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arginine biosynthesis and IL-17 signalling

in placental decidua of unexplained recurrent
pregnancy loss through RNA sequencing—a
case series

Shehnaz Sultana'®, B. Divya Bhanu? and Venkateshwari Ananthapur'”

Abstract

Background Three or more consecutive pregnancy losses before the 20th week of gestation constitute recurrent
pregnancy loss (RPL), and about half of these cases are still unsolved despite routine screening tests. The purpose
of the current study was to identify the RPL-related placental decidual differential gene expression and to gain new
knowledge about the biological mechanisms underlying RPL.

Methods In the current work, we used RNA sequencing (RNA-seq) technology to identify the differentially expressed
genes (DEGs) in placental decidua from patients of unexplained recurrent pregnancy loss (RPL). To conduct RNA-seq,
two healthy unwanted medically terminated pregnancies (MTPs) and four RPL patients were enlisted.

Results A total number of 96 significant differentially expressed genes (DEGs) were obtained which includes 73

up- and 23 downregulated genes between the RPL and MTP groups. Histocompatibility genes were significantly
upregulated in the RPL. Interleukin 6 (IL-6), matrix metalloproteinase-10 (MMP10), and protein phosphatase 1 regu-
latory inhibitor subunit 11 (PPP1R11) genes which were significantly upregulated in RPL were further validated

in an extended sample size. The validation results were consistent with the sequencing results. To find potential
biological pathways connected to RPL, the Gene Ontology (GO) and the Kyoto Encyclopedia of Genes and Genomes
(KEGG) pathway enrichment analysis were carried out.

The study indicates that arginine biosynthesis is significantly downregulated, while IL-17 signalling pathway is signifi-
cantly upregulated in RPL.

Conclusion In conclusion, the findings of the present study indicate involvement of arginine biosynthesis, immune
regulatory pathways, and histocompatibility genes in the pathogenesis of recurrent pregnancy loss (RPL). However,
to validate these observations, further investigations with a larger sample size are warranted.
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Background

Recurrent pregnancy loss (RPL) is defined as three or
more successive pregnancy losses before the 20th week
of gestation. About 50% of the RPL cases remains unex-
plained after routine screening tests, such as uterine
anatomical abnormalities, chromosomal abnormalities,
endocrine, and infectious and autoimmune screening.
The placenta is the first organ to mature during mamma-
lian development and is in charge of holding the embryo
to the uterus and facilitating gas and nutrient exchange
with the mother. Throughout the entire pregnancy, the
placenta feeds the foetus, and placental defects are the
cause of many pregnancy complications.

The completely decidualized endometrium, or decidua,
or when a blastocyst implants into the mother’s uterus,
come into intimate contact with the embryo and are
expected to embrace it to allow for physical develop-
ment throughout the whole pregnancy period. Negative
pregnancy outcomes, such as pregnancy loss and hyper-
tension, would be anticipated once the decidua begins to
malfunction. High-throughput sequencing has developed
into a potent technique for locating the gene alterations
that might be responsible with RPL. In addition to cod-
ing for proteins, RNAs serve a variety of other purposes.
For instance, they regulate transcription in many ways in
the cytoplasm and nucleus. They regulate mRNA stabil-
ity, translation, and post-translational modification and
regulate nuclear architecture. Therefore, understanding
the differential expression of variety of RNAs that are
present helps us understand how cells and tissues func-
tion. Finding out the distinct transcriptome profile of
the decidual cells from RPL patients is quite interesting
given the crucial role that decidua plays in the process of
maintaining pregnancy. In light of this, the current work
sought to identify the placental decidual differential gene
expression linked to RPL and provide fresh knowledge
about the relevant molecular pathways of RPL.

