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Adipose tissue-derived mesenchymal stem cells 
reduce endometriosis cellular proliferation 
through their anti-inflammatory effects
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Objective: Endometriosis is a chronic debilitating inflammatory condition characterized by the presence of endometrial tissues outside the 
uterine cavity. Pelvic soreness and infertility are the usual association. Due to the poor effectiveness of the hormone therapy and the high in-
cidence of recurrence following surgical excision, there is no single effective option for management of endometriosis. Mesenchymal stem 
cells (MSCs) are multipotent stromal cells studied for their broad immunoregulatory and anti-inflammatory properties; however, their effi-
ciency in endometriosis cases is still a controversial issue. Our study aim was to evaluate whether adipose tissue-derived MSCs (AD-MSCs) 
could help with endometriosis through their studied anti-inflammatory role. 
Methods: Female Wistar rats weighting 180 to 250 g were randomly divided into two groups: group 1, endometriosis group; established by 
transplanting autologous uterine tissue into rats’ peritoneal cavities and group 2, stem cell treated group; treated with AD-MSCs on the 5th 
day after induction of endometriosis. The proliferative activity of the endometriosis lesions was evaluated through Ki67 staining. Quantitative 
estimation of interferon γ, tumor necrosis factor-α, interleukin (IL)-6, IL-1β, IL-10, and transforming growth factor β expression, as well as im-
munohistochemical detection of CD68 positive macrophages, were used to assess the inflammatory status. 
Results: The size and proliferative activity of endometriosis lesions were significantly reduced in the stem cell treated group. Stem cells effi-
ciently mitigated endometriosis associated chronic inflammatory reactions estimated through reduction of CD68 positive macrophages and 
the expression of the proinflammatory cytokines. 
Conclusion: Stem cell therapy can be considered a novel remedy in endometriosis possibly through its anti-inflammatory and antiprolifera-
tive properties.  
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Introduction 

Endometriosis is a chronic inflammatory gynecological condition 
characterized by the presence of ectopic glands and/or endometrial 
stroma outside the uterine cavity, which may be superficial peritone-
al, vaginal, or deep endometriosis [1,2]. It is a benign pathology [3] 
detected in 20%–50% of women investigated for infertility probably 
due to the associated adhesions, fibrosis, endocrine abnormalities 
and immunological disturbances [4]. Dysmenorrhea, dyspareunia 
and chronic pelvic pain are the usual complaints [5,6]. Endometriosis 
is considered the major cause of hysterectomy and hospitalization in 
USA imposing huge economic burden on healthcare system [7]. 
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Chronic intraperitoneal inflammation is a distinct feature of endo-
metriosis [8-10]. T helper and regulatory T (Treg) cell subsets are re-
cruited and activated by endometriosis implants, resulting in an 
acute inflammatory response [11]. Monocytes/macrophages sustain 
a state of chronic inflammation [12-18] after acute inflammation has 
subsided, promoting the development and survival of endometriosis 
lesions [19-21]. 

The current endometriosis treatment options are limited to sup-
pressing ovarian function simulating premature menopause or sur-
gical removal of the lesions [22]. Hormonal therapy, androgen and 
gonadotropin-releasing hormone, beside non-steroidal anti-inflam-
matory medications are currently used to treat pain [23]. Hormonal 
treatment has little to no benefit, with a high rate of endometriosis 
recurrence [23] and undesirable adverse effects such as hot flushes 
and genital atrophy [24]. It should only, therefore, be used in con-
junction with assisted reproductive technology [11]. Multiple opera-
tions may be inevitable [24] to kill or remove the majority of endo-
metriosis implants or restore normal pelvic anatomy [11], however, 
their role is still controversial. As a result, a novel therapeutic ap-
proach for effective management of endometriosis is mandatory. 

Mesenchymal stem cells (MSCs) are non-immunogenic cells that 
can differentiate into a variety of tissue types [25,26]. In inflammato-
ry conditions, they release immunomodulatory, angiogenic, and an-
tiapoptotic factors [25-27]. Their role in cases of endometriosis is still 
a point of argument [28]. 

