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Abstract
The successfulimplantation of theembryo intoa receptive endometrium is essential fortheestablishment of a

viable pregnancy while recurrent implantationfailure (R1F) isa realchallenge in assisted reproduction. The
maternal innate immune system, specifically the Toll-like receptors (TLRs), are involved in maintaining
immunity in the female reproductivetract (FRT) required for fertility. In this study, we aimed to investigate the
importance of innate immunity-related gene expression in the regulation of human fertility and as a prediction of
potential outcome of invitrofertilization -embryotransfer (IVF-ET), thus, we assessed the gene expression
levels of TLR signallingmolecules using quantitative real-time PCR betweenendometrial biopsies of healthy
fertile women, andthe patients experiencing RIF. Interestingly, our results showed that, TRIB2 and TLR9 genes
were differentially expressed betweentheendometrial biopsies of healthy women and thosewith RIF. However,
comparing expression levels of same genes between pre-receptiveand receptive healthy endometrial biopsies
showed differentgenes (ICAM1, NFKBIA, VCAML, LIF, VEGFB, TLR5) had significantlyaltered expression,
suggestingtheir involvementin endometrial receptivity. Thus, further investigationswill enable us to better
understand the role of these genes in the biology of FRT and as a possible target for the improvement of

infertility treatments and/or development of non-hormonal contraception.

Key words: innate immune system, embryoimplantation, recurrent implantation failure, toll-like receptors,

endometrial receptivity.
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1. Introduction
Recurrentimplantation failure (RIF) is a significantproblem during in vitro fertilization-embryotransfer (I VF-

ET) [1]. RIFis defined asthe lack ofembryo implantationafter transferring at least three high quality embryos
[2]. Poor endometrial receptivity, insufficient endometrial thickness, advanced maternal age, hormonal
imbalances, implantation-related gene mutations and genetic or developmental abnormalities of the embryo are
associated with implantation failure [3-6]. The causes of RIF caneitherbe immunological or inflammatory
factors since maternal innateimmune system plays a major role duringembryo-maternal communication [7].
Accordingly, investigating immunity factors thatinfluence endometrial receptivity and embryo implantation are

significant in improving pregnancy success rates for IVF-ET.

The maternalinnate immune system has an importantfunctionduring pregnancy by protecting the female
reproductivetract (FRT) against infections while providing a tolerance towards the semi-allogenic foetus [8].
Toll-like receptors (TLRs) are themost documented family of patternrecognitionreceptors, playinga key role
in innate immune system. Once stimulated by their specific ligands, they commenceanintracellular cascade of
signals through various adaptor proteins that end upin the expressionof anti-inflammatory cytokines and
chemokines [9, 10]. Innate immune cells such as natural Killer (NK) cells, macrophages, and dendritic cells

which express TLRs, areabundantatthe site of embryoimplantation [11-15].

Earlier investigations, have revealed that stimulation of TLRs with their specific ligandsatthe timeo f embryo
implantation undesirably affects the outcome of embryo implantationinvivo [16,17], and in vitro [17-20].
While different mechanisms were usedto explain this failure of embryo implantation, allhypotheses identified a

disruption of endometrial receptivity, due to theinvolvement of abnormal activation of innate immunity.

In orderto addressthe role of innate immunity in endometrial receptivity and RIF, we firstly compared the gene
expression profile of innateimmunity-related molecules in endometrial biopsies obtained from healthy/fertile
women during endometrial transition between the non/pre-receptiveto the receptive stages; and secondly,
between the endometrial biopsies from healthy/fertile women, andthe RIF patients bothwith the endometrial

biopsies representingthereceptive stages.

