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Asherman’s syndrome (AS) is characterized by intrauterine adhesion or fibrosis resulting
from damage to the endometrium, often leading to amenorrhea, infertility, or recurrent
pregnancy loss. Although various therapeutic strategies for AS have been proposed,
the options remain limited. New strategies such as bone marrow-derived mesenchymal
stem cell (BM-MSC) therapy aim to potentiate the intrinsic capacity of endometrial
regeneration. However, BM-MSC therapy has not been widely adopted mainly because
it involves invasive and expensive procedures such as bone marrow biopsy and
cell storing. On the other hand, platelet-rich plasma (PRP) is considered safe and
affordable because it involves the less invasive procedure of blood collection from
peripheral veins to produce PRP. To assess the effectiveness of human PRP infusion
for endometrial regeneration, we established a murine model of injury-induced AS and
evaluated endometrial morphology, expression of fibrosis-related factors, implantation
sites (IS), and pregnancy outcomes associated with human PRP treatment. We found
that treatment with human PRP was associated with improved endometrial morphology,
reduced degree of fibrosis, and down-regulated expression of fibrosis-related factors
in murine model of AS. Furthermore, human PRP treatment was associated with a
higher number of IS and live-births. Our results suggest that human PRP treatment
may become a valuable strategy to promote the regeneration of damaged endometrium
and thus improve fertility and pregnancy outcomes in clinical practice.

Keywords: platelet-rich plasma, Asherman’s syndrome, thin endometrium, regeneration, pregnancy outcome

INTRODUCTION

The human endometrium undergoes cyclic regeneration and breakdown during the reproductive
years of a woman’s life (Chan and Gargett, 2006; Masuda et al., 2010). The endometrium is
composed of an upper functional layer and a lower basal layer. The basal layer is the source of
endometrial reconstruction, giving rise to the new functional layer at monthly intervals (Chan
and Gargett, 2006). Specifically, in each menstruation cycle, the superficial functional layer of the
endometrium is shed and reconstituted out of the underlying basal layer.
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In Asherman’s syndrome (AS), injury to the endometrium
due to repeated or aggressive curettage or endometritis causes
dysfunction of the endometrial regeneration process, resulting
in loss of functional endometrium and obliteration of the
uterine cavity due to intrauterine adhesion (Cervello et al.,
2015). Women with atrophic and/or fibrotic endometrium have
menstrual abnormalities, especially amenorrhea, and impaired
fertility manifesting as, reduced pregnancy rates, poor pregnancy
outcomes, and recurrent pregnancy loss (Conforti et al.,
2013). Current treatments for AS aim to improve endometrial
regeneration by using exogenous estrogen, low-dose aspirin,
vaginal sildenafil citrate, pentoxifylline, vitamin E, L-arginine,
colony-stimulating factor, and cytokines; however, such strategies
have had limited success (Senturk and Erel, 2008; Conforti et al.,
2013; Cervello et al., 2015). Recently, there has been a growing
interest in developing mesenchymal stem cell (MSC) therapy
for refractory endometrium, as the presence of endometrial
stem cells in the human endometrium is thought to play a role
in endometrial regeneration (Mouhayar and Sharara, 2017). In
particular, bone marrow-derived MSC (BM-MSC) therapy has
been shown to promote the reconstruction of murine and human
endometrium (Gargett and Healy, 2011; Cervello et al., 2015;
Mouhayar and Sharara, 2017). While various reports support
the use of stem-cell therapy in AS patients and refractory to
other treatment, stem-cell therapy has not been widely adopted
in clinical practice mainly because it involves very invasive and
expensive procedures such as bone marrow biopsy and cell
storing (Mouhayar and Sharara, 2017). It is desirable to identify
alternative treatment strategies that are safe, cost effective, and
convenient for the patients.

