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Decidualization score identifies an
endometrial dysregulation in
samples from women with recurrent
pregnancy losses and
unexplained infertility
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Objective: To study decidualization-associated endometrial factors.
Design: Retrospective cohort study to compare endometrial gene expression patterns in women experiencing reproductive failure
including recurrent pregnancy loss or unexplained infertility versus fertile controls.
Setting: University Reproductive Medicine Center.
Patient(s): Women experiencing recurrent reproductive failure including recurrent pregnancy loss or unexplained infertility (n ¼ 42)
and fertile controls (n ¼ 18).
Intervention(s): Endometrial biopsy samples were analyzed with targeted ribonucleic acid sequencing via next-generation sequencing.
Main Outcome Measure(s): The primary end point measurements were the expression of genes important for endometrial transfor-
mation during decidualization measured singly and in a combined/cumulative score approach. The secondary end point measurements
were receiver operating curve analysis and comparisons between the specific biomarkers.
Result(s): The comparison revealed differential expression of factors associated with decidualization, tissue homeostasis, and immune
regulation: FOXO1, GZMB, IL15, SCNN1A, SGK1, and SLC2A1. A combined evaluation of these 6 signature factors was designated as a
decidualization score in which the maximal score was ‘‘6’’ and the minimal was ‘‘0’’. Among controls, 89% of the samples had a score
R5 and 11% had a score of ‘‘4’’. A total of 76% of samples in the patient group had scores%4 and 19% had the lowest score of ‘‘0’’. A
decidualization score<4 provided evidence of abnormality in the decidualization process with a sensitivity of 76% (95% CI 61%-88%)
and specificity of 89% (95% CI 65%-99%).
Conclusion(s): Decidualization scoring can determine whether the endometrial molecular profile is implantation-friendly. Further
validation of this testing approach is necessary to determine a particular patient population in whom it could be used for selecting
patients that require therapeutic actions to improve endometrial conditions prior to the in vitro fertilization procedure (Fertil Steril
Rep� 2021;2:95–103. �2020 by American Society for Reproductive Medicine.)
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E mbryo implantation followed by a crucial period of
placenta formation are the main limiting factors to a
successful pregnancy. Despite extensive research, an

etiology behind repeated implantation failures after euploid
embryo transfers in otherwise healthy women often remains
unknown (1). Embryo implantation as such also cannot guar-
antee a successful pregnancy, as approximately 15% of all
clinically recognized pregnancies result in miscarriages (2).
When 2 consecutive miscarriages occur before 20 weeks of
gestation, it is defined as a disease, recurrent pregnancy loss
(RPL) (3). In about 50% of RPL, the cause still remains
unknownwhen the possible etiological factors, such as ovula-
tory dysfunction, diminished ovarian reserve, endometriosis,
anatomic factors, antiphospholipid syndrome, and thrombo-
philias were excluded (4). It becomes apparent that the endo-
metrial condition is a key element and emerging studies are
showing various new factors being dysregulated in the endo-
metrium from women with reproductive failures (1, 5–9).

The endometrial lining of the uterus undergoes extensive
proliferation, secretion, and regression in a cyclic manner
with peak receptivity occurring for 2-4 days during the
mid-luteal phase of each cycle (10). This preparation, termed
decidualization, involves differentiation of the human endo-
metrial stromal cells into decidual cells that form a receptive
tissue suitable for implantation (11). This process depends pri-
marily on the effect of progesterone on the estradiol-primed
progesterone receptors on the endometrial stromal cells (12).
Among the important progesterone signaling factors, Fork-
head box O1 (FOXO1) is known to play a central role in the
induction of senescence in a subpopulation of decidualized
stromal cells, a process that is essential for tissue remodeling
in preparation for embryo implantation (13). Changes associ-
ated with decidualization also include increased expression of
tissue and cellular homeostatic factors. Thus, a key regulator
of sodium homeostasis, Serum- and glucocorticoid-inducible
Kinase 1 (SGK1), was shown to be induced rapidly by a rise in
the levels of progesterone (14) and activated by cyclic adeno-
sine monophosphate (15). The glucose transport molecules
(Glut) that expressed in human endometrium, Glut1 and
Glut3, are known to peak in the mid-luteal endometrium
(16) to ensure a nutritional and receptive medium for embryo
implantation and growth.

