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Background: It is well established that female fertility declines with age, primarily because of loss of ovarian function. However, few
studies have clarified the relationship between increasing age and endometrial receptivity. Here, we aimed to study the impact of age
on endometrial receptivity, meanwhile, we examined the expression of endometrial mesenchymal stem cell (eMSC) surface markers
(CD146 and PDGF-R), essential for endometrial development and re-growth, in different age groups.

Methods: Participants were enrolled in this study between October 2020 and July 2021. All 31 patients were divided into three age
groups; early (30-39 years old, n=10), intermediate (40—49 years old, n=12) and advanced (>50 years old, n=9). We assessed
localization and expression of CD146 and PDGF-R by immunofluorescence and further analyzed selected endometrial receptivity
markers (Homeobox A10 HOXAI10, leukemia inhibitory factor LIF and osteopontin) and steroid hormone receptors by
immunohistochemistry.

Results: There were no significant differences in expression of HOXA10 and OPN (p>0.05) among the three groups. However, we
found a significant difference in LIF expression between the early and advanced age groups, with higher expression noted in the latter
group (p=0.02). Similarly, estrogen receptor (ER) and progesterone receptor (PR) expression were significantly increased (p=0.01 and
p=0.01, respectively) in the advanced age group compared with the early age group. There were no significant difference in CD146
and PDGF-Rp expression among the three groups (p>0.05).

Conclusion: These results suggest that the age of the patient does not influence their endometrial receptivity. So, this study serves to
increase our understanding of the impact of age and eMSCs on endometrial receptivity and expands the etiology of age-related
infertility.
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Introduction

It is estimated that the global incidence of female infertility lies between 8% and 12%,' this incidence may be an
underrepresentation given the continuing increase in delayed childbearing over time.> Research indicates that female
fertility declines with age,” starting at age 32, followed by a more rapid decrease after age 37 years.* This decline in
fertility is related to diminished ovarian reserve including reduced oocyte quality and number.” Embryo implantation,
which is essential for successful pregnancy, depends on “cross-talk” between the embryo and the endometrium. This
process involves two key elements: embryo quality and endometrium functional status. Defects in either may result in
implantation failure.® The state of the endometrium when the endometrial epithelium is suitable for embryo implantation
is labelled the “phase of receptivity”.” It is accepted that egg quality declines with age;® however, whether endometrial
receptivity also declines with age is still somewhat controversial.” Currently, there is little research in this area.
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Embryo implantation, blastocyst apposition, adhesion and invasion are key steps in determining whether a pregnancy
will develop successfully. Hence, it is useful for us to understand critical aspects of this window period. A number of
molecules have been recognized as endometrial receptivity markers, including HOXA10, LIF, osteopontin (OPN) and

3,113 which are used for the evaluation and analysis of endometrial function.

integrin avf

Adult stem cells (ASCs), identified in rodent and human endometria, play an important role in endometrial
development and re-growth and can differentiate into stratum functionalis glandular and stromal tissue.'* Endometrial
mesenchymal stem cells (eMSC), an important subtype of ASCs, are identifiable by markers CD146 and PDGF-Rf.'"> By
studying them, we attempted to gauge progression of endometrial pathology and characterize the existence of endome-
trial stem cells in patients of differing ages during the implantation period.

Thus, the primary aim of this study was to determine whether endometrial receptivity declines as women age. Second,
we further analyzed endometrial stem cell surface markers in different age groups, to determine whether it is a major

factor affecting endometrial receptivity.

Materials and Methods

Patient Selection
All patients were admitted to the Department of Gynecology and Obstetrics, the First Affiliated Hospital of Shandong
First Medical University for hysterectomy and hysteroscopic surgery between October 2020 and July 2021. Thirty-one
(31) patients were randomly divided into three groups according to age; early (30—39 years old, n=10), intermediate (40—
49 years old, n=12) and advanced (=50 years old, n=9) age groups (Table 1). Exclusion criteria were: (1) Endometrial
pathology such as polyps, submucosal uterine fibroids or other conditions likely to impact endometrial receptivity; (2)
Endocrine therapy including oral contraception, gonadotropin-releasing hormone agonists, or hormone replacement
therapy for at least 6 months before this study. Informed consent was obtained from all patients. Endometrial tissue
samples were collected from total hysterectomy or hysteroscopic surgical procedures. The patients underwent hystero-
scopy for examination and removal of an intrauterine device. In addition, the patients underwent hysterectomy due to
uterine prolapse and cervical cancer. All of the patients participated, intraoperative and postoperative pathological
findings indicated the endometrium was normal. They all have a regular menstrual cycle for premenopausal patients.
For them, all samples were obtained from the middle secretory phase of the menstrual cycle (D20-23). For postmeno-
pausal patients, the samples were collected randomly.