Platelet-rich plasma (PRP) infusion can promote tissue
regeneration in patients with various clinical conditions
including ulcers, burns, muscle damage, and bone disease,
as well as in patients recovering after surgery (Etulain et al.,
2018). PRP is an autologous concentration of platelets in a small
volume of plasma, containing more than 1,000,000 platelets per
microliter (Jang et al., 2017). PRP releases several growth factors
such as vascular endothelial growth factor, epidermal growth
factor, platelet-derived growth factor, transforming growth factor
(TGF), and other cytokines stored in the alpha granules of
platelets (Lee et al., 2013; Chang et al., 2015; Zadehmodarres
et al., 2017; Etulain et al., 2018). The released growth factors
modulate angiogenesis, remodel the extracellular matrix and
affect the recruitment proliferation, and differentiation of stem
cells (De Pascale et al., 2015; Burnouf et al., 2016; Etulain
et al., 2018). In contrast with other regenerative approaches
such as BM-MSC therapy, the use of PRP is considered safe
and affordable because it involves a less invasive procedure of
collecting blood from peripheral veins to produce PRP (Amable
et al., 2013; Chang et al., 2015; Jang et al., 2017; Etulain et al.,
2018). Some reports and pilot studies suggested that intrauterine
infusion of autologous PRP had a positive effect on endometrial
growth and/or pregnancy outcomes in patients with impaired
endometrial growth (Chang et al., 2015; Farimani et al., 2017;
Tandulwadkar et al., 2017; Zadehmodarres et al., 2017; Kim et al.,
2019). However, the scientific basis for the effect of human PRP
has not been clarified, which impedes the widespread adoption

of human PRP therapy for AS. Only one study applied molecular
biological experiments to quantify the effect of endometrial
regeneration after autologous PRP treatment in a rat model (Jang
et al., 2017), but did not conduct functional analysis to elucidate
the therapeutic role of PRP.

To evaluate the potential pharmacologic use of human PRP
in the clinical setting, we developed a murine model of AS
and conducted histological, biological, and functional analysis
to investigate whether human PRP administration could restore
endometrial function and improve pregnancy outcomes.

MATERIALS AND METHODS

Study Design
This study was approved by the Institutional Review Board (IRB
approval number, GCI-17-19) of the CHA Gangnam Medical
Center. For PRP preparation, blood samples were obtained
after the donors provided informed consent. All donors are
Asian females with ages ranging from 33 to 45 years (average
38.1 ± 3.5 years). All experiments utilizing animals were
approved by the Institutional Animal Care and Use Committee
(IACUC, approval number, 170088) of CHA University. The
animals were handled in strict accordance with the institutional
recommendations and best practices on the care and use of
laboratory animals. All efforts were made to minimize suffering.

Three experiments were conducted, each with a different
purpose: Experiment 1 to assess endometrial regeneration
(endometrium histology, expression of fibrosis-related
factors), Experiment 2 to evaluate implantation outcomes
at mid-gestation [number of implantation sites (IS), embryo
development, weight of IS], and Experiment 3 to evaluate
pregnancy outcomes (time to conceive, live-birth rate, litter size).
Three groups of 8-week old CB17 Prkdcscid/Ncrkoat female mice
with severe combined immunodeficiency (SCID) were evaluated
in all experiments: no uterine damage (Sham group), uterine
damage with no PRP treatment (AS group), and uterine damage
followed by PRP treatment (PRP-treated AS group). In AS mice
(mice with AS induced by uterine damage) used for Experiments
1 and 2, uterine horn damage was induced bilaterally and human
PRP was injected unilaterally (in the right horn) at 7 days after
AS induction (uterine horn damage). Thus, data pertaining
to AS mice from Experiments 1 and 2 were further stratified
according to whether they were obtained for the PRP-treated AS
horn (PRP-treated AS group) or for the untreated AS horn (AS
group). In Experiment 3, some AS mice received bilateral uterine
horn injury followed by bilateral PRP treatment (PRP-treated
AS group) at 7 days after AS induction, whereas other AS mice
received bilateral uterine horn injury with no PRP treatment (AS
group). An overview of the study design is provided in Figure 1.

