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Abstract
Introduction: Polycystic ovary syndrome (PCOS) is the communal endocrine illness in women 
and the most common cause of infertility due to lack of ovulation. The exact cause of PCOS is 
still unknown. Affected women may have difficulty getting pregnant due to ovulation problems. 
Various methods have not been effective in the treatment of PCOS due to the positive role of 
photobiomodulation therapy (PBMT) and extracellular vesicles (ECV) obtained from cord blood 
plasma in the treatment of various diseases. The aim of this study was to study the role of ECV and 
PBMT in maturation and improvement of infertility in women with PCOS.
Methods: In this research, a number of oocytes were obtained after ovarian stimulation from women 
who had been referred to the hospital for infertility treatment after obtaining personal consent, and 
they were divided into three groups: control, ECV and PBMT. Subsequently, in vitro maturation 
(IVM) was assessed, then some oocytes were cultured with a routine medium and others were 
treated with ECV and PBMT. Real-time PCR was used to evaluate BCL-2, BAX, caspase-3, and 
autophagy gene (ATG5, LC3, Beclin 1). Oocyte glutathione (GSH), oxidised gluathione (GSSG), and 
reactive oxygen species (ROS) were measured. 
Results: The metaphase II (MII) oocyte ratio formation significantly increased in the ECV and PBMT 
groups (P < 0.05). The expression of the BCL-2 gene was significantly up-regulated in the ECV and 
PBMT groups, but the expression of BAX and caspase-3 significantly decreased (P < 0.05). The 
expression of the ATG5, LC3, BECLIN-2 genes significantly decreased in the ECV and PBMT groups 
(P < 0.05). ROS, GSSG decreased in ECV and PBMT groups but GSH increased (P < 0.05).
Conclusion: The use of ECV and PBMT can increase the rate of fertilization and maturation of an 
oocyte and cause a decrease in apoptosis, autophagy, and ROS in a PCOS oocyte.
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Introduction
Polycystic ovary syndrome (PCOS) is communal 
endocrine complaint in women of the reproductive 
period.1,2 The prevalence of PCOS is between 2.2% and 
26%.3 More than 75% of infertility caused by lack of 
ovulation in women is due to PCOS, so the possibility 
of pregnancy decreases with the disease.4 In PCOS, 
the ovaries are stimulated to overproduce androgens, 
especially testosterone, so about three quarters of 
PCOS cases are hyper-androgenetic. Finally, the result 
of PCOS increases the LH/FSH ratio.5,6 PCOS patients 
experience irregular menstrual (oligomenorrhea) or 

heavy (hypermenorrhea) or absence (amenorrhea) 
periods. Among the long-term complications of PCOS 
are an increased risk of endometrial and breast cancer, 
hypertension, cardiovascular diseases, and diabetes.7 
PCOS is a heterogeneous disorder of an uncertain cause, 
but environmental and genetic factors such as overweight, 
insufficient exercise and family history are involved in 
the development of this syndrome. PCOS morphology is 
explained based on the number of follicles in each ovary 
or the volume of each ovary so that the number of follicles 
greater than 12 or the volume of more than 10 cc is called 
PCOS.8,9 In PCOS, there is an imbalance of hormones that 
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can lead to the development of multiple small cysts on the 
ovaries. Studies have shown that women with PCOS have 
decreased the expression of apoptotic genes (caspase, Bax, 
Bcl2) in their ovarian tissue, which may contribute to the 
formation and persistence of ovarian cysts. Additionally, 
some studies suggest that alterations in apoptotic gene 
expression may also be involved in insulin resistance 
and metabolic dysfunction commonly seen in PCOS. 
Nevertheless, more investigation is required to know 
the role of apoptotic genes in PCOS and how they may 
contribute to its pathogenesis.10 The treatment for PCOS 
depends on the symptoms and severity of the condition. 
Some new methods include the use of stem cells and 
their secretions. ECV are membranous vesicles derived 
from endosomes, which usually have a diameter of 30 to 
150 nm. Also, ECV can be used in diagnostic work; for 
example, it is a marker for cancer diagnosis.11 Basically, 
ECV are secreted from all cells in physiological and 
pathological conditions and are found in various body 
fluids such as breast milk, plasma, amniotic fluid, semen, 
cervical and vaginal mucus, and show an essential role 
in cellular communication and epigenetic regulation.12-14 
The advantage of using ECV therapy is that it is non-
toxic and non-immunogenic, so it is safe and has few 
complications.15