In this context, endometriosis was induced in female rats by auto-
transplantation uterine implants into their peritoneal cavity. Rats are 
an excellent experimental model due to their similarity in pathology 
as well as therapeutic response to human endometriosis [29]. They 
display human-like symptoms such as decreased fertility and fecun-
dity [29]. 

The current study has been conducted to investigate the possible 
mitigating impact of adipose tissue-derived MSCs (AD-MSCs) in en-
dometriosis rat model, as well as their effect on their cytokine profile. 
Our target was achieved through studying the effect MSCs on endo-
metriosis lesions histopathology, proliferative activity, the expression 
of CD68 positive macrophages and the proinflammatory cytokines. 

Methods 

1. Animals and experimental design 
All procedures were performed in agreement with the ethical 

principles of Assiut University Animal Care Committee (approval ref-
erence No. 17300077) and with the internationally accepted princi-
ples for Use and Care of Laboratory Animals. Twenty adult female 
Wistar albino rats weighting 180 to 250 g, 3 to 6 months of age were 
purchased from the animal house of Faculty of Medicine, Assiut Uni-

versity. They were housed and bred in a standard animal-grade room 
with four to five rats in each cage at a 12-hour light/dark cycle with 
free access to food (laboratory chow) and water ad libitum. The ani-
mal room is well-ventilated with temperature ranging from 23°C to 
26°C. Estrus cycles were synchronized to estrus phase through fur-
nishing female rat cages with beddings from male rat cages 72 hours 
before the surgery or tissue collection. 

2. Establishment of the rat model of endometriosis 
Surgical induction of endometriosis was achieved through autolo-

gous transplantation of one of the female rat’s uterine horn onto its 
intestinal mesentery [30,31]. Briefly, rats were anesthetized with ket-
amine (90 mg/kg) intraperitoneally (i.p.) and xylazine (10 mg/kg) i.p. 
Skin on the ventral aspect was cleaned with 70% ethyl alcohol. A 
lower abdominal midline incision was performed; the left uterine 
horn was exposed, ligated at cervicouterine junction with silk suture 
(No. 40) then excised and opened longitudinally. The excised horn 
was submerged in a sterile small petri dish containing Ham’s F-12 
medium with 100 U/mL penicillin and 100 pg/mL streptomycin, 
warmed to 37°C. It was divided into three pieces: each piece was 2 to 
3 mm. These cut pieces have been sutured with non-absorbable su-
tures (Prolene 4/0) onto the intestinal mesentery nearby a branch of 
the mesenteric arterial arcade. The Abdomen was closed in layers. 
Animals were observed until full recovery. They were given nalbu-
phine for postoperative analgesia and were kept on antibiotics for 3 
days postoperatively. 

3. Isolation of AD-MSCs 
MSCs were isolated from adipose tissue (60–100 mL) obtained 

from lipectomy procedures carried out in plastic surgery department 
in Assiut University. The samples were washed with 5% antibiotic 
phosphate buffered saline (PBS) then digested in warm filtered 0.1 
collagenase solutions dissolved in PBS in a shaking water bath at 
37°C for 60 minutes. The suspension was centrifuged and the super-
natant floating fatty layer was discarded. The precipitated cell pellets 
were re-suspended in freshly prepared complete; Dulbecco’s modi-
fied eagle medium (DMEM) with 10 % FBS and 1% penicillin strepto-
mycin; filtered through a 100 μm nylon cell strainer (Falcon; Corning, 
NY, USA) and cultured in 75 cm2 culture flasks. The media was 
changed after the first 48 hours to remove the non-adherent cells, 
and then changed every 2–3 days till a confluence of 80%–90% was 
attained [32]. 