Preparation of PRP
Platelet-rich plasma was used to observe the histological and
molecular biological effects using animal models. Blood samples
were obtained from six otherwise healthy female donors with
AS, with no active infection. A 22 mL volume of whole
blood was drawn from each donor using a syringe containing
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FIGURE 1 | Experimental design. Three experiments were performed to examine the therapeutic effect of human PRP on endometrial regeneration. In Experiment 1,
the mice were euthanized at 14 days after uterine horn damage (7 days after PRP treatment) and the effects on endometrial regeneration were assessed by
evaluating endometrial histology and expression of fibrosis-related factors. In Experiments 2 and 3, the mice were mated at 14 days after experiment initiation
(7 days after PRP treatment) and followed-up until mid-gestation and delivery, respectively. In Experiment 2, the mice were euthanized on day 12 of pregnancy to
examine the implantation sites. In Experiment 3, the pregnancy outcomes were evaluated.

3 mL of anticoagulant solution (citrate dextrose, ACD-A)
and prepared using a PRS Bio Kit (PRODIZEN, Inc., Seoul,
South Korea). The samples were centrifuged at 3,000 rpm for
5 min. After blood fractionation into three layers (plasma,
buffy coat, and erythrocyte fraction), the plasma and buffy coat
were separated. A syringe was used to extract approximately
0.5 mL of plasma and 0.2 mL of buffy coat (platelets and
leukocytes), obtaining 0.7 mL of PRP. Of the total PRP
volume collected for each donor, 150 µL was sent to the
laboratory to confirm the platelet concentration. Among the
samples harvested from the six donors, the mean concentration
of platelets was 232,200 cells/µL in the original sample and
1,871,000 cells/µL in the PRP.

Establishment of a Murine Model of AS
We used an optimized protocol to establish a murine model
of injury-induced AS. CB17 Prkdcscid/Ncrkoat female mice
with SCID were housed in the Animal Care Facility of CHA
University, under temperature- and light-controlled conditions
(12-h light/dark cycle), and fed ad libitum. SCID mice were used
for human PRP therapy on AS because they allow allogeneic and
xenogeneic grafts. Eight-week-old mice provided by KOATECH
(Pyeongtaek, Gyeonggi, South Korea) were used to establish an
AS murine model according to a previously published protocol,
with slight modifications (Alawadhi et al., 2014; Jun et al.,
2019). The mice were anesthetized via intraperitoneal injection
of tribromoethanol (avertin). A vertical incision was made in
the abdominal wall, and the uterus was exposed. A small
incision was made in each uterine horn at the utero-tubal
junction and bilateral injury to the uterine horns was induced
according to a standardized protocol; specifically, a 27-gauge

needle inserted through the lumen was rotated and withdrawn 10
times. Fibrotic lesions in the endometrial tissues were evaluated
by histological and collagen immunofluorescence staining as
described below.

Experimental Design
Animals in the Sham group did not undergo AS induction or
PRP treatment. Animals assigned to the AS mice and PRP-
treated AS group underwent AS induction without or with
PRP treatment. At 7 days after AS induction (Jun et al., 2019),
respectively, animals in the PRP-treated AS group were injected
with 0.02 mL of PRP in the injured horn using an embryo transfer
pipette, careful to fill the treated horn without invading the other
horn (Figure 1).

In Experiment 1, nine mice were used to evaluate the
effect of PRP on endometrial regeneration. The mice were
euthanized at 14 days from experiment initiation (7 days after
PRP treatment) and evaluated for cellular and molecular signs of
fibrosis and regeneration. Experiments included histological and
immunofluorescence staining, as well as measurement of fibrosis
marker expression levels.

In Experiment 2, 10 mice were mated with healthy males at
14 days after experiment initiation (7 days after PRP treatment).
On day 12 of pregnancy, the animals were sacrificed to evaluate
the number and weight of IS.

