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Abstract
Background: This study aimed to investigate the biological functions of exosome in follicle
microenvironment and illustrate the underlying mechanism about the different IVF outcomes among
normal, diminished ovarian reserve (DOR) and aging female patients with the same biological ovarian
age.

Methods: Follicular �uid (FF) was collected from control(n=35), DOR(n=35), aging(n=35) who underwent
IVF therapy in 2017 and 2018. Electron microscope and NanoSight were used to detect the exosomes
morphology and concentration. Hormones levels and anti-Müllerian hormone (AMH) in the serum were
detected by ELISA.

Results: Serum FSH and FSH level of the DOR group and the aging group signi�cantly increased, AFC
was decreased compared to the control. Exosomes concentrations were signi�cantly lower in DOR and
aging as compared with control group and were also signi�cantly lower in the aging group compared
with the DOR group. Exosomes was negatively correlated with FSH and FSH/LH, exosomes was
positively correlated with AMH. GDF9 and BMP15 were secreted by exosomes.

Conclusions: Exosome was highly represented in human FF and are involved in maturation of follicle.
The concentration of exosomes in FF can be an indicator of ovarian reserve. Oocytes may secrete
exosomes.

Introduction
Diminished ovarian reserve (DOR) refers to a decreased reproductive potential, primarily based on the
quantity of remaining oocytes [1]. The prevalence of DOR is approximately 10% among infertile women
and leads many to seek Assisted Reproductive Technology(ART)[2]. In ovulation treatment, DOR patients
usually have ovarian hypo-response and a small number of eggs acquired. In addition, the proportions of
ovulation cancellation and ovulation without available embryos in women with DOR were signi�cantly
higher than in women with normal ovarian reserve [3–4]. Especially, young women with DOR have poor
reproductive condition and strong pregnancy expectation, which signi�cantly increases their
physiological and psychological burden. There are many diagnosis biomarkers for ovarian reserve, such
as basal serum follicle-stimulating hormone(FSH) level, FSH/luteinizing hormone(LH), anti-Müllerian
hormone (AMH) level and baseline antral follicle count (AFC) [5]. Multiple studies have demonstrated that
age is an important factor affecting patient's ovarian function [6]. Follicular �uid (FF) provides an
important microenvironment for oocytes maturation and development [7]. FF facilitates the
communication of the oocyte with granulosa cells (GCs) [8]. This biologic �uid provides an important
microenvironment into the processes occurring during follicular maturation and contains hormones such
as FSH, LH, GH, inhibin, estrogens and androgens, pro-apoptotic factors including TNF and Fas-ligand,
proteins, peptides, amino acids, and nucleotides et.al [9]. It is common opinion that the analysis of FF
components may provide useful information on oocyte quality. Recent studies have shown that EVs from
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follicular �uid were able to elicit profound effects on ovarian cell function [10]. Exosomes are vesicles of
30–150 nm in diameter secreted into the extracellular space after fusion of MVBs with the plasma
membrane[10–12]. Exosome plays a key role in the intercellular signal, immune supervision,
in�ammatory response, cancer occurrence and development and many other physiological and
pathological processes by transferring proteins, RNA, and/or miRNA molecules to target cells [13]. Recent
study has shown that ageing of the ovary ascribe to abnormal aging process of follicular
microenvironment [14]. Currently, the role of exosomes, present in human follicular �uid and their
contribution to follicular growth and oocyte maturation are unknown. In this study, we studied the
concentration of exosomes in the follicular �uid of women with different ages and different ovarian
reserves, and investigated a relationship between exosome of follicular �uid and sex hormones in women
undergoing ART. This �nding may provide a basis for additional management options for patients with
DOR.

