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Abstract

Introduction. Asherman syndrome (AS) is a symptomatic intrauterine adhesion caused by endometrial basal
layer fibrosis as a result of either uterine cavity surgery or infection leading to many complications. There is
a concern to repair the injured tissues by using bone marrow mesenchymal stem cells (BM-MSCs). We aimed
in this study to develop an animal model of AS and evaluate the anti-inflammatory and anti-fibrotic effects of
BM-MSC:s in this model through histological, immunohistochemical, and morphometric studies.

Material and methods. Forty-two adult female adult albino rats were divided into (i) donor group composed
of 2 rats used for isolation and propagation of BM-MSCs, and (ii) experimental groups: 40 rats equally divided
into 4 groups: Gpl (control), GpII (AS model), Gplll (BM-MSCs-treated AS rats), GpIV (untreated AS rats).
Histological staining and immunohistochemical (IHC) detection of proliferating cell nuclear antigen (PCNA),
vascular endothelial growth factor (VEGF), and nuclear factor-kappa beta (NF-«B) were performed. The results
were evaluated by morphometric and statistical analysis.

Results. Significant endometrial thinning, fibrosis, and degeneration of the endometrial epithelium with a signif-
icant decrease in PCNA and VEGF immunoexpression and a significant increase in NF-«B immunoexpression
were detected in GplI and GplIV groups. These changes were substantially reversed in BM-MSCs-treated animals.
Conclusions: BM-MSCs treatment resulted in substantial improvement of intrauterine adhesion in the rat model
of Asherman syndrome. (Folia Histochemica et Cytobiologica 2020, Vol. 58, No. 3, 208-218)
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Introduction

Asherman syndrome (AS) is a symptomatic intra-
uterine adhesion (IUA) caused by endometrial
basal layer fibrosis as a result of either uterine cavity
surgery or infection. This can lead to partial or com-
plete obstruction of the uterine cavity with abnormal
menstruation such as amenorrhea, hypomenorrhea,
and menorrhagia [1]. Besides, it could potentially
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corrupt the blastocyst implantation and impede blood
supply to the uterus and embryo, causing recurrent
miscarriage or infertility [2]. The incidence of AS has
been increasing over the last few decades because of
the expanding frequency of cesarean sections and
uterine medical procedures [3]. The main pathologic
issue is the avascular fibrous connective tissue (CT)
band with or without glandular tissue [4]. The current
treatment strategy of AS includes dilatation and curet-
tage, uterine balloon stent, and hormonal treatment
to restore normal endometrium [5]. However, this
strategy is characterized by a high failure rate due to
the recurrence of the adhesion [6].

The use of bone marrow mesenchymal stem cells
(BM-MSCs) opens a new era in repairing the tissue
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injury. BM-MSCs are adult stem cells that have the abil-
ity of self-renewal, transdifferentiation, and autotrans-
plantation without stimulation of immune rejection [7].
Mesenchymal stem cells (MSCs) have provided a novel
method in the treatment of fibrotic disease due to their
ability to evade the immune detection and secretion of
anti-inflammatory and anti-fibrotic mediators [8]. After
autotransplantation, they can migrate and accumulate
in the endometrial tissue. Thus, BM-MSCs treatment
may be a promising therapy for AS [9].

The development of an animal model of AS is
particularly essential for the study of AS phenotype,
pathogenetic mechanisms, and the development of
effective therapeutic strategies for the treatment
of AS [2]. Trichloroacetic acid (TCA) is a topically
applied chemical agent that is not absorbed system-
ically and denatures proteins, resulting in chemical
cauterization. Uterine TCA installation is a chemical
ablation technique that has been used previously in
humans to treat dysfunctional menstrual bleeding
[10]. It has been postulated that TCA could be used
experimentally to develop a model of AS in rat [11].

The aim of this study was to evaluate the possible
therapeutic anti-inflammatory and anti-fibrotic
effects of BM-MSCs in experimentally induced AS
model using histological, immunohistochemical
and morphometric studies.