Methods

Subjects under study

The participants in the current case-control study were
recruited from the Government Modern Maternity Hos-
pital in Petlaburj, Hyderabad. Four of the participants
had unexplained recurrent pregnancy loss, and two had
an unplanned, healthy pregnancy that was medically ter-
minated. Women with unexplained recurrent pregnancy
loss were deemed cases, and placental decidual tissue
was collected. The study did not include pregnancy losses
brought on by known conditions such chromosomal
abnormalities, uterine anomalies, endocrine disorders,
antiphospholipid syndrome, inherited thrombophilia,
and infections. As control subjects, placental tissue from
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women who had their pregnancies medically ended and
had successfully delivered at least two children without a
history of pregnancy loss was used. A typical question-
naire was used to gather the study group’s clinical his-
tory. All of the study participants gave their consent. This
study was approved by the Institutional Ethics Commit-
tee (ref. no. IEC/OMC/2022/M. no. (10)/Acad-99).

Sample collection and RNA isolation

Age of study subjects along with the duration of gesta-
tion is represented in Table 1. Placental decidua tissue
was collected from both unexplained recurrent preg-
nancy loss and medically terminated pregnancies in RNA
later solution (Invitrogen, Thermo Scientific Solutions).
Approximately, 50-mg tissue was weighed, and RNA was
isolated using RNeasy Mini Kit and followed by DNase
treatment. Concentration of RNA was checked using
Quantus RNA system. Samples quality was assessed by
running on Agilent TapeStation 4200 using Agilent RNA
ScreenTape.

Library preparation and QC

Ribosomal RNAs (rRNAs), which make about 80-90%
of the total RNA extracted, are exceedingly prevalent.
Effective rRNA removal is essential for the economical
sequencing of RNA samples. When samples are eukary-
otic and have intact poly(A) tails, oligo dT-based mRNA
isolation is the best method for enriching mRNA and
separating it from rRNA. To separate intact poly(A)+
RNA from previously isolated total RNA, the NEBNext
Poly(A) mRNA Magnetic Isolation Module was used. In
accordance with manufacturer guidelines, ribodepleted
RNA samples were utilised to prepare libraries using the
NEBNext® Ultra™ II Directional RNA Library Prep Kit
for Illumina®.

In a nutshell, after being purified, the RNA was bro-
ken apart using divalent cations at a high temperature.
The ¢DNA is subsequently created using reverse tran-
scriptase and random hexamers in a subsequent phase
called first-strand synthesis. The cDNA is then changed
into double-stranded ¢cDNA by substituting uracil for
thymine. A USER enzyme-based digestion of the second
strand preserves the strand specificity, leaving one func-
tional strand that matches to the DNA strand from which

Table 1 Clinical characteristics of the study subjects

Category Samplesize Age (years) BMI(kg/m?) Gestational

age (weeks)
Cases 4 2523 +251 2448+354 11024312
Controls 2 2621 +354  2355+3.02 11.14+£3.72

“Mean + SD" represents the mean value along with the standard deviation for
the clinical characteristics of study subjects
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it was transcribed. The USER digested single-strand mol-
ecules were enriched and indexed in a limited cycle PCR,
followed by AMPure bead purification, to create the final
cDNA library for sequencing. The prepared libraries
were quantified using Qubit HS DNA kit, and library size
distribution was assessed on Agilent TapeStation High
Sensitivity D1000 ScreenTape®.

Sequencing and data quality

NextSeq 2000 platform was used for sequencing with
sequencing chemistry 2 X 150 bp paired end. Using
Ilumina’s bcl2fastq Conversion Software, the data
was demultiplexed and converted to fastq files. The
quality check of the raw reads was performed using
FASTQC. The low-quality bases and the adapters were
trimmed using TrimGalore. Post-trimming QC was also
performed.

Alignment and quantification

GRCh38 was used as the reference genome. The refer-
ence genome was indexed, and the reads were aligned in
a splice-aware fashion using STAR. Quantification refers
to the transcript-level counts for the aligned reads; in
other words, the number of reads mapped to each gene.
Feature counts from subread package was used to count
the number of reads associated with each feature of inter-
est using BAM as an input file for each sample.