Materials And Methods

Patient Selection, Stimulation Protocol, and Study Design
(Fig. 1)
The study was approved by the Institutional Review Boards of General Hospital of Ningxia Medicine
University, written informed consent was obtained from each participating couple.
We enrolled a total of 135 patients who underwent IVF therapy in 2017 and 2018: the patients aged 22 to
48 years excluded polycystic ovary syndrome (PCOS), hyperprolactinemia, hysterectomy, oophorectomy,
endometriosis, ovarian masses, systemic diseases, man factors for infertility, such as azoospermia or
severe oligospermia. All of the participants underwent ovulation stimulation with the gonadotropin-
releasing hormone (GnRH) antagonist protocols [15, 16]. Depending on age, basal hormones, body mass
index, antral follicle count, and response to COHs previously, hp-HMG (150–450 IU/day) (Livzon, Zhuhai,
China) were used on On Day 3 of the menstrual cycle. GnRH antagonist (0.25 mg/d, Cetrotide, Merck
Serono, Germany) was performed when the follicular diameter reached a size of 14mm. The dose of hp-
HMG and GnRH antagonist can be adjusted according to monitoring of ovarian response by serum
hormones levels and vaginal ultrasound. As soon as there were two follicles reaching a size of 17 mm,
human chorionic gonadotropin HCG (Livzon, Zhuhai, China) 10 000 IU was performed to induce oocyte
maturation and oocytes were retrieved after 34 to 36 hours. The embryos were transferred on the third
days after oocytes retrieval day. Then, 90 mg/d progesterone sustained-released vaginal gel (Fleet
laboratories Limited, UK) or 60 mg/d natural progesterone in oil (Lizhu Pharmaceutical Co, Zhuhai, China)
was used to give the patient corpus luteum support and pregnancy test was implemented on the
fourteenth days after ET. The determination of the fetal heart beat or the fetus itself by vaginal ultrasound
on 28 days after ET was assessed as a clinical pregnancy. The patients were divided into three groups
according to the age, ovarian reserve status and the number of oocytes be obtained. The control group:
age ≤ 35, the number of retrieved oocyte 9–15 [17–19] and infertility reason was simple tubal factor. The
DOR group: in accordance with the Bologna criteria [20], age ≤ 35, the number of retrieved oocyte ≤ 5,



Page 4/18

infertility reasons due to decreased ovarian reserve and some of them also had fallopian tube factors.
Aging group: aging ovarian insu�ciency, age ≥ 40 [21], the number of retrieved oocyte ≤ 5, who require
IVF due to age factor without other obvious infertility reasons.

Biochemical parameter assay
A blood sample was obtained from each fasting patient who not used steroid hormone medicine at least
three months and separated for biochemical parameter assays at day 3(± 1) in the menstrual cycle of the
IVF cycle.
The serum levels of FSH and LH were determined with an Axsym chemiluminescence detection system
(Axsym; Abbott Laboratories, Rungis, France). The serum levels of AMH were determined with the
enzyme-linked immunosorbent assay (ELISA) kit (Kangrun Bio, Guangzhou, China). Intra-assay and
interassay coe�cients of variation were 4.5% and 4.8% for AMH respectively.

The collection of embryology laboratory data
All the embryological data (AFC, the number of retrieved oocytes and MII oocytes, fertilization rate,
excellent-embryo rate and implantation rate) were collected from the patient case. The embryo grading
was assessed according to ASEBIR embryo assessment criteria [22]. Grade  embryos: even blastomeres
and < 10% fragmentation. Grade II embryos: even blastomeres and 11–25% fragmentation and < 26%
fragmentation. Grade  embryos: those uneven blastomeres and 26–35% fragmentation. Grade 
embryos: those uneven blastomeres and > 35% fragmentation. Fertilization rate was de�ned as the
number of fertilized embryos/number of retrieved oocytes. Excellent-embryo rate was de�ned as the
number of the excellent-embryo/total number of embryos. Excellent-embryo is de�ned as follows: the
third day embryos with 6–8 regular cells and less than 20% fragmentation or I-  Level of embryos [23].
Implantation rate was de�ned as the number of gestational sacs/ the number of transplanted embryos.

Isolation of exosome from follicular �uid (Fig. 2).

Follicular �uid was collected from the dominant follicles of the patients during oocyte retrieval. All
follicular follicles come from follicles with a diameter of ≥ 14 mm on both sides. After oocyte
identi�cation, samples from each patient's follicles were placed in sterile tubes, and immediately
centrifuged at 250g 10 minutes to remove living cells, and the next at 2000g 10 minutes to remove
residual cells and debris, 10,000g 30 minutes to remove microparticles, supernatants were aspirated and
�ltered using 0.2µm �lters, then 400 µl �lter was added to 100µL Exo-quick (SBI, Japan) and incubated
for 30 minutes at 4℃. The following centrifuge at 1500g 5 minutes to obtain an exosome pellet and
resuspended with 100µl PBS (pH = 7.4). Then, preserved at -80℃.