Candidate genes were coding for receptors, adaptor molecules, cytokines and regulatory proteins selected from

the KEGG pathway https:/mww.kega.jp/ (Kyoto Encyclopaedia for Gene and Genome). of TLR signalling

cascade including both MAPK signallingand NFKB signallingarms https://www.genome.jp/pathway/hsa04620

and based ontheir potential to influence endometrial receptivity and/orembryo implantation. These included
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Tribbles-2 (TRIB2) https://www.genome.jp/entry/hsa:28951,  Toll-like  receptor  5(TLR5)
https://www.genome.jp/entry/hsa:7100, Toll-like receptor 9 (TLR9) https://www.genome.jp/entry/hsa:54 106,
Myeloid differentiation primary response gene 88 (MyD88) https://www.genome.jp/entry/K04729, Mucinl
(MUC1), Mucin16 (MUC16), Leukemia inhibitory factor (LIF) https:/Awww.genome.jp/entry/K05419, nuclear
factor of kappa light polypeptide gene enhancer in B-cells inhibitor alpha (NFKBIA)
https://www.genome.jp/entry/K04734, Intracellular adhesion molecule 1 (ICAM1)
https://www.genome.jp/entry/K04734,  Vascular  cell  adhesion molecule 1  (VCAM1)
https://www.genome.jp/entry/K06527,  Vascular  endothelial growth  factor B (VEGFB)

https://www.genome.jp/entry/K16858 and Interleukin-8 (IL-8) https://www.genome.jp/entry/hsa:3576.

2. Materials and Methods:

2.1 Ethical approval and sample collection
The study was approved by the Research Ethics Committee of the University of Tartu, Estonia (Ethical

permission: 276/M-15) and written informed consent form was obtained fromall participants. Endometrial
biopsies were obtained from 10 healthy and fertile volunteers of reproductive age (<3 Syears) with a nommal BMI
(within the range 19-25), who had no previous infertility record, and had at least one live-born child.
Endometrial biopsies were obtained usinga Pipelle catheter (Laboratoire CCD, Paris, France) on day 2 and 8
aftertheluteinizinghomone (LH) surge (LH+2 and LH+8, respectively). The LH surge was determined usinga
commercialurine LH kit (Baby Time hLH urine cassette, Pharmanova). Endometrial biopsies were also acquired
8 daysafterthe LH surge, from anadditional group of 10 individuals of fertile age (<42years) with a normal
BMI (within a range 0f 19-25), who had undergoneatleast 3 unsuccessful IVF-ET or 3 ICSI (intracytoplasmic
sperm injection)-ET cycles. This RIF group consisted of women diagnosed with primary or secondary
infertility. All womenselected for the study had regular menstruationandwere clinically examined for the
absence ofhormonal aberrations and/or uterine pathologies. All the 20 women were non-smokers and did not
take any hormonal treatments for three months prior to sample collection. The endometrial tissue recovered at
LH+8 from both groups, was histologically validated accordingto theNoyes’criteria [21] in order to confirm
the receptivestatus of endometrial maturation. Endometrial tissue was frozen after biopsy at-80°Cin RNAlater

(Ambion Inc., Austin, TX) for further analysis.
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2.2 RNA extraction, cDNA synthesis and quantitative real-time PCR analysis
Endometrial total RNA was isolated using the Qiagen All Prep DNA/RNA/mMIRNA Universal Kit (Qiagen,

Hilden, Germany) according to the manufacturer’s instructions. RNA quality and concentration were assessed
usingthe Agilent 2100 Bioanalyzer, (Agilent Technologies, Santa Clara, California, USA)and the RNAs with
an RNA Integrity Number (RIN) values >7 was used for subsequent complementary DNA (cDNA) reactions.
The first-strand cDNA was synthesized from 2 ug of DNasetreated RNA usingthe RNAto cDNAKit (Applied
Biosystems, Life Technologies; Paisley, UK) according to the manufacturer’s instruction.

The forward (fwd) and reverse (rev) primers (Integrated DNA Technology Company, Leuven, Belgium) for all
the genes investigated in this study, were created with the Primer-Blasttool (National Centre for Biotechnology
Information website; NCBI) (Table 1). According to the MIQE guidelines (minimum information for
publication of quantitative real-time PCR experiments) [22] three housekeeping genes were used as reference
genes fornormalization. These genes were human -Actin (BACT), succinate dehydrogenase subunit A (SDHA)

and mitochondrial ribosomal protein L19 (MRPL19).

