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Abstract 

Background: Seminal plasma exosomes are now recognized to play a complex role in the regulation of the 

female reproductive system infertility. The objective of this study was to assess the effect of exosomes derived 

from the sperm of men with oligoasthenoteratozoospermia on endometrial implantation-related genes. 

Methods: To isolate the exosomes, we employed an ultracentrifugation method on samples derived from 

10 fertile men with normal sperm parameters and 10 men with oligoasthenoteratozoospermia. The size 

distribution and ultrastructure of the exosomes were then characterized using transmission electron 

microscopy and dynamic light scattering. We detected an exosome marker using western blot analysis and 

confirmed the cytoplasmic localization of the exosomes by incubating them with DiI dye and visualizing 

them using fluorescence microscopy. After 6 hours of in vitro treatment of endometrial epithelial cells with 

100 µg/ml seminal exosome, the endometrial receptivity genes were examined using qRT-PCR. To perform 

data analysis and quantification, we utilized Image J and Prism software. P< 0.05 were considered 

statistically significant. 

Results: After 6 hours of treatment, the mRNA levels of MUC1, LIF, G-CSF, CX3CL1, and VEGF were 

significantly downregulated in the endometrial epithelial cells treated with oligoasthenoteratozoospermia 

exosomes compared to the normal group. Although changes were observed in the mean mRNA levels of 

IL8 and TGF-ß genes in the oligoasthenoteratozoospermia group compared to the normal group, these 

differences did not reach statistical significance (p > 0.05). 

Conclusions: Oligoasthenoteratozoospermia exosomes have a distinct effect on endometrial receptivity 

compared to normal exosomes, leading to reduced expression of implantation-related genes. 
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Introduction 
Infertility is still common among couples 

around the world and is associated with  

 
numerous economic, psychological, and social 

problems. Male infertility plays an important 
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role in 20–50% of cases of infertility. Despite 

the improvement of new technologies and 

diagnostic procedures, many of these men 

remain infertile (1). 

Oligoasthenoteratozoospermia (OAT) 

infertility in men is not a rare condition, but it 

is uncommon. Most of these men are generally 

healthy, and the precise cause of the impaired 

spermatogenesis is often unknown (2). 

Nowadays, intracytoplasmic sperm injection 

(ICSI) technology gives even these men an 

opportunity to become fathers (3). Assisted 

reproductive technology (ART) is a widely 

used approach for treating infertility. 

Nonetheless, a significant challenge with ART 

is the relatively low success rates in terms of 

implantation, pregnancy, and live birth (4). 

The low implantation rate in ART is 

thought to be primarily due to dysregulated 

endometrial function and improper priming 

resulting from non-physiological stimulation 

with gonadotropins, as well as the lack of 

seminal plasma (5). In response to the 

significant demands for actions that improve 

implantation and subsequent live birth rates, a 

number of systemic treatments have been 

developed (6).  

Seminal plasma has a critical role in 

completing several processes of fertilization, 

many of which are not completely understood 

(7). Seminal plasma may be used 

therapeutically to improve maternal 

immunological tolerance, endometrial 

receptivity, and the competence and rate of 

implantation of developing embryos during 

ART cycles (7). The most likely strategy 

appears to be to use seminal plasma as a 

physiological stimulator of the female 

reproductive system and for its function in 

priming the endometrium and maternal 

immune system to improve implantation and 

live birth rates in ART cycles. According to 

experimental findings and tests on many 

human and animal endometriums, seminal 

plasma may play a significant role in embryo 

implantation process (8). 

Exosomes are tiny membrane vesicles 

secreted into the body fluids by many cell 

types (9). Compared to other fluids, semen 

contains a greater concentration of them. 

Exosomes carry a payload of lipid molecules, 

phospholipids, proteins, cholesterol, mRNAs, 

and miRNAs. Seminal exosomes play a major 

role in the female reproductive tract for 

effective fertilization (10). In this study, our 

goal was to determine whether using exosomes 

from patients with OAT would affect the 

expression of endometrial receptivity genes in 

vivo compared to a normal group. 