It has been proven in various studies that ECV have 
a high ability to treat various diseases due to their 
characteristics such as capacity to irritated the blood-
brain barrier (BBB).16,17 Thus, ECV have shown the 
dual effects of suppressing and spreading cancer.18 It 
has been proven that the ECV taken from HUC-MSCS 
play a role in reducing and controlling inflammation 
through the mechanisms of reducing the apoptosis of 
ovarian pGCs, increasing anti-inflammatory cytokines 
(IL-10), and also inhibiting the making of inflammatory 
cytokines TNF-a, TNF-y.19 This increases apoptosis 
and controls the proliferation of granulosa cells.20 The 
biological functions of ECV are related to the activation 
of follicular growth of ovarian follicles of PCOS patients 
using mRNA and IncRNA profiles.21 The findings show 
that miR-19 and miR-199, which regulate processes in 
a positive direction, may be the cause of PCOS. This 
idea originated from the fact that the expression of ECV 
miR-19 and miR-199 is amplified in follicular fluid (FF) 
samples of PCOS patients.22 According to the studies, 
miRNA-ECV markers taken from PCOS FF affect the 
guideline of the aging process of granulosa cells and 
lead to a decrease in cell proliferation, so they can be a 
solution for early detection of PCOS.23,24 Despite many 
studies on the therapeutic effect of ECV on PCOS, 
the exact mechanism of ECV action is still not clear. 
The fact that chronic inflammation is related to the 
pathogenesis of PCOS and the genes present in ECV 
can be effective in the process of inflammation causes 
the idea of possible treatment of PCOS with the help of 

ECV to be strengthened.19,25 Another treatment method 
is the use of photobiomodulation therapy (PBMT) in 
PCOS treatment. PBMT involves the use of low-level 
lasers to stimulate cellular processes, and it works by 
targeting the cysts on the ovaries and reducing their 
size. This can help to restore normal hormone levels and 
improve fertility. The procedure involves using PBMT to 
treat the cysts, causing them to shrink or disappear and 
helping to reduce inflammation in the ovaries, which 
can improve such symptoms as acne, hirsutism, and 
alopecia. In addition to improving fertility, PBMT has 
been shown to reduce symptoms associated with PCOS 
such as irregular menstrual cycles, acne, hirsutism, and 
alopecia. On the other hand, PBMT is used to stimulate 
the growth and maturation of immature oocytes by 
increasing mitochondrial activity and promoting DNA 
repair mechanisms.26-29 This can lead to improved quality 
and quantity of matured oocytes.

PBMT is applied directly to the follicles containing the 
immature oocytes during the culture period. The laser 
energy penetrates into the follicle and stimulates cellular 
activity without causing damage or harm to the cells.

Studies have shown that PBMT can improve the 
maturation rate and quality of oocytes obtained through 
in vitro maturation (IVM). It has also been shown to 
increase fertilization rates and embryo development in 
vitro.28,29 Overall, PBMT is an effective treatment option 
for women with PCOS can improve the fertility or reduce 
the symptoms associated with this condition. In this 
study, we investigated the effect of ECV-derived cord 
blood plasma and PBMT on maturation, fertilization and 
apoptosis genes in the PCOS oocyte in vitro.

Materials and Methods 
The current study included GV oocytes from 36 
intracytoplasmic sperm injection (ICSI) procedures. 
Contributors were all women whose ages ranged from 
24 to 40 years. We included cycles identified as having 
polycystic ovarian syndrome and excluded the ones 
with endometriosis, male factor, tubal factor, uterine, 
unexplained infertility, or genetic disorders. 

Ovarian Stimulation Protocol 
After ovarian stimulation using hormones gonadotropin 
GnRH agonist (Superfact, Aventis Pharma, Germany) 
and rFSH (Gonal-F, Merck Serono, Germany) for five 
days, the diameter of the follicles was determined using 
ultrasound. While one of the follicles reached > 18 mm, 
10 000 IU of human chorionic gonadotropin (hCG) 
(Ovitrelle, Merck Serono Europe; Pregnyl, Organon) 
was administered intramuscularly. Next, the oocyte 
was collected from the patient 36-40 hours after hCG 
administration via transvaginal ultrasound-guided 
oocyte retrieval procedure.

Following oocyte retrieval, the oocytes were stripped by 
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hyaluronidase (LifeGlobal) and regular pipetting.

Extracellular Vesicle Extraction 
To collect umbilical cord blood, after cutting and tying 
the umbilical cord, a special bag with a specific barcode is 
selected for collection. The needle connected to the bag is 
inserted into the umbilical vein under sterile conditions, 
and the bag is placed at a lower level so that the blood 
inside the umbilical vein can quickly and completely 
enter the sterile collection bag with CPDA. After drawing 
blood into the CPDA bag, we mix it slowly for about 3-5 
minutes and centrifuge it for a maximum of 10 minutes 
at 3000-3500 rpm. In the next step, we use a multi-stage 
centrifuge to separate the ECV, and the ECV are stored in 
a -20 degree freezer until use.