In parallel with an increase in metabolism, the mid-luteal
endometrium is characterized by a sharp rise in the number of
uterine natural killer (uNK) cells (17). Because of the secretion
of growth-promoting, angiogenic, chemotactic, and immu-
noregulatory factors, uNK cells play an important role in
the regulation of angiogenesis, placental growth, and control
of trophoblast invasion (18, 19). The endometrial levels of
interleukin (IL) 15, which is essential for NK cell proliferation
and survival, also vary within a cycle. They are low in the
menstrual and proliferative phases, but increased expression
is characteristic of the luteal endometrium (20, 21).

Clearly, the endometrial decidualization stands on a com-
plex crosstalk between all cellular players to generate an
implantation-friendly environment. In this study, we per-
formed a targeted ribonucleic acid (RNA) sequencing analysis
using next-generation sequencing (NGS) of endometrial biopsy
samples from women with reproductive failures of unknown
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etiologies and compared the results with those of healthy fertile
controls. A significant difference in the expression of factors
involved in regulation of progesterone signaling, tissue homeo-
stasis, and uNK cell proliferation was revealed. A combined
evaluation approach was used to develop a decidualization
score, which has a potential to be advantageous in selecting
samples with abnormalities in the process of decidualization.
Further study is important to validate the effectiveness and uti-
lization of this score. Here we discuss its potential implementa-
tion in standard infertility evaluation and its use for
determining possible treatment strategies.
MATERIALS AND METHODS
Study Samples

Approval was obtained from the Institutional Review Board at
Rosalind Franklin University of Medicine and Science, North
Chicago, IL and Clinica Las Condes, Santiago, Chile. Informed
consent was obtained from all participants prior to the study.
The patient group (n ¼ 42) consisted of women with RPL or
unexplained infertility (UI). RPL was defined as R2 failed
clinical pregnancies, confirmed by ultrasound; infertility
was defined as failure to achieve a clinical pregnancy after
>12 months. Out of 26 RPL patients, 18 had 2-4 losses and
8 had >5 losses. In the RPL group, 6 patients had secondary
infertility recognized because of a history of a successful
pregnancy. The UI group consisted of 10 patients with no re-
cord of pregnancy, 4 patients with a record of chemical preg-
nancy/pregnancies and 2 patients with a history of 1 loss and
failure to get pregnant for >12 months. No causes of repro-
ductive failure such as chromosomal abnormalities or
anatomic defects were identified on initial screen. Patients
with known endometriosis, adenomyosis, endocrine disorders
(polycystic ovary syndrome), autoimmune diseases, or throm-
bophilia (inherited or acquired) were excluded from the study.
Workup included pelvic ultrasonography, screening for meta-
bolic abnormalities, auto-antibodies (Abs), and mutations
known as risk factors for thrombophilia. Following laboratory
tests were evaluated: fasting free insulin, prolactin, testos-
terone total and free, homocysteine, dehydroepiandrosterone
(DHEA), DHEA sulfate, anti-nuclear, -double-stranded deox-
yribonucleic acid (DNA), single-stranded DNA, -Histone,
-Scl70, -thyroglobulin, -thyroid peroxidase, -ovarian, -phos-
pholipid Abs, factor V Leiden mutation, factor VH1299R
(HR2) mutation, MTHFR C677T and A1298C mutations, and
PAI-1 4G/5G mutation. Healthy fertile women (n ¼ 18)
were included as controls. Among the controls,3 had a history
of 1 prior spontaneous abortion, but otherwise they did
conceive naturally and had live birth/births. There was no sig-
nificant difference in age between the patients (mean � SD,
37.7 � 3.8 years, 95% confidence interval (CI) 36.5-38.9)
and controls (38.1 � 5.0 years, 95% CI 35.3- 40.9). A sum-
mary of the obstetrical histories of the study participants is
presented in Supplemental Table 1 (available online).
Sample Collection and RNA Extraction

Endometrial biopsy sampling was performed 7-9 days after
the luteinizing hormone surge detected using urine
VOL. 2 NO. 1 / MARCH 2021
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luteinizing hormone tests. Endometrial tissue was obtained by
Pipelle catheter and placed into a container with 5 mL of
RNAlater solution (Invitrogen, Life Technologies). Samples
were delivered to the laboratory at ambient temperature
within 1 week and stored at �80�C until used.