 

Materials and Methods 
Participants selection  

This study was performed at the Shahid Akbar 

Abadi Hospital In vitro fertilization (IVF) 

Centre, Iran University of Medical Sciences, 

Tehran, Iran, from April 2022 to February 2023. 

Totally 10 men with OAT undergoing 

infertility treatment and 10 men with proven 

fertility as a normal group were selected. The 

average age of men in the OAT and normal 

groups was 33.80±3.134 and 33.24±3.218, 

respectively. Male participants in both groups 

were excluded if they had abnormal endocrine 

testing, varicocele, excessive alcohol or drug 

use, or erectile dysfunction. 

Endometrial biopsies were collected from 

five healthy young women in the proliferative 

phase of a natural menstrual cycle who had no 

hormonal therapy or an atypical uterus. The 

average age of women in participant in this 

study was 27.5±2. 

Semen Analysis 
The semen samples were collected through 

masturbation and put in non-toxic, sterile 

containers during 2-4 days of abstinence from 

sexual activity. After liquefaction at room 

temperature for 20 minutes, sperm count, 

motility, and morphology were analyzed 

according to the World Health Organization 

(WHO) guidelines. The percentage of 

immotile sperm, the total concentration of 

sperm, and sperm motility, including 

progressive and non-progressive motility, 

were all measured using a Makler chamber, 

under 400x magnification. The morphology of 

the sperms was examined using a Diff-Quick 

staining kit (Avicenna, Iran), and the resulting 
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slides were assessed under a light microscope 

(Olympus, Japan) at 100× magnification (11). 

Exosome Isolation  

Semen samples were centrifuged at 1,000 g for 

10 min at 25 °C to remove cell debris. Then, 

the supernatant was further centrifuged at 

10,000 g for 20 min at 4 °C, followed by 

centrifugation of the resulting upper layer at 

18,000 g for 45 min at 4 °C. Finally, the 

remaining seminal plasma was subjected to 

ultracentrifugation (Beckman, Germany) at 

100,000 g for 120 min. After undergoing 

another round of ultracentrifugation, the 

pellets were washed with PBS. Pellets 

containing exosomes were resuspended in PBS 

and stored at -80 °C. The concentration of 

whole exosome protein was determined using 

the Bradford method (12).  

Measurement of Exosome Size 

After the isolation procedure, exosomes were 

mixed with PBS and their sizes were assessed 

using Dynamic Light Scattering (DLS) (Nano-

flex 180°, Germany) (13).  

Transmission Electron Microscopy (TEM) 

The exosomes were placed on Formvar/carbon-

coated Electron Microscopy (EM) grids and 

dried with filter paper. Subsequently, they were 

negatively stained with 2% uranyl acetate 

(Sigma-Aldrich, USA) for two minutes at room 

temperature. Images of the exosomes were 

captured using an LEO 906 Transmission 

Electron Microscope (Zeiss, Germany) 

operating at an acceleration voltage of 100 kV. 

Western Blotting 

From each sample, 50 µg, was loaded on SDS-

polyacrylamide gel and then transferred onto 

polyvinylidene fluoride (PVDF) membranes 

(Sigma-Aldrich, Germany). The membranes 

were blocked using Tris-buffered saline with 

0.1% Tween® 20 detergent (TBST) (Sigma-

Aldrich, Germany), and then incubated with 

primary anti-CD9 antibody (ID: 928) (1:500) 

overnight at 4 °C. After washing with TBST, 

the blots were incubated for 2 hours at room 

temperature with a horseradish peroxidase 

(HRP)-conjugated secondary antibody 

(1:10,000; Abcam Company, UK). 

Immunodetection was carried out following 

another round of TBST washing. The 

chemiluminescent peroxidase substrate (ECL; 

Pars Tous, Iran) and blots (Fujifilm, REF 

47410) were examined using X-ray films and 

scanned with a densitometer (GS-800; Bio-

Rad, USA) (14). 

