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Abstract
Background and Aim: Endometriosis affects the ovaries and causes a decrease in the oocyte quality during endometrial 
receptivity. During the development of ovarian follicles, paracrine communication occurs between granulosa cells and 
oocytes. This study was conducted to determine the effects of bone marrow mesenchymal stem cell transplantation on 
tumor necrosis factor-alpha (TNF-α) receptor 1 (TNFR1) expression, granulosa cell apoptosis, and folliculogenesis in 
endometriosis mouse models.

Materials and Methods: This study involved 42 female mice, which were divided into three groups: Healthy mice (T0), 
endometriosis mice without transplantation (T1), and endometriosis mice with bone marrow mesenchymal stem cell 
transplantation (T2). The mice were injected intraperitoneally with endometrial fragments (200 µL) to become endometriosis 
models. On day 15, the endometriosis models received mesenchymal stem cells. Sample collection was performed on day 29. 
Granulosa cell apoptosis and TNFR1 expression were examined using immunohistochemical staining, and folliculogenesis 
was assessed using hematoxylin and eosin staining of ovary samples. The data obtained from both examinations were 
statistically analyzed using Statistical Package for the Social Sciences.

Results: The results showed that TNFR1 expression is significantly decreased in T2 (p<0.004). The apoptosis of granulosa 
cells was lower in T2 (p<0.000). The primary, secondary, and graafian follicle counts in T2 were significantly increased.

Conclusion: Bone marrow mesenchymal stem cell transplantation in endometriosis mouse models can reduce TNFR1 
expression and granulosa cell apoptosis and improve folliculogenesis.

Keywords: apoptosis, bone marrow mesenchymal stem cells, endometriosis, folliculogenesis, granulosa cells, tumor 
necrosis factor-alpha receptor 1.

Introduction

Endometriosis is a gynecological disease that is 
commonly found in women of the reproductive age. 
The success rate of pregnancy in women with endo-
metriosis who underwent in vitro fertilization (IVF) 
was 54% compared with infertile women due to tubal 
abnormalities [1]. Compared with other causes of 
infertility (e.g. tubal abnormalities and unexplained 
infertility), moderate endometriosis results in low 
pregnancy success and a high incidence of abor-
tion [2]. Endometriosis has a negative impact on all 
markers of the infertility process in women who are 

participating in IVF programs [1], so there is a sus-
picion that endometriosis has a negative impact on 
the functions of the ovaries and Fallopian tubes and 
the ability of the uterus to accept conception [3]. 
Observations on IVF results using oocyte donors have 
proven the suspicion that endometriosis affects the 
ovaries and decreases the quality of oocytes during 
endometrial receptivity [4]. However, until now, the 
exact mechanism of folliculogenesis disturbance, 
which decreases oocyte quality in infertile patients 
with endometriosis, remains unclear.

The latest consensus on the pathogenesis of endo-
metriosis has stated that endometriosis is a chronic 
inflammatory process in the pelvis that increases the 
function of immunological cells in the peritoneal fluid, 
which is unusual and is closely related to the growth 
and development of endometriosis, and affects the 
quality of the oocytes produced [5-9]. Endometriosis 
could also increase the apoptosis of granulosa cells; 
thus, it can affect the process of folliculogenesis and 
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steroidogenesis [10]. The concentrations of pro-in-
flammatory interleukins (ILs) (i.e. IL-6, IL-1β, and 
IL-10) and tumor necrosis factor-alpha (TNF-α) were 
increased in patients with endometriosis. TNF-α con-
centration in the follicular flow of patients with endo-
metriosis who have poor oocyte quality [3] is thought 
to trigger the secretion of other pro-inflammatory 
cytokines, which ultimately interfere with the pro-
cess of oocyte fertilization. TNF-α plays a biological 
role as a pro-inflammatory, anti-tumor, and apoptotic 
agent through activated caspase-8, which activates 
caspase-3, and the apoptotic pathway begins [11].