PBMT Procedure 
Afterward, the oocytes of the PBMT group were placed in 
the droplet of the culture medium, then they were covered 
with mineral oil and placed under the class 2 laminar 
hood. Next, the laser device was moved under the hood, 
and laser radiation was performed under this parameter 
(the continuous He-Ne laser irradiance of 0.032 W/cm2, 
Wavelength of 640 nm, laser beam area of 0.79 cm2, 
average power output of 9.5 mW, 1.85 J/cm2).29,30

In Vitro Maturation
After oocyte retrieval, the whole GV oocytes were achieved 
from women with sufficient MII oocytes. Separated 
oocytes were moved to 40 μL drops in a culture medium 
(Global R, Life Global) for 60 minutes before IVM. The 
GV oocytes in the control group were cultured in a global 
medium. Oocytes from the ECV group were transferred 
to droplets of culture medium + ECV suspended in 
mineral oil (LifeGlobal) and incubated at 37 °C in a 6% 
CO2. Oocytes in the PBMT group were affected by the 
laser. Oocyte maturation was assessed after 24 hours.

Real-Time RT-PCR Analysis
In order to examine the expression of ATG5, LC3, 

BECLIN, BCL2, BAX, caspase-3, and GAPDH genes 
in different groups, real-time PCR was used. After 
obtaining the sample from the oocytes, the oocytes were 
washed in phosphate-buffered saline (PBS, Invitrogen 
Corp.) + 1% polyvinyl alcohol (PVA) and pooled into six 
Eppendorf tubes (7 oocytes in each microtube) with 1.5 
L of lysis buffer (kept at -80 °C). Next, lyse the sample to 
release the cellular contents. Finally, we used a phenol-
chloroform extraction to separate the oocyte RNA from 
other cellular components such as proteins and DNA and 
to purify the RNA using spin column chromatography. 
After Complementary DNA (cDNA) synthesis, we added 
Master Mix (Amplicon, Denmark), and forward and 
reverse primers (Table 1) to the PCR Eppendorf tubes 
and ran them for 5 minutes at 94 °C, 30 seconds at 60 
°C, 45 seconds at 72 °C, for 40 extension cycles. Next, we 
calculated the relative expression levels of specific genes 
by the standard curve generated from serial dilutions of 
identified concentrations of target DNA molecules or 
using a software program such as qPCR Express.31,32

ROS, GSSG and Glutathione Assay 
The level of reduced glutathione (GSH) was measured 
by means of Ellman’s method. Based on this method, 25 
microliters of the culture medium with 140 microliters 
of 2 M trisethylenediaminetetraacetic acid with pH = 8 
and 30 microliters of 1 M dithio-bis-2-nitrobenzoic 
acid mixture and dithio-nitrobenzoic acid-group 
complex sulfhydryl yellow reduction were measured at 
a wavelength of 412 nm by spectrophotometry. Reactive 
Oxygen Species (ROS) Detection Assay Kit (ab287839) 
was used to measure the ROS level and GSH+GSSG / 
GSH Assay Kit (Colorimetric) (ab239709) for GSSG level.

Statistical Analysis
The t test and the chi-square test from SPSS (SPSS, 
Chicago, IL, USA) software (version 16.0) were used to 
compare the data between the groups. The records were 
analyzed using the mean, standard deviation (SD), and 
percentages. 

Table 1. Primer Sequences 

ID Gene Name Sequence (5`-3`) Temperature  RT-PCR Primer length (bp)

NM_004346 Caspase-3
TCAGAGGAGACCGATGCAAGAC
AAGTCGGCCTCCACTGGAATAC

58 180

NM_000633 BCL-2
GAAGACACGGCACTCCTTGC
AGGAGAAATCAAACAGAGGCC

62 178 

NM_001286106 ATG5
TGCAGATGGACAGTTGCACACG
GCTCAGATGTTCACTCAGCCAC

65 195

NM_001291428 BAX
TCAGGATGCGTCCACCAAGACC
TGTGTCCACGGCGGCAATCACTA

55 185

NM_003766.4 Beclin1 
CAAGATCCTGGACCGTGTCA
GGCACTTTCTGTGGACATCATC

59 190

NM_181509.2 LC3
TACAGCAGATACGCGACCAG
TTCACCAGCAGGAAGAAGGC

65 193

NM_001256799.2 GAPDH
ACACCCACTCCTCCACCTTTG
TCCACCACCCTGTTGCTGTAG

60 112
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Results
Effects of ECV and PBMT Treatment on Oocyte 
Maturation
Overall, 36 cycles contributed in this study. Out of 454 
GV oocytes, 290 oocytes reached the MII phase and 79 
arrested in the MI phase. There were 58 oocytes that 
arrested in the GV phase and 27 oocytes were degenerated. 
Result showed that the MII oocyte level in PBMT and 
ECV groups was higher compared to the control group 
(Table 2, Figures 1 and 2). 

