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INTRODUCTION

A thin and damaged endometrium (Asherman’s syndrome) 

has been the most challenging problem in the management 
of infertile women who present with various clinical symp-
toms, such as amenorrhea, hypomenorrhea, recurrent preg-
nancy loss, or pregnancy complications.1,2 Asherman’s syn-
drome is usually characterized by poor growth of the glandular 
epithelium with little stroma, intrauterine adhesions or fibro-
sis, poor vascular development, and altered expression of ad-
hesion-related cytokines.3

Several treatments have been tried to restore endometrial 
function, which include exogenous estrogen, aspirin, vaginal 
sildenafil citrate, vitamin E, and pentoxifylline.4-7 Nonetheless, 
clinical outcomes are still poor.2 Recent studies have reported 
that bone marrow-derived stem cells (BMDSCs) can improve 
regeneration of damaged endometrium in murine models.8-11 
However, some issues are still unresolved with respect to the 
safety and usability of BMDSCs, including immunogenic reac-
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Purpose: To investigate whether autologous platelet-rich plasma (PRP) treatment can improve regeneration of the endometrium 
in an experimental model of ethanol-induced damage.
Materials and Methods: Sixty female Sprague-Dawley rats were randomly assigned into three groups: control group, ethanol 
group, and PRP-treated group (administration of 0.25 mL of PRP into both uterine cavities 72 hours after ethanol injection). After 
15 days of endometrial damage, all the animals were sacrificed during the estrous cycle, and samples were taken from the mid-
uterine horn. Functional and structural recovery of the endometrium was analyzed by hematoxylin-eosin (H&E) and Masson tri-
chrome (MT) staining, real-time polymerase chain reaction (PCR) assay, and immuno-histochemical (IHC) analyses.
Results: H&E and MT staining confirmed significantly decreased fibrosis and increased cellular proliferation in the PRP-treated 
group, compared to the ethanol group. The endometrial areas in the ethanol and PRP-treated groups were 212.83±15.84 μm2 and 
262.34±12.33 μm2 (p=0.065). Significantly stronger IHC expression of cytokeratin, homeobox A10 (HOXA10), vascular endothelial 
growth factor (VEGF), and Ki-67 was found in the PRP-treated group, compared to the ethanol group. In real-time PCR analyses, 
interleukin-1β mRNA was down-regulated, while c-Kit mRNA was up-regulated, in the PRP-treated group, compared to the etha-
nol group. 
Conclusion: Intrauterine administration of autologous PRP stimulated and accelerated regeneration of the endometrium and 
also decreased fibrosis in a murine model of damaged endometrium.
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tions and effect on endometrial proliferative disorders, such as 
endometriosis, infections, and invasive process of harvesting.12,13

Platelet-rich plasma (PRP) is composed of serum containing 
a platelet concentration of more than 1,000,000 platelets per 
cubic microliter, which is a rich source of growth factors having 
angiogenic and mitogenic properties, including platelet-de-
rived growth factor (PDGF), transforming growth factor-beta 
(TGF-β), epidermal growth factor (EGF), fibroblast growth fac-
tor (FGF), and vascular endothelial growth factor (VEGF).14,15 
These growth factors have been demonstrated to play a role in 
modulation of endometrial cell proliferation and differentia-
tion.16-18 Therefore, PRP is expected to have beneficial effects on 
damaged endometrium. Moreover, the use of PRP is consid-
ered safe based on long-term clinical experience, and it can 
be much more easily obtained, compared to BMDSCs.19

Several papers describing the specific use of ethanol in ani-
mal models have been published.10,20,21 In the present study, we 
investigated whether PRP treatment can have a beneficial effect 
in a murine model of thin and damaged endometrium.

       

MATERIALS AND METHODS

Experimental animals
Female, adult Sprague-Dawley rats (n=60), weighing approxi-
mately 201.7 g (range, 183.0−215.6 g) each, were used. In our 
laboratory, two rats were housed together in a standard ani-
mal cage (420×270×180 mm). Rats had free access to water 
and pellets, were housed in a light-controlled room with 13 
hours of light (7 AM−8 PM) and 11 hours of darkness, and were 
maintained at a temperature of 22 to 24ºC. All procedures 
were supervised by a veterinarian. The study was approved by 
the Korea University School of Medicine Institutional Animal 
Care and Use Committee (KUIACUC-2014-194).

