
(mTOR) pathways activation has been shown to
affect trophoblast angiogenesis, oxidative stress,
and invasion leading to PE in pregnant women!*>37,
There are similarities in the alteration of certain
functions of cancer and PE placental cells, such
as proliferation, invasion, and angiogenesis. Fully
evaluating the GO and KEGG analytic result, we
considered that UCA1 may disrupt transcription and
post-translationally affect protein expression, leading
to impaired BP such as cell metabolism, migration,
invasion, apoptosis, and adhesion, thereby inducing
PE.

UCA1/miR-18a/HIF-1a was identified in the ceRNA
network. Through searching extensive literature, we
discovered that UCA1 was responsible for the onset
and developmentofdiverse diseases***?.. Forinstance,
UCALI could target miR-18a to strengthen tamoxifen
resistance in breast cancer cells by impacting cell
proliferation and the cell cycle*). And miR-18a
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also restrained HIF-1a expression through targeted
binding and regulated gastric cancer cell apoptosis
and invasion!. HIF-1a induced UCA1 upregulation
facilitated osteosarcoma cell proliferation*?!. Based
on the above discoveries, we hypothesized that
UCA1/miR-18a/HIF-1a might form a pathway;
affect the biological function of trophoblast cells,
and participate in the pathophysiology of PE.

HIF-1 has been broadly researched as a major
regulator of the cellular response to hypoxic tension.
A study has shown that HIF-1 is a crucial link in the
pathogenesis of PE*¥, As a component of HIF-1, HIF-
la regulates multiple pathways mediating abnormal
PE placental vascular remodeling!***. Primarily,
HIF-1o can activate anti-angiogenic and inhibit
pro-angiogenic factors, such as soluble FMS-Like
Tyrosine kinase-1 (FLT1), VEGFA, Notch homolog
11461 HIF-1a also enhances placental inflammation
and dysfunction by increasing the production of
p38MAPK and NLRP3 inflammatory vesicles! ‘.
Moreover, serum HIF-l1o levels with or without
uterine artery Doppler ultrasonography at 11-13+6 w
of gestation have been proven to effectively predict
PEM7,

miR-18a is one of the most conserved and
functional miRNAs in the miR-17-92 cluster.
The altered miR-18a expression has been found in
various physiological and pathological processes,
including cell proliferation, invasion, apoptosis,
epithelial-mesenchymal transition, and metastasis!*.
Interestingly, miR-18a has dual functional roles in
promoting or inhibiting tumorigenesis in different
human cancers.

We looked at the UCA1/miR-18a/HIF-1 pathway
as a focused research target to further explore.
Clinical samples verified by RT-qPCR showed
that the expressions of UCA1l and HIF-la in
PE placentas were higher than those in normal
pregnancy. In contrast, miR-18a expression was
decreased, consistent with previous research results.
Using different databases, we predicted possible
binding sites among UCA1, miR-18a, and HIF-1a
mRNA. Subsequently, we overexpressed miR-18a
trophoblast cells and exhibited that UCA1 and HIF-
la were decreased at both RNA and protein levels.
Meanwhile, reducing the expression of miR-18a in
vitro had the opposite result. It is well known that
the ability of trophoblast cells to migrate, invade
and proliferate is critical for a successful pregnancy.
Therefore, we performed gain-and-loss studies of
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functions focusing on the above biological functions.
They revealed that overexpression of miR-18a
fostered the migration, invasion, and proliferation of
trophoblast cells. Taken together, these experiments
have suggested that overexpression or knockdown
of miR-18a transformed the expressed levels of
UCA1 and HIF-1a, interfering with trophoblast cell
behaviors. Xu et al.®® exhibited that diminished
miR-18a enhanced TGF-B Signaling by reinforcing
Mothers Against Decapentaplegic Homolog 2
(SMAD?2) (FL) expression, eliciting PE in pregnant
women. Similarly, this work sourced that miR-18a
had a facilitative effect on trophoblast invasion. In
addition, they observed no effect of miR-18a on
the trophoblast cell cycle. A prior study assessed
that miR-18a was highly expressed in PE maternal
plasma and correlated with PE severity®®. It can be
evident that miR-18a is a promising molecule for
non-invasive liquid biopsy detection in PE.

Based on the successful establishment of the PE
cell hypoxia model, by interfering with UCA1
expression, miR-18a expression was upregulated,
and the expressions of HIF-1a mRNA and protein
were downregulated, demonstrating that UCALI
transformed the expression of HIF-la in this
model via miR-18a. Cell functional experiments
were performed; depicting that knockdown of
UCAI1 attenuated hypoxia-affected cell migration,
invasion, and proliferation while inhibiting miR-
18a expression reversed this phenomenon to some
extent. In light of the above studies, we pinpointed
that UCA1/miR-18a/HIF-1a affected the invasion,
proliferation, and migration of trophoblasts in the PE
hypoxia model and was involved in the development
of PE. However, Wu et al.’" implemented a dual
luciferase reporter gene assay to demonstrate
that HIF-la mRNA bound directly to the UCAI
promoter to facilitate UCA1 expression. Hence,
we had doubts about whether the UCA1/miR-18a/
HIF-1a relationship acted as ceRNAs or a feedback
pathway. Resolving this question is imperative for
understanding the pathogenesis of PE. Their data
demonstrated that UCAT1 recruited ubiquitin-specific
peptidase 14 to profilin 1, inactivated ubiquitinated
degradation of PFNI1, and further stimulated the
RhoA/Rho-kinase pathway to trigger reactive oxygen
species production in endothelial cells. Through
this molecular mechanism, UCA1 functioned in the
adaptive pathogenesis of HIF-1a inresponse to PE and
damaged maternal endothelial cells. The team also
detected a rise in serum exosome UCAT1 expression
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in PE mothers. Consequently, UCA1 holds promise
as a target for the detection and therapy of PE in the
coming years. Furthermore, we realized that aspirin
improved the invasive function of trophoblast cells
under hypoxia-induced and shifted the expression
levels of UCA1, miR-18a, and HIF-1a. This result
provides a theoretical basis for aspirin to attenuate
the risk of developing PE.

A tremendous challenge that therapists face with PE
disease is the time difference between fundamental
pathological changes starting before the 20" w of
pregnancy and clinical symptoms appearing after
that in PE disease. In the present study, we combined
several genes associated with UCA1 to establish a
model for diagnosing PE, and the model validity
has been verified. In addition, we discovered a new
molecular mechanism in the pathological processes
of PE. UCA1 regulated the expression of HIF-la
via miR-18a, affected the biological function of
trophoblast cells, and contributed to the occurrence
of PE. The role of UCA1 implies that UCA1 may
form an effective prenatal monitoring system for
PE in combination with other indicators to guide its
prevention, diagnosis, treatment, and prognosis.
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