Effects of ECV and PBMT Treatment on Apoptosis and 
Autophagy-Related Gene Expression
The expression of ATG5, LC3, Beclin 1, BCL-2, BAX, 
and Caspase-3 was analyzed by real-time PCR. The result 
showed that the expression of BCL-2 was significantly 
up-regulated by ECV and PBMT, but the expression of 
BAX and Caspase-3 significantly decreased (P < 0.05) 
(Figure 3). Moreover, the expression of ATG5 and LC3, 
Beclin 1 genes significantly decreased in PCOS oocytes 
in the PBMT and ECV groups compared to the control 
group (P < 0.05) (Figure 4).

Effects of ECV and PBMT Treatment on Glutathione 
and Oxidative Stress 
Results showed that PBMT and ECV treatment caused 
a significant increase in GSH (P < 0.05), but ROS and 
GSSG content of PCOS oocytes significantly decreased in 

PBMT and ECV groups (P < 0.05) (Figure 5).

Discussion
The results of this in vitro clinical study displayed that the 
use of PBMT and ECV can cause a decrease in apoptosis 
and autophagy in PCOS oocytes, and it can also reduce 
the amount of ROS and GSSG in oocytes. Patients with 
PCOS using clomiphene reported improved ovarian and 
menstrual cycle function and glucose metabolism.10,11 
The treatment methods used in clinics are the injection of 
human chorionic gonadotropin along with clomiphene 
citrate, one of the most popular treatments.9 It is possible 
that clomiphene has molecular similarities to estrogenic 
compounds and produces negative effects on the 
thickness of the endometrium.12,13 The effects of the long-
term use of chemical drugs, such as clomiphene citrate, 
metformin, and other contraceptives, are destructive.14,15 
Unfortunately, various treatments have not been able 
to cure this disease so far, and it is necessary to use new 
treatments. ECV and PBMT are two emerging treatments 
for PCOS. PBMT is a non-invasive procedure that uses 

Table 2. Baseline Characteristics of the Study Population

Control PBMT ECV

Number of cycles 12 12 12

Number of total oocytes 159 155 140

GV oocytes 32 11 15

MI oocytes 34 25 20

MII oocytes 78 111 101

Degenerated oocytes 15 8 4

Figure 1. The Results of the Treatment of PCOS Oocyte With PBMT. The 
results showed that PBMT can improve the maturation rate in the PCOS 
oocyte in the in vitro model

Figure 2. The Results of the Treatment of PCOS Oocyte With ECV. The 
results showed that ECV can improve the maturation rate in the PCOS 
oocyte in the in vitro model

Figure 3. The Results of the Effect of ECV and PBMT on the Expression 
of Apoptotic Genes. The results showed that PBMT and ECV can have 
a positive effect on apoptotic gene expression, and these changes are 
significant (*P < 0.05).
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light energy to reduce the size of ovarian cysts and 
improve hormone levels. Both treatments have been 
found to be safe and effective in reducing symptoms of 
PCOS, including hirsutism, acne, irregular menstrual 
cycles, and infertility.28 ECV works by delivering 
therapeutic molecules directly to the cells of the ovaries. 
This helps to restore normal hormone levels and improve 
fertility in women with PCOS. In addition, ECV can help 
reduce inflammation and oxidative stress in the ovaries, 
which can lead to improved oocyte quality and increased 
chances of conception. ECV has been studied in both 
animal models and clinical trials for PCOS. In one study, 
mice with PCOS were treated with ECV derived from 
mesenchymal stem cells (MSCs). The results showed 
that the ECV were able to reduce inflammation in the 
ovaries and improve ovarian function.22-24 In another 
study, women with PCOS were treated with ECV for 
three months. The results showed that the treatment 
was associated with improved ovarian function as well 
as increased pregnancy rates compared to those who 

did not receive treatment. Overall, ECV is a promising 
new treatment option for women with PCOS.25 In the 
current study, we found that ECV and PBMT increased 
GSH and decreased ROS and GSSG levels. ECV therapy 
has been shown to be effective in decreasing reactive 
oxygen species (ROS) and increasing glutathione levels in 
women with PCOS. ECV can act as signaling molecules 
to regulate gene expression and cellular metabolism. 
Studies have shown that ECV can reduce ROS levels by 
upregulating antioxidant enzymes while increasing the 
levels of glutathione. This helps to protect the cells from 
oxidative stress and damage caused by ROS.33 