Some previous studies [12,13] using stem cells 
to determine a decrease in apoptosis of granulosa cells 
in the ovaries of experimental animals given cyto-
static have been conducted. These studies have shown 
the success of stem cell therapy for improving ovar-
ian function. In this study, bone marrow mesenchymal 
stem cells were used because they have been widely 
used for therapy. Besides, bone marrow mesenchymal 
stem cells are a type of adult stem cell; thus, they have 
a small chance of becoming tumors compared with 
embryonic stem cells.

This study aimed to determine the effects of 
bone marrow mesenchymal stem cell transplantation 
on tumor necrosis factor-alpha (TNF-α) receptor 1 
(TNFR1) expression, granulosa cell apoptosis, and 
folliculogenesis in endometriosis mouse models.  , We 
used the severe combined immunodeficiency (SCID) 
endometriosis model (which has reduced immune 
function) as the study sample due to research ethics 
constraints.
Materials and Methods
Ethical approval

This type of study is explanatory research with 
pure experiments (true experiments) carried out in 
the experimental animal laboratory. This research has 
obtained ethical eligibility with ethics certificate num-
ber: 685-KE-2018.
Study period and location

The study was carried out from May to July 2017 
at the Stem Cell Laboratory of the Institute of Tropical 
Disease, Universitas Airlangga, Faculty of Veterinary 
Medicine, Universitas Airlangga and Cellular Biology 
Laboratory, Faculty of Mathematics and Natural 
Sciences, Universitas Brawijaya.
The production of bone marrow mesenchymal stem 
cells

Bone marrow stem cells were obtained from 
female mice aged 3 months with a weight of 20–40 g. 
Under local anesthesia, the bone marrow aspirate was 
collected from the tibia using 5–10 mouse donors 
to reach 3 mL bone marrow and then placed into a 
15 mL heparin tube containing 3 mL minimum essen-
tial medium-alpha (ratio 1:1) (Invitrogen, USA). 
The tubes were stored in the refrigerator before ser-
vice. Each aspirate was transferred into a 15 mL blue 
cap tube and diluted with phosphate-buffered saline 

(PBS) (Sigma, USA). Each tube was processed with 
5 mL PBS twice. Then, each aspirate was mixed and 
coated with Ficoll (G.E Healthcare, UK). The tubes 
were centrifuged at 1600 rpm for 15 min; then, the 
buffy coat located on Ficoll PBS was collected using 
a Pasteur pipette, and the cells were placed in a 15 mL 
tube. After that, each sample was diluted with PBS, 
mixed 3-5 times, and centrifuged again at 1600 rpm 
for 10 min. The supernatant was aspirated, and the 
cells were resuspended with 6 mL completed culture 
medium (CCM) (Invitrogen, USA). The cells were 
placed on a 5 cm2 plate and incubated with 5% CO2 
humidity for 24 h. After 24 h, 2 mL PBS was added 
to the culture, which was washed twice. Then, 10 mL 
CCM was added, and the culture was incubated at 
37°C humidity 5% CO2 for 5-10 days. Daily examina-
tions were performed using an electron microscope. 
Every 3 days, the cells were washed with PBS 5% or 
10%, and 10 mL CCM was added. The process was 
continued until the cells were between 60% and 80% 
confluent. Then, the passage is performed every 5 days 
until it reached passage four. After the stem cells from 
the bone marrow have been isolated, the next step 
is characterization to identify these stem cells. Stem 
cell identification through the genotypic approach 
using specific primers is known as the polymerase 
chain reaction approach. In preparing the stem stage, 
the expression of negative CD45 and positive CD73, 
CD90, and CD105 was characterized to ensure that 
the stem cells inserted were mesenchymal [14-18].
Experimental animal preparation

Female mice aged 3 months with a weight of 
20-40 g were adapted for 1 week in a clean cage with 
enough air, enough light, and adequate and homoge-
neous eating and drinking. The mice were randomly 
divided into three groups, each of which consisted of 
14 mice: T0 group: Negative control group; T1 group: 
The positive control group (the group of endometri-
osis mouse models that received placebo); and T2 
group: The treatment group (endometriosis mouse 
models that received bone marrow mesenchymal stem 
cells) [19].
The production of endometriosis mouse models

