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Abstract

Background: Recurrent implantation failure (RIF) impairs assisted reproductive
technology (ART) success, though its mechanisms remain unclear. Studies have im-
plicated altered miRNA expression in the plasma and endometrium of patients with
RIF. In this study, long non-coding RNA (IncRNA) expression in plasma was inves-
tigated, using RIF-specific IncRNA-miRNA-mRNA network as guide.

Methods: This study included 30 women with RIF and 30 age-matched controls
(Not RIF). RIF miRNA RNA-seq data (GSE108966) was downloaded from the
Gene Expression Omnibus (GEO) database and used to identify differentially ex-
pressed miRNAs. Next, miRNet 2.0 database was used to integrate the latest miR-
NA-mRNA interactions; also, the linkages between IncRNA and miRNA were iden-
tified and the networks created. Plasma samples were collected from participants
during the implantation window. Cell-free RNA was extracted from 500 ul of plas-
ma using the TRIzol method, and statistical analyses were performed using Prism
version 8.0.

Results: Based on a INcRNA-miRNA-mRNA network analysis, two INCRNAs, in-
cluding GABPB1-IT1 and SLC9A3-AS1, were selected for expression analysis in
plasma. Notably, GABPB1-1T1 and SLC9A3-AS1 were significantly downregulated
in RIF samples compared to controls.

Conclusion: Our findings show that GABPB1-IT1 and SLC9A3-AS1 are signifi-
cantly downregulated in the plasma of women with recurrent implantation failure.
These findings suggest their potential involvement in RIF and warrant further studies
to elucidate their biological functions and evaluate their utility as non-invasive bi-
omarkers.

Keywords: Embryo implantation, Infertility, Long non-coding RNA, Plasma, Recurrent im-
plantation failure.
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Introduction

the embryo implantation rate per transfer is
around 30%, and the rate of recurrent or re-
peated implantation failure (RIF) among in vitro
fertilization (IVF) patients can reach up to 10%

In assisted reproductive technology (ART),

(1, 2). RIF remains a major clinical challenge due
to the very low pregnancy rates in affected pa-
tients. The underlying mechanisms of RIF are not
well understood, as they involve the complex in-
terplay between the female and male factors,
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along with the embryo (3, 4). Research suggests
that inadequate endometrial receptivity accounts
for approximately two-thirds of implantation fail-
ures (5, 6). Currently, endometrial receptivity is
assessed through morphological evaluation, which
often involves invasive procedures that can harm
women of childbearing age during laparoscopy.
Consequently, there is an urgent need to discover
noninvasive biomarkers for predicting RIF. Iden-
tifying and assessing potential circulating bio-
markers for RIF could greatly enhance the devel-
opment of new diagnostic and predictive methods
(7.

High-throughput sequencing and advances in
molecular biology have increasingly implicated
non-coding RNAs (ncRNAs) in post-transcrip-
tional regulation across diverse biological pro-
cesses (8, 9). Studies have demonstrated differen-
tial expression of microRNAs (miRNAs) (10-14),
long non-coding RNAs (IncRNAs) (15-18), and
circular RNAs (circRNAs) (19-25) in the endome-
tria of women with RIF, suggesting their in-
volvement in regulating the implantation process
and potential as biomarkers for RIF diagnosis and
treatment. LncRNAS, a diverse class of ncRNAs
exceeding 200 nucleotides in length, act as key
regulators of complex cellular processes (26). No-
tably, cells can secrete endogenous IncRNAs into
biological fluids via microvesicles, exosomes, or
protein complexes, resulting in stable, circulating
IncRNAs that are resistant to RNA enzyme degra-
dation (27, 28).

Given the emerging evidence implicating Inc-
RNAs in reproductive disorders, their role in RIF
was investigated in the current study. To this end,
publicly available RNA-seq data, specifically
from a comprehensive two-center study that pro-
filed alterations in the endometrial and blood
miRNome during the mid-secretory phase in fer-
tile women and patients with RIF (GSE108966),
were utilized (29). Our primary objective was to
construct a InNcRNA-miRNA-mRNA interaction
network to elucidate the molecular mechanisms
underlying RIF and to identify promising candi-
date IncRNAs. Subsequently, the expression of
selected IncRNAs was validated in plasma sam-
ples from patients with RIF using reverse tran-
scription-quantitative polymerase chain reaction
(RT-gPCR).