Additionally, ECV has been found to improve 
reproductive outcomes in PCOS patients by reducing 
inflammation and improving ovarian function. The 
results of this study displayed that ECV could increase 
anti-apoptotic gene while decreasing apoptotic gene 
expression in PCOS oocytes. ECV has been shown to 
reduce the expression of Bax and caspase 3, which are 
involved in the initiation of apoptosis. This decrease in 
expression can help to prevent cell death and promote 
cell survival.34 Furthermore, ECV therapy has been 
shown to increase the expression of Bcl-2 and Bcl-xL, 
which can further protect cells from apoptosis. Thus, 
ECV therapy can be an effective tool for decreasing Bax 
and caspase 3 levels and promoting cell survival. BCL-2 
inhibits the mitochondrial internal apoptotic path. Bcl2 
has an antioxidant-like property linked to the rule of the 
concentration of GSH, in addition to its anti-apoptotic 
function.35 Previous research has shown that increased 
BCL2 expression increases GSH content by increasing 
GSH synthesis and decreasing cellular GSH efflux.36 
These results were consistent with the observations of 
our research.

Conclusion 
The use of PBMT and ECV therapy can reduce the 
amount of apoptosis and autophagy gene expression 
in PCOS oocytes, increase the rate of maturation and 
fertilization, and cause the reduction of ROS and GSSG, 
which can be used in the clinic as an effective method.

Acknowledgments
This study is based on a PhD dissertation by Samira Sahraeian at the 
Department of Biology, College of Sciences, Shiraz Branch, Islamic 
Azad University, Shiraz, Iran. This work was financially supported 
by Laser Application in Medical Sciences Research Center, Shahid 
Beheshti University of Medical Sciences, Tehran, Iran. 

Authors’ Contribution
Conceptualization: Hojjat Allah Abbaszadeh, Samira Sahraeian.
Data curation: Samira Sahraeian, Hojjat Allah Abbaszadeh, 
Mohammad Amin Edalatmanesh.
Formal analysis: Mohammad Amin Edalatmanesh, Robabeh 
Taheripanah, Hojjat Allah Abbaszadeh.
Funding acquisition: Samira Sahraeian, Hojjat Allah Abbaszadeh.
Investigation: Samira Sahraeian, Hojjat Allah Abbaszadeh, 

Figure 4. The Results of the Effect of ECV and PBMT on the Expression 
of Autophagy Genes. The results showed that PBMT and ECV can have a 
decreased the autophagy gene, and these changes are significant (*P < 0.05)

Figure 5. The Results of the Effect of ECV and PBMT on ROS, GSH and 
GSSG. The results showed that PBMT and ECV can cause a decrease 
in ROS, GSSG and an increase in GSH; these changes are significant 
(*P < 0.05)

0

0.5

1

1.5

2

2.5

3

ATG5 LC3 BECLIN1

N
or

m
al

ize
  g

en
e 

ex
pr

es
si

on
 

Gene

PCOS
ECV
PBT

0

0.5

1

1.5

2

2.5

ROS GSH GSSG

RO
S,

 G
SH

,G
SS

G
 e

xp
er

ss
io

n 

Gene

PCOS
ECV
PBT



Sahraeian et al

Journal of Lasers in Medical Sciences  Volume 14, 20236

Robabeh Taheripanah.
Methodology: Hojjat Allah Abbaszadeh, Mohammad Amin 
Edalatmanesh.
Project administration: Hojjat Allah Abbaszadeh.
Resources: Hojjat Allah Abbaszadeh, Robabeh Taheripanah.
Software: Samira Sahraeian, Mohammad Amin Edalatmanesh. 
Supervision: Hojjat Allah Abbaszadeh.
Validation: Hojjat Allah Abbaszadeh, Robabeh Taheripanah, 
Mohammad Amin Edalatmanesh.
Visualization: Hojjat Allah Abbaszadeh, Robabeh Taheripanah.
Writing–original draft: Samira Sahraeian, Hojjat Allah Abbaszadeh.
Writing–review & editing: Hojjat Allah Abbaszadeh, Samira 
Sahraeian.

Competing Interests 
The authors declare that there is no conflict of interest. 

Ethical Approval
The Ethics Committee at Shahid Beheshti Medical University 
in Tehran, Iran, approved the in vitro clinical study (IR.SBMU.
RETECH.REC.1401.223). Contributors agreed verbally and in 
writing to contribute to the study. Patients from Erfan Niyaish 
hospital (Tehran, Iran) donated oocytes for the current study 
between 2021 and 2022. 