The quantitative real-time PCR (qPCR) reactionwas performedusing SYBR Green Jump Start Taq Ready
mix® (Sigma, UK). Quantitative real-time PCR products were compared to a MiniSizer ladder (Norgen Biotek;
Ontario, Canada) to confirm the expected size accordingto Table 1. The experimental design forthe comparison

of gene expression in endometrial biopsies is summarised in Figure 1.
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Table 1. Sequence of Forward and reverseprimers

GENE FORWARD REVERSE PRODUCT ACCESSION
5'—3’ 5’ -3’ SIZE NUMBER
B-ACTIN* CAAGATCATTGCTCCTCCTG ATCCACATCTGCTGGAAGG 90 bp NM_001101.3
SDHA* ACTGTTGCAGCACAGCTAGAA TCCAAACTTGAGGCTCTGTCC 102 bp NM_001294332.1
MRPL19* ATCGAAGGACAAGGTGTCGAG TAGCAAGCTATCATCCACCG 121 bp NM_014763.3
TRIB2 GAGCTGGTGTGCAAGGTGTT CCCAGGATAATTTCAGTGATTTGGT 110 bp NM_021643.3
TLRS5 CCTCATGACCATCCTCAC AGTCAC GGCTTCAAGGCACCAGCCATCTC 355 bp NM_003268
MUC1 CCGCCGAAAGAACTACGG CCTGCAGAAACCTTCTCATAG 179 bp NM_001204296.1
MUC16 GCCTCTACCTTAACGGTTACAATG AA GGTACCCCATGGCTGTTGTG 114 bp NM_024690.2
1L-8 GAACTGAGAGTGATTGAGAGTGGA CTCTTCAAAAACTTCTCCACAACC 134 bp NM-000584.3
IKBA CCCTACACCTTGCCTGTGAG CGTGTGGCCATTGTAGTTGG 116 bp NM_020529.2
TLR9 CTGGAAGGCCTTGGTTTTAGT CGTCTTGAAGGCCTGGTGTTG 141 bp NM_017442.3
LIF CCACCCATGTCACAACAACC CCCTGGGCTGTGTAATAGAGAA 102 bp NM_002309.4
VCAM1 TGTTTGCAGCTTCTCAAGCTTTT GATGTGGTCCCCTCATTCGT 181 bp NM_001078.3
ICAM1 ATGGCAACGACTCCTTCTCG GCCGGAAAGCTGTAGATGGT 142 bp NM_000201.2
MYD8S GACCCAGCATTGAGGAGGAT CTGCACAAACTGGATGTCGC 212 bp NM_001172567.1
VEGF B CCACCAGAGGAAAGTGGTGT ATCTGCATCCGGACTTGGTG 213 bp NM_001243733.1

*Housekeeping genes used as a reference gene in normalisation for calculation of relativemRNA expression

level


http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&id=168480144
https://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&id=661567359
https://www.ncbi.nlm.nih.gov/nucleotide/94557304?report=gbwithparts
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&id=187607349
http://www.ncbi.nlm.nih.gov/nucleotide/168693660?report=gbwithparts
http://www.ncbi.nlm.nih.gov/nucleotide/168693660?report=gbwithparts
https://www.ncbi.nlm.nih.gov/nucleotide/380418322?report=gbwithparts
https://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&id=315434269
https://www.ncbi.nlm.nih.gov/nucleotide/167466197?report=gbwithparts
https://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&id=289546502
https://www.ncbi.nlm.nih.gov/nucleotide/344179102?report=gbwithparts
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Figure 1. The endometrial biopsies used for this study were obtained from 20individualsdivided into 3
groups. The endometrial Biopsies were obtained from 10 healthy womenatday LH+2 (yellow dolls with purple
heart)andday LH+8 (yellow dolls with pink heart) representing the pre-receptive and receptive endometrium
respectively. Endometrial biopsies were collected atday LH+8 from 10 other womenwho experienced at least 3
rounds of unsuccessful IVF/ICSI (purple dolls with pink heart) consideredas RIF women. Relative expression
levelof 12 selected genes was compared between pre-receptiveand receptive endometrium from healthy
womanto investigate gene expressionalterations duringendometrial receptivity. Relative expression level of 12
selected genes was compared between healthy woman and RIF patients both at day LH+8to investigates gene
expression changes atembryo implantation.
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2.3 Statistical analysis
The AAC:methodwas usedto analyse therelative gene expressiondata. The Cvalue ofthe geneof interest (AC;