4. Differentiation of AD-MSCs 
For the differentiation analysis, AD-MSCs passage 2 that reached 

nearly 80% confluency was enzymatically harvested in trypsin-eth-
ylenediaminetetraacetic acid (EDTA 0.25%; Gibco, Amarillo, TX, USA). 
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AD-MSCs were cultured in 24 well-plate (1 × 104 cell/well) in the 
complete growth medium DMEM low glucose supplemented with 
10% FBS. After reaching 100% confluence, the medium was replaced 
with adipogenic induction medium (adipogenic differentiation me-
dium; R&D Systems, Minneapolis, MN, USA; cat no SC006), a chon-
drogenic induction medium (chondrogenesis differentiation kit; R&D 
Systems; cat no. SC006) and osteogenic induction medium (Osteo-
genesis Differentiation Kit; R&D Systems; Cat no SC006). After 7–21 
days incubation (for adipogenesis), 14–21 days (for chondrogenesis) 
and 14–21 days (for osteogenesis), the cells were observed using an 
inverted microscope. The cells were fixed in 4% formaldehyde in sa-
line and stained, using oil red O staining for lipid vacuoles in adipo-
cyte, Alcian Blue staining, which is specific for glycosaminoglycan, 
one of the components in chondrocytes extracellular matrix and 
Alizarin Red staining which is specific for mineralized matrix expres-
sion in osteocytes. The cell were observed and photographed by in-
verted microscope. 

5. Immunophenotyping of AD-MSCs using flowcytometry 
AD-MSCs of passage two were trypsinized using 10% trypsin EDTA 

solution. Then, they were incubated with CD90, CD44, CD45, and 
CD34 primary antibodies (Santa Cruz Biotechnology, Dallas, TX, USA) 
in 1% bovine serum for 30 minutes. MSCs were washed by PBS, cen-
trifuged for 5 minutes, incubated with the secondary antibody for 30 
minutes, washed twice then subjected to fluorescence-activated cell 
sorting cell analyzer [33]. 

6. Transplantation of AD-MSCs 
The 2 × 106 of AD-MSCs were suspended in 500 µL PBS and inject-

ed i.p. as a single dose in the stem cell treated group. 

7. Animal groups 
Rats were randomly assigned into two groups. Group 1: endome-

triosis group (n = 10); endometriosis was induced through autolo-
gous transplantation of one of the female rat’s uterine horn onto its 
intestinal mesentery [30,31]. After induction, rats were kept without 
any interference for 4 weeks. Group 2: stem cell treated group 
(n = 10); rats were injected with AD-MSCs in a dose of 2 × 106 on the 
5th day after induction of endometriosis. Both groups were scarified 
4 weeks after induction of endometriosis. 

8. Histopathological studies 
At the end of the experiment, rats were sacrificed under general an-

esthesia through inhalation of ethyl ether. Rats from each group were 
intracardially perfused by 10% formaldehyde solution. Specimens of 
ectopic endometriosis lesions from both groups were carefully ex-
cised, immersed into 10% formaldehyde, dehydrated, cleared, and 

embedded in paraffin. Paraffin sections were serially cut from paraffin 
blocks (5 μm-thick) using a microtome and stained with Hematoxylin 
and Eosin (H&E) for examination with light microscope [34]. 

9. Immunohistochemistry studies 
Paraffin sections were serially cut from paraffin blocks (5 μm-thick). 

Antigen retrieval was achieved by boiling the sections with sodium 
citrate buffer (0.01 mol/L, pH 6) for 9 minutes. Sections were incubat-
ed for 10 minutes in 3% hydrogen peroxide to block endogenous 
peroxidase activity. Immunohistochemical staining was performed 
by the avidin–biotin immunoperoxidase method. Primary antibodies 
Ki67 rabbit polyclonal antibody (Novus Biologicals, Centennial, CO, 
USA; catalog no. NB500-170SS) and CD68 mouse monoclonal anti-
body (Novus Biologicals; catalog no. NBP2-29406) were used in a di-
lution of 1:50 and 1:100 respectively. Sections were incubated with 
the primary antibodies overnight at 4°C. Negative control sections 
were subjected to the same protocol. Positive control sections for 
Ki67 were carried out on human breast carcinoma tissue; however 
rat tonsillar tissue was used for CD68. The UltraVision horseradish 
peroxidase detection system (Thermo Fisher Scientific, Waltham, MA, 
USA) was used. The slides were incubated with biotinylated goat an-
tipolyvalent as a secondary antibody at room temperature for 30 
minutes then were counterstained with Meyer hematoxylin, dehy-
drated, and mounted. 