The endometriosis model group of mice 
was intramuscularly injected with cyclosporine A 
(Sandimmune; Novartis, Basel, Switzerland) at a dose 
of 10 mg/body weight and estrogen. Endometriosis 
modeling using female mice aged approximately 
12 weeks, weighing 20-40 g with 1 week of adaptation 
was performed by intramuscularly injecting 0.2 mL/
mice cyclosporin A (Sandimmune; North Ryde, 
Australia), intraperitoneally injecting endometrial 
isolate (0.1 mL of human endometrial tissue has been 
transferred/injected to SCID mice), and intramuscu-
larly injecting estrogen (a conversion dose of 5.4 µgr 
for each mouse [1 µgr equivalent to 10 IU]) on day 1. 
Estrogen injection was continued from day 2 until day 
5. On day 14, the endometriosis model was complete, 
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which was characterized by the growth of endometri-
osis tissue in the peritoneum. A single dose of bone 
marrow mesenchymal stem cells was administered on 
day 15 with a dosage of 106/mice. On day 29, sample 
collection was performed [19,20].
The examination of TNF-α receptor 1 (TNFR1) expres-
sion using immunohistochemical techniques

The sliced ovarian tissue was deparaffinated 
(paraffin block) with xylene thrice for 3 min each. 
Rehydration preparations were performed using 100% 
ethanol, 95% ethanol, and 70% ethanol for 2 min, 
2 min, and 1 min, respectively, and finally using water 
for 1 min and then soaked in a peroxidase blocking 
solution at  27ºC for 10 min. The preparations were 
incubated in a pre-dilution inhibitor serum at 25°C 
for 10 min, soaked in 25°C monoclonal anti-TNFR1 
antibodies (ab58436) for 10 min, and washed with 
PBS for 5 min. The preparations were incubated with 
secondary antibodies (conjugated with horseradish 
peroxidase) at 25°C for 10 min and then washed with 
PBS for 5 min. After that, they were incubated with 
25°C peroxidase for 10 min and washed with PBS for 
5 min. The preparations were incubated with diamino-
benzidine at 25°C for 10 min, incubated with hema-
toxylin and eosin (H and E) for 3 min, and washed 
with running water. Then, they were cleaned, dropped 
with mounting media, and then covered with a cov-
erslip. The expression of TNFR1 (brown in color) 
observed on the cells using a light microscope with 
400×, which was previously confirmed at 1000×. All 
these examinations used a Nikon H600L light micro-
scope (Tokyo, Japan) equipped with a 300 megapixel 
DS Fi2 digital camera and the Nikon Image System 
image processing software (Tokyo Japan). The 
semi-qualitative assessment of TNFR1 expression is 
based on Table-1 [21,22].
The examination of apoptosis cell expression using 
terminal deoxynucleotidyl transferase dUTP nick end 
labeling (TUNEL) techniques

Paraffin block sections were dewaxed; then rehy-
drated with 100% ethanol, 95% ethanol, and 70% eth-
anol and finally with water for 1 min; and then soaked 
in a 20 g/mL proteinase K (Sigma, St. Louis, MO) at 
27ºC for 15 min. The tissues were incubated with a 
solution containing 2% H2O2 in PBS to inhibit endog-
enous peroxidase activity and then washed with PBS. 

