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history of two prior pregnancies [4, 5]. The Dallas Heart 
Study supports these reports, as the lowest frequency of 
calcification of the coronary artery and hypertrophic aortic 
wall was observed in women with a history of two or three 
prior pregnancies. Conversely, women with a history of 
more than four prior pregnancies, as well as nulliparous 
and primiparous women, showed a higher frequency of 
calcification of the coronary artery and hypertrophic aor-
tic wall [6]. However, it is important to be aware that not 
all nulliparous women have a history of infertility. Among 
nulliparous women who eventually experienced child-
birth, the risk of CVD in women who experienced more 
than 5  years of subfertility, but not 1–2 or 3–4  years, is 
significantly higher compared with women who conceived 
within 1  year [7]. On the other hand, although the fail-
ure to ovulate is one of the most common overall causes 
of infertility in women, several reports have shown an 
unfavourable future CVD risk in women diagnosed with 

Introduction

Cardiovascular disease (CVD) is an important public 
health problem. Several studies have previously reported 
that parity is associated with CVD risk in later life, even 
without any history of complications during pregnancy 
[1–3]. Surprisingly, future CVD risk in nulliparous and 
primiparous women is higher compared to women with a 
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Abstract
The potential link between female infertility during reproductive age and an increased risk of cardiovascular disease 
(CVD) later in life remains controversial. Female fertility is a complex process involving multiple steps, and disruptions 
at any stage can result in infertility. If only a specific subset of fertility dysfunctions—often challenging to diagnose—is 
associated with future CVD risk, this relationship may be masked by the heterogeneity of infertility causes. Identifying 
infertility factors that predispose women to CVD requires careful selection of study populations. To address this, we inves-
tigated fertility status in scavenger receptor class B, type I-deficient mice with hypomorphic apolipoprotein E mice, which 
represent the dominant pathologic foundation for human CVD. These female mice were healthy and active when fed a 
normal chow diet at reproductive age, but generated no offspring. The dysfunctional female fertility processes identified 
included degeneration of oocytes during the maturation processes prior to ovulation and impairment of implantation via 
dysfunctional decidualisation. The administration of probucol, a hypocholesterolaemic agent, significantly decreased the 
plasma total cholesterol level, as well as the size of high-density lipoprotein-like particles, and these alterations restored 
female fertility. These findings suggest that infertility caused by degeneration of oocytes during the maturation processes 
and defective uterine receptivity may contribute to CVD risk later in life. Women with unexplained infertility and recur-
rent implantation failure may represent an important cohort for future CVD risk assessment.
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premature ovarian insufficiency (POI) [8–10] or polycystic 
ovary syndrome (PCOS) [11, 12], which affects 70% of 
women with anovulation [13, 14]. Women with a history 
of infertility are highly heterogenous as female fertility 
processes comprise multiple steps, the disruption of which 
at any step results in female infertility. We hypothesised 
that only a subset of the dysfunctional female fertility 
processes, which may be difficult to diagnose, would be 
relevant to future CVD risk. If so, we propose that this 
population could be masked by the majority of the infertile 
population in whom infertility was caused by other factors. 
The most common causes of infertility amongst couples 
are ovulatory dysfunction, male factor infertility, and tubal 
factor infertility [13]. However, approximately 15–25% of 
infertile cases are unexplained, which includes dysfunc-
tion of uterine receptivity [13, 15]. To ascertain whether 
some forms of female infertility may act as a predisposi-
tion for CVD in later-life, it is necessary to correctly select 
the appropriate population. However, how can we choose 
the appropriate population? The assessment of fertility sta-
tus in a mouse model, representing human CVD, would 
help to find a candidate population for further cohort stud-
ies to assess whether certain causes of female infertility 
predispose patients to CVD in later-life.