References 
1.	 Goodman NF, Cobin RH, Futterweit W, Glueck JS, Legro RS, 

Carmina E. American Association of Clinical Endocrinologists, 
American College of Endocrinology, and androgen excess 
and PCOS society disease state clinical review: guide to the 
best practices in the evaluation and treatment of polycystic 
ovary syndrome-part 1. Endocr Pract. 2015;21(11):1291-300. 
doi: 10.4158/ep15748.dsc.

2.	 Teede H, Deeks A, Moran L. Polycystic ovary syndrome: a 
complex condition with psychological, reproductive and 
metabolic manifestations that impacts on health across the 
lifespan. BMC Med. 2010;8:41. doi: 10.1186/1741-7015-8-
41.

3.	 Gorry A, White DM, Franks S. Infertility in polycystic ovary 
syndrome: focus on low-dose gonadotropin treatment. 
Endocrine. 2006;30(1):27-33. doi: 10.1385/endo:30:1:27.

4.	 Nidhi R, Padmalatha V, Nagarathna R, Amritanshu R. 
Prevalence of polycystic ovarian syndrome in Indian 
adolescents. J Pediatr Adolesc Gynecol. 2011;24(4):223-7. 
doi: 10.1016/j.jpag.2011.03.002.

5.	 Huang A, Brennan K, Azziz R. Prevalence of 
hyperandrogenemia in the polycystic ovary syndrome 
diagnosed by the National Institutes of Health 1990 
criteria. Fertil Steril. 2010;93(6):1938-41. doi: 10.1016/j.
fertnstert.2008.12.138.

6.	 Diamanti-Kandarakis E, Dunaif A. Insulin resistance and 
the polycystic ovary syndrome revisited: an update on 
mechanisms and implications. Endocr Rev. 2012;33(6):981-
1030. doi: 10.1210/er.2011-1034.

7.	 Solomon CG. The epidemiology of polycystic ovary syndrome. 
Prevalence and associated disease risks. Endocrinol Metab 
Clin North Am. 1999;28(2):247-63. doi: 10.1016/s0889-
8529(05)70069-4.

8.	 Franks S. Polycystic ovary syndrome. N Engl J Med. 
1995;333(13):853-61. doi: 10.1056/nejm199509283331307.

9.	 Dewailly D, Lujan ME, Carmina E, Cedars MI, Laven J, 
Norman RJ, et al. Definition and significance of polycystic 
ovarian morphology: a task force report from the Androgen 
Excess and Polycystic Ovary Syndrome Society. Hum Reprod 
Update. 2014;20(3):334-52. doi: 10.1093/humupd/dmt061.

10.	 Xing J, Qiao G, Luo X, Liu S, Chen S, Ye G, et al. Ferredoxin 

1 regulates granulosa cell apoptosis and autophagy in 
polycystic ovary syndrome. Clin Sci (Lond). 2023;137(6):453-
68. doi: 10.1042/cs20220408.

11.	 Lazar I, Clement E, Dauvillier S, Milhas D, Ducoux-Petit 
M, LeGonidec S, et al. Adipocyte exosomes promote 
melanoma aggressiveness through fatty acid oxidation: a 
novel mechanism linking obesity and cancer. Cancer Res. 
2016;76(14):4051-7. doi: 10.1158/0008-5472.can-16-0651.

12.	 Yang D, Zhang W, Zhang H, Zhang F, Chen L, Ma L, et al. 
Progress, opportunity, and perspective on exosome isolation - 
efforts for efficient exosome-based theranostics. Theranostics. 
2020;10(8):3684-707. doi: 10.7150/thno.41580.

13.	 Colombo M, Moita C, van Niel G, Kowal J, Vigneron J, 
Benaroch P, et al. Analysis of ESCRT functions in exosome 
biogenesis, composition and secretion highlights the 
heterogeneity of extracellular vesicles. J Cell Sci. 2013;126(Pt 
24):5553-65. doi: 10.1242/jcs.128868.

14.	 Statello L, Maugeri M, Garre E, Nawaz M, Wahlgren J, 
Papadimitriou A, et al. Identification of RNA-binding proteins 
in exosomes capable of interacting with different types of 
RNA: RBP-facilitated transport of RNAs into exosomes. 
PLoS One. 2018;13(4):e0195969. doi: 10.1371/journal.
pone.0195969.

15.	 Wang J, Zheng Y, Zhao M. Exosome-based cancer therapy: 
implication for targeting cancer stem cells. Front Pharmacol. 
2016;7:533. doi: 10.3389/fphar.2016.00533.

16.	 Fais S, O’Driscoll L, Borras FE, Buzas E, Camussi G, Cappello 
F, et al. Evidence-based clinical use of nanoscale extracellular 
vesicles in nanomedicine. ACS Nano. 2016;10(4):3886-99. 
doi: 10.1021/acsnano.5b08015.