Endometrial Tissue Staining 

Tissue structure was assessed using H&E 

staining. Endometrial tissue was collected, 

fixed with paraformaldehyde, and processed as 

follows: it was dehydrated, embedded in 

paraffin, sectioned into 5 µm slices, 

deparaffinized in xylene, rehydrated in graded 

ethanol, stained with H&E, and imaged using 

a light microscope (Olympus, Japan) for 

histological analysis (15, 16). 

Endometrial Cells culture 

With the aid of a scalpel, the endometrial drop 

was initially placed in 1-3 ml vials of 

phosphate-buffered saline (PBS). After a rinse 

in PBS, it was incubated for 2-3 hours with a 

mixture of 6.4 mg/ml collagenase, 125 U/ml 

hyaluronidase, and 0.1 nmol/L gentamicin 

(Gibco, USA), until epithelial sheets emerged. 

The filtrate was then backwashed and cultured 

in a medium consisting of Dulbecco's modified 

Eagle's medium (DMEM) and 25% MCDB-

105, supplemented with 10% charcoal-stripped 

fetal bovine serum and 5 mg/ml insulin. Stromal 

cells were allowed to attach to the bottom of the 

flask, while epithelial cells adhered to the flask's 

surface in keratinocyte serum-free medium 

(KSFM; Gibco). The cells were cultured in 6-

well plates until they reached confluence, which 

typically took 10-14 days (17). 

Flow cytometry 

The cell suspension was mixed with an 

antibody conjugated to the cytokeratin-18 

marker to identify epithelial cells, and the 

collected cells were confirmed using 

cytokeratin-18 FITC markers (Abcam 

company, UK). Utilizing the Flow Jo program, 

data analysis was done (17). 

 [
 D

O
I:

 1
0.

61
18

6/
rb

m
b.

12
.2

.2
94

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 r

bm
b.

ne
t o

n 
20

25
-0

7-
03

 ]
 

                             3 / 12

http://dx.doi.org/10.61186/rbmb.12.2.294
https://rbmb.net/article-1-1189-en.html


Exosome Roles in Implantation 

       Rep. Biochem. Mol. Biol, Vol.12, No. 2, Jul 2023  297 

Exosome Internalization into endometrial 

epithelial cells (EECs) with DiI Labelling 

Five µg Purified exosomes were incubated by 

15 µM 2 M 1,1'-dioctadecyl-3,3,3',3'-

tetramethylindocarbocyanine perchlorate (DiI 

dye, Sigma-Aldrich, USA) for 30 minutes at 

room temperature. Cells were rinsed with PBS 

and centrifuged at 100,000 g for two hours to 

eliminate residual DiI. The small exosome 

pellets have been suspended after being 

washed three times with PBS. In a 12-well 

plate, 100×103 EECs were incubated with Dil-

labelled exosomes (Dil-Exos) for 6 h. The 

EECs were then rinsed in PBS, fixed in 4% 

paraformaldehyde, and stained for 15 minutes 

with 40,6-diamidino-2-phenylindole (DAPI, 

Sigma-Aldrich, USA). A fluorescent 

microscope (Olympus, Japan) was applied to 

follow the cells' uptake of Dil-Exos (18). 

In further experiments, endometrial 

epithelial cells were co-incubated with 

exosomes from two groups for 6 hours. The 

first group consisted of exosomes from fertile 

men with normal semen parameters, while the 

second group consisted of exosomes from men 

with infertility due to OAT. A control group 

was included, which consisted of endometrial 

cells grown in the same medium as the case 

group but without any exosomes. Each 

experiment was repeated three times. 

The extraction and synthesis of RNA and cDNA 

The expression levels of Vascular endothelial 

growth factor (VEGF) (ID: 7422), Transforming 

Growth Factor-β (TGF-ß) (ID: 7040), 

chemokine (C-X3-C motif) ligand1 (CX3Cl1) 