Methods
RNA-seq data, quality control, and trimming:
GSE108966 was chosen for further research be-

cause of its ability to simultaneously assess the
expression of both blood and endometrial miR-
NAs (29). Additionally, this dataset is notable for
its large sample size, comprising 110 endometrial
tissue and 92 blood samples collected from pa-
tients with RIF and healthy controls.

At first, the quality of the samples’ sequencing
was evaluated using the FastQC software (30).
For this particular situation, a thorough evaluation
was conducted on the sequencing quality per base,
quality score, read content per base, and adapter
content of each sample. Trimming with trimmo-
matic (31) was performed to improve the quality
of the RNA-seq data by addressing issues such as
low sequencing quality and high adaptor content.
It is important to mention that readings shorter
than 16 nucleotides were excluded considering the
fact that miRNAs are typically between 17 and 25
nucleotides in length. Furthermore, an additional
quality control (QC) was conducted to verify the
effectiveness of the trimming process.

Read mapping and quantification: The miRDeep2
(32) tool was used to match the trimmed reads to
the reference genome. The mapping of the high-
quality, trimmed sequences to the UCSC Genome
Browser on Human (hg19) was initiated using the
mapper algorithm. The miRDeep2 was provided
with mature and stem-loop human miRNA se-
quences from miRBase, version 21, along with
collapsed common reads. The study was conduct-
ed using the standard miRDeep2 settings. In total,
the miRDeep2 program assessed the expression of
more than 2600 miRNAs in these samples.

Bioinformatic study design: A total of 91 partici-
pants from Spain and 111 from Estonia made up
the GSE108966 dataset; therefore, two separate
methods were used to analyze the RNA-seq data.
Initially, samples were organized into two catego-
ries, blood and endometrium, solely according to
their tissue of origin, rather than their geographic
location. Then, the differentially expressed miR-
NAs (DEMs) from each category were crossed,
revealing miRNAs that were noticeably dysregu-
lated in the endometrium and blood of RIF pa-
tients (Figure 1A). The second method involved
sorting samples into two groups according to
their region; expression analysis was used to iden-
tify DEMs in each group’s blood and tissue, based
on their biologic origin. Later on, DEMs that were
shared between regions were detected and inter-
sected to create DEMs that were shared between
two cohorts (Figure 1B).
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Figure 1. The flowchart of the RNA-seq data analysis through two different approaches

To maintain the integrity of our RNA-seq analy-
sis, various quality control and normalization
methods were used. After trimming and mapping,
raw read counts were normalized using the
DESeq2 package (v1.34.0) running on R (v4.2.0)
(33). Since our dataset (GSE108966) included
samples from two distinct cohorts (Spain and Es-
tonia), potential batch effects from differences in
sequencing centers, technical platforms, or speci-
men processing were controlled for. Batch effect
correction was carried out by using the ComBat
function of the sva package used to control for
non-biological variance while still accommodat-
ing true biological signal.

For the differential expression analysis, the Ben-
jamini—Hochberg procedure was used to control
the False Discovery Rate (FDR) when adjusting
for multiple testing on thousands of transcripts.
The adjusted p-values were calculated for each
miRNA with only those <0.05 deemed statistical-
ly significant. This approach lowers the risk of
false positives and ensures that all differentially
expressed miRNAs and IncRNAs represent true
biological phenomena rather than artifacts of mul-
tiple hypothesis testing.

Network construction and analysis: After identify-
ing DEMs using both methods, the list of miR-
NAs was uploaded into miRNet 2.0 for network
construction and analysis. In the software settings,
Homo sapiens was selected as the organism, but
no tissue type was specified, allowing for a broad-
er interaction search. The mMRNA-miRNA inter-
actions were derived from data imported from
miRTarBase, TarBase, and miRecords, while the
miRNA-IncRNA interactions were also incorpo-
rated using the software’s integrated settings (34).
Following network generation, the built-in mod-
ule analysis function in miRNet was applied to
identify highly connected subnetworks. Among
the resulting modules, module 1 was selected for
further evaluation, and subsequent analyses were
conducted based on this module to determine the
most influential INCRNAs within the network.
Module 1 was selected because it represented the
most densely connected and biologically relevant
subnetwork identified by miRNet module analy-
sis, containing recurrently dysregulated miRNAs
associated with RIF.