10. Morphometric studies 
Morphometric studies have been performed using the comput-

er-assisted image analysis (Soft Imaging System, Analysis-2004; 
Olympus, Tokyo, Japan). The number of Ki67 and CD68 positive cells 
were counted using × 100 oil immersion lens in five non-overlap-
ping fields in six randomly chosen sections from three different rats 
from each group. 

11. Cytokine expression levels 
Rats’ macrophages were obtained from peritoneal and endometri-

osis tissues. Primary peritoneal rat macrophages were isolated as de-
scribed previously [35]. Briefly, macrophages were collected from the 
peritoneal cavity of both endometriosis and stem cell treated group 
by flushing the peritoneal cavity twice with 50 mL of ice-cold PBS. 
The recovered cells were washed two times, counted, and resus-
pended in 1 mL TRIZOL reagent (Invitrogen, Waltham, MA, USA). Ec-
topic endometriosis tissues from both groups were collected and re-
suspended in 1 mL TRIZOL reagent and RNA was extracted from the 
samples according to the manufacturer protocol. The reverse tran-
scription was carried out using the high-capacity cDNA reverse tran-
scription kit (Thermo Fisher scientific). Quantitative estimation of in-
terferon γ (IFNγ), tumor necrosis factor-α (TNF-α), interleukin (IL)-6, 

https://doi.org/10.5653/cerm.2021.04357324

Clin Exp Reprod Med 2021;48(4):322-336



expression levels were normalized to the level of GAPDH as an en-
dogenous control and quantified by the 2–ΔΔCT method. 

12. Statistical analysis 
Data were expressed as mean ± standard error of the mean. Un-

paired t-test was used for comparing between the treated and 
non-treated groups. The difference among groups was considered 
significant for p < 0.05. Statistical tests were carried out using IBM 
SPSS ver. 25.0 (IBM Corp., Armonk, NY, USA). 

Results 

1. Macroscopic observation of the endometriosis lesions 
The endometriosis lesions, identified by the non-absorbable Pro-

lene suture, were examined in both study groups. Endometriosis 
group showed implants of ectopic endometrium within the intesti-
nal mesentery detected as hemorrhagic cystic bulge full of fluid and 
surrounded by adhesions (Figure 1A). Endometriosis colony size was 
apparently smaller in the stem cell treated group compared to the 
endometriosis group (Figure 1B), which was documented by statisti-
cal analysis (Figure 1C). 

2. Microscopic morphology of isolated AD-MSCs 
After culturing for 7 days, the isolated MSCs appeared elongated 

spindle shaped with long cytoplasmic processes and clear elliptical 
nuclei (Figure 2A). 

Table 1. Oligonucleotide primers used for the RT-PCR reactions

Target gene Sequence
IFNγ 5'- GAGGAACTGGCAAAAGGACG -3'

5'- TCAGGTGCGATTCGATGACA -3'
TNF-α 5'-ATGGGCTCCCTCTCATCAGT -3'

5'-GCTTGGTGGTTTGCTACGAC -3'
IL6 5'-CTTGGAAATGAGAAAAGAGTTGTGC -3'

5'- ACGGAACTCCAGAAGACCAG -3'
IL1β 5’- GCAGCTTTCGACAGTGAGGAG- 3’

5’- GCTTCTCCACAGCCACAATG -3’
IL10 5'-CGACGCTGTCATCGATTTCTC - 3'

5'-CAGTAGATGCCGGGTGGTTC -3'
TGFβ 5'- GACCGCAACAACGCAATCTA -3'

5'-CGTGTTGCTCCACAGTTGAC -3'
GAPDH 5'- CAGGGCTGCCTTCTCTTGTG -3'

5'- GATCTCGCTCCTGGAAGATGG -3'

RT-PCR, real-time reverse transcription-polymerase chain reaction.

Figure 1. Macroscopic observations of the endometriosis lesions 
of the study groups. (A) Endometriosis group showing fluid-filled 
endometriosis lesion at the intestinal mesentery. (B) Stem cell 
treated group showing smaller endometriosis lesion compared to 
the endometriosis group. (C) Endometriosis lesion size. Values are 
presented as mean±standard error of the mean . a)p<0.001. 
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3. Differentiation of AD-MSCs 
The lipid vacuoles were visible in AD-MSCs that had differentiated 

into adipocytes and were stained with red oil (Figure 2B). Glycosami-
noglycans were visible in AD-MSCs which had discriminated into 
chondrocytes and were stained with Alcian blue (Figure 2C). Calcium 
deposits were visible in AD-MSCs that had separated into osteocytes 
and were stained with Alizarin red (Figure 2D). 