The dominant pathologic foundation for human CVD 
is atherosclerosis and, with regards to coronary heart 
disease (CHD), coronary atherosclerosis and resulting 
lumen stenosis, even total occlusions. Even though many 
CHD mouse models have been described, few represent 
the dominant pathologic foundation for human CVD [16]. 
Apolipoprotein E (apoE) mediates the uptake of remnant 
lipoproteins in the liver by binding to the low-density 
lipoprotein (LDL) receptor [17, 18]. As murine models 
for atherosclerosis, LDL receptor-[19] and apoE-defi-
cient mice [20–22] both exhibit atherosclerotic lesions 
in the aorta, but do not usually develop myocardial 
infarction. The high-density lipoprotein (HDL) receptor, 
scavenger receptor class B, type I (SR-BI), is known as 
an anti-atherogenic reverse cholesterol transporter as it 
selectively removes cholesterol esters from HDL [23], 
SR-BI-deficient mice on a low-fat diet show hypercholes-
terolemia, but no spontaneous atherosclerosis [24, 25]. In 
the reverse cholesterol transport pathway, apoE plays an 
auxiliary role in the cellular uptake of HDL [26]. SR-BI 
and apoE double knockout (dKO) mice develop coronary 
lesions, multiple myocardial infarctions, and cardiac 
dysfunction [27, 28]. Although in humans, CVD events 
generally occur sometime in later-life due to the long-
term effects of lifestyle, this mouse model showed very 
strong atherogenicity during the early life stages, and all 
the mice died by reproductive age (8-weeks of age; 50% 
mortality at 6-weeks of age), even when fed a normal 

diet. However, instead of being completely deficient in 
apoE, hypomorphic apoE with SR-BI deficient (SR-BI 
KO/ApoeR61h/h) mice showed diet-induced hypercho-
lesterolemia, coronary atherosclerosis, and CHD, but 
were healthy and active when fed a normal chow diet 
[29]. This mouse model has been used as a diet-induced 
human CVD model [29–31]. In this human CVD model, 
the male mice were fertile, but the female mice gener-
ated no offspring [29]. This mouse model could repre-
sent women with a history of infertility and a high risk of 
CVD in later-life. In this study, we aimed to investigate 
the dysfunctional fertility process associated with CVD 
and assess the pathophysiology of female infertility in 
human CVD model mice.

Materials and Methods

Animals

All animal experimentation procedures were conducted with 
approval by the Animal Experiments Committee of Osaka 
University (Permit number 26–033-005 and 24–001–018) 
and the Genetic Modification Experiments Safety Com-
mittee at Osaka University (Permit number 3333). Spe-
cific pathogen-free C57BL/6J mice were purchased from a 
commercial breeder (SLC, Shizuoka, Japan) for use in this 
study. SR-BI KO/ApoeR61h/h mice (mixed C57BL/6 × 129 
backgrounds) were kindly provided by Professor Monty 
Krieger (Department of Biology, Massachusetts Institute 
of Technology, USA) [29, 30]. The genotypes were deter-
mined by polymerase chain reaction, as previously reported 
[24, 32]. At 5 weeks of age, SR-BI KO/ApoeR61h/h female 
mice were randomised (1:1) to be fed a normal chow diet 
containing 0.5% probucol (Sinlestal®, Alfresa Pharma 
Corporation, Osaka, Japan; probucol group) or a nor-
mal chow diet (placebo group) as a control. The animals 
were maintained under controlled conditions (temperature, 
23 ± 1.5 °C; relative humidity, 45 ± 15%), with a 12-h light/
dark cycle (lights were turned off at 8:00 pm and turned on 
at 8:00 am). At 8–10 weeks of age, the virgin female mice 
were examined using vaginal smears to determine their 
sexual phases, as described previously [33]. At di-oestrus, 
blood samples and ovarian tissues were collected from the 
10-week-old mice after fasting for 6 h. Female mice in pro-
oestrus and oestrus were mated with male wild-type mice. 
We minimised the number of animals used by performing a 
sample size calculation beforehand. Refinement was done 
by using proven techniques, performed by trained person-
nel. Each mouse was given an identification number to be 
assessed in a blinded-to-group allocation during the experi-
ment and analysis.
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Measurement of Blood Lipid Profile and Serum 
Progesterone Level