The tissue was mixed with RLT lysis buffer (Qiagen) with
2-mercaptoethanol (Sigma), processed on TissueLyser LT ho-
mogenizer (Qiagen) and spun at 3,000 rpm for 3 minutes. The
supernatant was mixed with 250 mL of ethyl alcohol and
transferred to Qiagen’s micro RNeasy columns for RNA
extraction per manufacturer’s recommendations.
Targeted RNAseq via Next-Generation
Sequencing

The complementary deoxyribonucleic acid (cDNA) synthesis
and NGS library preparation were performed according to
Qiagen’s custom targeted ribonucleic acid sequencing (RNA-
seq) panel (Cat. No. 333025, Supplemental Table 2, available
online). Briefly, cDNA was made from 25 ng of RNA and
unique 12 nucleotide tags were incorporated via multiplexed
gene-specific primer extension. The reaction was purified us-
ing Qiagen’s size-selection magnetic beads. The barcoded
cDNA was amplified using polymerase chain reaction with
gene-specific primers. The completed library was loaded
into a V3 reagent cartridge (Illumina) with a standard flow
cell and custom sequencing primers (Qiagen). NGS was per-
formed on the MiSeq (Illumina) per manufacturer’s instruc-
tions. The data were exported into a format that provides
the total unique molecular barcode reads per gene. All
sequencing reads were normalized to 10 internal control
housekeeping genes. The obtained data (mRNA relative
expression in molecular units) was used for statistical anal-
ysis. The RNAseq data was also verified by quantitative
reverse transcriptase–polymerase chain reaction
(Supplemental Fig. 1, available online).
Statistical Analysis

The statistical analysis was performed using MedCalc for
Windows, v13.04.0 (MedCalc Software, Ostend, Belgium).
Spearman’s rho rank correlation coefficient was used to
assess the degree of association in the expression of selected
genes. The Kruskal-Wallis (with the Conover’s post-hoc test)
or the analysis of variance (ANOVA) test (with the Student-
Newman-Keuls post-hoc test) depending on the Levene's
test outcome were used for statistical analysis between the
groups. Receiver Operating Characteristic (ROC) curve anal-
ysis was used to obtain the area under the ROC curve (AUC)
value, its P value, the criterion, and the associated sensitivity
and specificity values. Sample size calculation was per-
formed to target AUC valueR0.750, with alpha significance
for type 1 error as 0.05 to ensure the sample was sufficient
for the analysis. Welch’s adjusted t-test and Kruskal-
Wallis test were used for a comparison of decidualization
scores between groups. P value < .05 was considered statis-
tically significant.
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RESULTS
Targeted RNAseq Analysis of Endometrial Biopsy
Samples

Endometrial tissue samples from 42 patients and 18 controls
were analyzed with targeted RNA sequencing. The panel was
designed to include variousmarkers involved in the process of
tissue modification during decidualization and included
genes coding proteins associated with decidualization,
inflammation, angiogenesis, metabolism, and NK
cell-related markers (Supplemental Table 2). Differential
expression of several genes between patients and controls
was revealed by the analysis (Fig. 1). The gene expression pro-
files for IL15, GZMB, FOXO1, SGK1, and SCNN1A showed
heterogeneity among samples, and a clustering of samples
with a decreased expression of the indicated genes was
observed (Fig. 1A). Strong association between the expression
of FOXO1 with SGK1, SCNN1A, SLC2A1, GZMB and IL15 was
revealed (Supplemental Table 3). A further comparison of the
mRNA expression data between patients and controls
confirmed significant differences in the expression of
FOXO1, SGK1, SCNN1A, SLC2A1 and GZMB levels (Fig. 1B,
Supplemental Table 4). However, no significant difference
was found when 2 groups of patients, RPL and UI, were
compared. The characteristics of patients whose samples
had low FOXO1 levels were compared with those of patients
whose samples had normal FOXO1 levels (Supplemental
Table 5). No significant differences in the age, gravidity, par-
ity, and number of spontaneous miscarriages were observed
when all patients (Supplemental Table 5A), RPL patients
(Supplemental Table 5B), or UI patients (Supplemental
Table 5C) were compared.
Expression of NK Cell-Associated Markers in the
Endometrium

CD56-expressing NK cells are abundant in the mid-luteal
endometrium. Indeed, the RNAseq analysis revealed substan-
tial levels of NCAM1 transcripts (mRNA for CD56) in the stud-
ied samples. NCAM1 levels were correlated highly with other
NK cell-related markers, such as GZMB (encodes granzyme B)
and PRF1 (perforin) (Supplemental Fig. 2A). The expression of
IL15 and its receptor IL15RA, which are important for NK cell
proliferation, differentiation, and survival, also were corre-
lated strongly with the transcript levels of NK cell markers
(Supplemental Fig. 2B). A substantially wider range of
GZMB and IL15 expression was seen in the patient group
when compared with that of the controls. A normal (bell-
shaped) distribution was characteristic of the control group
and a double-peaked contour (bimodal distribution) was
revealed for the patient samples (Fig. 2A).