Materials and methods

Design of the experiment. This study included 42 adult fe-
male Wistar albino rats (aged about 12 weeks), with average
body weight 200-220 g. Each group was kept in separate
wire cages at room temperature (about 25°C) in 12:12 h
light/dark cycle, fed ad libitum with free water access. All
procedures of the study protocol were approved by the
Institutional Animal Care and Use Committee of Cairo
University (CU-IACUC) with an approval number (CU-
III-F-28-18) and the principles of laboratory animal care.
Animals were divided into donor group and experimental
groups. The donor group included 2 rats used for stem cell
isolation, culture, phenotyping, and labelling.

The rats of the experimental groups were cycle synchro-
nized according to the vaginal smear examination. Daily
morning vaginal smear was performed and analyzed to assess
the estrous cycle. Rats with 4-5 days regular cycles were in-
cluded in the experiment. 40 rats were included and equally
divided into the following four groups (n = 10 each).

Gpl (control): The animals were equally subdivided into
2 subgroups (n = 5 each):

— subgroup Ia: normal rats, not subjected to any surgical
procedure;

— subgroup Ib: rats underwent a sham operation in which
the right (Rt) uterine horn was installed with 0.3 ml saline.
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GplII (AS model): the rats were anesthetized using an
intraperitoneal injection of ketamine (50 mg/kg) and placed
in a supine position. The inferior abdomen was shaved and
disinfected, then a midline incision (about 3 cm) was made.
For the trichloroacetic acid (TCA) injection (Istanbul Ilac
Sanayive Ticaret AS, Turkey), each uterine horn was iden-
tified and clamped with hemostatic forceps. Rt uterine horn
was injected with a single dose of 0.3 mL of 90% TCA using
an insulin needle. The peritoneum was irrigated with Ringer
solution and the abdominal wall was closed. Post-operative
analgesics and prophylactic antibiotics were supplied. Rats
were sacrificed in the estrus phase of the 3™ cycle (about
2 weeks) to assess the establishment of the model [10, 11].

GpIII (AS rats BMSCs-treated): after 2 weeks of the
modeling as in GpIIL, 1x 10° PKH26 labeled BM-MSCs
suspended in 1 ml of phosphate-buffered saline (PBS) were
injected into the tail vein of each rat. Then the animals were
sacrificed in the estrus phase of the 3™ cycle [12].

GplV (untreated AS): after 2 weeks of modeling, each
rat was injected via tail vein with 1ml PBS (solvent of BM-
MSCs). They were then sacrificed in the estrus phase of
the 3™ cycle.

Isolation and characterization of BM-MSC. Under com-
plete aseptic conditions, bone marrow was harvested from
the tibia and femur of 8-week-old male white Wistar rats
by flushing using low glucose Dulbecco’s Modified Eagle’s
Medium (DMEM) [Gibco, Gainesville, MD, USA], sup-
plemented with 10% fetal bovine serum [FBS, GIBCO/
/BRL]. The isolated cells were cultured in a growth medi-
um containing 1% penicillin/streptomycin [GIBCO] and
incubated in 5% humidified CO, at 37°C for about 2 weeks
as a primary culture or when large colonies appeared. At
80% confluence, the cells were washed with PBS. The cells
were trypsinized with 0.25% trypsin in 1mM ethylene-di-
aminetetraacetic acid for 5 min at 37°C. After centrifugation,
cells were resuspended with serum-supplemented medium
(10% FBS) and incubated in 50 cm? culture Falcon flask. The
subculture passage was done till the 3% passage to expand the
cell population [13]. BM-MSCs were characterized by their
adhesiveness and fusiform shape and with flow cytometry
(CYTOMICS FC 500, Beckman Coulter, Champaign, IL,
USA) identification of the mesenchymal stem cells surface
markers [14]. The BM-MSCs were positive for CD90 and
CD105 and negative for CD45 and CD34.

Labeling of BM-MSc with PKH26 fluorescent linker dye.
The MSCs were harvested during the 3 passage and labeled
with PKH26, a lipophilic red fluorescent linker dye (Cat. #
MINI26, Sigma Aldrich, St. Louis, MO, USA). It was used to
localize the injected stem cells in the uterine tissue. The BM-
MSCs were centrifuged and washed 2 times in serum-free
medium and pelleted. Then, they were incubated for 1 h (5%
CO, at 37°C) in a cocktail solution consisting of serum-free
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DMEM (83.3% vol/vol) and 1.1% of PKH26 dye solution
in diluent ad 100%. The staining was stopped according to
the manufacturer’s recommendations (SigmaAldrich). The
PKH26-labeled BM-MSCs were examined using phase-con-
trast Olympus CKX53 fluorescent microscope (Olympus,
Tokyo, Japan) and maintained in the growth medium for
the following experiment to be injected intravenously into
the rat tail vein [15] of the animals in the group GpIII of
rats (AS rats BMSCs-treated).