Plasma total cholesterol and lipoprotein levels in each group 
were measured at Skylight Biotech Inc. (Akita, Japan) as 
previously described [34]. The serum progesterone levels 
on day 4.5 p.c. were measured using a mouse progesterone 
enzyme-linked immunosorbent assay kit (Alpco, NH, US) 
according to the manufacturer’s protocol.

Follicular Analysis

The follicular analysis was performed as described in our pre-
vious report [35]. Briefly, the formalin-fixed ovarian tissues 
were used for histological analysis. The 4-μm paraffin-embed-
ded tissue sections were stained with haematoxylin–eosin 
stain. The follicular classification was assessed as reported 
previously [36]. To avoid duplicate counting, only those fol-
licles that included a visible oocyte nucleus were counted. 
The numbers of each type of follicle were quantified by tak-
ing a 1 mm2 area from anywhere in the 4-μm wide section, 
selected from every 5th section in the ovarian samples. The 
follicular density was calculated using the following formula:

Follicular density (/mm3) = numbers of each type of fol-
licle counted/1 × 0.004 × 5 × N, where N is the number of 
sections examined per ovary.

Oocyte Retrieval

Female SR-BI KO/ApoeR61h/h mice were superovulated 
at 7–8 weeks of age with 5 IU intraperitoneal (i.p.) injec-
tions of gonadotropin from pregnant mare's serum (PMSG, 
Sigma-Aldrich, MO, USA) and human chorionic gonado-
tropin (hCG, Sigma-Aldrich, MO, USA) in a 48-h time 
period. Oocytes were collected from the oviduct 12.5 to 14 
h after hCG injection. The numbers of metaphase II oocytes 
were assessed in each group (n = 7).

Analysis of Implantation

Blastocysts were flushed out of the uterus on day 4.0 p.c. 
from the probucol and placebo groups, and their numbers 
were assessed. On day 4.5 p.c., pregnant animals received 
an intravenous injection of 0.5% Evans Blue 15 min prior to 
sacrifice to visualise implantation sites [37].

Experimental Decidualisation

To induce experimental decidualisation, pseudo-pregnant 
female mice mated with vasectomised wild-type male mice 
received an intraluminal infusion of 10 μl of sesame oil in 
one uterine horn (the contralateral horn served as a control) 

on day 3.5 p.c. Seventy two hours after treatment, fold 
increases in uterine weights of oil-infused horns over that of 
non-infused horns were used as an index of decidualisation, 
as described by Rider et al. [38].

Immunohistochemistry

On day 4.5 p.c., the uterine tissues were removed and fixed 
in formalin. The uteri from wild-type female mice were used 
as a control. The 5-μm paraffin-embedded tissue sections 
were immunostained using monoclonal rabbit anti-mouse 
phosphorylated signal transducer and activator of transcrip-
tion-3 (p-Stat3) antibody (Tyr705) (#9145; Cell Signaling 
Technology, Tokyo, Japan) at 1:400 dilution, polyclonal rab-
bit anti-mouse leukaemia inhibitory factor (LIF) antibody 
(OABF00432; Aviva Systems biology, CA, US) at 1:400 
dilution, polyclonal goat anti-mouse leptin receptor anti-
body (AF497; R&D Systems, MN, US) at 1:200 dilution, 
and polyclonal rabbit anti-mouse cyclooxygenase (COX) −2 
antibody (#160,126; Cayman Chemical, MI, US) at 1:500 
dilution according to the manufacturers’ instructions. For 
each immunohistochemistry assay, rabbit (X0936; Dako, 
Agilent, Tokyo, Japan) or goat immunoglobulin G (#02–
6202; Zymed, Thermo Fisher Scientific, Tokyo, Japan) at 
the same concentration as the primary antibody were used 
as a negative control. Biotinylated goat anti-rabbit immuno-
globulins (Histofine #426,011, Nichirei Bioscience, Tokyo, 
Japan) or rabbit anti-goat immunoglobulins (E0466; Dako) 
were used for secondary antibody incubation, followed by 
detection with 3, 3’-diaminobenzidine tetrahydrochloride. 
Nuclear staining was performed with haematoxylin for light 
microscopy analysis using Intelligent Microscope (BX63, 
Olympus Scientific Solutions, Tokyo Japan).