Sample collection and study population: Blood
samples were collected during the mid-luteal
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phase from 30 patients with RIF and 30 age-
matched control participants between days P+3
and P+6 of a monitored natural cycle (the implan-
tation window). All participants were under 40
years old and received IVF treatment in 2024 at
Vali-e-Asr Hospital, Tehran University of Medi-
cal Sciences.

Patients were identified as having unexplained
RIF if they did not achieve clinical pregnancy af-
ter three or more transfers of high-quality embry-
os, or following the transfer of at least four em-
bryos over multiple cycles, without any identifia-
ble causes. The control group consisted of fertile
individuals who underwent their first IVF/ICSI
treatment solely due to male factor infertility or
for non-medical reasons. Fertility was confirmed
by successful implantation and clinical pregnancy
after the first or second transfer cycle, although
blood samples were collected prior to the confir-
mation of pregnancy outcomes.

The study excluded participants with (1) uterine
cavity abnormalities such as congenital uterine
anomalies, fibroids, endometrial polyps, and ade-
nomyosis; (2) conditions like hydrosalpinx, chro-
mosomal abnormalities, or endocrine disorders; or
(3) a history of hormone therapy or intrauterine
procedures in the last three menstrual cycles.

This research adhered to the ethical standards set
forth in the Declaration of Helsinki. The study
protocol received approval from the Tehran Uni-
versity of Medical Sciences Research Ethics
Committee (Ethics Code: IR.TUMS.IKHC.REC.
1402.326), and all participants gave written in-
formed consent for blood sample collection and
subsequent analysis.

Sample processing: Peripheral blood samples (10
ml) were collected in EDTA tubes and sent to the
laboratory. Upon arrival, the samples were visual-
ly inspected for quality. Any sample exhibiting
signs of degradation, such as low plasma volume,
hemolysis (red blood cell breakdown), high bili-
rubin, or particulate contamination, was rejected

and a fresh sample was requested.

Following collection, plasma was rapidly sepa-
rated within 2 hr via two centrifugation steps
(1,500 g and 15,000 g, both for 10 min at 4°C)
and immediately stored at -80°C until further
analysis.

RNA isolation: RNA was isolated from 500 pl
plasma using a modified RNAXx-Plus Reagent pro-
tocol. Briefly, plasma was mixed with RNAXx-Plus
Reagent (1.5 ml) and chloroform (500 pl), with
vortexing and 10-min incubation at room tempera-
ture between each addition. After centrifugation
(12,000 g, 10 min, 4 °C), the supernatant was pre-
cipitated with isopropanol (1000 pl), RNA carrier
(2 pl), and 3 M sodium acetate (50 pl) at -20°C
for 25 min, followed by centrifugation (20,000 g,
20 min, 4°C). The RNA pellet was washed with
80% ice-cold ethanol and resuspended in nucle-
ase-free water (30 pl).

cDNA library construction and RT-gPCR: Purified
RNA was immediately converted to cDNA using
the SMOBIO kit (SMOBIO Technology, Taiwan)
according to the manufacturer’s instructions.
Briefly, total RNA was reverse transcribed using
random primers to generate 20 ul of cDNA, which
was then stored at -20°C.

LncRNA-specific primers were designed using
the NCBI’s primer BLAST tool (http://www.ncbi.
nim.nih.gov/tools/primer-blast/) and Oligo 7 soft-
ware. Primer sequences are provided in table 1.
ACTB (NM_001101.5) was used as the endoge-
nous control for plasma samples, and IncRNA
expression was calculated using the 2-24T meth-
od.