4. Flowcytometric analysis of AD-MSCs 
Expression of MSCs surface markers was evaluated through flow-

cytometric analysis. CD44 and CD90 markers were highly expressed 
in AD-MSCs, while CD45 and CD34 markers were weakly expressed 
(Figure 3).  

5. Histopathological results  
H&E stained sections from the endometriosis group showed foci 

Figure 2. Photomicrographs of adipose tissue-derived mesenchymal stem cells (AD-MSCs). (A) Isolated AD-MSCs after 7 days culture 
showing 80% confluent. The cells are fibroblast-like shape with fusiform nucleus and tapering ends. (B) AD-MSCs differentiated into 
adipocytes and stained with Red Oil O. (C) AD-MSCs differentiated into chondrocytes and stained with Alcian blue. (D) AD-MSCs differentiated 
into osteocytes and stained with Alizarin red. 
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of multiple endometrial glands and stroma surrounded by mononu-
clear inflammatory cells (Figure 4A). In sections from stem cells treat-
ed group reveled few endometrial glands surrounded by stromal 
cells (Figure 4B), which was shown in statistical data (Figure 4C). 
Many hemosiderin-laden macrophages were observed in sections 
from endometriosis group (Figure 4D) while in stem cells treated 
group, few macrophages laden with hemosiderin were observed 
(Figure 4E). Number of hemosiderin-laden macrophages was signifi-
cantly decreased in the stem cell treated group compared to the en-
dometriosis group (Figure 4F). 

6. Immunohistochemistry studies 
In the endometriosis group, immunohistochemical staining re-

vealed strong nuclear expression of Ki67 in the epithelial lining of 
endometrial glands and stromal cells (Figure 5A and B). The stem cell 
treated group, on the other hand, had a slight positive response to 
Ki67 in endometrial stromal cells and a negative response in the epi-
thelial lining of glands (Figure 5C-E). Enhanced expression of CD68 in 
the macrophages located around the endometrial glands was de-
tected in the endometriosis group (Figure 6A). Higher magnification 
reveled strong CD68 positive cytoplasmic staining (Figure 6B). The 
expression, however, was hardly identified around the endometrial 
glands in the stem cell treated group (Figure 6C-E). 

7. Cytokine expression levels 
TNFα, IL6 and IL1β are pro-inflammatory, while INFγ, TGF-β and IL-

Figure 3.  Expression of surface markers in adipose tissue-derived mesenchymal stem cells (fluorescence-activated cell sorting analysis). The 
cells showed positive expression of CD90 and CD44, and negative expression of CD45 and CD34.
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Figure 4. Photomicrographs of endometriosis lesions from the endometriosis group (A, D) and the stem cell treated group (B, E) stained 
by H&E showing (A) multiple endometrial glands (G), stromal cells (arrows) and multiple blood vessels (bv) in endometriosis group (B) 
few endometrial glands surrounded by blood vessels. (C) Number of endometrial glands. a)p<0.001. (D) Endometriosis group; numerous 
hemosiderin-laden macrophages (double arrows), (E) stem cell treated group; few hemosiderin-laden macrophages were found (double 
arrows). (F) Number of hemosiderin loaded macrophage. (C, F) Values are presented as mean±standard error of the mean. a)p<0.001.
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10 are immunomodulatory cytokines [18,36]. Rats treated with stem 
cells displayed lower expression levels of the proinflammatory and 
immunomodulatory cytokines, yet the later were less altered. IL-10 
expression was significantly enhanced in stem cell treated group. 
Stem cell treatment induced marked reduction in IFNγ expression in 

both macrophages and endometriosis tissue (Figure 7) (mean fold 
change = 0.1 ± 0.27 and 0.4 ± 0.11 in macrophage and endometrio-
sis tissue of stem cell treated group compared to the endometriosis 
group, respectively). Likewise, the expression of TNF-α by the perito-
neal macrophages isolated from the stem cell treated rats was de-