Vaginal smear examination. Vaginal smears were obtained
with a micropipette [16]. The tip of the micropipette was
filled with a small amount of saline (1-2 drops), then in-
serted into the vagina of the female rat. The vagina was
flushed 2-3 times with the saline and then the fluid was
placed onto a glass slide. The fluid was equally distributed
onto the slides and was spread out. Samples were left to
dry without fixation and then stained with 1% crystal violet.
Determination of the phases of the estrous cycle was made
using a light microscope.

Biological samples’ collection. The rats were euthanized
using an intraperitoneal injection of thiopental sodium-500
(90 mg/kg; EPICO, 10th of Ramadan City, Egypt). Specimens
of mid-portion of the Rt uterine horn were collected, fixed
in 10% formol saline, and processed into paraffin blocks.
Serial sections, 5-7 um thickness, were obtained and sub-
jected to fluorescent, histological and immunohistochemical
studies. The stained sections were examined by expertized
histologists using light microscope connected to Olympus
camera (BX-50 f4, Olympus Optical Co. Ltd., Japan). To
detect the homing of the PKH26-labeled BM-MSCs in
the uterine tissue, a reflected light fluorescent microscope
(Olympus) was used.

Histological studies. Hematoxylin and eosin (H&E) staining
was used for general morphological analysis [17] and Masson’s
trichrome staining to elucidate collagen deposition [18].

Immunohistochemistry. Anti-PCNA mouse monoclonal
antibody (Ab) (Cat. # MS106P Thermo Scientific Laborato-
ries, Fermont, CA, USA) was used as a standard marker for
the proliferating cells and anti-VEGF rabbit polyclonal Ab
[Boster Biological Technology, Pleasanton, CA, USA, Cat.
# PA1080] was applied to demonstrate neovascularization
in the endometrium [19].

Anti-NF-«B rabbit polyclonal Ab (Cat. # PA1669;
Boster Biological Technology) was used to detect this
transcription factor that links the pathogenic signals and
cellular danger signals.

Immunohistochemistry required pre-treatment by
boiling the deparaffinized sections in 10 mM citrate buffer
(Cat. # 005000) pH 6 for 10 min for the antigen retrieval.
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The sections were allowed to cool in RT for 20 min then
endogenous peroxidase activity was blocked by hydrogen
peroxide and the sections were then rinsed in PBS. Incuba-
tion with the primary Ab was performed for 1 h. The bioti-
nylated secondary Ab (Cat. # 62-9520; Life Technologies)
was applied. Immunostaining was completed by the use of
Ultravision One Detection System (Cat. # TL-060-HLJ;
Life Technologies). Adding of diaminobenzidine (DAB)
solution resulted in a brown-colored precipitate. Coun-
ter-staining was performed using Meyer’s hematoxylin (Cat.
# TA-060-MH; Life Technologies) to visualize the nuclei.
Negative controls were prepared using the same steps with
omitting the primary Ab.

Morphometry. Data were obtained using “Leica Qwin-500 C”
image analyzer (Cambridge, England) in the Histology
Department, Faculty of Medicine, Cairo University. The
slides were examined under the light microscope and ten
non-overlapping randomly selected low power fields (x 100)/
/slide were examined to measure: (i) the thickness of endo-
metrium and number of uterine glands in the H&E stained
sections (using interactive measuring menu); (i) relative area
of collagen deposition in Masson’s trichrome stained sections
(measured using the color detect menu with a standard meas-
uring frame with an area 116946.91 um?); (iii) the number of
PCNA positive (+ve) immunostained cells; (iv) relative area
of VEGF and NF-«B immunostained cells (areas of positivity
were measured using the color detect menu with a standard
measuring frame with an area 116946.91 um?).

Statistical analysis. The obtained measurements were
analyzed using the SPSS software version 16 (SPSS Inc.,
Chicago, IL, USA). Comparisons between different groups
were done using one-way analysis of variance (ANOVA)
test followed by a post-hoc Tukey test. Quantitative data
were summarized as means and standard deviations (SD).
The p-value of less than 0.05 was considered statistically
significant.