Statistical Analysis

The data were statistically analysed using the JMP® Pro 13 for 
Windows software (SAS Institute Inc.) and SigmaPlot® soft-
ware 10.01 (Systat Software, Inc, San Jose, CA, USA). Data 
were analysed using Student’s t-test or the Mann–Whitney U 
test with the Shapiro–Wilk normality test, and differences with 
a P-value less than 0.05 were considered significant.

Results

Deletion of the SR-BI Gene with Hypomorphic apoE 
(ApoeR61h/h) Led to Female Infertility, but Probucol 
Administration Rescued the Impairment of Fertility

None of the human CVD model (SR-BI KO/ApoeR61h/h) 
female mice mated to wild-type males became pregnant 
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What is the Dysfunctional Female Fertility Process 
in the Human CVD Model Mouse, and is there a 
Dysfunctional Fertility Process during Oocyte 
Development?

Oocytes grow inside the follicles in the ovary. During 
oocyte development, the size and cellular morphology of 
the follicles change until ovulation [39]. In mice, mating 
occurs within a very limited period, which is oestrus, and 
mating induces ovulation [39]. To assess whether (i) low 
frequency of oestrus and/or (ii) disruption of follicular 
development (early stages of oocyte maturation before ovu-
lation) results in female infertility, which was recovered by 
probucol administration, the oestrous cycle and histology 
of follicular development were assessed in the human CVD 
mouse model.

In the placebo group, while di-oestrus was observed 
more frequently, the oestrus cycle was also observed 
(Supplementary Fig.  2), which does not explain female 
infertility in the human CVD model mice. The adminis-
tration of probucol significantly increased the frequency 
of oestrus (37.3 ± 8.0%, mean ± SD, P < 0.05, Student’s 
t-test; Fig. 2a) compared to that in the placebo group (24.2 
± 7.3%). No differences were observed between the pla-
cebo and probucol groups in the histological analysis of 
the ovaries (Fig. 2b), including the follicular densities of 
each developmental stage (Fig.  2c). This suggests that 
female infertility in the human CVD model mouse was 
not caused by dysfunction in the fertility process during 
oocyte development.

Assessment of Oocyte Maturation and Blastocyst 
Development

During the ovulation period, oocytes resume meiosis [39]. 
Is there any dysfunctional fertility process during ovulation 
that is recovered by probucol administration in the human 
CVD model mouse? Overall, we found no significant differ-
ence in the number of retrieved oocytes after superovulation 
between the placebo (17.3 ± 7.7, mean ± SD) and probucol 
(18.8 ± 7.2) groups (Fig. 3a). However, most oocytes in the 
placebo group were degenerated (Fig. 3b). Administration 
of probucol significantly reduced the proportion of degen-
erated oocytes (P < 0.005, Mann–Whitney U test, Fig. 3b). 
On day 4.0–4.5 p.c., the blastocysts were flushed out of 
the uterus in the probucol group (4.8 ± 1.0, mean ± SD, 
P < 0.01, Mann–Whitney U test, Fig. 3c and e); in the pla-
cebo group, only degenerated oocytes were observed, with 
no blastocysts (Fig. 3c and d).