Differential gene expression and enrichment

Differential expression analysis is carried out using
DESeq2 R library. It is a pipeline for differential analysis
in counted data using statistical estimates. Genes were
identified as significant DE if their p-adj values < 0.05 and
their log2FC>=|1|. MA and volcano plots were generated
showing the differential genes. The significant differen-
tial genes were enriched for Gene Ontology and pathway
using ShinyGO web server.

Real-time qPCR validation of differentially expressed genes
Three differentially expressed genes, interleukin 6 (IL-
6), matrix metalloproteinase-10 (MMP10), and protein
phosphatase 1 regulatory inhibitor subunit 11 (PPP1R11),
were selected for qRT-PCR validation with an extended
sample size of 16 RPL cases and 12 MTPs. The primers
for the chosen genes were designed using the Primer-
Quest programme from Integrated DNA Technologies
(IDT), and the specificity of the primers was examined
using BLAST. Eurofins India Pvt Limited synthesised and
provided the primer sequences.
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cDNA synthesis and expression analysis by SYBR green
real-time qPCR

The QuantiTect Reverse Transcription Kit from QIA-
GEN was used to create cDNA. As directed by the
manufacturer, the reaction was incubated for 30 min
at 420 °C and 3 min at 950 °C. Using quantitative real-
time (qRT)-PCR and gene-specific oligonucleotides,
the housekeeping gene GAPDH and target genes IL-6,
MMP10, and PPP1R11 were amplified (Table 2). Three
replicates of real-time PCR experiments were per-
formed for each sample in 96-well plate using an ABI
7000 Sequence Detection System from Applied Bio-
systems (Applied Biosystems). A total volume of 20-pul
reaction was performed with SYBR Select Master Mix
of 10 pl (cat. no. 4472908; Thermo Fisher Scientific,
Inc.), 1 pl of each primer (10 pM), and 4-ul template
cDNA. The amplification protocol consisted of an ini-
tial denaturation step at 95 °C for 4 min, followed by
two-step PCR for 40 cycles at 95 °C for 30 s and 60 °C
for 30 s. A melting curve analysis was also performed to
check no primer dimmers or false amplicons interfered
with the result. The Ct value was extracted for both ref-
erence and target gene with auto baseline and manual
threshold. The fold change of expression was calculated
by AACt method. The difference between the level of
expression in IL-6, MMP10, PPP1R11 genes, and hous-
ing keeping gene was determined by Livak method in
recurrent pregnancy loss cases and medically termi-
nated pregnancies.

Results

Clinical characteristics of study subjects

Table 1 displays the clinical characteristics of the study
group.

Cases and controls were carefully selected to ensure
gestational age matching for comparison purposes,
with both groups falling within the range of 11 to 12
weeks of gestation.

Table 2 Primer sequences used for gPCR validation

S.no. Gene Forward primer Reverse primer

IL6 GGAGACTTGCCTGGT CTGGCTTGTTCCTCA
GAAA CTACTC

MMP10  GGCCCTCTCTTCCATCAT ~ CCTGCTTGTACCTCA
ATTT TTTCCT

PPPIR11T  GTGTCTGTCTGGCCC TCCTCTTCCTCTTCCCTC
TAAAT TATC

GAPDH  CTCTCTGCTCCTCCTGTT — CCATGGTGTCTGAGC
CG GATGT

List of forward and reverse primers used for gPCR validation is given in the table
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Sequencing and data analysis

Good quality RNA with RNA integrity numbers 6.9 and
7.1 for control group and 6.3, 6.0, 7.2, and 6.9, respec-
tively, for RPL 1-4 were used for library preparation.
Phred score of Q33 was obtained for the data. All the
samples showed > 83% of uniquely mapped reads. The
alignment statistics are given in Table 3. The differen-
tial gene expression was compared with MTP group
against RPL group with p-adj values < 0.05 and their
log2FC>=|1| as thresholds. A total number of 96 sig-
nificant DEGs were obtained which includes 73 up- and
23 downregulated genes. The 20 genes that were most
noticeably up and downregulated in placental decidual
tissue between women with RPL and MTP are included
in Table 4. The results are illustrated in Fig. 1 as volcano
plot and Fig. 2 as MA plot. IL-6, MMP10, and PPP1R11
genes which were significantly upregulated in the RPL
were further validated in extended sample size.