Groups and treatments
The rats were randomly assigned into three groups: sham-op-
erated (control) group I, injection of physiological saline in the 
uterine horns; ethanol group II, injection of 95% ethanol into 
the uterine horns to induce damage, without PRP treatment; 
or PRP-treated group III, administration of PRP at 72 hours af-
ter damage as described in Fig. 1. After 7 days of acclimation, 
the animals were anesthetized for the surgical procedures with 

intramuscular injection of a mixture of 0.07 mL of Tiletamine 
plus Zolazepam (Zoletil 50, Virbac, Carros, France), 0.05 mL 
of xylazine (Rompun, Bayer Korea, Seoul, Korea), and 0.1 mL 
of normal saline. The uterine horn was exteriorized, and small 
curved hemostatic forceps were used to clamp each uterine 
horn near the cervix. While rats in the experimental groups (the 
ethanol and PRP-treated groups) were administered 0.5 mL of 
95% ethanol into each uterine cavity with a 1 mL-syringe with a 
30-gauge needle, each rat in the control group was adminis-
tered normal saline. After 3 days of endometrial damage, each 
rat in the PRP-treated group was administered 0.25 mL of PRP 
into both uterine cavities as the same manner initially, while 
rats in the control and ethanol groups were administered nor-
mal saline. After 9 days of post-modeling, all the animals were 
treated intramuscularly with pregnant mare serum gonado-
tropin, which has been shown to induce ovulation at any stage 
of the estrous cycle in adult rats, and the estrous cycle was veri-
fied by daily vaginal smears within 3 days.22 Uterine horns were 
immediately excised after the animals were sacrificed and 
placed into 4% paraformaldehyde for further research. The 
samples were taken from the mid-uterine horn; the marginal 
portions of the upper and lower parts of the uterine horn were 
disregarded.
       

Blood collection and preparation of PRP
A total of 1.5 mL of whole blood was withdrawn into a sterile 
tube containing 0.35 mL of 10% sodium citrate via the retro-or-
bital plexus puncture in the anesthetized rat using a glass cap-
illary tube. The blood underwent the first centrifugation at 160 
g for 20 minutes at a temperature of 22ºC and then separated 
into three layers: the plasma, the buffy coat (platelets and leu-
kocytes), and the erythrocytes. The layer just above the line 
dividing two fractions of the buffy coat and the red blood cells 
was then extracted and transferred to a new sterile tube. This 
layer underwent another centrifugation at 400 g for 15 minutes, 
and the platelets were allowed to sediment at the bottom of 
the tube. The lower half of the PRP layer was carefully collected 
using a pipette, and the upper half of the platelet-poor plasma 
layer was discarded. To activate the PRP, 0.15 mL of 3% calci-
um chloride was added into the liquid PRP, which then changed 
into a semi-solid, jelly-like structure. The autologous PRP was 
then carefully collected and administered into both uterine 
cavities of rats in the PRP-treated group. Our preliminary study 
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Fig. 1. Outline of the experimental schedule. PRP, platelet-rich plasma; PMSG, pregnant mare serum gonadotropin.
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with 20 collected blood samples demonstrated that, by using 
this method, we could obtain relatively constant platelet con-
centrations of 2,018,000±33,941.1/μL and a total white blood 
cell count of 1,480±565.6/μL, with 4.8±6.7% neutrophils, using 
an XE-5000 cell counter (Sysmex Co., Kobe, Japan). The PRP 
produced and used in this study was classified as P4-x-Bβ ac-
cording to the PAW (platelet, activation, and white cells) clas-
sification system.23

       

Analysis of H&E staining 
The biopsy specimens were fixed for 24 hours in 10% formalin, 
embedded in paraffin, cut into 4-μm thick sections and stained 
with hematoxylin-eosin (H&E). Endometrial morphology was 
analyzed by H&E staining, and images were captured using 
the Olympus BX43 microscope (Olympus Co., Tokyo, Japan) 
equipped with a DP27 camera (Olympus Co.). Images were 
captured at magnifications of ×40 and ×400. To determine the 
area of the endometrium (μm2), each slide was analyzed in a 
double-blinded manner by two experts using image analysis 
software (ImageJ 1.49p, National Institutes of Health, Bethesda, 
MD, USA) by performing the following steps: 1) The basal en-
dometrial zone was outlined using area selection tools. 2)  ‘Clear 
Outside’ was pressed to make the area outside the outlined en-
dometrium part of the white background. 3) ‘Color Threshold’ 
was opened with the following parameters: Thresholding meth-
od, Default; Threshold color, Black & White; Color space, Lab; 
Dark background, checked. 4) To measure the total endometri-
al area, the brightness bar was adjusted to a point at which the 
total endometrial area was selected. 5) ‘Select’ was pressed to 
select the appropriate area. 

The selected area was measured. The global scale of the im-
age analysis was set at 6.21 pixels per µm, at a pixel ratio of 1.
       