In Experiment 3, 16 mice were mated with healthy males at
14 days after experiment initiation (7 days after PRP treatment).
While all AS mice received injury to the bilateral uterine horns,
half received no PRP treatment, whereas the other half received
PRP treatment to the bilateral horns. Pregnancy outcomes
included the time to conceive, live-birth rate, and litter size.
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FIGURE 2 | Human PRP infusion improves regeneration of the damaged endometrium and down-regulates expression of fibrosis-related factors. (A) Design of
Experiment 1. In AS mice, PRP was injected only into the right horn at 7 days after inducing injury to the bilateral uterine horns. At 14 days, all mice were sacrificed
and the uterine horns were prepared for analysis. (B) Hematoxylin and eosin staining of the endometrial tissues to evaluate morphologic structures in the
PRP-treated horn of AS mice. (C) Masson’s trichrome staining to evaluate collagen deposition (blue) in the PRP-treated horns of AS mice. (D) Immunofluorescence
staining of collagen type 1A (COL1A1) in the PRP-treated horn of AS mice. Green and red indicate COL1A1 and nuclei, respectively. (E) RT-qPCR and (F) real-time
RT-qPCR analyses of expression of fibrosis-related factors in the PRP-treated horn of AS mice. Sham, n = 4; AS or PRP-treated AS, n = 5. *p < 0.01; Scale bar: 100
and 200 µm. AS, Asherman’s syndrome; PCR, polymerase chain reaction; PRP, platelet-rich plasma; RT-qPCR, reverse transcription-quantitative PCR.

Histological Staining
To investigate the endometrial structure, frozen uterine sections
(12 µm) were fixed in 4% paraformaldehyde and stained with
hematoxylin and eosin. The collagen areas were stained using
Masson trichrome to evaluate fibrosis. Under Masson trichrome
staining, the collagen fibers appeared stained in blue, the nuclei
appeared stained in black, and the background appeared stained
in red. The slides were examined using a suitable microscope
(Leica Biosystems, St. Louis LLC, DieMen, Netherlands).

Immunofluorescence Staining
To determine the expression of COL1A1 (1:200; NB600-408;
Novus Biologicals) (Jun et al., 2019) after uterine damage, frozen
uterine sections (12 µm) were fixed in 4% paraformaldehyde in
phosphate buffered saline (PBS) for 10 min at room temperature,
washed in PBS, and treated with 0.1% Triton X-100 for 10 min
at room temperature and washed in PBS. Non-specific staining
was blocked using protein block serum (Dako, Carpinteria, CA,
United States). The sections were then incubated overnight with
primary antibody at 4◦C, washed in PBS, and incubated with
secondary antibody (A-11001, 1:1000; Invitrogen) for 60 min
at room temperature. After three washes in PBS, the sections

were counterstained and mounted. Images were obtained using
a suitable microscope (Carl Zeiss, Oberkochen, Germany) and
analyzed using ZEN software (Carl Zeiss).

RNA Preparation and Polymerase Chain
Reaction Assays
Reverse transcription-quantitative polymerase chain reaction
(RT-qPCR) and real-time RT-qPCR analyses were performed
to evaluate the level of RNA expression of fibrosis-related
factors (Col1a1, Tgfβ1, Timp1). Uteri (four to six mice per
experimental group) were collected, immediately frozen in liquid
nitrogen, and individually prepared for total RNA extraction.
Total RNA was extracted from each uterine horn using Trizol
Reagent (Ambion, Carlsbad, CA, United States) according to
manufacturer’s instructions, and 2 µg of the extracted total
RNA was subjected to RT using M-MLV reverse transcriptase
(Promega, Madison, WI, United States) with random primers
and oligo dT for cDNA synthesis. The synthesized cDNA was
utilized for PCR with specific primers at optimized cycles.
Subsequently, adequate primer pairs were used for PCR. Real-
time RT-qPCR was performed by monitoring the increase in
fluorescence of the SYBR Green dye (iQ SYBR Green Supermix;
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FIGURE 3 | Infusion of human PRP is associated with better implantation outcomes. (A) Design of Experiment 2. In AS mice, injury was induced to the bilateral
uterine horns; at 7 days after bilateral injury, PRP was injected only in the right uterine horn. At 14 days after experiment initiation (7 days after PRP treatment), AS
mice were mated with fertile, healthy males. (B) Gross morphology of the implantation sites (IS) in AS mice with or without PRP. (C) The number of the IS in the
PRP-treated horn of AS mice. (D) Photographs of embryos isolated from the IS on day 12 of pregnancy. (E) A graph for the weights of IS between the AS group and
the PRP-treated AS group on day 12 of pregnancy. The horizontal yellow lines represent median values. Sham, n = 4; AS or PRP-treated AS, n = 5. *p < 0.01;
**p < 0.05. AS, Asherman’s syndrome; PRP, platelet-rich plasma.