To determine the difference between samples with high
and low levels of IL15, we divided all samples according to
the levels of IL15 transcripts and compared them for the
expression of other markers. The samples with abnormal
levels of IL15 (either low or high) were found to have distinct
molecular profiles (Fig. 2B-E). In agreement with the corre-
lation data described previously, the IL15-low samples had
97



FIGURE 1

Analysis of targeted RNA sequencing data revealed differentially expressed genes in the endometrium from women with reproductive failures
compared with those of healthy fertile controls. (A) Representative three-dimensional plot demonstrating patients’ samples clustering in the
analysis of genes that expressed differently between patients and controls. (B) Comparison of endometrial gene expression for selected
markers between women with reproductive failures (Patients, n ¼ 42) and healthy controls (Controls, n ¼ 18). Panels show relative mRNA
expression levels. Based on the outcome of Levene's test for equality of variances, the Kruskal-Wallis test was used for statistical analysis of
FOXO1, SGK1, SCNN1A, GZMB, IL15, and PTGS2, and the ANOVA test was used for the analysis of SLC2A1 and HEY1. *P<.05, **P<.01.
ANOVA ¼ analysis of variance; mRNA ¼ messenger ribonucleic acid; RNA ¼ ribonucleic acid.
Dambaeva. Decidualization score. Fertil Steril Rep 2020.
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significantly lower expression of GZMB and IL15RA,
whereas the IL15-high samples revealed a significantly
higher expression of these genes (Fig. 2B). Moreover, IL15-
low samples were found to have significantly lower levels
of FOXO1 and SLC2A1 when compared with IL15-normal
or IL15-high samples (Fig. 2C). Both IL15-low and IL15-
high samples showed significantly decreased levels of
SGK1 and SCNN1A (Fig. 2D). Finally, Fig. 2E demonstrates
that IL15-high samples exhibited the lowest expression of
PTGS2 (encodes COX2) and HEY1 (mediator of Notch
signaling).

However, no significant difference in patient characteris-
tics (age, gravidity, parity, and number of spontaneous mis-
carriages) were detected among samples with low, normal,
or high IL15 levels (Supplemental Table 6).
Receiver Operating Characteristic Analysis and
Criterions for a Decidualization Score

ROC analysis was performed to evaluate the differential abil-
ity of the RNAseq gene panel to identify endometrial samples
that had a strong association with reproductive failures. As a
result, markers with the AUC values significantly >0.5 were
selected. They included 6 signature genes—FOXO1, SGK1,
SCNN1A, SLC2A1, GZMB, and IL15 (Fig. 3A). The AUC,
95% CI, the significance level P, Youden’s index, and the
associated criterion for these 6 markers are presented in
98
Table 1. Each criterion indicates a point in the AUC curve
with the best separation between the groups and was used
to establish a cutoff value for each marker. To determine a
combined effect of the selected markers, a cumulative ROC
analysis was performed. The markers with values that were
greater than or equal to the cutoff point were considered
normal and received a score of 1. The markers with values
that were below the cutoff point received a score of 0. Addi-
tionally, IL15 and GZMB upper-level cutoff points were intro-
duced because of their bimodal distribution in the patient
samples. A mean þ2SD value in the control group was used
as the upper cutoff point. The GZMB and IL15 values that
were greater than the upper cutoff were considered out of
range and received a score of 0. The cumulative score model,
which was called the decidualization score, reflected how
many markers out of 6 signature genes were expressed at
normal levels in a tested sample.