(ID: 6376), Interleukin- 6 (IL-6) (ID: 3569), 

Mucin 1 (MUC1) (ID: 4582), Leukemia 

Inhibitory Factor (LIF) (ID: 3976), Granulocyte 

colony-stimulating factor (G-CSF) (ID: 12985), 

Interleukin-8 (IL-8) (ID: 3576), and 

Glyceraldehyde 3-phosphate dehydrogenase  

(GAPDH) (ID: 2597) genes were determined 

using reverse transcription-polymerase chain 

reaction (RT-PCR) on each specimen. Total 

RNA was extracted from the semen samples 

(sperm) of patients with recurrent ICSI failure 

and the control group using the RNX-plus 

method according to the manufacturer's 

instructions (Gene All; Seoul, Korea). The 

integrity of the extracted RNA and its 

concentration were assessed by agarose 

electrophoresis and measuring the absorbance 

ratio between 260 and 280 nm. Complementary 

DNA (cDNA) synthesis was carried out using 

the Revert Aid First Strand cDNA Synthesis Kit 

and 1μg of total RNA (Bonbiotech, Iran). 

Quantitative real-time PCR analysis (qRT-PCR) 

For each reaction, the Polymerase chain reaction 

(PCR) mixture contained 1 μL of each primer (3 

pmol/μL), 7.5 μL of SYBR premix Ex Taq II 

(Ampliqon, Denmark), and 12.5 ng of cDNA 

made up to a final volume of 20 μL with dH2O. 

Triplicate tests were run on each reaction. 

Specific primer pairs were designed using Gene 

Runner 6 (Table 1). The qRT-PCR procedure 

involved an initial denaturation step of 15 

minutes at 95 °C followed by 40 repeated cycles 

of 10 seconds at 95 °C and 35 seconds at 60 °C. 

The expression levels of VEGF, TGF-ß, 

CX3Cl1, IL-6, MUC1, LIF, G-CSF, IL-8, and 

GAPDH mRNAs were normalized to the 

expression of the housekeeping gene, GAPDH, 

for each sample. The relative expression was 

calculated using the CT method (19, 20). 
 

Table 1. Primer sequences used in Real-time PCR. 

Genes Forward sequences Reverse sequences 
PCR product 

size (bp) 
h-VEGF CGGCGAAGAGAAGAGACACA GGAGGAAGGTCAACCACTCA 196 

h-CX3CL1 CATGGCTCCGTTATCTCTGTC TGCCTGGTTCTGTTGATAGTG 169 

h-G-CSF GAGAAGCTGGTGAGTGAGGCA CGCCATTCCCAGTTCTTCCAT 186 

h-IL-8 ACTCCAAACCTTTCCACCC TTCTCAGCCCTCTTCAAAAACT 175 

h-IL-6 CCCACACAGACAGCCACTCA TGCCAGTGCCTCTTTGCTGC 136 

h-LIF AGGTCTTGGTGGTAGGAGTTGTG TGATAGGGGTGATGGGGAGGG 87 

h-TGFß CTGAGATGCTGGGACTCTGATAA GTCTTCTTCACTATCCCCCACT 119 

h-MUC1 CAGCACCGACTACTACCAAGA CAGATCCTGGCCTGAACTTAAT 113 

h-GAPDH CTTTGGTATCGTGGAAGGAC GCAGGGATGATGTTCTGG 126 
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Statistical Analysis 

Statistical analysis was performed using both 

the T-test and one-way ANOVA. The results 

were computed using version 8 of PRISM. P< 

0.05 were considered statistically significant, 

and the results were presented as mean ± 

standard deviation (SD). 

Results 
Collection and Analysis of Samples 

To isolate and characterize semen exosomes, 

seminal plasma samples were collected from both 

normal and OAT patients with semen parameters 

evaluated according to the WHO criteria. The 

results of the analysis showed significant 

differences between the two groups in terms of 

sperm count, motility, and morphology (Fig. 1). 

 
Fig. 1. The patients' sperm characteristics were evaluated, and significant differences were found in sperm count, motility, and 

morphology between the two populations. The results are presented as mean ± SD (n = 10), and **** indicates a statistically 

significant difference with a P< 0.0001. 