sample) Was normalized to thestandard sample (pool of the cDNA of allthe samples) andto the C;of the reference

genes (ACtreference). The AACis calculated as:
AACt: ACtsampIe - ACt reference
The relative expression of a particular gene, for each sample, was calculated as 2 44,

The results are shown as mean = SEM. Statistical analysis was performed using GraphPad Prism software (V6,
San Diego, California). Paired two-tailed Wilcoxon test was used to compare gene expression levels between
biopsies from day LH+2 and biopsies from day LH+8 ofhealthy woman and unpaired two-tailed Mann-
Whitney test was usedto compare gene expression analysis between biopsies from day LH+8 of healthy women

and biopsies from day LH+8 of RIF patients. P value <0.05 was considered to be significant.

To compare between the differentiation ability of each gene in fertile woman and RIF patients, a logistic
regression was carried out using forwards stepwise selection. This would take the most significant terms first

and add it to the modelandthen thenext mostsignificantterm.
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3. Results

3.1 Expression patterns of selected genes differed with the phase of endometrial receptivity in
fertile woman
Toinvestigatethe difference in gene expression level of selected genes at the time of endometrial receptivity,

theirexpression levelwas compared between pre-receptive (LH+2) and receptive (LH+8) endometrial biopsies
of healthy women. Quantitative real-time PCRanalysis of gene expression demonstrated that LIFand VCAM1
genes were significantly up regulated in biopsies obtained at LH+8 days compared tobiopsies from the same
women at LH+2 (Figure 2). Conversely, analysis of gene expression levels identifieda significant decline in
ICAM1, TLR5, IKB alpha and VEGFin the receptive endometrial biopsies (LH+8) as compared to samples

collected from the pre-receptive endometrial biopsies (LH+2) (Figure 2).
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Figure 2. Different gene expression levels frombiopsies of healthywomen compared at two different
stages of their menstrual cycles. Biopsies from day LH+2 represent the pre-receptiveendometrium and from
day LH+8representthe receptive endometrium. Relativeexpression of ICAM1, NFKBIA, IL-8, LIF, MUC1,
MUC16, MyD88, TLR5, TLR9, TRIB2,VCAML and VEGFBwas analysed using gPCR. Pairedtwo -tailed test
(Wilcoxon)was usedto analyse thedifference between the two groupsand P <0.05 was considered to be
significant. The p value of genes with significantly differentexpression levelsare shownin red.
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3.2 TRIB2 and TLR9 genes were significantly upregulated in the endometrial biopsies from RIF
women compared with biopsies from healthy women
To understandwhich ofthe selected genes could be importantduring failedembryo implantation, expression

level of these genes was compared between healthy and R1F endometrial biopsies both obtainedatsup posedly
receptive stage of endometrium (LH+8). Quantitative real-time PCR analysis of gene expression demonstrated
that TRIB2 and TLR9 genes were with significantly increased expression in the endometrial samples collected
from RIF patients compared with their healthy endometrial biopsies’ counterparts (Figure 3). Other investigated