Results

Clinical observation

No death was registered in the experimental animals
nor changes in their conduct of the water and food
consumption.

Vaginal smear morphology

The estrous cycle was assessed by the daily morning
vaginal smears examination. The estrus phase was
identified by the presence of predominant cornified
squamous epithelial cells with no apparent nuclei.
Cells had an angular appearance and present in
densely packed clusters (Fig. 1).
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Figure 1. Photomicrographs of crystal violet stained vaginal smear showing different phases of estrous cycle of the rat. A.
Proestrus phase: rounded, well-formed nucleated epithelial cells with darkly stained nuclei present in clusters. B. Estrus
phase: predominant cornified squamous epithelial cells with no apparent nuclei, present in densely packed clusters. C.
Metestrus phase: the predominant cells are small darkly stained leukocytes with few scattered cornified squamous epithelial
cells. D. Diestrus phase: the predominant cells are leukocytes. Nucleated epithelial cells also present. Magnification: 400 X.

Characteristics of the BM-MSCs

Fluorescent microscopic examination of the un-
stained uterine sections of GplIII (AS rats BM-
SCs-treated group) revealed red fluorescent cells
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distributed within the regenerated endometrium
(Fig. 2), thus confirming that injected BM-MSCs
labeled with PKH26 fluorescent dye homed into
the uterus.
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Morphological observations

Effects of TCA instillation on the morphology

of rat uterus

Uteri of the control rats in the estrous cycle showed
thick endometrium harboring numerous uterine
glands, intact surface, and glandular epithelium with
highly cellular CT stroma containing numerous blood
vessels (Fig. 3A). These uterine changes define the
onset of the estrus phase. The model group exhibited
thin endometrium, few distorted glands, and little cel-
lularity of the fibrous stroma. In GpIV, the endometri-
um was thin with few glands and discontinuous surface
epithelium (Fig. 3B). Masson’s trichrome-stained

Figure 2. Photomicrograph of a section rat uterus of GplII uterine sections of Gpl showed fine collagen fibers

group. (White-arrows): red fluorescent cells. (PKH26 fluo- (Fig. 4A). In Gpll, marked collagen deposition in the
rescence, 200X). lamina propria of the thin endometrium was observed

X% Y,
ViR Nt

Figure 3. H&E-stained rat uterine sections. A. GplI (control): thick endometrium, numerous uterine glands (arrows) occupying
most of the endometrial thickness and lined with simple cuboidal cells with vesicular nuclei and vacuolated cytoplasm, and intact
surface epithelium. The lamina propria contains highly cellular connective tissue (CT) with stromal cells exhibiting vesicular
nuclei and many leukocytic infiltrations. B. GplI (AS model): pronounced thinning of the endometrium with few uterine glands
(arrow). C. GplII (AS rats BMSCs-treated): preserved endometrial thickness, numerous uterine glands (arrows), intact surface
epithelium and the stroma is highly cellular CT with many leukocytic infiltrations. D. GpIV (BMSCs-untreated AS rat): thin
endometrium, few endometrial glands (arrow), and discontinuous surface epithelium (curved arrow). Magnification: 100 X.
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Figure 4. Uterine sections stained by Massson’s trichrome method. A. Gpl (control): fine collagen fibers (arrow). B. GplIl
(AS model): coarse collagen deposition in the lamina propria. C. GpIII (AS rats BMSCs-treated): fine collagen fibers be-
tween stromal cells and surrounding the glands. (D) GpIV (untreated AS): coarse collagen deposition in the endometrial
stroma. Magnification: 100X.

(Fig. 4B). In GpIV, obvious coarse collagen deposition
in the stroma of the endometrium was noted (Fig. 4D).

Effects of BM-MSCs on the features of AS endometrium
Regenerated endometrium was noted in GplII that
showed thick endometrium, numerous uterine glands,
intact surface epithelium and highly cellular stroma
with numerous leukocytic infiltrations (Fig. 3C). Be-
sides, fine collagen fibers between the stromal cells,
and surrounding the glands (Fig. 4C).