The ROC analysis for the cumulative score model revealed
a substantially improved AUC value (AUC ¼ 0.892, P< .001,
Fig. 3B). The decidualization score %4 corresponded to an
optimal criterion that allowed the best separation between pa-
tients and controls. The coordinates of the ROC curve associ-
ated with this criterion were as follows: sensitivity 76.2%
(95% CI 60.5-87.9), specificity 88.9 (95% CI 65.3-98.6), posi-
tive likelihood ratio 6.86 (95% CI 1.8-25.6), positive predictive
value 94.1 (95% CI 80.0-99.3), and negative predictive value
61.5 (95% CI 40.6-79.8).
VOL. 2 NO. 1 / MARCH 2021



FIGURE 2

Expression of IL15 and GZMB in the endometrium. (A) Histograms showing the distribution of the endometrial biopsy samples based on IL15 and
GZMB gene expression levels. The distribution of the healthy controls is shown in blue and that of the samples from the patient group in red. A
normal bell-shaped distribution is characteristic of the healthy control group (– – –), in contrast to the double-peaked contour that emerged
when the patients’ samples were analyzed (——). The X-axis shows relative mRNA expression levels (IL15 or GZMB). The Y-axis shows the
percent of samples with specified levels of IL15 or GZMB. (B-E) Endometrial biopsy samples with abnormal levels of IL15 (either low or high)
were characterized by distinct molecular profiles. All samples were grouped into IL15 low, IL15 normal, and IL15 high samples according to the
levels of IL15 transcripts in the sample. Filled triangles represent samples from the women with reproductive failures, open circles represent
samples from the healthy controls. (B) The IL15 low samples revealed the lowest levels of GZMB and IL15RA. The IL15 high samples had the
highest levels of GZMB and IL15RA. (C) The IL15 low samples had significantly lower levels of expression of FOXO1 and SLC2A1 in comparison
with those of the IL15 normal and high samples. (D) Both the low and the high IL15 samples revealed decreased expression of SGK1 and
SCNN1A. (E) The samples with high IL15 were marked with the lowest levels of PTGS2 and HEY1. ANOVA or Kruskal-Wallis test was used for
statistical analysis between the IL15 low, normal, and high groups. *P<.05, **P<.01, ***P<.001.
Dambaeva. Decidualization score. Fertil Steril Rep 2020.
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A comparison of the decidualization scores between
groups is shown in Figure 3C. In the control group, 89% of
samples had scores of 5 or 6 (Fig. 3D). In contrast, only 24%
of samples in the patient group had scores that were >4
(Fig. 3E). A significant proportion of samples in the patient
group had very low scores. Score 0, which indicated that
VOL. 2 NO. 1 / MARCH 2021
none of the 6 signature genes were expressed at the level of
the controls, was found in 19% of samples. Score 4 was de-
tected in 24% of patients as well as in 11% of controls; there-
fore, it was considered as borderline normal. Post-hoc
analysis of the decidualization score for the control and pa-
tient groups showed 100% power. The decidualization score
99



FIGURE 3

Receiver operating characteristic curve analysis. (A) Comparison of ROC curves for FOXO1, GZMB, IL15, SCNN1A, SGK1, and SLC2A1. The
corresponding AUC values of the ROC curves are shown for each gene. (B) ROC curve analysis for the cumulative score model (decidualization
score) determined a cutoff criterion to identify compromised samples. The AUC, its P value (the probability that the AUC is different from the
null hypothesis: AUC ¼ 0.5), the cutoff point with the best separation between the 2 groups (the criterion), and the associated sensitivity and
specificity values are presented on the graph. Kruskal-Wallis test. *** P<.001 for RPL or UI versus Control; ns ¼ nonsignificant difference. (C)
Comparison of decidualization scores between women with RPL, UI, and healthy controls. The RPL group included cases of primary and
secondary infertility. Statistical analysis was performed with Welch’s adjusted t-test and the Kruskal-Wallis test. *** P<.001 for RPL versus
Control, and UI versus Control; ns ¼ nonsignificant difference. (D, E). Proportion of decidualization scores in the healthy control group (D) and
in the patient group (E).
Dambaeva. Decidualization score. Fertil Steril Rep 2020.
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TABLE 1

Summary of the receiver operating characteristic curve analysis for individual genes and cumulative model.

Marker name AUC (95% CI) Significance level Pa Youden’s index Associated criterion

FOXO1 0.646 (0.505 to 0.787) .041 0.33 >7.47
SGK1 0.654 (0.519 to 0.774) .031 0.37 <18.97
SCNN1A 0.716 (0.584 to 0.825) .001 0.38 <4.02
SCL2A1 0.760 (0.630 to 0.863) < .001 0.56 <0.028
GZMB 0.673 (0.538 to 0.789) .016 0.49 <0.46
IL15 0.640 (0.504 to 0.761) .049 0.38 <0.82
Cumulative model (decidualization

score)
0.892 (0.780 to 0.956) < .001 0.65 <4.0

Note: AUC ¼ area under the receiver operating characteristic curve; 95% CI ¼ 95% confidence interval.
a Only markers with P< .05 for AUC >0.5 are shown in the table.