Bio-Rad, Waltham, MA, United States) using a real-time PCR
detection system (Bio-Rad, Waltham, MA, United States). For
between-sample comparison of transcript levels, a standard
curve of cycle thresholds for several serial dilutions of a single
cDNA sample was established and then used to calculate the
relative abundance of each gene. The gene expression values
were then normalized to the relative amounts of rPL7 cDNA
(Deng et al., 2019). All PCR assays were performed in duplicate.
The identity of each amplicon was determined by the direct
sequencing method.

Statistical Analysis
All values represent means ± SD. Statistical analyses were
performed using the Kruskal–Wallis one-way ANOVA test for
more than two groups. Values of p < 0.05 were considered to
denote statistical significance. GraphPad Prism ver. 5 software
(GraphPad Software, La Jolla, CA, United States) was used for
statistical analysis.

RESULTS

Intrauterine Infusion of Human PRP
Restores Endometrial Structure and
Decreases Fibrosis in a Well-Established
Murine Model of AS
In Experiment 1 (Figure 2), the adequacy of the murine AS
model and the effect of human PRP treatment were assessed
at 14 days after injury to the uterine horns, that is, at 7 days
after PRP treatment. For this purpose, we conducted histologic

examinations. In tissue sections from injured uterine horns
that did not undergo PRP treatment (AS group), hematoxylin
and eosin staining revealed narrow endometrial lumen lined
by atrophic columnar epithelium, with degenerative changes,
loss of lumen, and little stroma (Figure 2B, middle panel).
However, proliferated glands and endometrial stromal cells
were observed in the PRP-treated AS group (Figure 2B,
right panel). Masson trichrome staining revealed that AS
horns had signs of endometrial fibrosis including endometrial
breakdown with trichrome-positive (blue) staining for collagen
and glycosaminoglycan deposits (Figure 2C, middle panel),
whereas collagen deposition was significantly lower in the PRP-
treated AS horn (Figure 2C, right panel). These results indicated
that PRP promoted the recovery of endometrial structure and
inhibited fibrosis after uterine horn injury.

PRP Treatment Decreases the
Expression of Fibrosis-Related Factors
Following Endometrial Injury
Immunofluorescence staining for COL1A1, a fibrosis-associated
factor, was performed to evaluate the extent of fibrosis
(Figure 2D). The expression of COL1A1 (green stain) was higher
in the untreated horn of AS mice (Figure 2D, middle panel) than
in the horns of Sham mice (Figure 2D, left panel), confirming
that endometrial fibrosis was induced by injury to the uterine
horn. However, the expression of COL1A1 was significantly lower
in the PRP-treated horn (Figure 2D, right panel) than in the
untreated horn of AS mice.