genesdid not showany remarkable expression differences between RIF patients and healthy women (Figure 3).
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Figure 3. Differentgene expression levels frombiopsies of healthy women compared to the biopsies from
IVF-failed patients. Biopsies from both groups were collected on day LH+8 representing the receptive
endometrium. Relative expression of ICAM1, NFKBIA, IL-8, LIF, MUC1, MUC16, MyD88, TLR5, TLR9,
TRIB2,VCAM1 and VEGFB was analysed using qPCR between the two types of samples. Unpaired two-tailed
test (Mann- Whitney) was usedto analysethe difference betweenthe two groupsand P <0.05 was considered
to be significant. Thep value of genes with significantly differentexpression levelsareshownin red.
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Interestingly, binary logistic regression analysis of gene expression patterns demonstratedthatthe TLR9 gene
expression canbe utilized as a reliable marker/predictor of whether anendometrial tissue sample was originated
from a healthywomanorRIF individual (Table2). Hence, binary logistic regression analysis of TRIB2 gene
expression patterns did notshowthat this gene canbe utilized asa reliable predictorofanendometrial tissue
origin. Although, TRIB2 expressionwassignificantly differentbetween theendometrial tissue of healthy women
and RIF patients, its inclusion along with TLR9, did not addany value to the discriminatory power of TLR9 to
identify healthy women and RIF individuals (Table 2). It isimportant tonote that thisanalysis is based on a

sample size of 10 individuals per group (10 healthywomenand 10 RIF patients).
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. Confidence Healthy Percentage | RIF Percentage | OverallPercentage
Term Odds Ratio Intervals Correct Correct Correct
Base Model | Constant 1 NA 100% 0% 50%
Model 1 Constant 0.155
TLR9 8.633 (0.929,80.266) 80% 70% 75%
Model 2 Constant 0.018
TLR9 9.699 (0.688,136.6370) 70% 80% 75%
TRIB2 5.579 (0.538,57.866)
358
359
360
361
362
363
364
365
366  Table2.Binarylogistic regression analysis of dependentvariables (healthyand IVF failed/RIF women)
367 andindependentvariables (TLR9and TRIB2different gene expression levels) The classification table is a
368 method toevaluatethe logistic regression model. In this table the observed values forthedependent outcome
369 (Healthy or RIFwomen) andthe predicted values are cross classified. The Model 1 (TLR9 only) shows the
370  prediction of the dependent variable based on the differential expression level of TLR9. Binary logistic
371  regression analysis of gene expression patterns demonstrated that TLR9 expression can be utilized asareliable
372  marker/predictor of whetheranendometrial tissue samples originates from a healthy or RIF individual. The
373  prediction ofthe dependentvariable based on thedifferential expressionof TLR9 and TRIB2 combined (M odel
374  2)showsthere isno difference between the percentage of correct predictions when one geneorboth genes are
375  considered.
376
377
378
379
380
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3.3 Age distribution of healthy controls and RIF patients:
The age distribution of healthy controls (32.3 £3.0, years + SD) and patients with RIF (34.4+4.0) was

statistically significantly different (p value: 0.0058) however, the BMI of healthy group andwomen with RIF
was not statistically different (p value: 0.121). The age and BMI of our controland patients are shown in table 3.
Also, we performed regressionanalysis to see whether gene expressionvalues of specific genes were influenced
by the age, but there was no significant effectof age observed forany ofthe 12genesanalysed in this study.

The graphsfor linear regression analysis are shown in Figure 4.

16
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407
408
409
410
411
412

413

Patientcode | Group Age Hight Weight BMI
NOTNV25 Healthy 33 1.63 66 24.84098
NOTNV15 Healthy 27 1.68 72 25.5102
NOTNV40 Healthy 30 1.67 57 20.43817
NOTNV48 Healthy 33 1.7 68 23.52941
NOT12013 Healthy 32 1.69 80 28.01022
NOTNV09 Healthy 29 1.63 51.6 19.42113
NOTNV01 Healthy 30 1.67 104 37.29069
NOTNV03 Healthy 23 1.62 60 22.86237
NOTNV04 Healthy 32 1.65 48 17.63085
NOTNV06 Healthy 33 1.76 75.3 24.30914
NOTNV27 IVF 32 1.74 72 23.78121
NOTNV29 IVF 39 1.6 62 24.21875
NOTNV30 IVF 35 1.61 53 20.44674
NOTNV32 IVF 30 1.7 52 17.99308
NOTNV35 IVF 32 1.67 62 22.23099
NOTNV36 IVF 37 1.68 59 20.9042
NOTNV38 IVF 35 1.64 54 20.07733
NOTNV39 IVF 37 1.76 62 20.0155
NOTNV43 IVF 33 1.7 70 24.22145
NOTNV44 IVF 34 1.64 53 19.70553