Immunohistochemical stainings

Immunohistochemical detection of PCNA in uterine
sections revealed in Gpl strong widespread nuclear
PCNA immunoreactivity (-Ir). GplI illustrated weak
PCNA-Ir in some cells of the surface epithelium,
the obliterated glands, and the stromal cells. GplIII
displayed widespread nuclear PCNA-Ir in the surface
epithelium, the uterine glands and the stromal cells.
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In GplV nuclear immunostaining was detected in
the surface epithelium and some stromal cells (Figs.
5A-D, respectively).

Immunohistochemical detection of VEGF in
uterine sections of Gpl rats revealed widespread
prominent positive immunostaining was observed.
Gpll showed few positive VEGF immunostaining in
the stroma. In Gplll, diffuse positive immunostaining
was detected in the surface epithelium, uterine glands,
stromal cells, and the endothelium. GpIV showed
some positive VEGF immunostaining in the surface
epithelium and the stroma. (Figs. SE-H, respectively).

Immunohistochemical detection of NF-«B re-
vealed in Gpl moderate positive immunostaining. In
uterus of GpllI rats, strong NF-«B-Ir was observed in
the cytoplasm and cell nuclei of the surface epitheli-
um, endometrial glands and almost all stromal cells.
In Gplll, moderate NF-xB-Ir was demonstrated in the
cytoplasm of the surface epithelium and in the uterine
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Figure 5. Immunoexpression of PCNA, VEGF, and NF-«B in the uterine section. PCNA immunohistochemical staining: (A)
Gpl: strong nuclear PCNA immunostaining in the surface epithelium (arrow), endometrial glands (arrowhead), and many
stromal cells. (B) Gpll: weak nuclear immunostaining. (C) GplII: widespread nuclear immunostaining. (D) GpIV: weak
nuclear immunostaining. VEGF immunohistochemical staining: (E) Gpl: widespread prominent +ve immunostaining in
the epithelium lining the lumen (arrow), the uterine glands (arrowheads), the stromal cells, and the blood vessels (curved
arrow). (F) GpII: minimal +ve immunostaining detected in few stromal cells and in the endothelium (curved arrow). (G)
GplII: diffuse +ve immunostaining. (H) GpIV: some +ve immunostained cells in the surface epithelium (arrow) and in
the stromal cells. NF-«B immunohistochemical staining: (I) GpI: mild cytoplasmic +ve immunostaining. (J) Gpll: strong
diffuse +ve cytoplasmic and nuclear immunostaining. (K) GplIII: mild cytoplasmic +ve immunostaining. (L) GpIV: strong
diffuse +ve cytoplasmic and nuclear immunostaining. Magnification: 400x.

Table 1. The mean (+ SD) of endometrial thickness, number of the uterine glands, area % of collagen deposition, number
of PCNA + ve cells, area % of VEGF immunostaining, and area % of NF-«B immunostaining in the control and the ex-
perimental groups

Parameters/Groups Gpl GpII Gp 111 Gp IV

Endometrial thickness [wm] 406 = 19.3 93.7 = 15.4** 3904 = 11.3 97.5 = 24.2%*
Number of uterine glands 8719 0.9 £ 0.7+* 85+11 3.1 £ 0.7%#F
Area % of collagen deposition 209 = 3.8 422 + 4*# 19.8 + 4.1 59.1 £ 3.5%#F
Number of PCNA + ve cells 541 +54 19.5 + 3.4%# 457+ 2.8 30.6 = 2.4%#
Area % of VEGF immunostaining 594 £ 3.6 22 + 3.7%* 425 €32 33.9 £ 7.3%#
Area % of NF-kB immunostaining 20.2 £ 7.6 50.5 % 3.2%# 227 +173 522 = 1.1%*

*Significant (p < 0.05) as compared to Gpl, *Significant as compared to Gpll, *Significant as compared to GplII.

gland. GplV displayed widespread positive cytoplas-
mic and nuclear NF-kB immunostaining (Fig. 5I-L).

Morphometric Study
The data of the morphometric measurements are
presented in Table 1.
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Regeneration of the endometrium

and the uterine glands by BM-MSC

The mean thickness of the endometrium and the
mean number of the endometrial glands in the
BMSC-treated group showed significant (p < 0.000
and p < 0.001) increase, respectively, as compared
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to Gpll and GplV groups, with a non-significant
difference as compared to Gpl group, thus denoting
regenerative capacity of the stem cells therapy.