The expression of fibrosis-related factors including Col1a1,
Tgfβ1, and Timp1 was investigated using RT-qPCR and real-time
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FIGURE 4 | PRP treatment is associated with improved live-birth rates in mice with AS. (A) Design of Experiment 3. At 7 days after inducing injury to the bilateral
uterine horns, half of the AS mice received PRP treatment to the bilateral horns (PRP-treated AS group), whereas the other half were followed up without PRP
treatment (AS group). All mice were mated to healthy males at 14 days after experiment initiation. (B) Representative photographs of PRP-treated AS mice with pups
after successful delivery and of AS mice which failed to deliver. (C–E) Therapeutic effects of PRP on the time to conceive (C), delivery rate (D), and litter size (E) in
AS mice. Sham, n = 4; AS, n = 6; PRP-treated AS, n = 6. *p < 0.01; **p < 0.05. AS, Asherman’s syndrome; PRP, platelet-rich plasma.

RT-qPCR in Experiment 1 (Figures 2E,F). On RT-qPCR assay,
pronounced expression of fibrosis-related factors was noted in
the untreated horn of AS mice, which was significantly lower in
the PRP-treated AS horn. The results of the real-time RT-qPCR
assay confirmed that the expression of the three fibrosis-related
factors was significantly lower in the PRP-treated horn than in the
untreated horn of AS mice (Col1a1, 2.64 ± 0.25 vs. 5.99 ± 1.09;
Tgfβ1, 1.01 ± 0.54 vs. 4.42 ± 1.08; Timp1, 1.04 ± 0.48 vs.
3.09 ± 1.01, p < 0.01). These results indicate that human PRP
infusion helps reduce the expression of fibrosis-related factors
following endometrial injury.

PRP Treatment Enhances the Number of
Implantation Sites in the Damaged
Uterus
In Experiment 2 (Figure 3), the IS and embryos were investigated
to assess the effects of PRP treatment on growth and development
at day 12 of pregnancy (Figure 3B). The IS in Sham mice showed
normal gross morphology, whereas the IS in the untreated horn
of AS mice appeared abnormal and fewer in number. The number
of IS was significantly higher in the PRP-treated horn than in the
untreated horn of AS mice (Figure 3C; 4.67 ± 1.01 vs. 2.1 ± 0.75,
p < 0.01), but no delay in embryo development was observed

(Figure 3D). No significant differences were observed between
PRP-treated and untreated horns of AS mice in terms of the
distribution of weights of IS collected on day 12 of pregnancy
(Figure 3E; 112 ± 31.0 vs. 102 ± 30.4 mg). These findings suggest
that implantation potential can be substantially improved PRP
treatment, which was reflected in a higher number of IS in AS
mice treated with intrauterine PRP infusion.

PRP Treatment Improves Live-Birth Rate
in Mice With AS
In Experiment 3 (Figure 4), Sham mice took an average of
2.2 ± 1.17 days to conceive, as confirmed by vaginal plug smears
conducted daily starting on the morning after the female was
mated with a fertile male. However, an average of 21.5 ± 1.64 days
were required for AS mice (Figure 4C), compared to only
6.5 ± 1.05 days for PRP-treated AS mice (p < 0.01). These results
indicate that implantation was impeded by endometrial injury
but could be restored by PRP treatment, though not to pre-injury
levels. While all Sham mice gave birth to live pups, AS mice did
not give birth to any live pups (Figure 4D), and most PRP-treated
AS mice delivered healthy pups (83.3%) (p < 0.01). Because
AS mice failed to deliver, litter size could not be compared for
this group (Figure 4E). Although litter size was smaller among
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PRP-treated AS mice than among Sham mice (p < 0.01), PRP
treatment clearly improved the rate of live-births since AS mice
failed to deliver.