Gene Ontology and KEGG enrichment

Gene Ontology enrichment and KEGG analysis were car-
ried out to determine the pathways that contribute the
most to the differentially expressed gene profiles between
the RPL and MTPs.

The Gene Ontology results showed that the biologi-
cal processes, neutrophil chemotaxis, and chemokine-
mediated signalling pathway and molecular function
— chemokine receptor binding are highly enriched. The
arginine biosynthesis and IL-17 signalling pathways are
thought to be enriched in the differentially expressed
mRNAs, according to KEGG analysis.

Validation of differentially expressed genes by qPCR

To validate the RNA-sequencing results, quantitative
RT-qPCR was carried out on an additional 28 samples
(16 RPL cases and 12 MTPs). We have chosen the genes
PPP1R11, MMP10, and IL-16 for validation. When com-
pared to the control group, IL-10, MMP10, and PPP1R11
were all significantly upregulated in the RPL group. The

Table 3 Reference-based STAR Alignment Statistics
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validation results and the RNA-sequencing results were
in agreement (Fig. 3).

Discussion
In order to effectively treat RPL, which is a complex con-
dition with both short- and long-term effects on couples
planning to have children, it is urgently necessary to iden-
tify novel mechanisms underlying its manifestation. Gene
expression profiles and biological pathways associated
with unexplained recurrent pregnancy loss can be cap-
tured, which may aid in the discovery of new biomarkers
or therapeutic targets that may be useful in treating clini-
cal conditions for RPL patients. In order to accurately
measure the level of all protein-coding and non-coding
(ncRNA) transcripts, RNA sequencing (RNA-Seq) offers
a significantly higher level of resolution to capture the
entire transcriptome. There are hardly any studies look-
ing into the disruptions at the maternal-foetal interface,
which might be causing abnormal placental development
or reflecting the biological mechanisms underlying RPL.
To the best of our knowledge, this is the first study
from India to use RNA-Seq for transcriptomic profil-
ing of placental decidua representing RPL cases in com-
parison with unwanted medically terminated healthy
pregnancies. The significant DEGs were analysed, and
human leukocyte antigen G (HLA-G), major histocom-
patibility complex, class II, DR beta 4 (HLA-DRB4),
human leukocyte antigen class II histocompatibility,
D-related beta chain (HLA-DRB1), CXCL8-C-X-C motif
chemokine ligand 6 (CXCL6), and CXCL8-C-X-C motif
chemokine ligand 8 (CXCL8) were observed to be sig-
nificantly upregulated, and carbamoyl-phosphate syn-
thase (CPS1) and nitric oxide synthase NOS1, NOS2, and
NOS3 genes were significantly downregulated. Recur-
rent spontaneous abortions (RSA) have been associ-
ated with increased parental human leukocyte antigen
(HLA) sharing, according to numerous reports. Parental
HLA sharing raises the likelihood of feto-maternal his-
tocompatibility and may have an impact on the mother’s

Sample Total reads #Uniquely mapped reads %Uniquely mapped # Multi-mapped reads % Multi-
reads mapped
Reads
RPL1 18,007,563 16,228,956 90.12% 1,472,073 8.17
RPL2 22,712,005 20,340,909 89.56% 2,024,928 892
RPL3 19,606,967 17,305,594 88.26% 1,991,224 10.16
RPL4 22,276,997 18,582,546 83.42% 3,353,001 15.05
MTP1 23,354,313 20,511,099 87.83% 2,551,251 10.92
MTP2 21,332,421 19,427,167 91.07% 1,625,175 7.62

In the table, % represents the percentage of uniquely mapped and multimapped reads among RPL and MTP
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Table 4 List of 20 most significantly up- and downregulated
genes in placental decidual tissue between RPL and MTP