The antifibrotic effect of BM-MSCs

The mean area % of collagen deposition was sub-
stantially increased in the endometrium of Asher-
man model rats (p < 0.000) and recovery groups
(p < 0.002) as compared to the control. Meanwhile,
it was significantly (p < 0.001) decreased in Gplll
with the treatment of BM-MSCs as compared to Gpll
indicating the antifibrotic effect of BM-MSC.

Effect of BM-MSCs on the immunoexpression

of PCNA, VEGF and NF-«kB

In the uterus of Asherman model and the recovery
group rats, the expression of PCNA and VEGF was
significantly (p < 0.001) decreased as compared to
Gpl. Also, the mean area % of NF-xB immunostain-
ing was significantly (p < 0.001) increased in both
groups. Stem cell therapy substantially increased the
expression of PCNA and VAGF in the endometrium
and significantly decreased the expression of NF-xB
(Table 10).

Discussion

Asherman syndrome is referred to intrauterine syne-
chiae due to injury of the endometrial basal layer ac-
companied by thin endometrium [19]. Surgery serves
only to divide the adhesions within the cavity, but can
do very little about the endometrial regeneration and
adhesion recurrence [20]. Therefore, we tried to use
bone marrow-derived mesenchymal stem cells for the
regeneration of the endometrium in the experimental
intrauterine synechia AS model. After the induction
of AS, euthanization was performed in the estrus
phase of the 3% cycle to assess the establishment of
the modeling based on the study of Cocuzza et al. and
Kilicet al., [10, 11]. Asherman syndrome is known to
be one of the causes of thin endometrium. Defective
uterine perfusion was assumed to be the reason for
the atrophied endometrium due to limited exposure to
the circulating hormones [21]. The endometrial thick-
ness is mandatory for the successful implantation and
pregnancy compared to low receptivity and pregnancy
rate in case of thin endometrium [22].

The stroma of rats in Gpll (AS group) showed
little cellularity, few blood vessels and obvious fibrosis
with substantial increase in the mean area % of the
collagen deposition as compared to Gpl (control) and
Gp III (AS rats BMSCs-treated). Generally, fibrosis
is assumed to occur as a result of interaction between
the inflammatory and the fibrotic cytokines. IL-6 acts
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as a pro-inflammatory cytokine that is secreted mainly
by inflammatory cells as macrophages and stimulates
the immune response. It contributes to the develop-
ment of fibrosis by modulating TGFf signaling and
stimulating the proliferation of fibroblasts, as well as
the collagen production [23].

Intravenous injection of BM-MSCs revealed regen-
erated (increased) endometrial thickness and numerous
uterine glands with intact surface and glandular epi-
thelium, as compared to the control group, indicating
regaining the normal estrous cyclic changes. Intrave-
nous injection of stem cells has been documented to be
effective in experimental studies [24, 25]. As compared
to local tissue injection of stem cells, systemic admin-
istration is more easy applicable method that empowers
the clinical use of this therapy [24]. Moreover, homing
of the injected stem cells to the injured tissue has been
documented in previous studies [6, 14] and confirmed in
our present work by localization of the PKH26-labeled
stem cells in the uterine tissue. Jing et al. [12] referred
this regenerative uterine capacity to the therapeutic effect
of BM-MSCs by exerting protective actions against cell
damage. Exogenous BM-MSCs could home to damaged
tissues where they are releasing trophic factors rather than
forming engraftment. They can produce high amounts
of anti-inflammatory cytokines and growth factors, and
possess immunomodulatory properties [26]. A relevant
phenomenon is that BM-MSCs up-regulate the anti-in-
flammatory cytokines, such as fibroblast growth factor-§
and IL-6, and down-regulate the pro-inflammatory cyto-
kines, such as TNF-a and IL-1p [12].