RT-gPCR was conducted using the SYBR Green
PCR Kit (Ampligon, Denmark) and an Applied
Biosystems StepOne Real-Time PCR System
(Thermo Fisher Scientific, US). The cycling pro-
tocol consisted of an initial denaturation step at
95°C for 15 min, followed by 40 cycles of dena-
turation (95°C for 10 s) and annealing/extension
(59°C for 30 s). The amplification efficiencies of

Table 1. Primer sequences for IncRNAs and ACTB gene

LncRNA Primer sequence (5'->3") Length Annealing time Product length
SLCIA3-ASL AAGCGGCTCTGCTACCTCA 19 59 75
CGGATCCTGAATGTCTTCCACGA 23
GCCTTTAAGCCCCACGGTA 19
GABPBL-ITL CAACCTCATTTCTCTATGCCTGT 23 59 87
ACTB GTGGCCGAGGACTTTGATTG 20 59 -6
CCTGTAACAACGCATCTCATATT 23
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Table 2. Clinical characteristics of patients and controls (Mean £SEM)

Controls (n=30) Cases (n=30) p-value
Age (years) 34.52+1.06 37.00+0.66 0.87
BMI (kg/m?) 25.34+0.55 25.44+0.66 0.68
Infertility duration (years) 5.88+0.71 5.48+0.84 0.64
Basal FSH (1U/L) 5.48+0.37 6.25+0.32 0.13

the target genes were estimated by the LinReg-
PCR program (35).

Statistical analysis: The Shapiro-Wilk test was
used for normality. Differences between the RIF
and control groups were evaluated using an un-
paired t-test or Mann-Whitney U test, selected
based on the outcome of a normality assessment.
A p-value of less than 0.05 was considered statis-
tically significant. All statistical analyses were
conducted using Prism version 8.0 (GraphPad,
US) and SPSS version 25 (IBM, US).

Results

Characteristics of the study population: A total of
60 participants were enrolled, including 30 wom-
en RIF and 30 age-matched controls undergoing
IVF. The mean age was 34.68+6.2 years in the
control group and 36.80+3.8 years in the RIF
group. Further clinical details are provided in ta-
ble 2.
Sample type-based RNA-seq data expression analysis

DEMs in blood of RIF patients: At first, the ex-
pression patterns of miRNAs were evaluated in
blood samples obtained from 24 patients with RIF
and 68 controls from two distinct regions. The
analysis revealed that the expression of 12 miR-
NAs in the blood of RIF patients was significantly
dysregulated (adjusted p-value <0.05) (Figure
2A). Interestingly, 11 of these differentially ex-
pressed miRNAs were significantly decreased in
patients, while the one miRNA that showed in-
creased expression was miR-423-5p. The miRNA
that showed the greatest decrease in expression
was miR-30a-3p (logFC=-2.36), while the miR-
NA with the smallest decrease in expression was
miR-425-5p (logFC=-0.70). On the other hand,
the only miRNA that was upregulated had a mean
expression level 1.7 times higher (logFC=0.83)
than that of healthy women

DEMs in endometrial tissue of RIF patients: De-
spite circulating miRNAs in the serum, the ex-
pression patterns of miRNAs of RIF patients were
more variable in the endometrial tissue. A total of

64 DEMs were identified in the endometrium,
with 28 miRNAs showing downregulation and 36
miRNAs showing amplification (Figure 2B). The
downregulation of these DEMs varied, with the
highest downregulated miRNA (miR-1248) fall-
ing by up to four times, while miR-182-5p show-
ed a decrease of 0.77 times (logFC=-0.36). Never-
theless, the changes in upregulated miRNAs were
more pronounced, with miR-44850-3p showing
an increase of nearly tenfold (logFC= 3.46), while
miR-151a-3p exhibited the lowest significant
overexpression in the endometrial tissue of indi-
viduals with RIF, with a logFC of 0.33. Remarka-
bly, among these DEMs, nine miRNAs were up-
regulated more than twofold, while eight were
downregulated by more than half. This suggests a
significant disruption in the gene regulatory net-
work inside the endometrial tissue, which contrib-
utes to the development of RIF.