The preparations were incubated in a terminal deoxy-
nucleotidyl transferase (TdT) buffer solution contain-
ing 0.3 U/l TdT (Oncor, Gaithersburg, MD, USA), and 
0.04 nmoL/L digoxigenin-dUTP (Oncor, Gaithersburg, 
MD, USA) was added to cover the tissues at 37°C for 
60 min. Then, the tissues were washed with 300 mm 
sodium chloride and 30 mm sodium citrate for 30 min 
and then washed with PBS for 5 min. The preparations 
were incubated with anti-digoxigenin-peroxidase com-
plex for 30 min at 27oC and stained with a solution 
of diaminobenzidine at 27°C for 10 min. The sections 
were counterstained with hematoxylin. Negative con-
trols were obtained by omitting TdT from the buffer 
solution. The preparations were cleaned and dropped 
with mounting media and then covered with a cov-
erslip. The expression of apoptosis cells (dark brown 
color) was observed using a light microscope with 
400×, which was previously confirmed at 1000×. The 
semi-qualitative assessment of apoptosis cell expres-
sion is based on Table-1 [23,24].
The examination of follicular development using 
H and E staining

The sliced ovarian tissue was deparaffinated 
with xylene thrice for 3 min each. The preparations 
were rehydrated using 100% ethanol, 95% ethanol, 
and 70% ethanol and finally using water for 1 min and 
then soaked in a peroxidase blocking solution at 27ºC 
for 10 min. The preparations were incubated with 
H and E for 3 min and washed with running water. 
Then, the preparations were cleaned and dropped 
with mounting media and covered with a coverslip. 
Follicular development was observed on the cells 
using a light microscope with 400×, which was previ-
ously confirmed at 1000× [25,26].
Statistical analysis

For the difference analysis between the nega-
tive control, positive control, and treatment groups, 
one-way analysis of variance (ANOVA) was used 
in normally distributed data, and the Kruskal–Wallis 
test was used if the distribution was not normal. The 
expression of TNFR1 and apoptosis of granulosa 
cells were analyzed using ANOVA and post hoc test 
because the distribution was normal. The number of 
primary, secondary, tertiary, and graafian follicles was 
determined and examined using the Kruskal–Wallis 
test because the distribution was not normal.
Results

This study consisted of three stages: Stem cell 
preparation, endometriosis model production, and 
proving the effects of mesenchymal stem cell trans-
plantation on TNFR1 expression, granulosa cell apop-
tosis, and folliculogenesis repair. In the stem cell 
preparation stage, the expression of negative CD45 
and positive CD73, CD90, and CD105 was charac-
terized to ensure that the stem cells transplanted were 
mesenchymal. Then, to prove that the stem cells 
that we transplanted were homing into the ovary, we 

Table-1: The IRS semi-quantitative scale is the result of 
multiplying the positive cell percentage score (A) and the 
color reaction intensity score (B), IRS = (A × B).

A B

Score 0: No positive cells Score 0: No color reaction
Score 1: Positive cells <10% Score 1: Low color intensity
Score 2: Positive cells 
between from 11%to 50%

Score 2: Medium color 
intensity

Score 3: Positive cells 
between from 51%to 80%

Score 3: High color intensity

Score 4: Positive cells over 
than 80%

IRS=Immunoreactive score
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looked at PKH26 luminescence. In the second stage, 
to prove the evidence of the endometriosis model, 
we euthanized the seven mice in the T1, T2, and T0 
groups on day 14.
Isolation and culture of bone marrow mesenchymal 
stem cells of mice

Stem cells were collected from bone marrow 
aspirates from the tibia bone of the mice, and then, the 
stem cells were isolated according to the procedure 
in the stem cell laboratory of the Institute of Tropical 
Disease, Universitas Airlangga. When the cells were 
80% confluent, half of the cells were planted back into 
a new Petri dish with the same medium for expansion. 
The passage is performed every 5 days until it reaches 
passage four. An overview of bone marrow stem cell 
culture is shown in Figure-1.
Characterization of bone marrow mesenchymal stem 
cells

Stem cells developed in vitro can be identi-
fied using genotype (nucleotide) and phenotypic 
approaches. In vitro stem cells were characterized 
based on phenotypes by the immunocytochemical 
approach, using monoclonal or polyclonal antibod-
ies that are labeled with fluorescence isothiocyanate 
(FITC) (F3651; Sigma, St. Louis, MO). In this study, 
mesenchymal stem cells were phenotypically iden-
tified by the immunocytochemical approach using 
monoclonal antibodies labeled with FITC. The cell 
markers CD73, CD90, and CD105 were checked to 
confirm mesenchymal stem cells and CD45 to remove 
bone marrow mesenchymal stem cells (Figure-2).