Transmission electron microscopy (TEM)
A 20 µl solution of exosomes was placed on a copper mesh and post-negatively stained with 2%
phosphotungstic acid solution for 10 min. The sample was then dried for 1 min at room temperature
under incandescent light. After copper mesh was observed and photographed under a transmission
electron microscope (H-7650, HITACHI, Japan). The negative controls were PBS. Exosome sample was
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centrifuged at 15000×g for 5 minutes and obtain the pellet, then was dissolved in 1% aqueous osmium
tetroxide and 0.1 M cacodylate buffer overnight at 4°C and was centrifuged at 15000×g for 5 minutes.
Osmicated exosome pellets were dehydrated by a graded set of ethanol, rinsed in propylene oxide, and
inserted in resin. 70-nm-thin sections were cut from these tissue blocks and stained with lead citrate and
uranyl acetate. The sections were examined with TEM (H-7650, HITACHI, Japan) at an acceleration
voltage of 80 kV. the negative controls were PBS.

Scanning electron microscope (SEM)
Oocyte samples were �xed in 0.01 M PBS (phosphate buffered saline buffer) containing 2.5%
glutaraldehyde for 1 h at 4℃. Following was washed three times with PBS and �xed in 0.2% aqueous
osmium tetroxide for 30 min and dehydrated through a graded series of ethanol, and air dried. Finally, the
samples were sputter-coated with gold-palladium and observed by SEM (SIGMA 500, ZEISS, Germany).
The oocyte samples were from the patients and it was considered as discarded oocytes in clinic.

Quanti�cation and sizing of exosomes
Exosome enumeration and sizing was carried out using the NanoSight LM10 instrument (Guangzhou
Epibiotek Co., Ltd, China) following the manufacturer’s protocol. Particle concentration (particles/mL)
was counted by the NanoSight system.

Western blot
Equal amount of protein was electrophoresed on a 10% SDS-PAGE gel and transferred to a 0.45-µm PVDF
membrane (Millipore, USA). After blocking with 5% non-fat milk for 2h. The membranes were incubated in
primary antibody solution containing anti-CD63(1:5000 dilution, Abcam, American), anti-CD81(1:5000
dilution, Abcam, American) overnight at 4 ℃. Next, the membrane was incubated in the secondary
antibodies (1:10, 000) for 1h at room temperature.

Finally, added the luminous liquid according to the instructions of New-SUPER ECL Test Kit (Keygen
Biotech, KGP1127, China) and the bands were visualized by Gel Doc XR Biorad imaging system(Bio-rad,
American).

Polymerase Chain Reaction (PCR)
TRIzol-LS reagent (Ambion, USA) was designed to isolate high-quality total RNA from liquid samples, and
250 µl of exosome solution was lysed in 750 µl TRIzol-LS. Next, 200 µl of chloroform was used for phase
separation and 100% isopropanol for RNA precipitation. Finally, RNA was eluted in 30 µl RNase-free water
after being washed twice in 75% ethanol. And cDNA was synthesized using the PrimeScript RT Reagent
Kit (TaKaRa). The resulting cDNA was set on a 2% agarose gel and stained with EtBr. The primer
sequences were as follows: GAPDH Forward: 5’-GGAGTCAACGGATTTGGTCGT-3’, Reverse5’-
GCTTCCCGTTCTCAGCCTTGA-3’; GDF9 Forward: 5′-TAGTCAGCTGAAGTGGGACA-3′, Reverse5′-
ACGACAGGTGCACTTTGTAG-3′); BMP15 Forward:5′-GGCTCCTAGGGCATTCACTG-3′, Reverse5′-



Page 6/18

CCTCGGTTTGGTCTGAGAGG-3′. The negative controls were PBS and the positive control was human
oocyte.

Statistical analyses
All analyses were analyzed by SPSS 17.0 software (IBM), statistics were showed as mean ± standard
deviation (SD) at least three independent experiments. Two-tailed Student's t test and one-way ANOVA
were used to compare two and multiple groups, respectively. Correlations between variables were
assessed by Pearson's correlation. P < 0.05 was considered statistically signi�cant.