DISCUSSION

Several studies have suggested that PRP may be useful as
an adjuvant treatment for endometrial injury (Chang et al.,
2015; Farimani et al., 2017; Jang et al., 2017; Tandulwadkar
et al., 2017; Zadehmodarres et al., 2017). However, these were
only pilot studies or case reports that did not include a
functional analysis investigating the practical effectiveness of
human PRP infusion. To clarify the scientific basis for the
effect of PRP treatment, we examined whether intrauterine
infusion of human PRP can promote endometrial regeneration
after endometrial injury and improve uterine function in a
murine model of AS. The histologic and biologic analysis
of uterine tissue indicated that PRP treatment restored
histological structure and reduced expression of fibrosis-related
factors. Furthermore, PRP treatment enhanced implantation
outcomes and helped the mice carry the pregnancy to
term, with delivery of viable offspring. It is important to
underline that the present study establishes the theoretical
basis for the clinical use of autologous PRP in women with
refractory endometrium.

Adequate endometrial development plays a crucial role in
the success of pregnancy. In AS, the process of endometrial
regeneration is disrupted due to repeated trauma and
inflammation, resulting in the formation of intrauterine
adhesions (Cervello et al., 2015). Extensive evidence suggests that
endometrial injury leads to poor growth of the glandular
epithelium, high uterine blood flow impedance, poor
angiogenesis, and the release of factors stimulating the formation
of fibrotic tissue into the intrauterine environment (Shaffer,
1986; Miwa et al., 2009; Conforti et al., 2013; Mahajan and
Sharma, 2016; Jang et al., 2017), which explains the association
of AS with a high rate of infertility and miscarriage, poor
implantation outcomes following in vitro fertilization, and
abnormal placentation (Yu et al., 2008; Deans and Abbott, 2010;
Conforti et al., 2013).

Several therapeutic options for AS aim to restore and
rebuild the endometrium. Many authors have proposed extended
exogenous estrogen administration to encourage the growth
of residual endometrium, but there is no consensus regarding
treatment duration, dosage, or method of administration
(Conforti et al., 2013). Low-dose aspirin and pentoxifylline did
not exhibit consistent effect in improving endometrial thickness
(Mouhayar and Sharara, 2017), whereas vaginal sildenafil was
reportedly effective for improving endometrial thickness and
endometrial blood flow (Conforti et al., 2013). However, none
of the proposed strategies have been sufficiently successful to
be deemed suitable for AS treatment in the clinical setting (Yu
et al., 2008; Jang et al., 2017). While the use of granulocyte-colony
stimulating factor seems effective in improving endometrial
thickness and possibly pregnancy rates, the studies reporting
such results had small samples and did not apply a uniform

treatment protocol, differing in terms of timing and dosage
(Mouhayar and Sharara, 2017).

Recent interest has focused on the intrinsic capacity
of endometrial regeneration, which normally occurs after
menstruation and delivery because endometrial stem cells are
present in both the basal and functional layers of the human
endometrium (Conforti et al., 2013; Mouhayar and Sharara,
2017). Endogenous MSCs have been shown to contribute to
the repair of damaged endometrium in various animal models
(Alawadhi et al., 2014; Corradetti et al., 2014; Ding et al.,
2014; Jing et al., 2014; Kilic et al., 2014). One study assessed
the engraftment and proliferation of human BM-MSCs in a
murine model of AS (Cervello et al., 2015), obtaining evidence
for the clinical application of autologous BM-MSC therapy
for AS in humans. A pilot cohort study of 16 patients with
AS confirmed the clinical effectiveness of autologous BM-MSC
therapy (Santamaria et al., 2016). However, the adoption of
stem-cell therapy in clinical practice remains challenging because
it requires expensive and invasive procedures, optimization of
culture conditions, precise dosage of the cell infusion, and
adequate means of cell transplantation (Jing et al., 2014).

Since PRP is prepared from autologous blood collected from
a peripheral vein, therapy with PRP infusion is considered to
safe. Moreover, the procedure of PRP preparation is convenient,
affordable, and painless for patients because blood collection
is relatively non-invasive. Importantly, PRP has been shown to
improve the regeneration of various tissues due to release of
several growth factors, cytokines, and chemokines stored in the
alpha granules of platelets (Etulain et al., 2018). These molecules
modulate angiogenesis, remodel the extracellular matrix, and
affect the recruitment, proliferation, and differentiation of stem
cells (Etulain et al., 2018). For this reason, use of PRP to promote
tissue growth and repair has found application in several fields of
regenerative medicine including orthopedics, dental and plastic
surgery, ophthalmology, and dermatology (Tian et al., 2018).