MT staining
Collagen accumulation (mostly found in fibrous tissues) is 
known to be a major pathologic feature of fibrosis.24 Collagen 
fibers stain blue with Masson’s trichrome (MT), highlighting 
degrees of fibrosis, which can be used to determine a variety 
of pathologic fibrotic processes.9,25 To investigate the histologi-
cal assessment of the effect of PRP 12 days after the injection, 
we used MT to stain the collagen-rich fibrotic regions of par-
affin-embedded tissue sections to assess and visualize extents 
of fibrosis. To objectively quantify the severity of fibrosis in sec-
tions, five random sections of endometrial tissue slides were 
electronically scanned into a tagged image file format (TIFF) 
file at a magnification of ×400 and subsequently analyzed in a 
double-blind manner by two experts using a computerized im-
age analysis system as previously described.9 The amount of 
fibrosis (density and area) was then estimated from the TIFF 
image files.
       

IHC analysis
The growth of epithelial, stromal, and vascular cells was eval-

uated by immuno-histochemical (IHC) for cytokeratin (CK), 
homeobox A10 (HOXA10), VEGF, and Ki-67 using a diamino-
benzidine-based staining system (Golden Bridge International 
Inc., Bothell, WA, USA). After deparaffinization and rehydra-
tion, antigen retrieval was performed with 0.01 M sodium ci-
trate buffer (pH 6.0) using a water bath. The tissue sections 
were incubated in peroxide blocking buffer (ScyTek, Logan, UT, 
USA) for 10 min. Sections were then incubated with mouse 
monoclonal anti-pan CK antibody (ab7753; Abcam, Cambridge, 
UK) at a dilution of 1:250, rabbit monoclonal anti-Ki67 anti-
body (ab16667; Abcam) at a dilution of 1:100, rabbit polyclonal 
anti-HOXA10 antibody (orb13476; Biorbyt, Cambridge, UK) at 
a dilution of 1:250, and mouse monoclonal anti-VEGF antibody 
(ab1316; Abcam) at a dilution of 1:400. This was followed by a 
Polink-2 Plus horseradish-peroxidase (HRP) Anti-Mouse or 
Rabbit 3,3’-diaminobenzidene tetrahydrochloride (DAB) De-
tection kit (Golden Bridge International, Inc., Bothell) accord-
ing to the manufacturer’s instructions. For quantitative assess-
ment of cytoplasmic or nuclear protein expressions of CK, HOXA10, 
and VEGF IHC staining, five randomly selected fields per sec-
tion of endometrial tissue slides from at least 15 rats per group 
were electronically scanned into a TIFF image file at a magnifi-
cation of ×400. This assessment was subsequently analyzed in 
a double-blind manner by two experts using an open-source 
plug-in (IHC Profiler) compatible with t ImageJ software (1.49p, 
National Institutes of Health) as previously described.26 The 
total percentage intensity (sum of high positive intensity, me-
dium positive intensity, and low positive intensity) was used 
for the assessment of DAB images. For the quantitative analy-
sis of nuclear markers for Ki-67 IHC staining, publicly avail-
able ImmunoRatio software with an adjusted Advanced Mode 
setting was used along with threshold values for hematoxylin 
(+30) and DAB (-30).27

       

RNA extraction and quantitative real-time PCR
Uterine tissue (30−50 mg) was homogenized with the Precel-
lys® 24 tissue homogenizer (Bertin Technologies, Saint-Quen-
tin-en-Yvelines, France) twice for 20 seconds at a speed of 6000 
rpm with a 20-second pause between the homogenization 
steps. Total RNA was extracted using RNAiso Plus (9109; Ta-
kara Biotechnology Inc., Shiga, Japan) and treated with DNase I 
(18068-015; Invitrogen, Carlsbad, CA, USA). RNA yield was de-
termined by a NanoDropTM ND-1000 spectrophotometer at 
260/280 nm (NanoDrop Technologies Inc., Wilmington, DE, 
USA). First-strand cDNA was synthesized from 1 μg of RNA 
with a PrimeScriptTM RT reagent kit (RR037A; Takara Biotech-
nology Inc.) according to the manufacturer’s instructions. Re-
al-time polymerase chain reaction (PCR) measurement was 
performed on a CFX96 Touch qPCR system (Bio-Rad Labora-
tories, Foster City, CA, USA). Each PCR reaction contained 10 
ng of cDNA, iQ SYBR green Supermix (170-888; Bio-Rad Lab-
oratories), and 0.5 μM of each primer in a 20-μL reaction vol-
ume. The temperature profile was 95ºC for 3 minutes followed 