Using a fluorescence microscope, immuno-
fluorescence examination results showed a positive 
expression of CD73 (Figure-2). CD73 is a marker of 
mesenchymal stem cells. CD90 is also a marker of 
mesenchymal stem cells, and in this study, the cultured 
stem cells showed positive CD90 expression. No green 
luminescence was observed because the cultured stem 
cells did not express CD45 (Figure-2). PKH26 lumines-
cence was observed in the bone marrow mesenchymal 
stem cell membrane (Figure-3), so the cells emitted red 
when observed under a fluorescence microscope. This 
is solid evidence that bone marrow mesenchymal stem 
cells can be homing in the ovarian tissue.
Immunohistochemical results of TNFR1

Immunohistochemical examination was intended 
to determine the expression of TNFR1 in the ova-
ries. The data resulting from this examination were 
semi-quantitative, assessed according to the modified 
Remmele method [27]. The Remmele scale index 
(immunoreactive score [IRS]) is the result of multi-
plying the percentage score of immunoreactive cells 
with the color intensity score on immunoreactive cells 
(Figure-4). The data for each sample are the average 
of the observed IRS value at five fields of view at 
400×, which has been previously confirmed at 1000×. 

After obtaining the IRS means, the data normal-
ity test was then conducted. Because the data were 

normally distributed, to determine the difference in the 
TNFR1 variable between groups, one-way ANOVA 
was used.

The expression of TNFR1 was significantly dif-
ferent among the three groups (p<0.05), so a further 
statistical examination was conducted using ANOVA. 
The post hoc test was used in this study because the 
variants of the three groups were not homogeneous. 
The post hoc test showed that the T1 group was sig-
nificantly different from the T0 group (p<0.038) and 
the T2 group (p<0.017), but no significant difference 
was observed between the T0 and T2 groups (p>0.626) 

Figure-1: Rattus norvegicus bone marrow stem cell 
culture. (a) Mesenchymal stem cell morphology. Cells 
appear to be small cell bodies (fibroblast shaped), which 
are long and flattened with a large nucleus; (b) swirling 
pattern in passage four (inverted microscope, 40×).

ba

Figure-2: Immunocytochemical examination of CD 
73, CD90, CD105, and CD 45. (a) Observation of bone 
marrow mesenchymal stem cells without fluorescence; 
(b) fluorescent observation of bone marrow mesenchymal 
stem cells (fluorescent microscope, 100×).

a b
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(Table-2). This study showed that endometriosis could 
increase TNF- R1 expression (T1) and administration 
of stem cells (T2) could reduce TNF- R1 expression 
similar to the control group (T0).
Granulosa cell apoptosis

To determine the expression of apoptosis in gran-
ulosa cells of the ovarian follicles of mice, a histopatho-
logical examination was performed. The data for each 
sample were assessed semi-quantitatively according to 
the modified Remmele method (Figure-5). All these 
examinations used a Nikon H600L light microscope 
equipped with a 300 megapixel DS Fi2 digital camera 
and the Nikon Image System image processing software.

The IRS apoptosis data after the normality test 
showed that the data are normally distributed, so the 
data were analyzed using ANOVA. The apoptotic val-
ues of the three groups were significantly different 
(p<0.05), so a further statistical analysis using ANOVA 
was necessary. The post hoc test showed that the T0 
group was significantly different from the T1 group 
(p<0.00), but no significant difference was observed 
between the T0 and T2 groups (p>0.19). Meanwhile, 
a significant difference was observed between the T1 
and T2 groups (p<0.00) (Table-3).
Follicle count result

To determine the number of primary, secondary, 
tertiary, and graafian follicles in the ovaries of mice, 
H & E staining was performed. The data on each sam-
ple were quantitative, where the number of follicles 
was counted in 400×. All these examinations used a 
Nikon H600L light microscope equipped with a cal-
ibrated micrometer, Nikon Image System image pro-
cessing software, and a 300 megapixel DS Fi2 digital 
camera.