The study was approved by the Ethics Committee of The First Affiliated Hospital of Shandong First Medical
University. All patients signed written consent to participate according to the Declaration of Helsinki. All participants

were informed about the purpose of the study.

Hematoxylin and Eosin Staining

Endometrial tissues were immediately fixed with formalin and embedded in paraffin. Paraffin-embedded blocks were
serially sectioned at 5 um and mounted slides stained with hematoxylin and eosin. Slides were analyzed using light
microscopy (Zeiss, Oberkochen, Germany). Three experienced observers independently assessed the morphology and
structure of endometrium.

Table | Age Distribution of 3| Patients for This Study

Group Age (Years) n %
Early age group 30-39 10 32.26
Intermediate age group 4049 12 38.70
Advanced age group 250 9 29.04
Total 31 100
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Immunohistochemistry

Paraffin-embedded sections were deparaffinized in xylene and rehydrated by sequential incubation in absolute ethanol
dilutions. Antigen retrieval was performed by immersing sections in citric acid buffer (pH 6.0) in a microwave oven for
15 min. The sections were incubated with 3% H,0O, for 25 min at room temperature to eliminate endogenous peroxidase
activity, and then blocked with 3% Bovine Serum Albumin (BSA) for 30 min at room temperature. The slices were
incubated overnight at 4°C with the following primary antibodies: HOXA10 (Abcam, ab191470;1:100), LIF (Wuhan
Servicebio Technology, GB121477, 1:2000), Osteopontin (Abcam, ab214050;1:2000), ER (Wuhan Servicebio
Technology, GB14080, 1:400) and PR (Wuhan Servicebio Technology, GB14137, 1:400). Appropriate conjugated
secondary antibodies (Wuhan Servicebio Technology CO. LTD, Wuhan, China) were incubated with the tissue samples
for 50 min at room temperature. Quantitative analysis of immunohistochemical staining was performed using ImageJ
(National Institutes of Health, Bethesda, MD, USA) and the quantification was calculated as the mean density for each
protein (IOD/area). Images were assessed by three investigators who were blinded to each other.

Immunofluorescence Staining

The expression of CD146 and PDGF-RP was evaluated by immunofluorescence. The paraffin-embedded sections were
deparaffinized in water. Antigen retrieval was performed by immersing sections in EDTA Antigen Retrieval Buffer (pH
8.0) in a microwave oven for 15 min. The sections were incubated with 3% H,O, for 25 minutes at room temperature to
eliminate endogenous peroxidase activity, and then blocked with 3% BSA for 30 min at room temperature. Sections were
incubated with primary antibodies (CD146, Abcam, ab75769; 1:100) and PDGF-R (Abcam, ab69506; 1:100) overnight
at 4°C, followed by incubation with fluorescently-labeled secondary antibodies for 50 minutes at room temperature.
DAPI was used to counterstain cell nuclei. Slides were then mounted on a coverslip. Images were obtained using
fluorescent microscopy.

Statistical Analysis

Statistical analysis was performed using JMP Pro 16 software (SAS Institute, Inc.) to compare variables. Results are
expressed as mean values + standard deviation. Nonparametric comparisons for each pair were performed using the
Wilcoxon Method. P values < 0.05 were considered significant.

Results

Endometrium Morphology During the Implantation Window in Different Age Groups
Histopathological examination of paraffin sections stained with hematoxylin-eosin (Figure 1) revealed characteristics of
the secretory phase endometrium: the uterine glands were very coiled with wide lumens in premenopausal women (early
and intermediate age groups). However, subjects over the age of 50 years (almost postmenopausal women) were noted to
have atrophy of the uterine glands.

' Eérly age group Intermediate age group Advanced age group
Figure | Hematoxylin and eosin staining in human endometrium. The uterine histology detected by Hematoxylin and eosin staining. The uterine glands were very coiled
with wide lumens in premenopausal women. However, subjects over the age of 50 years (almost postmenopausal women) were noted to have atrophy of the uterine glands.