Results

The levels of hormone and embryology laboratory data
135 patients’ serum samples and embryology laboratory data (Table 1). This study investigated the levels
of FSH, FSH/LH, AMH and AFC, the number of oocytes retrieved, the number of MII oocytes, fertilization
rate, excellent-embryo rate and implantation rate in patients from three groups respectively. The level of
FSH, FSH/LH, AMH and AFC, the number of oocytes retrieved and MII oocytes were statistically
signi�cant difference in DOR and aging groups versus control (P < 0.01). No statistically signi�cant
difference was observed in the level of FSH, FSH/LH, AMH, AFC and the number of oocytes retrieved
between DOR group and aging group (P > 0.05). The MII oocytes rate and implantation rate were
statistically signi�cant difference between DOR and aging groups(P < 0.05).

Table 1
The levels of hormone and embryology laboratory data

  Control group DOR group Aging group

AMH 3.92 ± 1.98 0.74 ± 0.498** 0.74 ± 0.69**

FSH 5.64 ± 2.73 11.05 ± 6.31** 11.72 ± 4.37**

FSH/LH 2.13 ± 1.02 3.82 ± 3.03** 3.58 ± 2.51**

Age 29.2 ± 3.50 30.4 ± 3.46 42.3 ± 2.97**/##

AFC 11.38 ± 2.16 3.76 ± 1.46** 3.13 ± 1.50**

Oocytes retrieved 11.22 ± 2.03 3.38 ± 1.4** 3.13 ± 1.47**

MII oocytes 9.8 ± 2.61 2.97 ± 1.63** 2.02 ± 0.79**/#

Fertilization rate (%) 79.5 ± 18.7 70.7 ± 25.4 66.6 ± 29.4

Excellent-embryo rate (%) 32.8 ± 11.8 27.9 ± 12.6 27.8 ± 14.9

Implantation rate (%) 37.0 ± 27.8 32.6 ± 29.7* 10.0 ± 15.4**/#
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The levels of hormone and embryology laboratory data from three groups of patients. *P <0.05 vs control,
**P <0.01 vs control, #P<0.05 vs DOR, ##P<0.01 vs DOR.

The morphology of exosomes in electron microscope
Exosomes have been proved to reside within the follicular �uid and this study we tried to make the
exosomes of human follicular �uid visualized. TEM showed the sample of the three groups were 30–100
nm diameter membranous vesicles and consistent with the size extent of typical exosomes (Fig. 3A, B, C).
There are not spherical membranous structures in PBS (Fig. 3D). Exosomes were counted in the same
�ve �elds of view and calculated the average number. The number of exosomes from the normal group
was higher than the DOR group(P < 0.05). The number of exosomes from the DOR group was higher than
the aging group(P < 0.05). After exosomes were dehydrated, the cup-shaped membrane vesicles of 30–
100 nm can be observed by TEM (Fig. 3E). To further observed oocyte membranes, the ultrastructure of
oocyte was observed with Scanning electron microscopy (SEM). SEM showed that some spherical
membranous structures in the sample from three groups were 30–100 nm diameter membranous
vesicles, within the size extent of exosomes (Fig. 3F, G, H).

Exosomes concentration in patients FF
To further acknowledged that the structures observed in the deposit isolated from follicular �uid were
exosomes according to the guidelines of the International Society for Extracellular Vesicles [24, 25],
characterization was analyzed by western blot. The results indicated the presence of CD63 and CD81
markers in the deposit to con�rm the presence of exosomes in the follicular �uid (Fig. 4A). And we also
found the CD63 and CD81 in the normal group was higher than the DOR group, CD63 and CD81 protein in
DOR group was higher than aging group. To quantify exosomes concentration and particle concentration
(particles / mL) was computed by the NanoSight system (Fig. 4B-F). The mean particle concentration of
exosome from normal control group was 32.28 ± 6.45 ×109 particles/mL, DOR group was 7.63 ± 1.40×109

particles/mL and aging group was 2.59 ± 1.16×109 particles/ml. The particle concentration of exosome
was statistically signi�cantly different in three groups of patients (P < 0.01). The percentage of vesicles
(diameter < 105nm) from normal control group was 18.7%, the DOR group was 16.1% and from ageing
group was 8.2%. The percentage of vesicles (105-205nm) in normal control group was 64.2 %, the DOR
group was 59.7% and the ageing group was 69.5%. The percentage of vesicles (205-305nm) in control
group was 17.1 %, the DOR group was 24.2% and the aging group was 22.3%.