Prominent miRNA-INcRNA interactions: By ana-
lyzing the overlap between DEMs in blood and
endometrium (Figure 2C), five miRNAs (miR-
378c, miR-378d, miR-378e, miR425-5p, and
miR-502-3P) were identified that were consistent-
ly and routinely dysregulated in both tissues.
Concerning the levels of these DEMs, all five ex-
hibited a significant drop. Among them, miR-
378e showed the most pronounced relative de-
crease in both serum (logFC=-2.1) and endome-
trium (logFC=-1.48). Interestingly, the expression
of two other members of the miR-378 family,
specifically miR-378c and miR-378d, was shown
to be more pronounced in serum compared to en-
dometrium. While the miR-378 family showed
significant dysregulation, its baseline expression
was extremely low. However, the baseline expres-
sion of miR-425-5p, the differentially expressed
miRNA with the least downregulation, was com-
paratively greater than that of the other miR-
NAs. Figure 2D illustrates the complete set of
experimentally confirmed interactions between
IncRNAs, miRNAs, and mRNAs in which these
DEMs were implicated. Five specific DEMs were

J Reprod Infertil, Vol 27, No 1, Jan-Mar 2026 || . 35

2l mamwy/:dny woly papeojumoq


file:///F:/14.4.94/f/documenr/rajabi/maghalate%20faslnameh/1404/Heidary%201/Heidary%203_____13_3_1405_____M/Expression%20analysis%20of%20LncRNA%2028(highlight).docx%23_ENREF_34
file:///F:/14.4.94/f/documenr/rajabi/maghalate%20faslnameh/1404/Heidary%201/Heidary%203_____13_3_1405_____M/Expression%20analysis%20of%20LncRNA%2028(highlight).docx%23_Figure_2._(A)

Differential Expression of LncRNAs in RIF

A Blood DEMs B Tindometrium DEMs C

- Blood Endometrium
3 3 S
o 2. ay
NS =
= = O
s = =
R w . 317 “7
8 e 3 ’ ;

0 IS & '..':'5. . ‘__

. ot - g, iy

- 2 -1 0 i 2 0 1 2 3

Log?2 fold change
D

Figure 2. A) volcano plot of blood DEMs, B) volcano plot of endometrial DEMs, C) intersection of blood and endometrial DEMs, D)
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situated in the central part of the network and in-
teracted with other transcripts in an opposing
manner. When an additional filtering threshold
was applied to this network (Figure 2E), a smaller
subset of the network was obtained. This subset
highlights the IncRNAs that regulate more than
three of these DEMSs, indicating their importance.
Of the nine IncRNAs with strong interaction,
GABPBL1-IT1 was the only one that directly tar-
geted four of the mentioned DEMSs: miR-425-5p,
miR-378c, miR-378d, and miR-378e. Additional-
ly, GABPB1-IT1 competed with miR-502-3p to
interact with  KNCJ6 mRNA. This IncRNA,
GABPBL1-IT1, has not been previously studied in
the context of RIF and was therefore selected for
further analysis.
Regional based RNA-seq data expression analysis
DEMs in the Estonia cohort: The Estonian cohort
included a total of 111 samples, which were di-
vided into 47 blood samples (11 cases and 36 con-
trols) and 64 endometrial tissue samples (20 cases
and 44 controls). Based on the expression analy-
sis, it was shown that 29 miRNAs were dysregu-
lated in blood samples from the Estonia cohort.
Out of them, 21 miRNAs were elevated, while the
remaining eight miRNAs were significantly
downregulated. Among all the DEMs, miR-141-
3p showed the highest level of upregulation
(logFC=1.93), while let-7b-5p exhibited the great-

est decrease in expression (logFC=-1.44) (Figure
3A). However, a total of 76 DEMs were identified
in the endometrial tissue. Among them, 35 miR-
NAs showed significant upregulation, whereas 41
miRNAs were downregulated. The expression
levels of six miRNAs were upregulated by more
than twofold (logFC >2), with miR-187-3p show-
ing the highest upregulation (logFC=3.51). Con-
versely, the expression levels of nine other miR-
NAs decreased by more than 50% (logFC <-2),
with miR-449b-5p being the most downregulated,
showing a nearly 90% reduction in expression
(logFC=-3.3) (Figure 3B). In the Estonian cohort,
the analysis of blood and endometrial DEMs re-
vealed five shared DEMs: miR-127-3p, miR-
1307-5p, miR-141-3p, miR-22-3p, and miR-99b-
5p (Figure 3C).