1198

Effects of PRP on Damaged Endometrium

https://doi.org/10.3349/ymj.2017.58.6.1195

by 40 cycles of amplification (95ºC for 30 seconds, annealing 
temperature for 45 seconds, and 72ºC for 30 seconds). Values 
were normalized to the housekeeping gene (β-actin). Gene 
expression was calculated manually by the 2-ΔΔCT method. As a 
result, we investigated the fold change in expression of the 
target genes including HOXA10, VEGF-A, c-Kit (CD117), oc-
tamer-binding transcription factor 4 (Oct-4), interleukin (IL)-
1β, IL-10, and nuclear factor-κB (NF-κB) relative to the inter-
nal control gene (β-actin). Primer sequences and annealing 
temperature are listed in Table 1.

Statistical analyses
All data are expressed as the mean±standard error of the mean 
for continuous variables and as numbers or percentages for 
categorical variables. The Kruskal-Wallis test was used to com-
pare differences in mean values for the three groups, and the 
Mann-Whitney test was used to compare two groups when the 
variable was continuous. Chi-square (χ2) tests were used to test 
independence of the categorical variables. p-values <0.05 
were considered statistically significant, and all statistical analy-
ses were performed using IBM SPSS Statistics software (ver-
sion 20, IBM Corp., Armonk, NY, USA).

       

RESULTS

H&E staining 
To evaluate endometrial damage and the effect of PRP in our 
murine model of damaged endometrium, H&E staining and 
MT staining were performed. Section from the uterus of rats in 
the ethanol group showed narrowed endometrial lumen lined 

by atrophic columnar epithelium with degenerative changes 
and loss of endometrial glands. However, in the PRP-treated 
group, we found that mitotic activities in the functional layer 
and endometrial basal layer were distinctively increased with 
prominent nucleoli, proliferated endometrial glands, and en-
dometrial stromal cells, compared to the ethanol group. Mean-
while, the surface epithelium was atrophic, compared to the 
control group (Fig. 2A). 

MT staining
MT staining was used to assess the extent of fibrosis. This stain-
ing indicated that the PRP-treated group showed inhibition of 
excessive collagen deposition up to the level of the control 
group. However, MT staining confirmed significantly increased 
collagen deposition (light blue color staining) in the ethanol 
group, compared to the PRP-treated group (p<0.001) (Fig. 2B 
and D).

Comparison of the endometrial area
The ethanol group and the PRP-treated group showed a signif-
icant decrease in the area of the endometrium, compared to 
the control group (Fig. 2C). The endometrial areas in the con-
trol, ethanol, and PRP-treated groups were as follows: 305.82± 
15.77 μm2, 212.83±15.84 μm2, and 262.34±12.33 μm2, respec-
tively (Fig. 2C). The endometrial area in the PRP-treated group 
showed an increasing trend, compared to the endometrial area 
in the ethanol group; however, the difference was not statisti-
cally significant (p=0.065).

IHC staining for CK, HOXA10, VEGF, and Ki-67
In the control group, IHC results showed that the expression 

Table 1. Primers Used for Real-Time PCR

Gene Type Sequence (5'-3')
Amplicon 
size (bp)

Annealing 
temperature (°C)