The statistical test results on the number of pri-
mary and secondary follicles between the three groups 

were not significantly different (p>0.05). The grade 
of folliculogenesis (tertiary follicles) among the 
three groups was not significantly different (p>0.05), 
whereas the graafian follicles showed significant dif-
ferences among the three groups (p<0.05). The results 
of post hoc test on the graafian follicles showed that 
the T0 group was not significantly different from the 
T2 group (p>0.146), but a significant difference was 
observed between the T0 and T1 groups (p<0.005). 
Meanwhile, the number of graafian follicles between 
the T1 and T2 groups was significantly different 
(p<0.009) (Tables-4 and 5).
Discussion

The results of characterization in this study 
showed that the expression of CD73, CD90, and 

Figure-3: PKH26 luminescence in ovarian preparations of mice with endometriosis labeled PH26. (a) Green filter, (b) red 
filter, (c) red-green filter (fluorescent microscope, 4.2×).

ba c

Figure-4: Comparison of R1 tumor necrosis factor-alpha expression in ovarian granulosa cells (arrows) among groups T0, 
T1, and T2 (immunohistochemistry stain, 1000×; Nikon H600L microscope; 300 megapixel DS Fi2 camera).

b ca

Table-2: Post hoc analysis of TNF-α R1 expression 
between groups.

Group p-value

T0 group versus T1 group 0.038
T0 group versus T2 group 0.626
T1 group versus T2 group 0.017

T0 group: Negative control group; T1 group: The positive 
control group; and T2 group: The treatment group. TNF-
α=Tumor necrosis factor-alpha

Table-3: Apoptosis between the control group, the 
endometriosis model group, and the endometriosis model 
group of mice that were given with mesenchymal stem 
cells.

Group n Mean±Standard deviation p-value

T0 group 14 2.54±1.462a <0.0001
T1 group 14 6.39±2.317b

T2 group 14 3.41±1.206a

*Different superscripts show significant differences. T0 
group: Negative control group; T1 group: The positive 
control group; and T2 group: The treatment group
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CD105 was positive, proving that stem cells origi-
nating from the bone marrow after culture grew into 
mesenchymal stem cells. The characterization test 
was performed to prove that the cultured stem cells 
are true mesenchymal stem cells using at least three 
antibodies (i.e. CD73, CD90, and CD105); this is to 
ensure that what grows is mesenchymal stem cells. 
The results of the study showed that some mesenchy-
mal stem cells grow (Figures-2-4). Meanwhile, CD45, 
which is an antibody that can identify hematopoietic 
stem cells, was used as a positive control. In this 
study, the cultured stem cells did not express CD45 
(Figure-2) [28-30].

Mesenchymal stem cells are multipotent cells 
whose capacity is functionally determined based on 
their ability to renew themselves and differentiate into 
several cell types. Mesenchymal stem cells can be 
isolated from various tissues, such as the bone mar-
row and skin. Markers on the surface of mesenchymal 
cells isolated from the skin, such as CD105, CD90, 
CD73, CD44, and CD200, can be found using immune 
fluorescence methods. Meanwhile, the presence of 

CD105, CD90, and CD73 can also be confirmed using 
flow cytometry [28-30].