The arrows indicate the uterine glands.
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Endometrial Receptivity Markers and Steroid Hormone Receptor Expression During

the Implantation Window in Different Age Groups

As shown in Figure 2, no significant differences in expression of HOXA10 and OPN (p>0.05) were found among the
three groups. However, we found a significant difference in LIF expression between the early and advanced age groups,
with higher expression noted in the latter group (p=0.02). Similarly, estrogen receptor (ER) and progesterone receptor
(PR) expression were significantly increased (p=0.01 and p=0.01, respectively) in the advanced age group compared with
the early age group.

Characterization of CD 146+ and PDGF-Rp+ Cells in the Endometrium at Different
Ages
CD146 and PDGF-R are not only markers of endometrial stem cells, but also markers of perivascular cells.'® Therefore,
they are mainly expressed in endometrial basalis and functionalis vessels (Figure 3).

In the present study, we tested the positivity, mean density and area density of the combination of CD146 and PDGF-
RP immunofluorescence staining. No significant differences were found among the three groups (p>0.05).

Discussion

In human reproduction, there is a clear age-related decline in fertility.* Therefore, it is essential to delineate the reasons
for this decline, so targeted measures may be implemented to improve female fertility. There is little doubt that oocyte
quality declines with age.,® contributing to age-related fertility decline (ARFD). However, as one of the key factors of
embryo implantation, the issue of whether endometrial receptivity also declines is still somewhat controversial.’ In this
study, we found that there were no differences in HOXA10 and OPN expression among the three groups. This may
support the assumption that endometrial receptivity does not decline with age.

A. Expression of HOXA10
E Expression of PR

B3 30~40 years
B3 40~50 years
B3 50~ years

Average optical density

Figure 2 Immunohistochemical staining and semi-quantitative analysis of HOXA, OPN, LIF, ER and PR. No significant differences in expression of HOXAI0 and OPN
(p>0.05) were found among the three groups. However, we found a significant difference in LIF expression between the early and advanced age groups, with higher
expression noted in the latter group (p=0.02). Similarly, estrogen receptor (ER) and progesterone receptor (PR) expression were significantly increased (p=0.01 and p=0.01,
respectively) in the advanced age group compared with the early age group. *Means significant difference (P<0.05). (A-E) Immunohistochemical staining of HOXA10, OPN,
LIF, ER and PR. (F) Semi-quantitative analysis of HOXA10, OPN, LIF, ER and PR.

Abbreviations: HOXAI0, Homeobox A10; OPN, Osteopontin; LIF, Leukemia inhibitory factor; ER, Estrogen receptor; PR, Progesterone receptor.
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Early age group

CD146 PDGF-RB

Intermediate age group

PDGF-Rf

Advanced age group

CD146 PDGF-Rp

Figure 3 Immunofluorescence staining of CD 146+ and PDGF-RB+ in human endometrium. For the positivity, mean density and area density of the combination of CD 146
and PDGF-RB immunofluorescence staining, no significant differences were found among the three groups (p>0.05). CD 146+ and PDGF-RpB+ cells are mainly expressed in
endometrial basalis and functionalis vessels (arrow).

Similar results were found by Paulson et al. To exclude the potential impact of oocyte quality on fertility, they
retrospectively analyzed pregnancy outcomes in patients undergoing oocyte donation. They found that there were no
significant differences in overall clinical and cumulative pregnancy rates between different age groups. They concluded
that endometrial receptivity remains unaltered with increasing age.!” One limitation of their study was that pregnancy
outcomes do not completely represent endometrial receptivity. Embryo implantation, one of the earliest events in
reproduction, happens during a surprisingly short time, however, pregnancy is a complicated process affected by multiple
factors. So study of the endometrium during the implantation window is particularly important. Furthermore, Barrenetxea
et al also found that there was no relationship between age and the result of an endometrial receptivity assay (ERA) test
by multivariable logistic (binomial) analysis.'®

However, there are also different findings in the literature. Fogle et al found a statistically significant inverse
correlation between HOXA10 gene expression in endometrial samples and patient age. This suggests that increasing
age negatively impacts embryo implantation at a molecular level.'”” A. Devesa-Peiro et al performed transcriptomic
profiling of endometrial samples according to age using a genome-wide functional non-targeted approach. Specifically,
there were 5778 differentially expressed genes and 27 significantly altered endometrial functions associated with
endometrial gene expression changes related to age. They postulated that endometrial aging may be a critical cause of
infertility.”” These data show different findings at both the clinical and molecular level. Thus, the relationship between
advancing age and endometrial receptivity seems to be complex and worthy of further study and exploration.