Gene name log2FoldChange IFcSE p-value p-adjusted
value
Upregulated
2 22.66 4.20 7.14E-08  0.0002
CXCL6 11.88 2.52 251E-06  0.002
HLA-DRB4 10.21 2295 861E-06 0.005
HLA-DRB1 10.02 2.08 1.51E-06  0.001
HLA-DRB3 9.94 229 143E-05 0.008
HLA-B 9.21 2023 532E-06 0.004
CSF3 894 1.96 5.14E-06  0.004
PPP1R11 8.55 1.95 1.23E-05  0.007
NFKBIL1 8.11 1.53 1.20E-07  0.0003
COG5 7.98 1.57 3.96E-07  0.0007
EDN2 7.74 2.00 0.000116  0.03
MMP10 745 1.18 356E-10  1.66E-06
TAP2 7.31 1.58 4.06E-06  0.003
TRAT1 7.00 1.71 434E-05 0.01
CXCL8 6.75 1.72 887E-05 0.02
CXCL5 6.65 1.76 0.000164 0.036
HLA-C 6.61 148 835E-06  0.005
LINCO01146 6.52 1.70 0.000125 0.032
IL-6 6.24 1.59 8.90E-05 0.028
Downregulated
POLR3B -1.06 0.24 1.78E-05  0.009
SLC35B4 -135 034  887E-05 0024
STEAP4 141 0.37 0.000153  0.035
FAM171B -1.83 044 3.73E-05 0015
DYSF -1.86 049 0.000165 0.031
SLC16A9 =217 0.56 0.000126 0.038
CSGAL- -2.18 0.52 331E-05 0014
NACT1
CPAMDS -235 062 0.00017  0.037
WFDC1 -2.59 0.54 1.80E-06  0.0019
PDZRN4 -2.87 0.72 7.88E-05 0.0274
NOS3 —-3.00 0.77 0.000101  0.029
CYP2J2 -3.06 0.73 267E-05 0012
HLF -3.64 094  0.000105 0.030
FAM167A -4.01 0.83 1.61E-06  0.0018
CNTNAP2 —4.25 1.00 2.12E-05 0.010
CPS1 —4.46 1.19 0.000187 0.0392
CCDC201 —4.55 1.09 3.18E-05 0.0141
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Table 4 (continued)
Gene name log2FoldChange IFcSE p-value p-adjusted
value
MTND2P28  —4.74 1.15 4.08E-05 0.016
HMGB1P38  —5.00 1.30 0.000127 0.033
WDR46 —-8.06 1.26 1.93E-10  1.20E-06

P < 0.05 represent the significance level, and p-values less than 0.05 are
considered statistically significant to show the up- and downregulation of
genes in RPL and MTP. Acronyms: C2 complement C2, CXCL6-C-X-C motif
chemokine ligand 6, HLA-DRB4 major histocompatibility complex, class Il, DR
beta 4, HLA-DRB1 human leukocyte antigen class Il histocompatibility, D-related
beta chain, HLA-DRB3 major histocompatibility complex, class I, DR beta 3,
HLA-B major histocompatibility complex, class |, B, CSF3 colony-stimulating
factor 3, PPP1R11 protein phosphatase 1 regulatory inhibitor subunit 11,
NFKBIL1 NF-kappa-B inhibitor-like protein 1, COG5 component of oligomeric
golgi complex 5, EDN2 endothelin 2, MMP10 matrix metalloproteinase-10,