The relationship between the levels of hormone and the
concentration of exosome
We investigated the levels of FSH, FSH/LH, AMH in serum and the concentration of exosomes in the
follicular �uid from all patients. The mean FSH concentration in serum was 9.47 ± 0.47 ng/mL and
FSH/LH concentration in serum was 3.08 ± 0.22. The AMH concentration in serum was 1.80 ± 0.17 ng/ml.
There was statistically signi�cant negative correlation between the concentration of FSH and exosomes
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(r ¼ =-0.50; P < 0.01, Fig. 5A). Similar results were obtained there were statistically signi�cant negative
correlation between the concentration of FSH/LH and exosomes (r ¼ =-0.25; P < .0.01, Fig. 5B). There was
a statistically signi�cant positive correlation between the concentration of AMH and exosomes (r ¼= 0.73;
P < 0.01, Fig. 5C).

Oocytes secreted exosomes
The PCR normalized on the exosome-derived ampli�ed cDNA (5 ng per all samples) demonstrated that
GDF9 and BMP15 mRNA band could be detected in three groups including an evident amount in control
group and DOR group(P < 0.05) (Fig. 6A). At the same cDNA concentration, the GDF9 and BMP15 mRNA
expression in the exosomes from normal group was higher than that from DOR group(P < 0.05), and the
GDF9 and BMP15 mRNA expression in the exosome from DOR group was higher than that from aging
group. The PBS derived ampli�ed cDNA resulted negative for the GDF9 and BMP15 gene transcripts
evaluated.

Discussion
Human primordial follicles are not regenerative resources, age, genetic mutations and environmental
factors all impact on the size and quality of follicle pool [4]. During women’s reproductive lifespan, it’s
simultaneity for ageing of hypothalamus-pituitary-gonad (HPG) axis and exhaust of follicle pool [26].
Reductions in oocyte quantity and quality with advanced age (typically in the mid-40s) are a normal
physiologic occurrence termed DOR. Some women experiencing DOR much earlier and becoming
prematurely infertile classify the pathologic DOR [27]. In clinic, young women with DOR still have an
boosted fecundity over elderly women that indicate it’s not synchronous recession between quantity and
quality of oocytes. To investigate this query, the current study was a prospective, cohort study. Study
group were recruited from patients with number of retrieved oocytes within 5, and divided into young
group and ageing group. Those patients also met the standard of DOR [20]. Because DOR is a normal
physiologic process when it occurs in the mid − 40s and is pathologic at younger patients [27], so young
women with biologically older ovarian, and we call this group young DOR; ageing group represented the
situation of elderly women with chronologucal ovarian age. control group were young women with the
normal functional ovarian reserve [28]. In current study, the ovarian reserve were not signi�cant different
between young DOR and aging group, hence according to assessment of biological ovarian age [29, 30],
young DOR and aging group have same biological ovarian age. However, signi�cantly higher MII oocyte
rates and implantation rates were observed in young DOR than ageing group. Next, we carried out further
study to explore the factors in follicular microenvironment presumably cause to different IVF outcomes
between young DOR and ageing group, since two groups have the same ovarian reserve and ovarian age.