Figure 5. Photomicrographs of ki67 immune expression in the 
endometriosis group (A) and the stem cell treated group (B). (A) 
Endometriosis group showing strong nuclear expression of Ki67 
in the epithelial lining of endometrial glands (inset) and stromal 
cells (arrows; Ki67, ×400). (B) Magnified photo showing the 
expression of the KI67 (arrows) in the cells in the endometriosis 
group (Ki67, ×1,000). (C) Stem cell treated group showing mild 
immune expression in nuclei of stromal cells (arrows; Ki67, ×400). (D) 
Magnified photo showing the expression of the KI67 (arrows) in the 
cells in the stem cell treated group. (Ki67, ×1,000). (E) Morphometric 
studies of ki67 expression. Values are presented as mean±standard 
error of the mean. a)p<0.001.
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creased (0.1 ± 0.6, p = 0.02) compared to those isolated from the en-
dometriosis group. Lower level of TNF-α expression was observed in 
endometriosis tissue of the stem cell treated group (0.4 ± 0.2, 
p = 0.03). Expression of IL-1β was lower (0.5 ± 0.2, p = 0.04) in the en-
dometriosis tissue of the stem cell treated group compared to the 
endometriosis group. IL-6 expression, on the other hand, was not 

significantly altered in the stem cell treated group compared to the 
endometriosis group. The endometriosis tissue and the peritoneal 
macrophages were tested for the expression of the two anti-inflam-
matory cytokines; IL-10 and TGF-β. Interestingly, stem cell treated rats 
demonstrated two fold higher level of IL-10 (2 ± 0.3, p = 0.01); howev-
er, TGF-β has not been significantly altered in the endometriosis tis-

Figure 6. Photomicrographs showing immune expression of 
macrophage marker (CD68) in the endometriosis group (A, B) and 
the stem cell treated group (C, D). Endometriosis group showing (A) 
strong positive expression of CD68 in macrophage cells (CD68×400), 
(B) magnified part of the previous section showing positive 
expression in the form of brownish cytoplasmic granules (CD68, 
×1,000; arrows, CD68 expression). Stem cell treated group showing 
(C) weak expression of CD68 in macrophage cells (CD68×400), (D) 
magnified photo showing few numbers of CD68 immunopositive 
macrophages with pale stained cytoplasmic granules (CD68×1,000). 
(E) Morphometric studies of CD68 expression. Values are presented 
as mean±standard error of the mean. a)p<0.001. 
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sue of either groups. IL-10 expression was not affected but TGF-β was 
lower in the peritoneal macrophages of the stem cell treated group 
relative to the endometriosis group (0.1 ± 0.2, p = 0.01). 

Discussion 

At the present study, we used an autologous endometriosis rat 
model without ovariectomy or any estradiol supplementation in or-

der to mimic the human endometriosis. This model provides suitable 
and acceptable endometriosis lesions comparable with the moder-
ate stage of human endometriosis. Our study revealed the mitigat-
ing effect of AD-MSCs on the endometriosis like lesions as evidenced 
by their antiproliferative and anti-inflammatory actions. AD-MSCs al-
leviated endometriosis associated chronic inflammatory reactions 
through decreased CD68 macrophage infiltration and some of the 
associated inflammatory cytokines expression.  

Figure 7.  Cytokine expression levels in peritoneal macrophages and endometriosis tissues of the study groups. (A) Interferon (IFN)γ. (B) 
Transforming growth factor (TNF)-α. (C) Interleukin (IL)-6. (D) IL-1β. (E) IL-10. (F) Transforming growth factor (TGF)-β. Values are presented 
as mean±standard error of the mean. Macrophage control group is the peritoneal macrophage from endometriosis rats. Stem cell treated 
macrophage is the peritoneal macrophage from endometriotic rats but were treated by stem cells. Endometrial control is the macrophage 
from the endometriosis lesion and stem cell treated endometrium is the macrophage from endometriosis lesion in endometriotic rats 
treated by stem cells. 
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In our study, endometriosis group showed morphologically cystic 
implants consistent with other previous studies [37]. Experimental 
endometriosis detection was based on histopathologic observations 
of endometrial glands and stroma in the surgical site of endometrial 
square implantation. Light microscopy revealed ectopic endometrial 
glands and stroma, aggregating fibroblasts inside the peritoneum 
adjacent to uterine transplants, as well as mononuclear inflammato-
ry cells and hemosiderin-laden macrophages, in accordance with 
previous studies [24]. Light and electron microscopic analysis of rat 
endometriosis demonstrated infiltration with eosinophils, mast cells, 
plasma cells, lymphocytes, and stromal macrophages of the perito-
neum adjacent to implanted uterine tissue [38]. Uterine autotrans-
plantation induced an immune reaction within the peritoneal stro-
ma attached to the endometrial epithelium [38]. 