DEMs in Spanish cohort: In the blood of the
Spanish cohort, a diverse set of miRNAs were
shown to be highly dysregulated, unlike in the
Estonian cohort. A total of 861 miRNAs exhibited
notable expression in the blood of patients with
RIF and healthy controls, with 239 of them show-
ing substantial dysregulation. Among these
DEMs, 87 showed increased expression, whereas
the remaining DEMs exhibited significant down-
regulation in patients. A total of 35 DEMs had a
logFC value greater than 1. Among them, miR-
130b-5p displayed the highest logFC value of
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Figure 3. A) volcano plot of DEMs in the blood, B) endometrial tissue of Estonian cohort, C) volcano plot of DEMs in the blood, D)
endometrial tissue of Spanish cohort, F) fold changes of miR-127-3p in different samples, F) total network of miR-127-3p and its
related transcripts, and G) module 1 of the network containing miR-127-3p and its direct interactions

3.72. In contrast, blood samples from healthy con-
trols contained 25 miRNAs that were at least two-
fold more abundant than those in patients (logFC
<-1) (Figure 3D). Although over 200 DEMs were
found in the blood of RIF patients in the Spanish
cohort, only 150 miRNAs were found to be
dysregulated in the endometrial tissue of this co-
hort, which consisted of 16 case samples and 30
controls. However, the majority of DEMs in the
endometrium of the Spanish cohort were upregu-
lated, with 87 upregulated DEMs compared to 64
downregulated DEMs. Interestingly, the levels of
three miRNAs showed an increase of more than
eightfold, with miR-4485-3p exhibiting a logFC
of 6.03, indicating a significant alteration in the
miRNA profile of RIF patients. This finding war-
rants further investigation. An interesting dysre-
gulation that has been observed is related to miR-
378i, which is a member of the miR-378 family.

Log?2 fold change

=
.N
g

W RIF
= Control

Relative fold change

Estonia- Estonia Spani- Spain-
Blood  Endometrium  Blood  endometrium
miR-127-3p

In the endometrial tissue of patients with RIF,
miR-378i was found to be downregulated more
than eight times. This finding is significant be-
cause, excluding miR-378i itself, other members
of the miR-378 family also showed a significant
reduction in the analysis using the previous ap-
proach. After comparing the results obtained from
blood and endometrial samples, it was shown that
33 distinct DEMs were dysregulated in both types
of samples. It is important to remark that although
miR-378i was found to be overexpressed, the ex-
pression of miR-378c/d/e was decreased in both
blood and tissue samples from the Spanish cohort,
which is consistent with the prior findings of this
study.

Network construction and module analysis: Among
the identified DEMs, miR-127-3p was the only
miRNA shared between the Estonian and Spanish
cohorts. However, the type of the identified dys-
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regulation was not consistent. In the Estonian co-
hort, the expression levels of this specific miRNA
were significantly reduced in both the endometri-
um and serum of patients with RIF. However, in
the Spanish cohort, the reverse pattern was found,
with RIF patients showing slight but not signifi-
cant overexpression of miR-127-3p in both the
endometrium and blood (Figure 3E). The interac-
tions of miR-127-3p were obtained from Tar-
getScan and miRDB databases, while Diana and
NPInter were used to identify the IncRNAs that
interact with miR-127-3p. The data were eventu-
ally uploaded to miRNet 2.0 in three separate que-
ries, as shown in figure 3F. Upon analyzing the
modules in this network, it was shown that miR-
127-3p was allocated to module 1. This suggests
that the SLC9A3-AS1/miR-127-3p axis could be
a promising target for further investigation in the
context of RIF (Figure 3G).

As detailed in the previous paragraphs, RNA-seq
data analysis identified several differentially ex-
pressed miRNAs and IncRNAs. Among these,
GABPBL1-IT1 and SLC9A3-AS1 were selected
for further investigation due to their significant
dysregulations and potential regulatory roles in
the pathogenesis of RIF. GABPB1-IT1 directly
interacted with four of the five shared dysregulat-
ed miRNAs, representing one of the highest inter-
action degrees within the filtered network. Simi-
larly, SLC9A3-AS1 was prioritized due to its as-
sociation with the SLC9A3-AS1/miR-127-3p reg-
ulatory axis identified in module 1.