The lamina propria of the uterine sections in GplIII
(BM-MSC-treated AS rats) contained highly cellular
CT with numerous blood vessels and fine collagen
fibers with the mean area % of collagen deposition
comparable to the control rats. These results are going
parallel with Sabry et al. [6] who documented in an in-
duced-endometrial fibrosis rat model the antifibrotic
effect of stem cells by significant decrease in IL-1 gene
expression. IL-1gene expression was accused in the
development of fibrosis. Similarly, systemic infusion of
BM-MSCs in cutaneous radiation induced fibrosis rat
model reduced skin contracture, thickening, collagen
deposition and decreased expression of IL-1 in their
radiated skin [27]. Ebrahim et al. [28], in an intrau-
terine adhesion female rat model, showed that MSCs
secreted exosomes or vesicles, which are enriched in
the extracellular environment. These vesicles have
been considered as vital mediators of cellular com-
munication and may regulate various physiological
and pathological processes by transferring membrane
proteins, nRNAs, and miRNAs to recipient cell [29].
Recent studies have demonstrated that vesicles can
act during different stages of the inflammatory re-
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sponse by transporting bioactive factors and suppress
the inflammation in different animal models to restore
the physiological status [30, 31].

The endometrial regeneration in AS rats induced
by BM-MSC administration seems to be specifically
caused by this procedure since uterine sections of
rats from GplIV (untreated AS) showed thin endo-
metrium with discontinuous surface epithelium. Few
endometrial glands were seen scattered in the fibrosed
endometrium suggesting poor proliferation by the
tissue stem cells.

It is well known that PCNA has a crucial role in ac-
curate DNA duplication [32]. Rats in GplI and GpIV
groups demonstrated weak PCNA immunostaining
in the endometrium. Meanwhile, AS BMSCs-treated
rats displayed significant increase in PCNA immunos-
tainig in the endometrial tissue indicating preservation
of the proliferative capacity of the endometrial cells
[33]. The bone marrow progenitor cells were docu-
mented to improve the proliferation of different injured
tissues [34, 35]. Stem cell effects could be through
direct homing to the injured tissue and repairing the
endometrium through self-renewal, proliferation, and
differentiation. In addition, mesenchymal stem cell has
a paracrine effect on the surrounding cell to increase
the efficacy of tissue repair [36].

Asherman syndrome is frequently associated
with defective blood supply to the endometrium
with subsequent impaired hormonal delivery to the
endometrium resulting in thin endometrium [37].
In the present work, rats in Gpll and GpIV groups
displayed significant decrease in VEGF expression
in the uterine tissue. In the fibrotic stroma of the
endometrium of AS, thin-walled telangiectatic blood
vessels are thought to cause impaired blood perfusion
and tissue atrophy [38]. However, BMSC-treated
AS-rats demonstrated significant diffuse VEGF
immunostaining in the epithelium, stromal cells and
endothelial cells indicating improved angiogenesis
of the regenerated endometrium. Ebrahim et al. [28]
postulated that the ability of MSC to repair uterine
scars was associated with up-regulation of VEGF
and down-regulation of collagen type I expression,
in addition to promoting the regeneration of the
endometrium, myometrium, and blood vessels in the
uterine scars.

The NF-«B signaling pathway is considered a spark
for the inflammatory process through its triggering
role in the up-regulation of various pro-inflammatory
genes encoding chemokines, cytokines, and adhesion
molecules [39, 40]. NF-«B activation was documented
in the pathogenesis of various inflammatory diseases
[35]. In AS, the intrauterine adhesions are associated
with increased level of the inflammatory cytokines as
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TGF-8, TNF-, IL-1, and IL-18 that crosstalk with the
NF-kB pathway [41]. In the present work, a significant
increase in NF-kB immunostaining was detected in
rats with the induced AS and the recovery group. In
agreement with previous study [2], the importance
of NF-«B was confirmed in the pathogenesis of hu-
man AS and animal models and suggested its role as
a potential diagnostic marker and therapeutic target
in the treatment of intrauterine adhesions. The im-
munomodulatory role and anti-inflammatory effect
of stem cells were documented [2]. In a recent study,
MSC-conditioned media reduced the inflammation
in endotoxin-induced acute lung injury through in-
hibition of the activity of NF-«B and increasing the
interleukin-6 and macrophage inflammatory protein
level [42].

Although stem cell therapy was shown to be safe
and well-tolerated in the clinical trials [43], the risk
of tumorigenicity must always be evaluated with long
term follow up, and during the culture- expansion
stage before any therapeutic infusion [44].

In summary, application of BM-MSCs effectively
promoted the endometrial regeneration in Asherman
syndrome rat model through improving the prolifer-
ative capacity of the uterine tissue, inducing angio-
genesis, and modulating the inflammatory process
and the fibrosis.
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