Serum progesterone and estradiol levels gradually decrease as women age”' because of hypo-function of the ovary.
However, few studies have examined ER and PR expression in the endometrium at different ages. There are only reports
on ER and PR changes in accordance with the menstrual cycle.”> Our research found that expression of ER and PR in
women over 50 years old were significantly higher than those in women between the ages of 30 and 40. We speculate that
decreased hormone levels may result in a compensatory increase in receptor expression in the endometrium during or
after menopause.

Another interesting observation is that even though LIF is also an endometrial receptivity marker, compared with
HOXA10 and OPN, its expression differed. In this study, we found that LIF expression was significantly higher in the
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advanced age group than in the early age group. LIF receptors are present in the endometrium as well as in placental
trophoblasts,> which play an important role in embryo implantation as demonstrated in LIF -/- female mice, which
undergo implantation failure.”* LIF regulate endometrial receptivity through taking part in the LIF signaling pathways,
such as abnormal LIF/STAT3 signaling can result in implantation failure.”> Moreover, LIF expression is regulated by
cytokines, leptin and estrogen in endometrial cells in humans and rodents.?® It is thus clear that the changes of LIF
expression are the combined effect of several factors. In addition, expression characteristics of different endometrial
receptivity markers have not been systematically studied so far, worthing our further investigating and discussion. That
we can choose specific marker in different diseases according to their characteristic.

Endometrial mesenchymal stem cells residing in the basal and functional layer of the endometrium, are critical for
endometrial regeneration and uterine function. Meixian et al found that umbilical cord mesenchymal stem cells
(UCMSCs) expressing HOXA10 could improve endometrial receptivity in a rat endometrial injury model.?” In addition,
another study demonstrated that exosomes isolated from bone marrow-derived stem cells (BMSCs) can facilitate injured
endometrial tissue to recover and improve endometrial receptivity.”® These findings suggest that endometrial stem cells
might play a vital role in embryo implantation. Therefore, by studying the source of endometrial progenitor cell
populations, we can get a better idea of endometrial physiology, including embryo implantation. However, in our
study, we found that expression levels of CD146 and PDGF-Rf, and by extension endometrial stem cells, do not alter
with increasing age.

One strength of this study was our investigation of endometrial receptivity in women aged 50 or older. In reality, these
women may benefit greatly from assisted reproductive technologies (ART) and oocyte/embryo donation, such as their
only child passes away. There was one report of a 66-year-old woman who underwent in vitro fertilization using donated
embryos and gave birth to healthy twin boys.”® It is telling that, “aging of the endometrium” is not the system’s
bottleneck. With the use of hormone replacement therapy, it is possible to restore uterine function in postmenopausal
women. This also supports the notion that age-related decline in female fecundity is not attributable to reduced
endometrial receptivity. Our results further prove this. Nevertheless, we still need to consider ethical issues for older
women giving birth. There are also some limitations of this study. First, semi-quantitative analysis of endometrial
receptivity markers by immunohistochemistry was performed. Second, we did not analyze reproductive outcome,
because advanced age subjects in our study were not desirous of pregnancy. Third, because this was simply
a preliminary study, we just investigated the correlation between age and endometrial receptivity. Endometrial receptivity
is a result influenced by factors in many aspects, so further studies are needed.

Conclusion

In conclusion, we studied the change of endometrial receptivity markers and endometrial mesenchymal stem cell surface
markers in women of different ages during embryo implantation period. By analyzed with immunohistochemistry in
advanced age group, the expression of LIFR, ER and PR in endometrium are higher than those in younger patients,
however, no differences were found between the groups for other endometrial receptivity markers (HOXA10, OPN), they
could have different effects on endometrial receptivity. Furthermore, we found no correlation between eMSC surface
markers expression and age, While this is only a preliminary study, there must be many point needed further improving
in this thesis, especially on the aspect of quantitative analysis of endometrial receptivity markers need further deepen and
detail, such as their RNA and protein expression. In addition the interaction mechanism needed to be researched deeply.
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