(0/19) even though intercourse was observed (Fig. 1a). Dys-
regulated lipid metabolism is known to be one of the important 
contributing factors to CVD. The administration of probucol, 
which is used for the prevention of atherosclerotic CVD, 
significantly reduced plasma levels of total cholesterol, very 
low-density lipoprotein cholesterol (VLDL-C) and LDL-C 
as expected, and significantly increased plasma HDL-C lev-
els compared to those in the placebo group (Supplementary 
Fig. 1). Moreover, the size of HDL-like particles in the probu-
col group was slightly smaller than those in the placebo group 
(Fig. 1c). This alteration allowed 56.5% (13/23) of the human 
CVD model mice to become pregnant (Fig. 1a), resulting in 
viable offspring (2.6 ± 3.4, mean ± standard deviation [SD], 
P < 0.005, Mann–Whitney U test, Fig. 1b).

Fig. 1  Fertility in SR-BI KO/ApoeR61h/h female mice and effects of 
probucol administration. Virgin SR-BI KO/ApoeR61h/h female mice 
with a normal chow diet only (placebo group, black bar and box, 
n = 19) or containing 0.5% probucol (probucol group; grey bar and 
box, n = 23) were housed with wild-type males for 2 months. The 
percentage pregnancy rate (a) and the number of foetuses per mouse 
(b) were assessed in each group. The horizontal line within the box 
shows the median, and the dotted line within the box shows the mean 
value. • Represents outliers. Data were evaluated using Shapiro–Wilk 
normality test and Mann–Whitney U test (*P < 0.05). Plasma samples 
were collected from SR-BI KO/ApoeR61h/h female mice fed a normal 
chow diet with or without probucol at 10 weeks of age after fasting for 
6 h, and the profiles of plasma lipoprotein total cholesterol (c) were 
assessed (n = 5 each). Abbreviations: VLDL, very low-density lipopro-
tein; LDL, low-density lipoprotein; HDL, high-density lipoprotein
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is one of the essential processes for implantation in the uter-
ine endometrium. In the placebo group, following induction 
of artificial decidualisation, the uterine tissue weight was 
similar to that of the untreated uterine tissue (123.3 ± 8.0%, 
mean ± SD; Fig. 4c). Conversely, a decidual response was 
observed in the probucol group (710.0 ± 119.4%) and was 
significantly higher than that in the placebo group (P < 0.05, 
Mann–Whitney U test; Fig.  4c). This suggests that the 
impairment of the decidual response is at least one of the 
causes of the dysfunction of uterine receptivity in the human 
CVD model mouse.

How Does the Dysfunction of Uterine Receptivity 
Occur?

During the implantation period (day 4.5 post-coitus (p.c.; 
the morning on which vaginal plugging was first observed 
was designated as day 0.5 p.c.) in the wild-type and human 

Assessment of Uterine Receptivity

Implantation of the blastocyst into the maternal uterus is the 
first step of pregnancy. To ensure success of the implantation 
process, it is not only important that the appropriate con-
ditions for the blastocysts are met, the appropriate uterine 
endometrium conditions are also essential. In the placebo 
group, no blastocysts developed and no implantation sites 
observed; however, this was partly rescued by the adminis-
tration of probucol (Fig. 3b); furthermore, the administration 
of probucol significantly increased the number of implanta-
tion sites (6.3 ± 1.6, mean ± SD, P < 0.001, Mann–Whitney 
U test; Fig. 4a). Regarding the function on the uterine side, 
the serum progesterone levels tended to be increased in the 
probucol group (19.1 ± 6.0 ng/ml, mean ± SD) compared to 
those in the placebo group (8.3 ± 1.9 ng/ml). However, there 
was no significant difference because of the large variance in 
the data (P = 0.075, Student’s t-test; Fig. 4b). Decidualisation 