17.	 El Hamidieh A, Dietis N, Samoylenko A, Meiser I, Nicolaou 
N, Abdelrady E, et al. Optically active bionanomachine 
interfaces build therapeutic nanonetworks for glioblastoma 
multiforme. In: 2022 IEEE 16th International Symposium 
on Medical Information and Communication Technology 
(ISMICT). Lincoln, NE: IEEE; 2022. p. 1-6. doi: 10.1109/
ismict56646.2022.9828125.

18.	 Xu Z, Zeng S, Gong Z, Yan Y. Exosome-based immunotherapy: 
a promising approach for cancer treatment. Mol Cancer. 
2020;19(1):160. doi: 10.1186/s12943-020-01278-3.

19.	 Zhao Y, Pan S, Wu X. Human umbilical cord mesenchymal 
stem cell-derived exosomes inhibit ovarian granulosa 
cells inflammatory response through inhibition of NF-κB 
signaling in polycystic ovary syndrome. J Reprod Immunol. 
2022;152:103638. doi: 10.1016/j.jri.2022.103638.

20.	 Chen Z, Wang X. The role and application of exosomes and 
their cargos in reproductive diseases: a systematic review. Vet 
Sci. 2022;9(12):706. doi: 10.3390/vetsci9120706.

21.	 Murri M, Insenser M, Fernández-Durán E, San-Millán JL, 
Escobar-Morreale HF. Effects of polycystic ovary syndrome 
(PCOS), sex hormones, and obesity on circulating miRNA-21, 
miRNA-27b, miRNA-103, and miRNA-155 expression. J Clin 
Endocrinol Metab. 2013;98(11):E1835-44. doi: 10.1210/
jc.2013-2218.

22.	 Ye T, Lin S, Ding S, Cao D, Luo L, Yeung WS. Role of 
Exosomal microRNAs and lncRNAs in the Follicular Fluid of 
Women with Polycystic Ovary Syndrome. Res Sq [Preprint]. 
26 July, 2021. Available from: https://www.researchsquare.
com/article/rs-720055/v1.

23.	 Yuan D, Luo J, Sun Y, Hao L, Zheng J, Yang Z. PCOS follicular 
fluid derived exosomal miR-424-5p induces granulosa cells 
senescence by targeting CDCA4 expression. Cell Signal. 
2021;85:110030. doi: 10.1016/j.cellsig.2021.110030.

24.	 Dimik M, Abeysinghe P, Logan J, Mitchell M. The exosome: a 
review of current therapeutic roles and capabilities in human 
reproduction. Drug Deliv Transl Res. 2023;13(2):473-502. 

https://doi.org/10.4158/ep15748.dsc
https://doi.org/10.1186/1741-7015-8-41
https://doi.org/10.1186/1741-7015-8-41
https://doi.org/10.1385/endo:30:1:27
https://doi.org/10.1016/j.jpag.2011.03.002
https://doi.org/10.1016/j.fertnstert.2008.12.138
https://doi.org/10.1016/j.fertnstert.2008.12.138
https://doi.org/10.1210/er.2011-1034
https://doi.org/10.1056/nejm199509283331307
https://doi.org/10.1093/humupd/dmt061
https://doi.org/10.1042/cs20220408
https://doi.org/10.1158/0008-5472.can-16-0651
https://doi.org/10.7150/thno.41580
https://doi.org/10.1242/jcs.128868
https://doi.org/10.1371/journal.pone.0195969
https://doi.org/10.1371/journal.pone.0195969
https://doi.org/10.3389/fphar.2016.00533
https://doi.org/10.1021/acsnano.5b08015
https://doi.org/10.1109/ismict56646.2022.9828125
https://doi.org/10.1109/ismict56646.2022.9828125
https://doi.org/10.1186/s12943-020-01278-3.
https://doi.org/10.1016/j.jri.2022.103638
https://doi.org/10.3390/vetsci9120706
https://doi.org/10.1210/jc.2013-2218
https://doi.org/10.1210/jc.2013-2218
https://www.researchsquare.com/article/rs-720055/v1
https://www.researchsquare.com/article/rs-720055/v1
https://doi.org/10.1016/j.cellsig.2021.110030


Journal of Lasers in Medical Sciences  Volume 14, 2023 7

Extracellular vesicle and photobiomodulation therapy in the PCOS

doi: 10.1007/s13346-022-01225-3.
25.	 Izadi M, Rezvani ME, Aliabadi A, Karimi M, Aflatoonian B. 

Mesenchymal stem cells-derived exosomes as a promising new 
approach for the treatment of infertility caused by polycystic 
ovary syndrome. Front Pharmacol. 2022;13:1021581. doi: 
10.3389/fphar.2022.1021581.