Recent researches have shown that exosomes secreted by cells through unconventional exocytosis have
been found in follicular �uid. Follicular �uid is the microenvironment to support oocytes survive, so we
speculate that except cytokines, exosomes might play an important role in communication between germ
cells and somatic cells in follicular microenvironment. In current study, exosomes were isolated from
human FF by Exo-quick precipitation [31] from all three groups, then isolated exosomes were observed by
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scanning electron microscope (SEM), and a few deferent sized membranous vesicles were observed in
every sample. To identity what difference in expression of exosomes in FF were among three groups, we
adopted transmission electron microscopy (TEM) to measure the concentration and size of exosomes.
The results revealed that the concentration of exosomes in FF was highest in control group, and was
exceedingly lowest in ageing group. Young DOR has medium level of concentration of exosomes, but
signi�cantly higher than ageing group. In line with a decline trend in concentration of exosome among
three groups, the uniform of Exosomes sizes also reduced in sequence among control group, young DOR,
and ageing group. The distribution of different size of exosomes were completely different among three
groups. Exosomes with a diameter of 30 to 100 nm were in the majority in control group and young DOR.
In ageing group, a population of extracellular vesicle (EVs) with a diameter higher than 100 nm could be
observed, and the proportion of exosomes with a diameter of 30 to 100 nm was fewer than other groups.
Pioneering research reported that exosomes and micro-vesicles are membrane bound vesicles that differ
based on their process of biogenesis and biophysical properties, including size and surface protein
markers. Exosomes are homogenous small particles ranging from 40 to100nm in size and have a variety
of common exosomes surface markers such as CD9, CD63, and CD81 [32]. To further identify the isolated
vesicles in FF, we detected the CD63 and CD81 by western blot analysis. Our results showed isolated
vesicles from three groups all expressed those exosomes mark. The changes of expression of above
exosomes mark were consist with the concentration of exosomes among three groups. For the �rst time,
we con�rmed there exist different sized vesicles in FF, of which exosomes with diameter of 30 to 100 nm
have positively correlation with age and oocytes’ quality, and the concentration of exosomes can predict
the situation of follicular microenvironment ageing. The large variation in oocyte’s quality or IVF
outcomes among three groups is evident from the variability of distribution and concentration of
exosomes among them. In addition, we found that there were completely deferent in the size and
concentration of exosomes between the larger follicles (diameter > 14mm) and smaller follicles(diameter 
< 14mm) from an individual (data not shown). Furthermore, the recent studies have shown that the
exosomes of boar seminal plasma could preserve sperm function by combining to the sperm membrane
and transferring proteins to sperm [33]. Combined with those results, we conclude that exosomes in
follicle microenvironment may play different role in the different stage of gametes’ growth and
development.

About the exosomes within the ovarian follicle, little is known about the source of exosomes in FF.
Human ovarian follicle is a unit comprised of different cell types such as oocyte, theca, granulosa and
cumulus cells. We collected oocytes of fertilization failure in IVF, rinsing thoroughly with PBS, then �xed
and observed. We �rst demonstrated exosomes are binding on oocyte’s surface by SEM. To verify the
source of exosomes in FF, we analyzed the exosome-derived ampli�ed cDNA by PCR. The results showed
that Growth differentiation factor 9 (GDF9) and bone morphogenetic protein 15(BMP15) mRNA band
could be detected in all three groups. And the expression of above ovular marks in exosomes were vary
signi�cantly among three groups. GDF9 and BMP15 are two secreted proteins selectively expressed in the
oocyte which are necessary for the normal fertility in mammals [34, 35]. Throughout follicular
development, GDF9 and BMP15 are co-expressed in oocytes and keep exceptionally high levels in FF [36].
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The latest study demonstrated BMP15 up regulate AMHR2 and AMH expression by effecting on AMH
promoter activity in human GCs, moreover GDF9 enhanced above procession [37]. Together these provide
solid support for the concept that Exosomes containing GDF9 and BMP15 are the principal mediating the
paracrine effects of oocytes on granulosa/cumulus cells. In present study, we only collected and isolated
exosomes from mature follicles (diameter > 14mm), during the stage of follicle’s development, we do not
know when exosomes start to appear, where come form and to go in FF. Anyway, based on these �ndings,
the ovular origin of exosomes has been con�rmed by the presence of GDF9 and BMP15 gene transcripts.
Exosome exchange may be suggested as an emerging way of communication between oocyte and
granular cells in the mature follicles.