Healthy average 32.3 22.8719
STDEV 3.059412 5.19678
RIF average 344 21.35948
STDEV 3.975232 5.303306
Unpaired P value: P value:
T-testbetween 0.0058 0.121414
healthy vs. RIF

Table 3: Age and BMI distribution of healthy controls and RIF patients. The age, BMI, and sample type
(Healthy or IVF patient groups) for each woman recruited in this study was shown in this table. The age and
BMI distribution has been compared betweenboth groups usingunpaired T-test. The age distribution of healthy
controls (32.3 £3.0, years = SD) and patients with RIF (34.4+4.0) was statistically significantly different (p
value: 0.0058) however, the BMI of healthy group and womenwith RIF was not statistically different (p value:
0.121).
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Figure 4. Linear Regression analysis. Linear regression analysis for age-dependant geneexpressionforall 12
genes analysed in this study showed no significant correlation between individual’s age (both healthy controls
and RIF patients) andthe level of gene expression.
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4. Discussion
Humanfecundity rate as compared to other mammalian species is quite low. In spite of being fertile, healthy

coupleswould only have 25-30% chance of becoming pregnant duringone menstrualcycle. Despite the fact
that, assisted reproductive techniques (ART) are helping infertile couples to carry theirown babies, the rate of
successful pregnancy through thesetechniques arestillpoor mainly dueto embryo implantation failure [23].
Thisdemands more investigation being conducted to increase our knowledge of embryoimplantation process

and differentmolecules determining its accomplishment.

The conceptus as a non-self-entity tothe mather, is expectedto be repelled by the maternal immune system.
However, duringa healthy pregnancy, the embryois protected from the maternal immune response and allowed
to thrive. This protective mechanism denotes the fundamental importance of the maternal innate immune system
in allowingembryo development, implantation, and parturition [24]. Since, alterations in gene expression result
in differencesin the cell function [25], in this study, we aimedto investigate the transcription level of innate
immune-related genes during the endometrial receptivity and window of implantation in human endometrial
biopsies using quantitative real-time PCR. Transcriptomic studies could help to recognise the importantmarkers
of endometrial receptivity andembryo implantation. Recent publicationby Bastuandhisteam, reported that

innate immune system is one of the key pathways in the pathogenesis of RIF [25].

All the genes selected forour study except for TRIB2 are partofthe TLR signalling pathway according to

KEGG https://www.keqqg.jp/ (Kyoto Encyclopaedia for Gene and Genome). The role of some of the selected

genesin RIFand implantation failure was previously studied by others. For instance, IL-8 [26-28], MUC1[29],
MUC16 [30], VEGF [31] and LIF[32, 33]while other genes were firstly investigated here. Despite the mean
age values betweenthe healthy controlsand the RIF patients recruited to our investigationbeingdifferent, our

analysis showed that the expression of these selected genes was not age-dependent.

At the implantationsite, several cytokines, chemokines, and adhesion molecules form part of the innate immune
system andaredifferentially expressedto facilitate communication between the mother and the implanting
embryo[34, 35]. Hence, any unwelcome modifications to the gene expression levels of thesemolecules might
lead to implantation failure or pregnancy loss [36]. Itis possible thatthese molecules can be utilized as potential

biomarkers of endometrial receptivity and embryo implantation. Thus, studying the pattern of gene expression
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in order to identify those endometrial receptivity biomarkers, and further discovering their role during
implantationwould be advantageous for the diagnosis and treatment of infertility [37]. An optimalendometrial
biomarker of embryoimplantation, would be localised at the site of embryoimplantation, exhibit differential
expression across themenstrual cycle andwould be present duringthe window of implantation but absent

before andthereafter [38].