TAP2 transporter 2, ATP-binding cassette subfamily B member, TRATT T-cell
receptor-associated transmembrane adapter 1, CXCL8-C-X-C motif chemokine
ligand 8, CXCL5-C-X-C chemokine ligand 5, HLAC human leukocyte antigen-C
alpha chain, LINC00114 long intergenic non-protein-coding RNA 114, IL-6
interleukin 6, POLR3B RNA polymerase Il subunit B, SLC35B4 solute carrier
family 35 member B4, STEAP4 six-transmembrane epithelial antigen of the
prostate 4, FAM171B family with sequence similarity 171 member B, DYSF
dysferlin, SLC16A9 solute carrier family 16 member 9, CSGALNACT1 chondroitin
sulphate N-acetylgalactosaminyltransferae 1, CPAMD8-C3 and PZP-like alpha-2-
macroglobulin domain containing 8, WFDC1-WAP four disulphide core domain
1, PDZRN4-PDZ domain containing ring finger 4, NOS3 nitric oxide synthase 3,
CYP2J2 cytochrome P450 family 2 subfamily J member 2, HLF hepatic leukaemia
factor, FAM167A family with sequence similarity 167 member A, CNTNAP2
contactin-associated protein-like 2, CPS1 carbamoyl-phosphate synthase,
CCDC201 coiled-coil domain containing 201, MTND2P28-MT-ND2 pseudogene
28, HMGB1P38 high mobility group box 1 protein 38, WDR46-WD repeat-
containing protein 46

ability to recognise the foetus during allorecognition.
Endothelial nitric oxide synthase (NOS) genes, which
are vasoactive mediators and encode enzymes crucial for
generating vascular NO, are involved in the control of
vascular activities at the feto-maternal interface and the
development of the fetoplacental blood vessels. A gase-
ous molecule called NO plays a variety of physiological
regulatory roles in the control of reproduction, including
the development of new blood vessels, improvement of
blood flow through the maternal arteries to the placenta,
control of placental vessel tone, and immune protection
of the developing foetus. All of these elements must be
present for a pregnancy to be successful, and any disrup-
tion to these processes may raise the risk of miscarriage.
A shift in the expression levels of the NOS genes, which
are highly expressed by trophoblast cells during the first
trimester of pregnancy, may cause RPL [1].
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Fig. 1 Volcano plot showcasing the fold changes of genes vs their P-values. Red lines parallel to the Y-axes highlight the log2FC>=|1| and to the

X-axes significant p-adjusted value cutoff of 0.05

The Gene Ontology results showed that the biological
processes, neutrophil chemotaxis, and chemokine-mediated
signalling pathway and molecular function — chemokine
receptor binding are highly enriched. The maternal-foe-
tal interface contains trophoblast cells, decidual stromal
cells (DSCs), and decidual immune cells (DICs), which are
all members of the small-molecule cytokine superfamily
known as chemokines. Chemokines and chemokine recep-
tors play a crucial role in recruitment of immune cells,
trophoblast invasion, and decidualization throughout preg-
nancy [2]. Furthermore, several pregnancy complications,
such as pre-eclampsia (PE), recurrent spontaneous abortion
(RSA), and preterm birth (PTB), have been linked to the
functional abnormalities of chemokines [3].

KEGG pathway analysis showed downregulation of
arginine biosynthesis and upregulation IL-17 signalling
pathways. Semi-essential amino acid arginine is a precur-
sor in the production of several compounds, including
polyamines and nitric oxide (NO), which are crucial for
pregnancy and foetal development. During pregnancy,
maternal nutrition is essential for the placental and foe-
tal development. Arginine is a crucial component of
nutrition and metabolism because it acts as a precursor
for the production of several physiologically significant
compounds. Several biological processes, such as protein
synthesis and the synthesis of ornithine and urea, gluta-
mate, NO, creatine, proline, and polyamines, use arginine
as a precursor. A growing body of research indicates that
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arginine is essential for reproduction, foetal development,
wound healing, tissue integrity maintenance, immuno-
logical function, and the treatment of illnesses during
pregnancy [4]. For the purpose of promoting protein syn-
thesis, arginine may directly activate p70 S6 kinase and
phosphorylate 4E-BP1 via the mTOR signalling pathway.
The urea cycle, which eliminates ammonia from the liver
and blood, also needs arginine. Through the activation of
oxidative stress, rise in intracellular pH, reduction in ATP
synthesis, and decrease in utero-placental blood flow and
nutrient delivery, high amounts of ammonia are harmful
to the developing foetus [5]. NO is a calming substance
generated by the endothelium. The control of placental-
foetal blood flow depends on NO. Therefore, NO may be
essential for ensuring appropriate nutrition transfer from
the mother to the foetus. Similarly, polyamines control