The apoptosis of granulosa cells increases with 
the severity of the endometriosis. Granulosa cell 
apoptosis can also affect oocyte quality, which, in 
turn, will reduce the fertilization rate and reduce the 
pregnancy success rate [3]. The effects of endometri-
osis on granulosa cells have been described as change 
in steroidogenesis and cell cycle and increase in 
apoptosis. Endometriosis caused the dysregulation of 
molecular pathways in the development and growth of 
granulosa cells [31]. Endometriosis may alter various 
factors presented in follicular fluid by modifying the 
follicular oxidative stress status [32,33]. An increase 
in oxidative stress has been recently confirmed as the 
culprit of spindle disruption. Spindle disruption was 
an indicator of oxidative DNA damage, which leads 
to granulosa cell apoptosis [34]. Endometriosis also 
altered intrafollicular levels of pro-inflammatory 
cytokines. Follicular fluids from follicles aspirated 
from patients with endometriosis showed significantly 
higher concentrations of IL-8 and IL-12, which con-
tribute to decreasing oocyte quality [35]. Higher con-
centrations of inflammatory ILs observed in patients 
with endometriosis may contribute to the disruption 
of the oocyte spindle [32].

Stem cells have great potential as a therapy 
for various diseases. Stem cells have a broad regen-
eration capacity and the ability to produce daughter 
cells, which will undergo further differentiation. Bone 
marrow mesenchymal stem cells are adult stem cells 
derived from the bone marrow stroma. Mesenchymal 
stem cells can be used for cell therapy because they 
are easy to isolate, can be expanded widely without 
losing their differentiation ability, have low immunity, 
and are multipotent. The main role of mature stem 
cells is maintaining and repairing the tissue in which 
they are located [36]. Mesenchymal stem cells provide 
benefits through two mechanisms: (1) Mesenchymal 
stem cells differentiate to replace damaged cells to 
form new cytoarchitecture and (2) mesenchymal stem 
cells produce paracrine effects by releasing immuno-
regulators that support regeneration (tropic activity). 
One of the tropic activities of stem cells is inhibiting 
apoptosis.

The term “homing” can be defined as a process 
by which stem cells migrate and then stick firmly to 
the tissue. The distribution of stem cells to the tissues/

Figure-5: The difference in the number of ovarian apoptotic granulosa cells (arrows) between treatment groups (Tunel 
assay, 400×; Nikon H600L microscope; 300 megapixel DS Fi2 camera).

a b c

Table-4: The comparison of the number of primary and 
secondary follicles between groups.

Folliculogenesis Group n Mean±Standard 
deviation

p-value

Primary follicle T0 group 14 10.57±4.502a 0.222
T1 group 14 7.71±3.024 a

T2 group 14 10.00±5.657 a

Secondary T0 group 14 4.93±3.772 a 0.639
T1 group 14 4.21±1.929 a

T2 group 14 5.43±4.071a

T0 group: Negative control group; T1 group: The positive 
control group; and T2 group: The treatment group

Table-5: The results of the statistical test on 
folliculogenesis (tertiary follicles and graafian follicle) 
between groups using the Kruskal–Wallis test.

Folliculogenesis Group n Median 
(min-max)

p-value

Tertiary follicle T0 group 14 2.5 (0-6)a 0.217
T1 group 14 2.0 (1-2)a

T2 group 14 2.0 (0-3)a

Graafian follicle T0 group 14 4.0 (0-9)a 0.005
T1 group 14 1.0 (1-3)b

T2 group 14 3.5 (0-5)a

*Different superscripts show significant differences. T0 
group: Negative control group; T1 group: The positive 
control group; and T2 group: The treatment group
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organs is the first step that must be achieved so that 
stem cells can repair damaged tissues/organs. For that, 
we need a way so that the transplanted stem cells can 
reach the target tissue/organ [37].

In this study, to ensure that bone marrow mesen-
chymal stem cells reach the ovary as the target organ, 
they were stained and transplanted in all endometri-
osis mouse models. Two weeks after stem cell trans-
plantation, the mice were euthanized, and their ovaries 
were removed. Mesenchymal stem cell colonization 
was analyzed using a fluorescence microscope [38].

TNF-α is an important cytokine regulator, which 
not only regulates the immune response but also 
influences cell differentiation, cell survival, and cell 
apoptosis. The effects caused by TNF-α depend on 
its binding to the receptor. TNF-α binding with death 
receptors (TNFR1) on the cell membrane will induce 
an apoptotic pathway. The ovaries of mice express 
both TNF-α receptors. In endometriosis, both types of 
receptors are also found in high concentrations.