Itis noteworthyto consider the fact that, immune systemis rather steady inone individual over the time as
compared to being variable between individuals. Since the immune response is a collection of immune
stimulators and immune regulators, which are both dependent on the different immune cell population.
Accordingly, the response to a single stimulation is dissimilar between diverse persons [39] and this would
explain the observed inter-individual difference in gene expression level, which is a well-acknowledged
weakness of transcriptomic studies. Here, we tried to overcome this limitation by including the paired

endometrial samples from the same fertile women from pre-receptiveand receptive stages.

TLR5 and TLR9 were selected for this investigation as TLR5 signallingpathway is under the control of the
TRIB2 gene [40] and its stimulation by Flagellin would have negative effecton outcome of embryo implantation
invitro [18]. TLR9, asa ligand fortherecognitionof Chlamydiatrachomatis [41,42]is linked to infection-
related infertility [43]. In the currentstudy, significantdownregulation of TLR5 gene expression in LH +8-day
receptive endometrial samples were observed comparedto LH+2-day pre-receptive samples in healthy women.
In contrast, TLR9 expression did not showany difference betweenpre-receptive and receptive endometrial
samplesin fertile women. However, TLR9 expression was significantly higher in the endometrial samplesfrom
RIF patients compared to healthy individuals. Earlier investigations from our laboratory, using different
endometrial biopsies, have shown thatboth TLR5 and TLR9 genes have significantly higherexpression during

the secretory phase ofthe menstrual cycles in healthy samples. [44, 45].

There are limited studies investigating the pattern of TLR gene expressionin the female reproductive tract
duringthe menstrual cycles. Investigation of TLR 1-6 expression, in the human fallopian tube cell line (OE-
E6/E7),showedthat TLR5 expressionis higher in response toa combination of oestrogen and progesterone
treatmentduringthewindow of implantation, comparedto other stages of the menstrual cycle [46]. The window
of implantation corresponds to the LH+8-day receptive endometrium in our study,and so surprisingly, both
studies by Aflatoonian [44] (in human endometrialtissue) and Zandieh [46] (in human fallopiantube cell line),

contradicted our findings regarding TLR5 expression in the receptive endometrium. The reason for these
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oppositeresults could be theuse of different primers for TLR9 gene analysis andsize of the samples for each

study.

TRIB2 gene expression, showed nosignificantvariation related to the stage of endometrial receptivity analysis
but its expression was significantly higher in samples collected from RIF patients compared to healthy
individuals. One may conclude that the TRIB2 geneis not affected by hormonal changes during the female
menstrual cycle as its expression was not significantly altered between the pre-receptive and receptive
endometrial biopsies in fertile women in the current study. However, TRIB2 expression is known to be an
essential factor in the establishment of the receptiveendometrium. Previous data from Trib2 knockout mice,
showed thatanabsence of Trib2 gene expression, resulted in a prevention of embryo implantation (Unpublished
datafrom our lab). Given that, we observed higher expression levels of the TRIB2 gene, in IVF-failed women
we can suggest that, as a scaffold protein [47] a delicately controlled expression of TRIB2 is essential for the

success of embryo implantation [48].

NFxBIl o (IKB alpha), is the main inhibitor of members of the NFkp transcription factor family. Here, we
observeda significant decrease in NFkBlo mRNA expression in the receptive endometrial (LH+8) biopsies as
comparedto the biopsies from the pre-receptive (LH+2) endometrium. We might speculatethat, proge sterone
dominancy in the LH+8 samples may have influenced the expression of NFkBla. Ross et al [49] have
investigated the regulation of NFxp subunits and NFkBIl a mRNA expression in the endometrium during
oestrous cycle in pig. Consistentwith our observations, Ross et al. observedthat, theexpression of NFxBla is
high in the oestrous stateand is downregulated duringthe rest ofthe cycle (associated with the high levels of
progesterone). This lower level of NFxBla mMRNA expression was also observed in pregnant gilts [49]
Therefore, it can be argued that NFxBlais downregulated by progesteroneduringthe receptivestateto facilitate
the activation ofthe NFK signalling pathway, whose end products are involvedin the implantation process

[50].