Dambaeva. Decidualization score. Fertil Steril Rep 2020.
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was not significantly different between the RPL and UI
patients (Fig. 3C, Supplemental Fig. 3). The median score
was 3.0 (95% CI 2–4) for the RPL group and 3.5 (95% CI
1.6-4.4) for the UI group. Interestingly, the secondary infer-
tility subgroup revealed mostly high scores (median 4.0,
95% CI 0.8-5.8) with the exception of 1 patient with ta score
of 0. However, the difference between the primary and sec-
ondary infertility subgroups did not reach statistical
significance.
DISCUSSION
Endometrial targeted RNA sequencing analysis revealed a set
of markers that were differentially expressed between women
with reproductive failures and healthy fertile controls. They
included molecules involved in progesterone signaling and
decidualization (FOXO1), tissue and cellular homeostasis
(SGK1, SCNN1A, SLC2A1), as well as immunoregulatory
and tissue remodeling factors (IL15, GZMB). The regulatory
roles for these markers in infertility or their importance in
the endometrium and pregnancy have been reported (6, 8,
13, 22, 23). Yet, we found that combined evaluation of these
genes was valuable and important for identifying reproduc-
tive failures associated with abnormal endometrium
conditions.

The FOXO1 gene encodes a transcription factor that is
involved in the binding of a progesterone receptor to its
genomic targets and is considered as a marker for the window
of implantation (22, 24–27). Our analysis revealed a
significantly lower expression of FOXO1 among the
patients than that in the controls. Interestingly, the activity
of FOXO1 is known to be regulated by SGK1 (28, 29), which
was another marker that we revealed was differentially
expressed between patients and controls. SGK1 expression
can be triggered in vitro by serum and glucocorticoids and
in vivo by various stimuli, including growth factors and
cytokines (granulocyte-macrophage colony-stimulating fac-
tor, transforming growth factor beta, IL-6) (30, 31). Dysregu-
lated endometrial expression of SGK1 has been reported
previously in women with reproductive disorders (8, 14).
Both the mRNA and protein of SGK1 have a short half-life,
20 and 60 minutes, respectively (30). It seems that a multitude
of stimuli are present in the mid-luteal endometrium as our
VOL. 2 NO. 1 / MARCH 2021
RNAseq assay revealed relatively high levels of SGK1 in com-
parison with other analytes. Its expression among patients
varied significantly with approximately 33% of patients hav-
ing SGK1 levels below the ranges seen among fertile controls.
A strong correlation between SGK1 and its direct target,
epithelial sodium channel (ENaC), confirmed further the
finding of dysregulated SGK1 expression in the patent group.
It was reported previously that protein levels of SCNN1a and
SCNN1b (2 subunits of the ENaC complex) in endometrial
samples obtained before in vitro fertilization (IVF) treatment
were significantly lower in women who failed the subsequent
IVF (23). Similarly, our analysis revealed significantly lower
SCNN1A levels in the patients than that in the healthy fertile
controls.

Corticosteroid treatment is often taken into consideration
for the management of recurrent reproductive failure
cases with unknown etiology when no other options are left
(31–33). However, inconsistent results for the use of
corticosteroids have been reported (34). Among the markers
we found were expressed differentially in women with
reproductive failures and healthy controls, SGK1 is a well-
known target for glucocorticoids (35). An application of this
information on the expression of prednisolone responsive
genes in the endometrium potentially could help in the selec-
tion of patients who will benefit from corticosteroids and
avoid unnecessary risk for patients with normal levels of
FOXO1, SGK1, and SCNN1A.

An important component of endometrial decidualization,
which provides a nutritional and receptive medium for em-
bryo implantation and growth, involves glucose transport
molecules. A suppression of Glut1 was reported previously
in patients with idiopathic infertility (6). Here we revealed
significantly lower levels of Glut1 in patients than that in
healthy controls. Decreased endometrial expression of
glucose transporters is associated with PCOS and obesity
(36). Interestingly, women for whom lifestyle interventions
led to weight loss and improved menstrual function had a sig-
nificant upregulation of Glut1 in the endometrium at the
mRNA and protein level (36).