Previous theories explored the involvement of the immune system 
in promoting the development of endometriosis [39]. As macro-
phages liberating cytokines and growth factors at the site of endo-
metriosis implants were studied to promote its growth [40], increas-
ing evidence supports the concept of endometriosis as a pelvic in-
flammatory disorder [3]. Women with endometriosis have an in-
creased fluid volume in the peritoneum, with an elevated concentra-
tion of activated macrophages, prostaglandins, cytokines or chemo-
kines as macrophage migration inhibitory factor [41], TNF-α [42], IL-
1β, IL-6 [43], IL-8 and monocyte chemoattractant protein-1 (MCP-1) 
[44]. IL-6 is one of the main mediators in the cytokine cascade of en-
dometriosis and its elevated levels correlate with the disease activity 
[43]. TNF-α stimulates the expression of matrix metalloproteinase 
and inhibits their inhibitors’ expression, hence contributing to the in-
vasion of endometriosis and its extracellular matrix remodeling 
[45,46]. Both TNF-α and IL-8 concentrations in peritoneal fluid have 
been reported to correlate with the size and number of active endo-
metriosis lesions [47]. Levels of proinflammatory cytokines IL-1, IL-6, 
TNF-α, TGF-β, and vascular endothelial growth factor are synony-
mous with severity of endometriosis and presence of adhesion 
[48,49]. Furthermore, TGF-β is a major driver of fibrosis in endometri-
osis [50]. As a result, targeting proinflammatory cytokines as a thera-
peutic strategy has been suggested. Because of its influence on dor-
sal root neurons, the pelvic inflammatory environment may contrib-
ute to the pathophysiology of pain perception [3,51]. 

MSCs serve as an ideal candidate for cell-based therapies beside 
their immunosuppressive properties [52]. According to the Mesen-
chymal and Tissue Stem Cell Committee of the International Society 
for Cellular Therapy, the criteria to define MSCs include the expres-
sion of CD90, CD105, CD44, and CD73 and lack of expression of 
CD45, CD34, CD31, CD14 or CD11b, CD79a, and CD19 in addition to 
the ability to proliferate as plastic adherent cells in standard culture 
conditions and to differentiate into multiple cell lineages in vitro [53], 

which was well confirmed in our study. 
MSCs have been suggested as a treatment modality for inflamma-

tory [52] and autoimmune diseases as graft versus host disease, mul-
tiple sclerosis, and Crohn disease [54]. The anti-inflammatory role of 
MSCs became more apparent as the events initiating inflammation 
have been defined [55-58] due to their ability to sense the changing 
levels of inflammation in their microenvironment and respond ac-
cordingly [59]. Our study showed decreased the size of the endome-
triosis lesion as well as decreased number of endometrial glands 
which are consider as landmarks of endometriosis. 