GABPBL1-IT1 expression has been detected in
plasma (36) and acts as a key component of a
ceRNA network in premature ovarian insufficien-
cy (37). SLC9A3-AS1 expression has also been
detected in plasma (38) and may be related to cil-
ia-related genes in recurrent miscarriage (39). Ad-
ditionally, regulatory functions for these IncRNAs
have been reported in cancer and other diseases.
However, their roles have not been specifically
investigated in RIF. Subsequently, plasma sam-
ples from patients with RIF and fertile controls
were collected to validate these findings.

Expression of selected IncRNA in RIF samples
compared to controls: Our analysis revealed signif-
icant downregulation of two IncRNAs, GABPB1-
IT1 and SLC9A3-AS1, in RIF samples compared
with control samples. For GABPB1-1T1, the mean
difference:SEM was —0.9179+0.2641 (95%CI:
—1.447 to —0.3884; p=0.0002), whereas for SLC-
9A3-AS1, the mean differencetSEM was

A - B
GABPBI1-1T1 SLC9A3-AS1

s e 4 e
5 -
g 3 =
o 2
< 2 2
=] =
= 1 1

0 : 0

Control RIF Control RIF
Groupd Groupd

Figure 4. Expression level of GABPB1-IT1 and SLC9A3-
AS1 in RIF samples. Expression of GABPB1-IT1 (A) and
SLC9A3-AS1 (B) in RIF plasma samples in comparison to
controls showed significant downregulation. ***: <0.001.
Data are presented as box-and-whisker plots showing the

10t-90™ percentiles. Dots represent values outside the 101"

90t percentile range

—0.711940.2049 (95%CI: —1.123 to —0.3011; p=
0.002). This marked decrease in expression was
statistically significant (p<0.001), suggesting that
the observed difference is unlikely to have oc-
curred by chance. The magnitude and statistical
significance of this downregulation are depicted
in figure 4.

Discussion

In this study, RNA-seq data (GSE108966) of
miRNAs was used to construct INcRNA-miRNA-
MRNA network to find candidate IncRNA in the
pathogenesis of RIF. Two IncRNAs, GABPB1-
IT1 and SLC9A3-AS1, were selected to evaluate
the plasma of RIF and control samples. Expres-
sion analysis of these two IncRNAs showed sig-
nificant downregulation in RIF samples.

GABPBL1 intronic transcript (GABPB1-1T1,
NR_026891.1), a long non-coding RNA, has
demonstrated diverse roles in various cancers. It
was initially identified in non-small cell lung can-
cer (NSCLC) (40). Its downregulation in NSCLC
and hepatocellular carcinoma (HCC) correlates
with poor prognosis, suggesting a tumor-sup-
pressive role, and in HCC, GABPB1-IT1 overex-
pression increases pigment epithelium-derived
factor (PEDF), a target of miR-93, suppressing
cell proliferation (40, 41). This contrasts with the
oncogenic role of its parent gene, GABPBI,
which inhibits anti-tumor immunity (42).
GABPBI1-IT1 is upregulated in the plasma of pa-
tients with ischemia-induced acute kidney injury
(AKI), correlating inversely with miR-204-5p and
potentially promoting apoptosis via miR-204-5p
methylation (36). Furthermore, GABPB1-IT1 acts
as a key component in a ceRNA network in prem-
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ature ovarian insufficiency (37), sponges miR-21
to upregulate phosphatase and tensin homolog
(PTEN) and inhibit proliferation in clear-cell renal
cell carcinoma (ccRCC) (43); also along with
H2BC18, HSPAI1L, and MIR503HG, it serves as
a prognostic predictor in colorectal cancer (CRC)
(44). This multifaceted functionality highlights
the complex regulatory roles of GABPB1-IT1 in
both cancer and other diseases. In this study, sig-
nificant downregulation of GABPB1-IT1 was re-
ported in plasma samples of RIF patients (Figure
4). Given that GABPB1-IT1 is an intronic tran-
script of GABPBLI, a transcription factor involved
in mitochondrial biogenesis, its reduced expres-
sion may potentially be associated with altered
cellular energy metabolism in endometrial cells,
which plays an important role in decidualization
(45, 46). However, this hypothesis remains specu-
lative and requires further functional investiga-
tion.