Fig. 2  Analysis of the oestrus cycle and follicular 
population in the ovary. The percentage of con-
secutive days of oestrus (a) was analysed in SR-BI 
KO/ApoeR61h/h mice with a normal chow diet (pla-
cebo group; black bar, n = 5) and a normal chow diet 
containing 0.5% probucol (probucol group; grey 
bar, n = 6). Data were evaluated using Shapiro–
Wilk normality test and Student’s t-test (*P < 0.05). 
Haematoxylin and eosin staining of ovaries from 
the placebo (left) and probucol (right) groups at 
di-oestrus (b). Follicular density at each follicular 
stage in the placebo (black bar, n = 5) and probucol 
(grey bar, n = 5) groups at di-oestrus was analysed 
(c). All bars represent mean ± standard deviation
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However, it is unclear whether this oocyte degeneration 
also occurs in women with infertility. Lipid metabolism has 
been considered important for oocyte maturation as the free 
fatty acids within the circulating blood enter the follicular 
fluid that surrounds the developing oocyte, and developing 
oocytes have endogenous stores of fatty acids in mammals 
[42]. However, oocyte lipid content varies in different spe-
cies [42–44]. Multiple oocytes are retrieved at the same 
time during assisted reproductive technology (ART) treat-
ment; however, it is extremely rare that the majority of the 
retrieved oocytes are degenerated.

COX-2, LIF, Stat3, and leptin receptor are known as 
molecules that play crucial roles in the uterine endometrium 
for implantation [45–49]. In the present study, decidualisa-
tion of the uterine endometrium was impaired in the human 
CVD model mice via down-regulations of COX-2, LIF, and 
p-Stat3 expression, but it was not related to the leptin recep-
tor expression in the uterine endometrium. Progesterone 
is an indispensable signal for the uterus in the preparation 
for implantation in mammals, while the activation of Stat3 
and the expression of leptin receptor, LIF, and COX-2 are 
affected by progesterone [45, 46]. In the present study, the 

CVD model mice, placebo, and probucol groups, the expres-
sion patterns of the leptin receptor in the uteri were similar 
in the three groups; the leptin receptor was expressed on 
both luminal and glandular epithelium (Fig. 5a, b, and c). 
The expression of COX-2 (Fig. 5d and f), LIF (Fig. 5g and 
i), and p-Stat3 (Fig. 5j and l) were all detected in both the 
luminal and glandular epithelium in the wild-type and pro-
bucol groups. However, this expression was not observed in 
the placebo group (Fig. 5e, h, and k).

Discussion

The dysfunctional female fertility processes identified in 
the human CVD model mouse included degeneration of 
oocytes during the maturation processes prior to ovulation 
and impairment of implantation via dysfunctional deciduali-
sation. This degeneration of oocytes during the maturation 
processes in the CVD model mice has also been reported 
in SR-BI-deficient mice [25, 40], which showed hypercho-
lesterolemia under a low-fat diet but no spontaneous ath-
erosclerosis, while apoE-deficient mice were fertile [41]. 

Fig.  3  Analysis of oocyte matura-
tion and blastocyst development. 
The box plots show the number 
of retrieved mature metaphase II 
oocytes after superovulation treat-
ment (a), percentage of degenerated 
oocytes (b), and blastocysts that 
were flushed out from the uterus on 
day 4.0–4.5 post-coitus (c) in the 
SR-BI KO/ApoeR61h/h mice with a 
normal chow diet (placebo group, 
black box) and a normal chow diet 
containing 0.5% probucol (probucol 
group, grey box). The horizontal line 
within the box shows the median, 
and the dotted line within the box 
shows the mean value. Data were 
evaluated using the Shapiro–Wilk 
normality test and Mann–Whitney 
U test (*P < 0.005, **P < 0.01)

 

1 3



Reproductive Sciences

and dysfunctional uterine receptivity. In the present study, 
the reductions of plasma total cholesterol, VLDL-C, and 
LDL-C levels and an increased plasma HDL-C level via 
administration of probucol ameliorated oocyte maturation 
and uterine receptivity. This suggests that systematic dys-
regulated lipid metabolism may affect uterine receptivity. 
This indicates that assessment of plasma total cholesterol 
levels and lipid profile may help propose a new infertility 
treatment in women with defective oocyte maturation and 
recurrent implantation failure and prevent future CVD in 
later-life.