In ouranalysis of gene expression duringendometrial receptivity, ICAM-1 expression was significantly down
regulated in the receptive endometrium (LH+8) comparedto the pre-receptive endometrium (LH+2). Thomson
etalhave stated that ICAM-1expression is up regulated at the time of menstruation in endometrial stromal cells
[51] and Wu etal. have reportedthat ICAM-Lisinvolved in the pathology of the endometrium, exhibiting
increased expression in women with endometriosis [52]. Considering thesefindings, it is not unexpected to

observe a down-regulation of ICAM-1 during the transition from a pre-receptive to a receptive endometrium.

22



567

568

569

570

571

572

573

574

575

576

577

578

579

580

581

582

583

584

585

586

587

588

589

590

591

592

593

594

We also, observeda significant up-regulationof VCAM-1gene expression in the receptive endometrial biopsies
compared with the pre-receptive endometrial samples. Interestingly, Bai et al. have also proposed that
endometrial expressionof VCAM-1 is crucial for the attachment of the bovine conceptus [53]. Indeed, Konac et
al. have observedthata decline in the expression of VCAM -1 mRNA is associated with unexplained infertility
[54]. Even though, we did not observe any significant difference in endometrial VCAM-1 expression between
healthy and RIF patients, the remarkably higher VCAM-1 expressionin the receptive endometrium compared to

its pre-receptive counterpart, indicates a significantrole for VCAM-1 in endometrial receptivity.

Vascularendothelial growth factor (VEGF) is a necessary cytokine forembryonic development, formation of
the placenta, vascularization and angiogenesis [55] during the invasion of the embryonic cells into the
endometrial stromal cells [56,57]. Measuring the concentrations of VEFG-a in human uterine fluids, Hannan et
al. have foundsignificantly higher levels of VEGF-a in uterine fluids collected from the mid-secretory phase. In
addition, Hannanet al. have used these mid-secretory phase human uterine secretions to significantly increase
mouse embryooutgrowth invitro [58]. Further studies of the VEFG-a isoform in mouse embryoimplantation,
have verified that this cytokine, significantly increases the blastocystcellnumberand outgrowth, as well as
improvingthe rate of embryoimplantation [59]. In contrast to these published data, during our investigationso f
VEGF-8 isoform, we observed a significant decline in VEGF-8 expression in endometrial biopsies in the
receptive state ascompared with the pre-receptive endometrial samples. Inaddition, we did not detect any
significant differences in VEGF-8 expression between endometrial samples obtained from healthy women or
IVF-failed individuals. It is possible that the VEGF aand B isoforms have a variable influence onendometrial
receptivity and blastocyst implantation, however, it is more likely thatthe absenceof a viable embryo in our

receptive state endometrial samples is the cause of our contradictory findings.

Leukemia inhibitory factor (L1F), a glycoprotein member of IL-6 cytokinefamily has a key role in embryo
implantation by preparingendometrial receptivity, em bryo-endometrium interaction [60], decidualization of
stromalcell [61], trophoblastinvasion, uterine leukocyte infiltration, blastocyst growth and the development and
modulation of prostaglandin synthesis. We have observed an up regulation in LIF mRNA expression in
endometrial biopsies obtained from the receptive endometrium in comparison with biopsies from the pre -
receptive endometrium in healthy women. However, unlike previous investigations reporting significantly lower

concentrations of LIF in uterine flushing from infertile women compared totheir fertile counterparts [62, 63],
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we observed no significant changes in LIF mRNA between the endometrial biopsies obtained from fertile

women and I VF-failed individuals.

In this investigation, we may conclude that, the establishmentof endometrial receptivity in order to facilitate
embryoimplantation, involves significantchangesto the expression of genes relating the maternal innate
immune system. Furthermore, by comparing the expression patterns of genes between healthywomenand RIF
patients, we have identified two genes which may have major roles in ensuringsuccessfulimplantation of the
embryo. Further research with larger sample size would establish the predictive values of these genes in
identifying if the endometrium is of optimal condition to support embryo implantation and a subsequent viable
pregnancy, aswellasidentifyingadditional factors thatare involvedin the rejection or acceptance of the

embryoby thefemale reproductive tract.
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