Studies have shown that transplanting human 
amnion epithelial cells (hAECs) can reduce the pro-
duction of TNF-α, IL-1, and IL-6. hAEC can reduce 
TNF-α, which is a mediator of apoptosis, thus, hAEC 
can inhibit apoptosis. The results of this study showed 
a decrease in the expression of TNFR1 (Table-6). This 
decrease causes the bond between TNFR1 and its 
ligands to weaken so that the apoptotic pathway does 
not work, which is prominent with a significant decrease 
in the number of apoptotic granulosa cells [39].

The decrease in the expression of TNFR1 in this 
study was only 19.5% against the incidence of apop-
tosis. This could be because mesenchymal stem cells 
also reduce the expression of their ligands (TNF-α) so 
that ligand and receptor binding does not occur, and 
then, the apoptotic pathway does not occur. This will 
interfere with folliculogenesis in terms of decreasing 
the number of pre-ovulatory follicles, the size of the 
dominant follicles, and the levels of estradiol. This is 
due to the increased apoptosis of granulosa cells in 
endometriosis [10].

Granulosa cells are responsible for steroidogene-
sis and oocyte maturation. Folliculogenesis is a process 
of follicular development in the ovaries, which involves 
several processes: Recruitment, selection, growth, mat-
uration, and ovulation. The stages of folliculogenesis are 
divided into two. The first phase is the pre-antral phase 
or gonadotropin-independent phase, characterized 
by the growth and differentiation of the oocytes. The 

second phase is the antral phase or gonadotropin-de-
pendent phase, characterized by an increase in the size 
of the follicle itself. The pre-antral phase is controlled 
primarily by locally produced growth factors through 
the autocrine/paracrine mechanism. Meanwhile, the 
antral phase is regulated by follicle-stimulating hor-
mone (FSH) and luteinizing hormone (LH).

The dominant follicle is characterized by contin-
uous granulosa cell mitosis. The selection of the dom-
inant follicle begins at the end of the luteal phase of 
the previous cycle. FSH levels begin to rise near the 
end of the luteal phase, along with decreasing levels of 
progesterone and estrogen. In vivo and in vitro studies 
have shown that FSH directly stimulates human gran-
ulosa cell mitosis. Granulosa cells are the only cells 
that can express FSH receptors. The binding of FSH 
with its receptors in the transmembrane will cause the 
expression of the P450 aromatase gene and 17α-hy-
droxysteroid dehydrogenase, which contribute to the 
production of estradiol. P450 aromatase contributes 
to the conversion of androgen to estrogen. At the end 
of the follicular phase, the intrafollicular concentra-
tion of estradiol is directly related to follicle size and 
reaches a concentration of +1 µg/mL when the circu-
lating estradiol level reaches its peak. Estradiol lev-
els that reach their peak in the circulation will cause 
a surge in LH that triggers ovulation. FSH receptor 
signaling increases the expression of the LH receptor 
gene in granulosa cells. LH receptors cause granulosa 
cells in the dominant follicle to respond to an increase 
in LH mid-cycle and cause ovulation [40].

In bone marrow mesenchymal stem cell trans-
plantation in endometriosis mouse models, the num-
ber of primary and secondary follicles was higher in 
the group that received stem cells, although not sta-
tistically different, whereas the number of tertiary 
follicles did not differ between groups with and with-
out stem cells. Transplanting stem cells significantly 
increase the number of graafian follicles; therefore, 
stem cell transplantation can improve folliculogenesis 
by reducing the apoptosis of granulosa cells so that the 
steroidogenesis and oogenesis functions are back to 
normal and increase the ovulation rate.
Conclusion

The transplantation of bone marrow mesenchy-
mal stem cells in endometriosis mouse models can 
reduce the expression of TNFR1 and apoptosis of 
granulosa cells and improve folliculogenesis.
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