Accession ID

β-actin
Sense GTAGCCATCCAGGCTGTGTTG

  52 60 NM_031144.3
Antisense TGCCAGTGGTACGACCAGAG

HOXA10
Sense AGGACTCCCTGGGCAATTC

  83 60 XM_008762949.1
Antisense GTAAGGGCAGCGTTTCTTCC

IL-1β
Sense CCCTGCAGCTGGAGAGTGTGG

153 60 NM_031512.2
Antisense TGTGCTCTGCTTGAGAGGTGCT

IL-10
Sense CAGACCCACATGCTCCGAGA

141 60 NM_012854.2
Antisense CAAGGCTTGGCAACCCAAGTA

NF-kB
Sense GCTCAAGATCTGCCGAGTAAA

113 60 NM_199267.2
Antisense GTCCCGTGAAATACACCTCAA

VEGF-A
Sense TCACCGGAAAGACCGATTAAC

  93 60 NM_001287114.1
Antisense CCCTTCATGTCAGGCTTTCT

c-Kit (CD117)
Sense CTGGTGGTTCAGAGTTCCATAGAC

401 65 NM_022264.1
Antisense TCAACTACCTTCCCAAAGGCACCA

Oct-4
Sense GGCTGGACACCTGGCTTCAGA

142    63.8 NM_001009178.2
Antisense TGGTCCGATTCCAGGCCCA

PCR, polymerase chain reaction; HOXA10, homeobox A10; IL, interleukin; NF-κB, nuclear factor-κB; VEGF, vascular endothelial growth factor; Oct-4, octamer-
binding transcription factor 4.
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of CK was mainly localized in the cytoplasm of the endometrial 
epithelial cells and endometrial glands; whereas, the expres-
sions of VEGF and HOXA10 were observed in the endometrial 
stromal cells, endometrial glands, and endometrial epithelial 
cells. IHC nuclear staining for Ki-67 was mainly observed in 
the endometrial stromal cells and endometrial glands (Fig. 3A-
D). Compared to the control group, quantitative comparison 
of IHC staining in the ethanol group showed significantly de-
creased expressions of CK, HOXA10, VEGF, and Ki-67. The ex-
pression of these factors was significantly higher in the PRP-
treated group, compared to the ethanol group. In addition, there 
was no significant difference in the expression of CK, HOXA10, 
and Ki-67 between the PRP-treated group and the control group 
(Fig. 3E and F).

Real-time PCR assays for the expression of HOXA10, 
VEGF-A, c-Kit, Oct-4, IL-1β, IL-10, and NF-κB mRNA
The real-time PCR results for HOXA10 and VEGF-A showed 
significantly increased expression of HOXA10 (p=0.007) in the 
PRP-treated group, compared to the ethanol group and con-
trol group; however, no significant change in the expression of 
VEGF-A was noted (Fig. 4A). In addition, we found a significant 
up-regulation of c-Kit mRNA in the PRP-treated group, com-
pared to the ethanol group (p=0.001). Expression of Oct-4 
mRNA was significantly decreased in both the ethanol and PRP-
treated groups, compared to the control group (p<0.05); how-
ever, there was no difference between the PRP-treated group 
and the ethanol group (Fig. 4B). The expression of pro-inflam-
matory cytokine, IL-1β mRNA, was found to be significantly 
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Fig. 2. Comparison of the endometrial morphology, area, and extent of fibrosis. (A) On H&E staining, distinctive morphological changes in the endome-
trial characteristics were found in the glands, epithelial lining, and stroma between the ethanol group and the PRP-treated group. (B) On MT staining, 
the collagen-deposited fibrotic regions were shown in blue, and the extent of these regions was increased in the ethanol group compared to the other 
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Mann-Whitney test. All images were captured at magnifications of ×40. H&E, hematoxylin-eosin; PRP, platelet-rich plasma; MT, Masson Trichrome.
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up-regulated in the ethanol group, compared to the PRP-treated 
group (p=0.002) (Fig. 4C). IL-10 mRNA was prominently up-reg-
ulated in both the ethanol and PRP-treated groups, compared 
to the control group; no difference was observed upon com-
paring the PRP-treated group to the ethanol group. No signifi-
cant change was found in the expression of NF-κB among the 
three groups.
       

DISCUSSION

The results of this study suggest that intrauterine administra-
tion of autologous PRP exerts proliferative and anti-fibrotic 
effects on damaged endometrium. PRP is known to contain a 
number of growth factors and cytokines that may aid in accel-
erating cell proliferation, angiogenesis, and cell migration, re-
sulting in rapid healing and tissue regeneration.14-18 Although 
there have been no specific studies assessing the effects of PRP 
on the endometrium, its major growth factor, PDGF, has been 
demonstrated to play several important roles in cellular prolif-
eration within the endometrium.16,17,28,29 Other growth factors, 
including EGF, FGF, TGF-α, and TGF-β, insulin-like growth 
factor, and colony-stimulating factor, and their receptors have 
been identified and are considered to be involved in an auto-
crine and paracrine role in modulation of endometrial cell gr-
owth, differentiation, and implantation.16-18

In addition, to the best of our knowledge, this is the first study 
to show, using a model of damaged endometrium, that autol-
ogous PRP can enhance proliferation of the endometrium, and 
also decrease the degree of fibrosis. There has been a study 
demonstrating the anti-fibrotic effect of PRP on skeletal mus-
cle healing after injury.25 The results of the present study, how-

ever, indicated that PRP inhibited excessive collagen deposi-
tion, suggesting that treatment with PRP may decrease the pro-
gression of fibrosis in damaged endometrium.