several biological processes, including protein synthe-
sis and gene expression, embryo/foetus proliferation,
growth, and differentiation [6]. Preeclamptic pregnant
women have lower plasma levels of arginine and placen-
tal eNOS abundance than healthy pregnant women [7].
In a disturbed pregnancy, both the synthesis and the
catabolism of arginine are altered. This may affect foetal
development, foetal programming, and increased risk for
developing adult-onset diseases. Arginine-NO biogenesis
dysregulation is implicated in a variety of vascular dis-
eases, including cardiovascular disease and pre-eclamp-
sia [8]. Vasculogenesis, angiogenesis, foetal growth, and
survival may be negatively impacted by a change in the
bioavailability of arginine and NO. The arginine-NO
pathway is a crucial regulator of vascular development
[9]. Arginine is considered to be abundant in protein-rich
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Fig. 3 Validation of selected differentially expressed genes
by quantitative real-time PCR (gRT-PCR). Differential expression
of selected genes is measured in both RPL and MTP for validation

meals such as meats, dairy products, nuts, seeds, soy, and
lentils. Between 3 and 15% of different proteins include
arginine. Dietary patterns point towards the deficiency
of arginine in pregnant women; arginine is considered to
be nutritionally necessary for good health, fertility, and
reproduction [10]. Since the arginine pathway restricts
the amount of arginine that can be used for NO produc-
tion, dysregulated arginine metabolic pathway may be
implicated in the aetiology of RPL.

The differentially expressed genes that are upregulated
in the IL-17 signalling pathway are C-X-C chemokine
ligands CXCL1, CXCL2, CXCL5, CXCL8, CCL20, and
IL-6, granulocyte colony-stimulating factor (G-CSF), and
$100 calcium-binding protein A8 (S100A8). Foetus repre-
sents an allograft to the maternal host. It has been docu-
mented that Th17 cells have a role in transplant rejection
[11]. According to Wang et al., RSA (unexplained recur-
rent spontaneous abortion), which is a progressive stage
of abortion, has a much larger number of Th17 cells in
the peripheral blood and decidua than a typical early
pregnancy. Furthermore, unexplained RSA patients
had considerably greater levels of peripheral blood and
decidual tissue expression of not only IL-17 but also the
Th17-inducing cytokine, IL-23, and the Th17 transcrip-
tion factor, retinoid orphan nuclear receptor (RORC)
[12]. There has been evidence of reciprocal differentia-
tion between Th17 and Treg cells, as well as a decline in
Treg cells in RSA with no known cause [13]. In allogeneic
murine pregnancy, Treg cell depletion in the early stages
of pregnancy causes implantation failure and miscarriage
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[14]. The quantity of Th17 and Treg cells in the decidua
and peripheral blood was found to be inversely correlated
[12, 15]. According to recent research, IL-17 is secreted
less frequently when oestrogen and placental protein 14
are present [16]. Proinflammatory cytokines like IL-6 and
IL-1b promote the development of Th17 cells. The bal-
ance of these variables may have an impact on the Th17/
Treg cell ratio during pregnancy [17]. CD4+CD25+
Tregs in healthy individuals prevented activated CD4+
T cells from secreting IL-17, and that this regulation was
altered in cases with unexplained RSA [18].