Decreased expression of IFNγ and TNF-α in the activated peritone-
al macrophages and endometrium tissue of the stem cell treated 
group. Stem cell treatment induced enhanced expression of IL-10 in 
endometrial tissue and TGF-β suppression in the activated macro-
phages of the peritoneum. MSCs are turned on by signals from in-
jured tissues to secrete anti-inflammatory factors [60]. The produc-
tion of proinflammatory cytokines by M1 macrophages or activated 
T cells may activate MSCs and stimulate release of mediators that 
distort the differentiation of monocytes toward an anti-inflammato-
ry profile and eventually toward M2 macrophages [61]. M2 polarized 
macrophages generate IL-10 and facilitate the emergence of Tregs 
specialized in suppression of T cell-mediated immune responses [62] 
leading to amplification of the anti-inflammatory response [62]. In 
addition CCL18, a factor produced by M2 macrophages, promotes 
the generation of Tregs in conjunction with TGF-β [63]. TNF-α and 
other proinflammatory cytokines from resident macrophages acti-
vate MSCs to secrete the multifunctional anti-inflammatory protein; 
TNF-α-stimulated gene/protein 6 (TSG-6) [60]. The TSG-6 lowers nu-
clear factor-κB signaling in the resident macrophages modulating 
the cascade of proinflammatory cytokines [64]. Furthermore, TNF-α, 
nitric oxide, and probably other damage-associated molecular pat-
terns from injured tissues and macrophages activate MSCs to secrete 
prostaglandin E2 [60] that converts macrophages to the M2 pheno-
type [60]. MSCs may produce anti-inflammatory effects by enhanc-
ing expression of the anti-reactive oxygen species protein stannio-
calcin-1 as well [65]. 

Despite previous research suggesting that AD-MSCs may aid in 
the maintenance and growth of ectopic endometrial tissue [52], our 
results documented that AD-MSCs treated group showed small-
sized endometrial glands surrounded by stromal cells with lesser in-
flammatory cellular infiltration compared to the endometriosis 
group. Our findings are consistent with the study that showed that 
transplanted menstrual blood MSCs improved fertility substantially 
by increasing the synthesis of angiogenic and anti-inflammatory fac-
tors [66]. Human endometrial MSCs were successfully applied for 
Asherman’s syndrome treatment in the rat model indicated through 
the higher pregnancy outcome and litter size compared with those 
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received autologous rat bone marrow cells [66]. 
Macrophages are the key cells contributing to the local inflamma-

tory response in endometriosis [67]. Monocytes are recruited to the 
endometriosis lesion by the chemotactic chemokine MCP-1 then 
transformed into mature macrophages [67]. The hemosiderin loaded 
macrophage were significantly decreased via treatment with MSCs 
which was confirmed by immunohistochemical staining using CD68. 

CD68 is a glycoprotein surface marker expressed on the circulating 
and tissue macrophages [68]. Our study showed high CD68 expres-
sion in ectopic endometrium in the endometriosis group however, 
very faint expression was observed around the endometrial glands 
in the stem cell treated group. There was a statistically significant dif-
ference between the values of CD68 for endometriosis of the ovaries, 
endometriosis of the pelvis, adenomyosis, endometriosis of the ab-
dominal wall compared to normal endometrium [69]. The maximum 
frequency of endometriosis-associated immune cell infiltrates as 
macrophages (CD68+) was observed in peritoneal and ovarian en-
dometriosis [70]. 

Ki67 represents a nuclear protein associated with cell division as it 
is present during all active phases of the cell cycle (G1, S, G2 and mi-
tosis), however absent in G0. It represents a marker of cell prolifera-
tion [71]. In our study, many epithelial cells of endometriosis group 
showed Ki67 positive nuclear staining with immunoreactivity in 
some proportion of cells in the cytoplasm as well. Stem cell treated 
group showed mild positive reaction in endometrial stromal cells 
and negative reaction in the glands. Positivity of the Ki67 prolifera-
tion marker is directed toward increased aggressiveness of endome-
trial ectopic tissue being directly proportional to the size of endome-
triosis foci [69]. The expression of this marker is low in cases of mod-
erate endometriosis and increased in severe ones [72]. Women aged 
36–47 with regular menstrual cycle, demonstrated a significant in-
crease of Ki67 H score in the stroma of eutopic endometrium of 
those affected by endometriosis suggesting an enhancement of the 
proliferative processes in this location [73]. 

MSCs could be efficiently used as an adjuvant therapy for mitigat-
ing the inflammatory component of endometriosis which conse-
quently mediate the antiproliferative effect on endometriosis cells. 
Further studies are still required to enclose MSCs in a beneficial regi-
men that could alleviate endometriosis distressing manifestations 
keep fertility and decrease the incidence of recurrence. 
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