Our analysis on the expression of Ki-67, CK, VEGF, and HOXA10 
showed significant semi-quantitative differences between the 
PRP-treated and ethanol groups. In the present study, an in-
creased level of Ki-67 expression was noted in the PRP-treated 
group, compared to the ethanol group, indicating cellular pro-
liferation in the endometrium. The staining intensity of CK was 
also significantly stronger in the PRP-treated group, compared 
to the ethanol group, and was predominantly located in the 
epithelial cells lining the glands and the layer of columnar ep-
ithelium. Since CK is used as a cellular marker for the epitheli-
um, our results indicated that PRP may accelerate induction 
of endometrial epithelial differentiation. Our analysis also in-
cluded checking the status of the stromal endometrium for 
the possible use of vimentin (data not shown), a stromal cell 
marker. However, we found that vimentin was localized in the 
stromal cells and in endometrial epithelial cells, making it a 
relatively non-specific marker for immunostaining of this ani-
mal model.

On the other hand, HOXA10 is found to be an important 
transcription factor for many target genes involved in regulat-
ing endometrial function and development during the men-
strual cycle, along with endometrial receptivity for establish-
ing the necessary conditions for implantation in humans and 
mice.30 Additionally, VEGF is known to play a central role in 
angiogenesis and in the regulation of vasculogenesis; it is also 
found to be expressed and to optimize blastocyst implantation 
by mediating vascular permeability.31 In the present study, the 
expressions of HOXA10 and VEGF in the PRP-treated group 
were significantly increased on IHC staining, compared to 
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those in the ethanol group. Similar results were also observed 
for mRNA expression of HOXA10 in real-time PCR. These re-
sults provided correlative evidence for the possible use of PRP 
in achieving implantation with improvement in uterine vascu-
larization and endometrial receptivity.

PRP has been demonstrated to have an anti-inflammatory 
potential.32 In the present study, using real-time PCR, we de-
tected the gene expression of IL-1β mRNA, IL-10 mRNA, and 
NF-kB mRNA. Since excessive damage to the endometrium 
caused by 95% ethanol induced a high inflammatory response, 
the results of these markers showed generally up-regulated 
gene expressions, especially IL-1β and IL-10 mRNA, in the treat-
ed groups, compared to the control group. Although no statis-
tically significant differences were found in IL-10 and NF-kB 
mRNA between the ethanol-treated and PRP-treated groups, 
the expression level of pro-inflammatory cytokine, IL-1β mRNA, 
was found to be significantly decreased in the PRP-treated 
group, compared to the ethanol group, suggesting an anti-in-
flammatory potency of PRP. Further investigation is needed 
for proper elucidation of immunomodulatory effects of PRP 
since ethanol may affect the nuclear translocation of NF-κB 
and inflammatory cytokine production.33,34

The stem/progenitor cells detected in the basal layer of en-
dometrium are thought to be associated with regeneration of 
damaged endometrium.35 More recently, several studies re-
ported that BMDSCs can be recruited to and have a therapeu-
tic effect on damaged endometrium.8-11 However, the exact 
mechanisms are not known, and it is uncertain whether these 
cells engraft the endometrium or whether they cooperate with 
other factors that stimulate endometrial stem cells and aid in 
endometrial repair.9 In the present study, the PRP-treated group 
showed a statistically significant increase in the mRNA level of 
c-Kit, compared to the ethanol group; in another study, c-Kit 
was found to be a typical stem cell marker in the human endo-
metrium.36 These results are in line with previous findings and 
led us to consider, based on our own study, that endometrial 
stem cells may be involved in the proliferative and anti-fibrot-
ic effects of PRP on damaged endometrium.37 PRP may exert 
these potential beneficial effects by stimulating the endome-
trial stem cells and promoting regeneration; hence, the com-
bined use of PRP and stem cells may improve the outcome of 
treatment for damaged endometrium.

A few studies have already been published showing the ben-
eficial effect of PRP in the endometrial growth and pregnancy 
outcome.38-40 We are currently doing a preliminary clinical trial 
of PRP in infertile patients with a thin, homogenous, poorly de-
veloped endometrial lining. To date, the trial shows improve-
ment of sonographic appearances such as a triple-line endo-
metrial pattern and endometrial thickness (data not shown). 
In conclusion, this study showed positive effects of PRP as a po-
tential novel treatment for women with a poor endometrium 
or a thin uterine lining unresponsive to standard treatments. 
Obviously, the clinical application of PRP and its effects on poor 

endometrium are still at a preliminary stage, and a lack of stan-
dardized preparation of PRP makes it difficult to establish an 
appropriate application. Further investigations and clinical 
trials are warranted for the optimization of PRP preparation 
along with a larger randomized study to determine the effect 
of PRP in poorly responding and repeated implantation failure 
patients due to thin and damaged endometrium.

ACKNOWLEDGEMENTS

This study was supported by the National Research Founda-
tion of Korea (NRF) (R1304231) and a Korea University Grant 
(K1507851).