Histocompatibility genes HLA-G, HLA-B, HLA-A,
HLA-DRA, HLA-DPBI1, and HLA-DQB1 were signifi-
cantly upregulated in RPL cases compared to MTP. A
successful pregnancy depends on the mother’s immune
tolerance to the semi-allogeneic foetus. RPL, pre-eclamp-
sia, and other pathological diseases are only a few of
the potentially harmful pregnancy outcomes that could
result from improper molecular cross-talk at the mater-
nal-foetal interface [18]. The establishment of foetal-
induced maternal immunological tolerance is regulated
by the non-classical major histocompatibility complex
class I (MHC-I) component known as human leukocyte
antigen-G (HLA-G) [19]. At the foetal-maternal inter-
face, extravillous trophoblasts (EVTs) of the placenta
almost exclusively express HLA-G, which offers the
semi-allogeneic embryo immune protection from attacks
by the maternal NK cells [20]. Recent data suggests that
the dysregulated expression levels of HLA-G have a role
in the pathophysiology of RPL [21]. In placental tissue
samples from RPL patients compared to healthy persons,
HLA-G expression was downregulated [22]. According
to reports, RPL patients’ levels of HLAG expression are
lower than those of healthy controls [21]. These results,
however, are in conflict with previous investigations [23].
Women who experience recurrent miscarriages have a
higher frequency of the HLA-DRB1*07 allele [24]. Com-
pared to controls, higher percentage of women with RPL
was HLA DQ2/DQ8 positive [25].

Quantitative real-time PCR (qRT-PCR) validation of
a subset of differentially expressed genes showed sig-
nificant increased expression of IL-6, PPP1R11, and
MMP10 genes in 16 placental decidua samples of unex-
plained recurrent pregnancy loss cases compared to 12
unwanted medically terminated healthy pregnancies.
Cytokines, the immune system’s intercellular messen-
gers, play a crucial role in many aspects of pregnancy. A
multipurpose cytokine, IL-6, is essential for the inflam-
matory response as well as for controlling T-cell devel-
opment in adaptive immunity. Widespreadly expressed
in the female reproductive tract and gestational organs,
IL-6 regulates immunological adjustments necessary
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for pregnancy tolerance as well as embryo implantation
and placental development [26]. An extensive range
of studies indicate the role of IL6 among the array of
cytokines and growth factors that control the events of
placental morphogenesis, through coordinating tropho-
blast proliferation, migration, differentiation, and secre-
tory function [27].

Siim et al. (2016) performed the first transcriptome
analysis of RPL cases, and the differential expression
analysis found that 51 (27%) transcripts had increased
expression, and 138 (73%) had decreased expression
when compared to electively terminated pregnancy
(ETP) cases. In RPL, transcript levels for histones, reg-
ulatory RNAs, and genes involved in telomere, spli-
ceosome, ribosomal, mitochondrial, and intracellular
signalling processes were significantly lower. Several
upregulated genes such as activating transcription fac-
tor 4 (ATF4), complement component 3 (C3), Pleckstrin
homology-like domain family A member 2 (PHLDA?2),
glutathione peroxidase 4 (GPX4), intercellular adhesion
molecule 1(ICAM1), and solute carrier family 16 mem-
ber 2 (SLC16A2) were linked to placental function and
pregnancy complications. Surprisingly, E2F transcription
factors bind to approximately two-thirds of differentially
expressed genes, coordinating mammalian endocycle and
placental development [28]. Other studies on transcrip-
tome analysis of RPL reported that the abnormal expres-
sion of some specific immunoregulatory genes involved
in T-cell activation may play a key role in regulating
maternal immune response [29]. Women with RPL had
significantly higher levels of the tumour necrosis factor
(TNF) and type I interferon signalling pathways [30].
Even our study is in agreement with the earlier stud-
ies, which all pointed to an enrichment of dysregulated
genes involved in immune and inflammatory response
pathways in recurrent pregnancy loss. Further, the pre-
sent study also indicates the role of arginine biosynthesis
pathway in the pathogenesis of RPL.

Conclusion

To summarise, this is the first case series of its kind in
India. The present study predicts a role of arginine bio-
synthesis pathway along with IL-17 signalling pathway in
the pathogenesis of RPL. The key genes and functional
pathways identified in the current study should be vali-
dated in larger sample size to provide new insights into
the molecular mechanisms involved in RPL pathogenesis
and provide potential diagnostic and therapeutic targets.
Management strategies for RPL could be established
by further evaluating the arginine-derived molecules,
supplement dosage, and treatment time frame during
pregnancy.
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Limitation of the study
Limitation of the present study is that only six cases are
included.
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