 

Isolation of Exosomes 
According to TEM examination, a population of 

spherical, tiny, electron-dense vesicles with 

double membranes was found. The DLS analysis 

showed that the SEs from the two groups 

exhibited remarkably similar size profiles, with 

mean SD diameters of 101±12.32 nm for the 

normal group and 95.97±8.58 nm for the OAT 

group. The particles in both groups ranged in size 

from 50 to 130 nm. A Western blot analysis 

revealed the presence of the CD9 marker in the 

exosome samples from both the ED and OAT 

groups. One sample was chosen at random from 

each group for Western blotting. 
 

 
Fig. 2. Images captured by transmission electron microscopy show exosomes. a) from men in the normal group. b) men 

in the OAT group. C) Western blots of exosomes from normal men (1) and exosomes from OAT men (2) show the 

presence of the CD9 exosome surface marker. Scale bars in a) and b) represent 100 nm. 
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Fig. 3. DLS validation of exosome size. a) Exosomes from men in Normal group. b) from OAT group. Mean SD is 

utilized to represent the results. c) Exosome average size is used for each group (n = 10) P> 0.05. Each group's exosome 

size is represented by a picture.  
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Histological Dating and Flow Cytometry 

The H&E staining of the endometrial sample (Fig. 

4b) indicated that the endometrium was in the 

proliferative phase. Quantitative flow cytometric 

analysis revealed that 84.6% of the endometrial 

cells expressed cytokeratin-18 (Fig. 4c). 

 

 
Fig. 4. Verification of EECs: a) Primary cell culture of EECs. b) Image of endometrium in the proliferative phase taken under a 

light microscope; scale bars: 100 micrometers. c) Results from flow cytometry demonstrate that EECs expressed cytokeratin-18. 
 

Internalization of exosomes 

A fluorescent microscope (Olympus Co., Tokyo, 

Japan) was used to identify the cytoplasmic 

location of exosomes following the incubation of 

DiI-labelled SEs with EECs. Exosome uptake 

after 6 h is depicted in (Fig. 5). This finding 

suggests that EECs can internalize exosomes, 

which are necessary for subsequent cell functions. 

 
Fig. 5. Exosomes internalization within EECs. After 6h, EECs internalized DiI-labeled exosomes (red). DAPI (blue) is 

used to mark the nuclei of EECs. 20 nm scale bars. 
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Genes expression after exosomes treatment 

As shown in (Fig. 6), the mean mRNA levels of 

TGF-ß, IL-8, LIF, IL-6, VEGF, G-CSF, CX3CL1, 

and MUC1 increased significantly in EECs 

treated with the normal group exosomes 

compared with the control and OAT groups after 

 

6h (P< 0.05). Our result show that there were no 

significant differences between IL8 and TGF-ß 

expressions in EECs treated with normal 

exosomes after 6h compared with EECs treated 

with OAT exosomes. 
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Fig. 6. Gene’s expression in EECs following normal and OAT exosome treatments for 6 h. The assessment of mRNA 

levels was done using qRT-PCR. GAPDH was used as an internal control (n = 10) and results were also reported as mean 

SD. *P< 0.05. two experimental groups are compared to the control groups. The *, **, ***, and **** indicate P< 0.05, 

P< 0.01, P< 0.001, and P< 0.0001, respectively. 

 

Discussion 
In this study, we assessed the mRNA 

expression levels of implantation-related genes 

in EECs treated with exosomes from 

individuals with OAT and those with normal 

semen parameters. Exosomes from both 

groups were found to have a size of almost 100 

nm, as determined by TEM and DLS studies, 

and western blot results confirmed the 

presence of the CD9 exosome marker. Our 

findings suggest that the expression of genes 

related to endometrial receptivity is 

significantly reduced when EECs are treated 

with exosomes from individuals with OAT 

compared to those from fertile men with 

normal semen parameters. In situations where 

only a few sperm are detectable in the 

ejaculate, such as in cases of OAT, 

intracytoplasmic sperm injection (ICSI) has 

made it possible to generate embryos and 

achieve pregnancy (21). During ART cycles, 

one or two embryos are transferred into the 

womb using a small amount of fluid. Despite 

this, failed embryo implantation remains the 

biggest barrier to achieving a successful 

pregnancy. Low implantation rates in transfers 

of 'good quality' embryos may be due to 

insufficient endometrial receptivity."(22). 