In our study, we found a substantially wider range of IL15
expression in the patient group than that in the controls. IL15
levels also correlated strongly with the expression of NK cell
markers, namely with GZMB, which encodes granzyme B, a
101
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serine protease found in NK cell granules. Granzyme B is
essential in the process of senescent decidual cell clearance
during tissue remodeling for incoming blastocysts (13). The
degranulation of uNK cells needs to be well balanced, as too
much activity might lead to a miscarriage and insufficient ac-
tivity might lead to implantation failure (13). The samples
with either low or high levels of IL15 were further compared.
A decreased expression of SGK1 and SCNN1A was a common
characteristic for all samples with abnormal IL15 (either low
or high). However, we observed low levels of transcript for
PTGS2 (prostaglandin G/H synthase 2, encodes COX2) and
HEY1 (Hes-related family BHLH transcription factor) only
in the samples with high IL15. Administration of nonsteroidal
anti-inflammatory drugs in patients with high IL15 possibly
could lead to an additional inhibition of COX2, which might
affect prostaglandin synthesis and impact implantation.
HEY1 is known as a repressor for the androgen receptor
(AR); it blocks transcription of AR-dependent target genes
(37). AR is known to be expressed in the endometrium (38).
It is possible that in womenwith a low endometrial expression
of HEY1 and elevated levels of androgens, signaling from the
AR takes place and interrupts the estrogen- and progesterone-
based regulation in the endometrium. Further study with a
focus on these cases might shed a new light on the etiology
of RPL and infertility.

The study had several limitations including the small
sample size and the heterogeneity of the patient group. The
targeted RNA sequencing data were compared between RPL
and UI; however, no significant differences were observed.
It was reported recently (39) that undiagnosed endometriosis
was a common finding in both populations, and it was asso-
ciated with increased BCL6 protein detection in the endome-
trium. However, our data were not able to confirm this at the
RNA level. Another limitation of our study was its cross-
sectional nature, as it was based only on observed findings.
Further study involving an in vitro cell culture model or an
animal model would be necessary to confirm the combination
of decidualization score factors was involved in reproductive
failures.

The difference in the expression pattern of progesterone
signaling (FOXO1) and tissue homeostasis molecules (SGK1,
SCNN1A, SLC2A1) among the IL15 low, high, and normal
samples indicated that immune factors were among the key
factors involved in the endometrium decidualization. All
samples with abnormal IL15 revealed some deficiency in the
expression of other decidualization score factors as well as
factors associated with prostaglandin synthesis (PTGS2) and
androgen signaling (HEY1). Using the decidualization score
algorithm would help to identify a subset of patients with
endometrial dysregulation. Further study is highly important
to validate our initial findings and determine if this algorithm
could direct therapy selection. For example, the levels of
expression of corticosteroid targets (FOXO1, SGK1, and
SCNN1A) should be taken into account if prednisolone treat-
ment is considered. Or the use of nonsteroidal anti-
inflammatory drugs in patients with abnormally high IL-15,
which is associated with very low COX2 levels and potentially
decreased prostaglandin synthesis.
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In the population of women who suffer from recurrent
reproductive failures, an endometrial biopsy sample could
be taken for evaluation and certain tests including an endo-
metrial receptivity array, endometrial immune profile, and
endometrial function test could be included in the workup
of infertility (5, 40, 41). We implemented a combined 6 gene
signature approach to evaluate the endometrium. The molec-
ular testing of endometrial tissue provided important
information on the expression of genes associated with
decidualization, tissue homeostasis, and immune regulation.
The decidualization score reflects whether these factors are
expressed at normal ranges and helps to determine if the mo-
lecular profile in the endometrium is implantation-friendly.
This data could be applied for selecting patients that require
therapeutic actions to improve endometrial conditions before
IVF/embryo transfer procedures. Further study is needed to
confirm this finding.

In conclusion, the decidualization score approach pro-
vided combined evaluation of endometrial expression of im-
mune regulatory factors, such as IL15 and GZMB, and factors
directly related to progesterone signaling and tissue homeo-
stasis (FOXO1, SCL2A1, SGK1, SCNN1A). The results of this
preliminary study showed that a low decidualization score
was a frequent finding in patients with reproductive failure.
Further validation of this testing approach is necessary to
determine a particular patient population for whom this
testing approach will be the most beneficial and its use for
therapy application.
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