REFERENCES

1. Gargett CE, Healy DL. Generating receptive endometrium in Ash-
erman’s syndrome. J Hum Reprod Sci 2011;4:49-52.

2. Senturk LM, Erel CT. Thin endometrium in assisted reproductive 
technology. Curr Opin Obstet Gynecol 2008;20:221-8. 

3. Yu D, Wong YM, Cheong Y, Xia E, Li TC. Asherman syndrome--one 
century later. Fertil Steril 2008;89:759-79. 

4. Chen MJ, Yang JH, Peng FH, Chen SU, Ho HN, Yang YS. Extended 
estrogen administration for women with thin endometrium in fro-
zen-thawed in-vitro fertilization programs. J Assist Reprod Genet 
2006;23:337-42.

5. Khairy M, Banerjee K, El-Toukhy T, Coomarasamy A, Khalaf Y. 
Aspirin in women undergoing in vitro fertilization treatment: a 
systematic review and meta-analysis. Fertil Steril 2007;88:822-31.

6. Sher G, Fisch JD. Effect of vaginal sildenafil on the outcome of in 
vitro fertilization (IVF) after multiple IVF failures attributed to poor 
endometrial development. Fertil Steril 2002;78:1073-6.

7. Takasaki A, Tamura H, Miwa I, Taketani T, Shimamura K, Sugino 
N. Endometrial growth and uterine blood flow: a pilot study for im-
proving endometrial thickness in the patients with a thin endo-
metrium. Fertil Steril 2010;93:1851-8. 

8. Cervelló I, Gil-Sanchis C, Santamaría X, Cabanillas S, Díaz A, Faus 
A, et al. Human CD133(+) bone marrow-derived stem cells pro-
mote endometrial proliferation in a murine model of Asherman 
syndrome. Fertil Steril 2015;104:1552-60.e1-3.

9. Alawadhi F, Du H, Cakmak H, Taylor HS. Bone Marrow-Derived 
Stem Cell (BMDSC) transplantation improves fertility in a murine 
model of Asherman’s syndrome. PLoS One 2014;9:e96662. 

10. Jing Z, Qiong Z, Yonggang W, Yanping L. Rat bone marrow mes-
enchymal stem cells improve regeneration of thin endometrium 
in rat. Fertil Steril 2014;101:587-94. 

11. Zhao J, Zhang Q, Wang Y, Li Y. Uterine infusion with bone marrow 
mesenchymal stem cells improves endometrium thickness in a 
rat model of thin endometrium. Reprod Sci 2015;22:181-8.

12. Du H, Taylor HS. Contribution of bone marrow-derived stem cells 
to endometrium and endometriosis. Stem Cells 2007;25:2082-6.

13. Figueira PG, Abrão MS, Krikun G, Taylor HS. Stem cells in endo-
metrium and their role in the pathogenesis of endometriosis. Ann 
N Y Acad Sci 2011;1221:10-7. 

14. Marx RE. Platelet-rich plasma (PRP): what is PRP and what is not 
PRP? Implant Dent 2001;10:225-8.

15. El-Sharkawy H, Kantarci A, Deady J, Hasturk H, Liu H, Alshahat 
M, et al. Platelet-rich plasma: growth factors and pro- and anti-in-
flammatory properties. J Periodontol 2007;78:661-9.

16. Chan RW, Schwab KE, Gargett CE. Clonogenicity of human en-



1203

Hang-Yong Jang, et al.

https://doi.org/10.3349/ymj.2017.58.6.1195

dometrial epithelial and stromal cells. Biol Reprod 2004;70:1738-50.
17. Chegini N, Rossi MJ, Masterson BJ. Platelet-derived growth factor 

(PDGF), epidermal growth factor (EGF), and EGF and PDGF beta-
receptors in human endometrial tissue: localization and in vitro 
action. Endocrinology 1992;130:2373-85.

18. Tang XM, Zhao Y, Rossi MJ, Abu-Rustum RS, Ksander GA, Chegini 
N. Expression of transforming growth factor-beta (TGF beta) iso-
forms and TGF beta type II receptor messenger ribonucleic acid 
and protein, and the effect of TGF beta s on endometrial stromal 
cell growth and protein degradation in vitro. Endocrinology 1994; 
135:450-9.

19. Everts PA, Knape JT, Weibrich G, Schönberger JP, Hoffmann J, 
Overdevest EP, et al. Platelet-rich plasma and platelet gel: a review. 
J Extra Corpor Technol 2006;38:174-87.

20. Jing Z, Hong G, Yanping L. Development of an animal model for 
thin endometrium using 95% ethanol. J Fert In Vitro 2012;2:4.