Conclusion

These results from the human CVD model mice show that 
female infertility via the degeneration of oocytes during the 
maturation processes prior to ovulation and the dysfunction 

progesterone level alone did not explain the dysfunctional 
uterine receptivity in the human CVD model mouse.

Dysregulated lipid metabolism is known to be one of the 
important contributing factors for CVD, while increased 
blood total cholesterol, HDL-C, and LDL-C are consid-
ered as indicators and even as treatment targets in clinical 
routine. Conversely, even though the associations between 
local and/or systematic lipid metabolism, oocyte matura-
tion and uterine receptivity have been discussed for many 
years, they remain unelucidated [50]. After being fed an 
atherogenic diet rich in fat, cholesterol, and cholate, the 
human CVD model mice rapidly developed CVD and pre-
mature death (50% mortality: 33 ± 4.9 days) [29]. How-
ever, when fed a normal chow diet, they were healthy and 
active with body weights similar to that of wild-type mice, 
although they demonstrated significantly higher plasma 
levels of total cholesterol [29] as well as degeneration of 
oocytes during the maturation processes prior to ovulation 

Fig. 4  Serum progesterone level and 
decidualisation. The box plots show 
the number of implantation sites 
detected by an intravenous injec-
tion of Evans Blue on day 4.0–4.5 
post-coitus (p.c.) (a), serum proges-
terone levels on day 4.5 p.c. (b) and 
the fold-increase of uterine weight 
at 72 h after sesame oil injection 
for mechanical decidualisation (c) 
in the SR-BI KO/ApoeR61h/h mice 
with normal chow diet (placebo 
group; black box, n = 7) and normal 
chow diet containing 0.5% probucol 
(probucol group; grey box, n = 6). 
The horizontal line within the box 
shows the median, and the dotted 
line within the box shows the mean 
value. The data were evaluated using 
Mann–Whitney U test (*P < 0.001, 
**P < 0.05) or Student’s t-test with 
Shapiro–Wilk normality test
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pathophysiological condition with no definition or diagnosis 
method. Women with unexplained infertility with a history of 
recurrent implantation failure could be interesting candidates 
to assess future CVD risk. However, this population is chal-
lenging to identify using population registers in population-
based cohort studies. A sizable long-term observational study 
in the population, sampled from infertility treatment data, 
could answer whether the dysfunction of uterine receptivity 
is a predisposition to CVD risk in later-life.

of uterine receptivity may contribute to CVD in later-life. It is 
not possible to determine the degeneration of oocytes during 
the maturation process prior to ovulation without undergoing 
ART treatment and retrieving the eggs. Currently, dysfunction 
in uterine receptivity is considered as one of the important 
causes of female infertility, especially since the technology 
for preimplantation genetic testing for aneuploidy (PGT-
A) has been applied for ART treatment worldwide. How-
ever, dysfunctional uterine receptivity is a hypothetical and 

Fig. 5  Immunohistochemical evaluation of uteri on day 4.5 post-coitus 
in SR-BI KO/ApoeR61h/h mice. Leptin receptor (Leptin R) (a-c), 
cyclooxygenase (COX) −2 (d-f), leukaemia inhibitory factor (LIF) (g-
i) and phospho-signal transducer and activator of transcription (Stat) 

−3 (j-l) immunostaining with haematoxylin counterstaining in SR-BI 
KO/ApoeR61h/h mice with placebo (b, e, h, k) or probucol treatment 
(c, f, i, l). As a control, uteri from wild type mice (a, d, g, j) were evalu-
ated. Scale bar = 100 µm
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