To date, few studies have examined the potential of
PRP application for restoring the damaged endometrium
(Zadehmodarres et al., 2017). Such investigations reported that
PRP treatment led to increased endometrial thickness (confirmed
on ultrasonography), improved pregnancy rates (confirmed on
clinical pregnancy tests), and improved rate of live-births (Chang
et al., 2015; Farimani et al., 2017; Zadehmodarres et al., 2017; Kim
et al., 2019). However, it is not clear whether the improvement
was directly caused by PRP treatment. Experimental evidence
remains inadequate due to lack of objective validity. One
animal study demonstrated that autologous PRP treatment
improved regeneration of damaged endometrium in female rats,
as confirmed by histologic analysis and real-time PCR assays
for the expression of factors involved in endometrial regulation
and development (Jang et al., 2017). Nevertheless, that study was
not able to confirm the effectiveness of human PRP and did
not evaluate uterine function. In the present study, we evaluated
the ability to regenerate the endometrium and the outcomes of
mating in a murine model of AS with or without human PRP
infusion. While our data have some limitation that hormonal
profiles of donors could affect therapeutic potentials of their
PRP, all PRP from different donors provided similar results,
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reinforcing that PRP could restore damaged endometrium. It is
noteworthy that we were able to quantify both implantation and
pregnancy outcomes, finding that PRP treatment significantly
improved the number of IS and supported the ability to carry
the pregnancy to term, leading to live-births in 83.3% of
PRP-treated AS mice, whereas all AS mice failed to deliver.
The time to conceive was also improved with PRP treatment.
Whereas there is a practical limitation that human PRP was
administered into the mouse uterus with AS, our present results
provide strong evidence supporting the ability of human PRP to
promote regeneration of endometrial function and to improve
pregnancy outcomes.

The results suggest that PRP infusion may be a useful
strategy for treating impaired endometrial function in the
clinical setting. A further important task is to determine
which PRP components improve which regenerative pathways,
as well as to explore the underlying mechanisms. Although
there was little evidence on how PRP helped endometrial
regeneration, a recent study examined the effects of PRP on
the biological responses of different human endometrial cells
and on the expression of several pro-inflammatory cytokines,
chemokines, and matrix metalloproteinases, concluding that
PRP promotes endometrial regeneration at a cellular level
(Aghajanova et al., 2018). Another study demonstrated that PRP
up-regulates the expression of genes that play an important
role in reproduction, such as estrogen receptor alpha and
beta, as well as the progesterone receptor in cultured bovine
endometrium (Marini et al., 2016). Our present findings add
important context to these previous observations that PRP
treatment affects the gene expression of pro-inflammatory factors
and endometrial proliferation in vitro, highlighting the usefulness
of in vivo investigations of the effect of PRP treatment in
murine models of AS.

Current treatment modalities for women with impaired
endometrial function are of limited efficacy; however, clinical
trials to evaluate the regenerative properties of PRP have
recently been initiated. While previous studies have suggested
PRP may help treat impaired endometrial function in humans,
we demonstrate that human PRP helps down-regulate the
expression of fibrosis-related factors, restores uterine function
of impaired uterine horns, and improves implantation outcomes
following endometrial injury in mice, enabling full-term delivery
and improving the rate of live-births. These encouraging
findings establish the theoretical basis for the ability of PRP
to promote endometrial regeneration and improve pregnancy

outcomes, supporting the clinical application of PRP treatment
in women with compromised endometrium. However, it is
not clear whether the mouse model of AS recapitulates all
phenotypes of human patients with AS. Thus, further studies
are required for evaluating the usefulness of human PRP in the
murine model of AS.
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