21. Li Y, Pan P, Chen X, Li L, Li Y, Yang D. Granulocyte colony-stimulat-
ing factor administration for infertile women with thin endome-
trium in frozen embryo transfer program. Reprod Sci 2014;21: 
381-5.

22. Kon H, Tohei A, Hokao R, Shinoda M. Estrous cycle stage-inde-
pendent treatment of PMSG and hCG can induce superovulation 
in adult Wistar-Imamichi rats. Exp Anim 2005;54:185-7.

23. DeLong JM, Russell RP, Mazzocca AD. Platelet-rich plasma: the 
PAW classification system. Arthroscopy 2012;28:998-1009. 

24. Wynn TA, Ramalingam TR. Mechanisms of fibrosis: therapeutic 
translation for fibrotic disease. Nat Med 2012;18:1028-40.

25. Terada S, Ota S, Kobayashi M, Kobayashi T, Mifune Y, Takayama 
K, et al. Use of an antifibrotic agent improves the effect of platelet-
rich plasma on muscle healing after injury. J Bone Joint Surg Am 
2013;95:980-8. 

26. Varghese F, Bukhari AB, Malhotra R, De A. IHC Profiler: an open 
source plugin for the quantitative evaluation and automated scor-
ing of immunohistochemistry images of human tissue samples. 
PLoS One 2014;9:e96801. 

27. Tuominen VJ, Ruotoistenmäki S, Viitanen A, Jumppanen M, Isola 
J. ImmunoRatio: a publicly available web application for quantita-
tive image analysis of estrogen receptor (ER), progesterone recep-
tor (PR), and Ki-67. Breast Cancer Res 2010;12:R56. 

28. Surrey ES, Halme J. Effect of platelet-derived growth factor on en-

dometrial stromal cell proliferation in vitro: a model for endome-
triosis? Fertil Steril 1991;56:672-9.

29. Munson L, Upadhyaya NB, Van Meter S. Platelet-derived growth 
factor promotes endometrial epithelial cell proliferation. Am J Ob-
stet Gynecol 1995;173:1820-5.

30. Bagot CN, Kliman HJ, Taylor HS. Maternal Hoxa10 is required for 
pinopod formation in the development of mouse uterine receptivi-
ty to embryo implantation. Dev Dyn 2001;222:538-44.

31. Tammela T, Enholm B, Alitalo K, Paavonen K. The biology of vas-
cular endothelial growth factors. Cardiovasc Res 2005;65:550-63.

32. Andia I, Maffulli N. Platelet-rich plasma for managing pain and in-
flammation in osteoarthritis. Nat Rev Rheumatol 2013;9:721-30.

33. Mandrekar P, Catalano D, Szabo G. Inhibition of lipopolysaccha-
ride-mediated NFkappaB activation by ethanol in human mono-
cytes. Int Immunol 1999;11:1781-90.

34. Szabo G, Mandrekar P, Catalano D. Inhibition of superantigen-in-
duced T cell proliferation and monocyte IL-1 beta, TNF-alpha, and 
IL-6 production by acute ethanol treatment. J Leukoc Biol 1995; 
58:342-50.

35. Cervelló I, Mas A, Gil-Sanchis C, Peris L, Faus A, Saunders PT, et al. 
Reconstruction of endometrium from human endometrial side 
population cell lines. PLoS One 2011;6:e21221. 

36. Cho NH, Park YK, Kim YT, Yang H, Kim SK. Lifetime expression of 
stem cell markers in the uterine endometrium. Fertil Steril 2004; 
81:403-7.

37. Gargett CE, Schwab KE, Deane JA. Endometrial stem/progenitor 
cells: the first 10 years. Hum Reprod Update 2016;22:137-63. 

38. Chang Y, Li J, Chen Y, Wei L, Yang X, Shi Y, et al. Autologous plate-
let-rich plasma promotes endometrial growth and improves preg-
nancy outcome during in vitro fertilization. Int J Clin Exp Med 2015; 
8:1286-90.

39. Nazari L, Salehpour S, Hoseini S, Zadehmodarres S, Ajori L. Effects 
of autologous platelet-rich plasma on implantation and pregnan-
cy in repeated implantation failure: a pilot study. Int J Reprod 
Biomed (Yazd) 2016;14:625-8.

40. Lange-Consiglio A, Cazzaniga N, Garlappi R, Spelta C, Pollera C, 
Perrini C, et al. Platelet concentrate in bovine reproduction: effects 
on in vitro embryo production and after intrauterine administra-
tion in repeat breeder cows. Reprod Biol Endocrinol 2015;13:65. 