Increasing evidence suggests that aging is associated with dynamic changes in the hypothalamic
components of the reproductive axis that are independent of changes in gonadal hormone secretion. Hall
JE [38] reported that GnRH pulse frequency and interval in older postmenopausal women (PMW)
decreased and got longer than young women. Hence, the changes in level of pituitary components such
as FSH, FSH/LH do not really represent the situation of reproductive axis ageing. Therefore, in current
research, although the young DOR have biologically older ovarian age as same as the ageing group’s,
they still have healthy reproductive axis and follicle environment to supply excellent oocytes. That’s also
can help to explain a clinical study by Seckin B [39] which illustrated elevated day 3 FSH/LH ratio is
useful in predicting IVF outcome in older women but does not seem to be an accurate predictor in
younger women. Combining previous researches and our present study, we �st come up with a concept
that the changes related-age of reproductive axis simultaneously accelerate the declining in follicle pool
and degenerating in follicle microenvironment, there are interactive regulations among reproductive axis,
follicle pool and follicle microenvironment, two later respectively charge in the reproductive lifespan and
reproductive quality, and then both of them crucially determine female fecundity. However, any aggregate
estimates of ovarian reserve may be misleading as they represent a mixture of different trends seen in
individuals’ fecundity. As previously described, those ovarian reserve marks, the levels of FSH, AMH and
AFC, also be used to asses biological ovarian age [40–42], so “biological ovarian age” just represent
reproductive lifespan rather than female fecundity, because those marks do not independently re�ect
oocyte’s quality charging in reproductive quality. Follicle microenvironment is formed starting at preantral
follicles, and gradually change ingredient of cytokines and exosomes along with the oocyte maturation of
folliculogenesis under the regulation of gonadal hormone [14]. In current research, exosome is found to
be the only factor which is different between young DOR and ageing group, and exosome positively
correlate with age and oocyte’s quality. The results demonstrated that exosomes may relatively re�ect the
situation of follicular microenvironment aging and also expose the real reason why young DOR still have
better IVF outcomes than elderly group although they had same ovarian age. As for whether dose the
decreasing in exosomes’ concentration in ageing group attribute to the age-related changes of
hypothalamus? and whether is there any correlation between exosomes and age-associated oocyte
aneuploidy? All those are needed to further study. Next, -we will detect other markers to identify cells
secreting exosomes and further explore the speci�c mechanism of exosomes by means of microarray
and qRT-PCR to assess LncRNA, circRNA and miRNA expression in exosomes. This study improved
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knowledge of the exosome function in follicular microenvironment and may be a prediction of clinic
outcomes in IVF and manipulation of the early steps of folliculogenesis to extend fertility lifespan.

Conclusion
The present study con�rms that young DOR having better IVF outcomes attribute to their higher oocytes’
fecundity than ageing group, although they have the same biological ovarian age. Exosomes with a
diameter of 30 to 100nm may play an important role in the follicular microenvironment to support
oocytes’ development. Comparing with serum level of FSH, AMH, FSH/LH ratios and AFC, exosomes are
the promising predictive bio-mark for oocyte quality. In mature follicles, Follicle-secreting exosomes has
been con�rmed.
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Figure 1

Patient Selection, Stimulation Protocol, and Study Design (Fig. 1)

Figure 2

Isolation of exosome from follicular �uid (Fig. 2).
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Figure 3

TEM showed the sample of the three groups were 30-100 nm diameter membranous vesicles and
consistent with the size extent of typical exosomes (Fig.3A, B, C). There are not spherical membranous
structures in PBS (Fig.3D). Exosomes were counted in the same �ve �elds of view and calculated the
average number. The number of exosomes from the normal group was higher than the DOR
group(P<0.05). The number of exosomes from the DOR group was higher than the aging group(P<0.05).
After exosomes were dehydrated, the cup-shaped membrane vesicles of 30–100 nm can be observed by
TEM (Fig. 3E). To further observed oocyte membranes, the ultrastructure of oocyte was observed with
Scanning electron microscopy (SEM). SEM showed that some spherical membranous structures in the
sample from three groups were 30-100 nm diameter membranous vesicles, within the size extent of
exosomes (Fig.3 F, G, H).
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Figure 4

The results indicated the presence of CD63 and CD81 markers in the deposit to con�rm the presence of
exosomes in the follicular �uid (Fig. 4A). And we also found the CD63 and CD81 in the normal group was
higher than the DOR group, CD63 and CD81 protein in DOR group was higher than aging group. To
quantify exosomes concentration and particle concentration (particles / mL) was computed by the
NanoSight system (Fig.4 B-F).
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Figure 5

The AMH concentration in serum was 1.80±0.17 ng/ml. There was statistically signi�cant negative
correlation between the concentration of FSH and exosomes (r ¼ =-0.50; P<0.01, Fig. 5A). Similar results
were obtained there were statistically signi�cant negative correlation between the concentration of
FSH/LH and exosomes (r ¼ =-0.25; P<.0.01, Fig. 5B). There was a statistically signi�cant positive
correlation between the concentration of AMH and exosomes (r ¼= 0.73; P<0.01, Fig. 5C).

Figure 6

The PCR normalized on the exosome-derived ampli�ed cDNA (5 ng per all samples) demonstrated that
GDF9 and BMP15 mRNA band could be detected in three groups including an evident amount in control
group and DOR group(P<0.05) (Fig.6A).