26.	 Mohsenifar Z, Fridoni M, Ghatrehsamani M, Abdollahifar MA, 
Abbaszadeh H, Mostafavinia A, et al. Evaluation of the effects 
of pulsed wave LLLT on tibial diaphysis in two rat models 
of experimental osteoporosis, as examined by stereological 
and real-time PCR gene expression analyses. Lasers Med Sci. 
2016;31(4):721-32. doi: 10.1007/s10103-016-1916-9.

27.	 Ahrabi B, Rezaei Tavirani M, Khoramgah MS, Noroozian M, 
Darabi S, Khoshsirat S, et al. The effect of photobiomodulation 
therapy on the differentiation, proliferation, and migration 
of the mesenchymal stem cell: a review. J Lasers Med Sci. 
2019;10(Suppl 1):S96-S103. doi: 10.15171/jlms.2019.S17.

28.	 Hendriks ML, König T, Korsen T, Melgers I, Dekker J, 
Mijatovic V, et al. Short-term changes in hormonal profiles 
after laparoscopic ovarian laser evaporation compared 
with diagnostic laparoscopy for PCOS. Hum Reprod. 
2014;29(11):2544-52. doi: 10.1093/humrep/deu237.

29.	 Quero JM, Villamandos RJ, Millan MM, Valenzuela JM. The 
effect of helium-neon laser irradiation on in vitro maturation 
and fertilization of immature bovine oocytes. Lasers Med Sci. 
1995;10(2):113-9. doi: 10.1007/bf02150848.

30.	 Shen CC, Yang YC, Chiao MT, Chan SC, Liu BS. Low-
level laser stimulation on adipose-tissue-derived stem cell 
treatments for focal cerebral ischemia in rats. Evid Based 
Complement Alternat Med. 2013;2013:594906. doi: 
10.1155/2013/594906.

31.	 Khoramgah MS, Ranjbari J, Abbaszadeh HA, Tabatabaei 

Mirakabad FS, Hatami S, Hosseinzadeh S, et al. Freeze-dried 
multiscale porous nanofibrous three dimensional scaffolds 
for bone regenerations. Bioimpacts. 2020;10(2):73-85. doi: 
10.34172/bi.2020.10.

32.	 Rasti Boroojeni F, Mashayekhan S, Abbaszadeh HA, 
Ansarizadeh M, Khoramgah MS, Rahimi Movaghar V. 
Bioinspired nanofiber scaffold for differentiating bone 
marrow-derived neural stem cells to oligodendrocyte-
like cells: design, fabrication, and characterization. Int J 
Nanomedicine. 2020;15:3903-20. doi: 10.2147/ijn.s248509.

33.	 Li H, Huang X, Chang X, Yao J, He Q, Shen Z, et al. S100-A9 
protein in exosomes derived from follicular fluid promotes 
inflammation via activation of NF-κB pathway in polycystic 
ovary syndrome. J Cell Mol Med. 2020;24(1):114-25. doi: 
10.1111/jcmm.14642.

34.	 Zhao Y, Tao M, Wei M, Du S, Wang H, Wang X. 
Mesenchymal stem cells derived exosomal miR-323-
3p promotes proliferation and inhibits apoptosis of 
cumulus cells in polycystic ovary syndrome (PCOS). Artif 
Cells Nanomed Biotechnol. 2019;47(1):3804-13. doi: 
10.1080/21691401.2019.1669619.

35.	 Cao M, Zhao Y, Chen T, Zhao Z, Zhang B, Yuan C, et al. 
Adipose mesenchymal stem cell-derived exosomal microRNAs 
ameliorate polycystic ovary syndrome by protecting against 
metabolic disturbances. Biomaterials. 2022;288:121739. doi: 
10.1016/j.biomaterials.2022.121739.

36.	 Izadi M, Rezvani ME, Aliabadi A, Karimi M, Aflatoonian B. 
Mesenchymal stem cells-derived exosomes as a promising new 
approach for the treatment of infertility caused by polycystic 
ovary syndrome. Front Pharmacol. 2022;13:1021581. doi: 
10.3389/fphar.2022.1021581.

https://doi.org/10.1007/s13346-022-01225-3
https://doi.org/10.3389/fphar.2022.1021581
https://doi.org/10.15171/jlms.2019.S17
https://doi.org/10.1093/humrep/deu237
https://doi.org/10.1007/bf02150848
https://doi.org/10.1155/2013/594906
https://doi.org/10.34172/bi.2020.10
https://doi.org/10.2147/IJN.S248509
https://doi.org/10.1111/jcmm.14642
https://doi.org/10.1080/21691401.2019.1669619
https://doi.org/10.1016/j.biomaterials.2022.121739
https://doi.org/10.3389/fphar.2022.1021581