SLC9A3 antisense RNA 1 (SLC9A3-AS1, NR_
125375.1), a long non-coding RNA, demonstrates
oncogenic potential across various cancers. Ele-
vated SLC9A3-AS1 levels are observed in plasma
extracellular vesicles of lung cancer patients (38)
and correlate with poor prognosis in nasopharyn-
geal carcinoma (NPC), NSCLC, and metastatic
prostate adenocarcinoma (PRAD) (47-49). Me-
chanistically, SLC9A3-AS1 sponges miR-486-5p
to upregulate E2F6, driving carcinogenic effects
in NPC (47), and targets miR-760 to promote
NSCLC progression (48). In liver cancer, SLC-
9A3-AS1 downregulates miR-449b-5p, reducing
sensitivity to Triptolide in Huh7 cells (50). Final-
ly, SLC9A3-AS1 was significantly upregulated in
prostate cancer cells (51), further supporting its
role in cancer development. In this study, a signif-
icant downregulation of SLC9A3-AS1 was re-
ported in plasma samples of RIF patients, as de-
picted in figure 4. This antisense INCRNA regu-
lates SLC9AS3, a Na'/H* exchanger implicated in
endometrial pH homeostasis and embryo implan-
tation. Aberrant expression of SLC9A3-AS1 may
alter the endometrial microenvironment, thereby
affecting embryo attachment and implantation
(52, 53).

This study has some limitations that should be
considered. First, the selection of candidate Inc-
RNAs was based on an in silico IncRNA-
miRNA-mMRNA network analysis, and additional
topological parameters such as betweenness cen-
trality and clustering coefficient were not evaluat-
ed. Second, plasma IncRNA expression levels do

Zaki-Dizaji M, et al. [NIRd!

not necessarily reflect endometrial expression pat-
terns. Furthermore, tissue-specific filtering was
not applied during the miRNet analysis, which
may have included interactions not entirely spe-
cific to endometrial biology. However, since
miRNet-derived interactions were largely based
on experimentally validated databases rather than
solely on prediction-based resources, a broader
systems-level approach was intentionally used to
enable identification of potentially novel regulato-
ry axes involved in recurrent implantation failure.
Finally, the relatively modest sample size and lack
of functional validation experiments warrant fur-
ther mechanistic and large-scale studies to con-
firm the biological roles of GABPB1-IT1 and
SLCY9A3-ASL1 in RIF pathogenesis.

A key finding of our study was the difference in
miR-127-3p expression between the Estonian and
Spanish cohorts, with significant downregulation
detected in blood samples from Estonia and a
slight, non-significant upregulation observed in
the Spanish cohort. Several reasons may account
for this difference. First, heterogeneity of the co-
hort may impact baseline miRNA expression and
expression of miRNA in response to implantation
related processes, including differences in genetic
background, lifestyle, and other clinical character-
istics. Second, variability in sample quantity and
guality, RNA extraction, and sequencing plat-
forms would possibly contribute to the small dif-
ferences in measured expression. Third, biological
variability including cycle monitoring, timing of
sample collection within the implantation win-
dow, environmental impact, and differences in
plasma versus tissue expression correlation, may
further contribute to variability. These observa-
tions emphasize the need for validation of miRNA
candidates across populations and technical set-
tings, to confirm reproducibility and generaliza-
bility. Future studies using larger, harmonized
cohorts with standard backgrounds and protocols
will be essential to elucidating the biological role
of miR-127-3p in recurrent implantation failure.

Most research on the molecular mechanisms of
RIF has centered on protein-coding genes, leaving
the functions of non-coding RNAs, including
IncRNAs, poorly understood. Despite their lack of
protein-coding potential, ncRNAs play critical
roles in modulating gene expression at various
levels, either promoting or inhibiting RIF progres-
sion. In this study, two IncRNAs of GABPB1-IT1
and SLC9A3-AS1 were identified that were sig-
nificantly downregulated in the plasma of RIF
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Conclusion

This study revealed differential expression of
GABPBL1-IT1 and SLC9A3-AS1 IncRNAs in the
plasma of RIF patients compared to fertile con-
trols, highlighting their potential involvement in
the development of RIF. Future research should
focus on elucidating their mechanisms of action
and identifying their relevant miRNA targets to
better understand their roles in RIF.
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