Poor endometrial receptivity has been reported 

to be responsible for two-thirds of implantation 

failures. To increase implantation rates  

 
following ART procedures, a variety of 

therapeutic techniques have been employed 

(23). Recent research suggests that the female 

reproductive tract's response to seminal fluid 

plays a fascinating and likely significant role 

in determining the receptivity of the 

endometrium to embryo implantation and 

subsequent pregnancy development (24). 

In contrast to regular sexual activity, where 

the male partner ejaculates in the vagina, 

exposing his partner to seminal fluid, during 

ART procedures, the female reproductive 

system does not encounter seminal plasma. 

Bellinge found that depositing semen in the 

upper vaginal region increases the likelihood 

of successful embryo implantation during IVF 

cycles (25). 

It is possible that delivering a significant 

volume of seminal plasma directly into the 

uterus may have an impact on the implantation 

procedure (24).  

Previous studies have shown that exosomes 

derived from seminal plasma possess 

immunosuppressive properties and can 

function as natural killer cells in the female 

reproductive tract. Furthermore, the presence 

of small RNAs in seminal exosomes can 

influence target cells and potentially modulate 

the immune response (26). Numerous studies 

have demonstrated that the miRNA of 

 [
 D

O
I:

 1
0.

61
18

6/
rb

m
b.

12
.2

.2
94

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 r

bm
b.

ne
t o

n 
20

25
-0

7-
03

 ]
 

                             9 / 12

http://dx.doi.org/10.61186/rbmb.12.2.294
https://rbmb.net/article-1-1189-en.html


Exosome Roles in Implantation 

       Rep. Biochem. Mol. Biol, Vol.12, No. 2, Jul 2023  303 

exosomes can regulate intracellular 

interactions under cell culture conditions (27). 

These miRNAs have the potential to inhibit 

immune responses, viral infections, and cancer 

cell proliferation. Additionally, seminal 

components trigger the release of 

embryotrophic cytokines that directly 

contribute to the successful development of the 

early embryo (28). Abu-Halima investigated 

the profile expression of microRNAs in fertile 

men and OAT infertile individuals (29). Given 

the role of exosomes in the female 

reproductive tract and the variations in their 

composition, it is plausible that seminal 

plasma exosomes from fertile and infertile men 

can exert distinct effects on endometrial 

receptivity and signaling pathways, leading to 

either an increase or decrease in endometrial 

receptivity. The decrease in endometrial 

receptivity, which can result in lower 

implantation rates, is thought to be due to the 

disruption of various molecular processes, 

including growth factor, cytokine, and 

hormone signaling (30). LIF, MUC1, VEGF, 

G-CSF, CX3CL1, IL-6, IL-8, and TGF-ß play 

crucial roles in angiogenesis, proliferation, and 

tissue remodeling in the endometrium. 

Downregulation or disruption in the 

expression of these genes can lead to recurrent 

implantation failure (RIF) and recurrent 

pregnancy loss (31-33). Previous studies show 

that in women who experience recurrent 

miscarriage of unclear cause, seminal plasma 

pessaries have been used effectively to 

increase implantation rates (28). 

It is possible that exosomes derived from 

infertile OAT men may decrease the 

expression of crucial genes that are essential 

for implantation due to differences in their 

composition and miRNA content when 

compared to exosomes from healthy fertile 

men. Our findings indicate that the use of 

exosomes or seminal plasma from these 

infertile men does not aid in improving 

endometrial receptivity or embryo 

implantation. However, studying seminal 

plasma exosomes and miRNA may provide 

insights into the molecular mechanisms 

underlying infertility and implantation failure. 

The authors suggest that further research is 

necessary to explore the differences in the 

composition of seminal exosomes between 

fertile and infertile men and their impact on the 

implantation process. 

The use of seminal plasma exosomes from 

OAT patients is not beneficial in improving 

endometrial receptivity or clinical outcomes 

for patients undergoing IVF. On the other 

hand, exosomes derived from semen of healthy 

men have been shown to upregulate 

endometrial receptivity genes and may 

potentially serve as a natural adjunct to IVF in 

the future.  
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