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Abstract: Objective: To investigate the mechanism of Neferine in treating endometriosis fibrosis by TGF-B/ERK sig-
naling pathway through a combination of network pharmacological analysis of Lotus embryos, in vivo animal experi-
ments, and in vitro cell experiments. Methods: The active ingredients of the drug lotus embryos, the drug targets
and the targets of endometriosis were determined from the TCMSP database, the Swiss Target Prediction database
and GeneCard and Online Mendelian Inheritance in Man. The String database and Cytoscape 3.6.3 software were
used to construct the network of common target protein interactions between drug and disease, as well as the tar-
get network. GO and KEGG enrichment analysis of the common targets was performed. We designed endometriosis
mouse models with Neferine to investigate the therapeutic effect of Neferine on the fibrosis model of endometriosis
and its mechanism of action. Different methods were used to evaluate the treated endometriotic lesion tissue and
the untreated ectopic lesion tissue. The 12Z cells (human endometriosis immortalized cells) were cultured in vitro
and treated with Neferine to detect cell viability and the effects of invasion and metastasis. Results: The results
of GO function and KEGG enrichment analysis showed that the role pathways of lotus germ were TGF-B signaling
pathway, ERK1/2 signaling pathway, IL-17 signaling pathway, TNF signaling pathway, AGE-RAGE signaling pathway,
and PI3K-Akt signaling pathway. Neferine which is one of the effective active ingredients of lotus germ, significantly
inhibited the expression of fibronectin, collagen |, connective tissue growth factor, and smooth muscle actin by
activating the TGF-B/ERK pathway in vivo, which is required for the fibrosis process of endometriosis. Neferine also
significantly inhibited the proliferation, invasion and metastasis ability of 12Z cells. Conclusion: Neferine inhibits
the progression of endometriosis both in vitro and in vivo. Its mechanism of action may involve the regulation of the
TGF-B/ERK signaling pathway, leading to the inhibition of fibrosis in endometriosis.
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Introduction

Endometriosis (EMs) refers to the process of
recurrent bleeding, injury, and repair of endo-
metrial tissue outside the uterus with periodic
changes in hormones, resulting in changes in
the microenvironment, which leads to the acti-
vation of fibrosis-related factors, fibroplasia,
and adhesions [1, 2]. Excessive fibrosis can
result in scarring, chronic pain, and changes in
tissue function, leading to clinical symptoms
such as dysmenorrhea, pelvic pain, and
infertility.

In the course of the occurrence and develop-
ment of EMs, more and more studies have

proven that fibrosis is an inevitable pathological
process of all EMs [3]. Vigano et al. realized in
their study that ectopic endometrial matrix and
glands only represent a small part of EMs
lesions, while fibrosis in EMs lesions is a key
part of the pathogenesis of the disease [4, 5].
Donnez found in rectovaginal nodules, glandu-
lar epithelium without any surrounding stroma
was observed deep within the fibrocystic tissue,
and Muzii observed that in 40% of chocolate
cysts of the ovary, neither endometrium epithe-
lium nor the inner surface of the cyst could be
recoghized [6, 7]. In addition, Somigliana also
found that there was no endometrium in the
pelvic adhesion lesions of heterotopia, but the
fibrous lesions played a dominant role [7]. The
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main treatment method of western medicine
for EMs is surgery or hormone therapy. While
pseudopregnancy therapy and pseudomeno-
pause therapy are commonly used to alleviate
the conditions in endometriosis patients, they
have a high relapse rate and come with many
adverse effects. Additionally, these therapies
are not conducive to pregnancy and may cause
osteoporosis and menopausal syndromes,
which limit their long-term use [3, 4]. Therefore,
finding a treatment scheme that has accurate
and stable therapeutic effect, minimal side
effects and is easily accepted by patients has
become a focus and challenge of modern
research. Despite an improved understanding
of fibrosis in EMs, there is currently no safe and
effective clinical treatment available for this
serious condition. Therefore, the anti-fibrosis
treatment of EMs is of great exploration value
and clinical significance. In our study, we found,
for the first time, that Neferine (Nef) can effec-
tively inhibit the fibrosis progression of EMs
and serve as a potential target therapeutic
agent. Activity of the TGF-B1/MAPK/ERK path-
way is transmitted into the nucleus and then
regulates the expression of the collagen gene.
ERK1/2 is mainly activated by phosphorylation
of some factors such as hydrogen peroxide, ion-
izing radiation and growth factors. Activated
p-ERK1/2 can promote the transcription and
expression of some genes, participate in the
regulation of cell growth, differentiation, prolif-
eration, apoptosis and cell function. The ERK
pathway plays an important role in promoting
the fibrosis of multiple organs. Previous studies
have also confirmed that inhibition of MAPKs is
a potential target of anti-fibrosis therapy [8].

The role of fibrosis in the occurrence and devel-
opment of EMs has received increasing atten-
tion, but the molecular mechanism underlying
EMs fibrosis is still elusive.

Nef is a major dibenzylisoquinoline alkaloid
extracted from lotus seeds. In recent years,
Nef has been reported to have physiological
activities such as anti-diabetes, anti-thrombo-
sis, anti-oxidation, anti-inflammation, anti-for-
getfulness, anti-fibrosis, and anti-hyperglyce-
mia properties [8]. Although Nef has been
studied for anti-fibrosis in the liver and pulmo-
nary fibrosis in mice, there are currently no
related reports on the treatment of EMs fibro-
sis. Therefore, this study aims to investigate the
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potential therapeutic effect of Nef on EMs
fibrosis in mice by targeting the TGF-B/ERK
pathway.

Materials and methods
Network pharmacology methods

The active ingredients of lotus embryos were
obtained from the TCMSP (http://Isp.nwsuaf.
edu.cn/tcmsp.php) database. The targets of
the drugs were identified from the TCMSP data-
base and the Swiss TargetPrediction database.
The common targets between drugs and dis-
eases were searched. The targets of the dis-
ease were identified from GeneCards and
Online Mendelian Inheritance in Man databas-
es. We used Cytoscape 3.8.0 to construct a
drug-disease-targets Venn Diagram and the
String database and Cytoscape 3.6.3 software
to construct the network of common target
protein interactions between drug and disease,
as well as the target network. Finally, the GO
and KEGG enrichment analyses of the com-
mon targets were performed using the DAVID
database. The enrichment results were also
displayed.

Experimental animals

In this experiment, C57BL/6 female mice aged
8 weeks and weighing approximately 18-20 g
were selected. The mice were purchased from
Beijing Vital River laboratory Animal Technology
Co., Ltd. The use and treatment of the experi-
mental animals were performed strictly in
accordance with the animal ethics regulations
of the Shanghai Hospital of Traditional Chinese
Medicine.

Endometrial transplantation mouse model

A mouse model of EMs was established by
intraperitoneal injection transplantation [9]. All
mice were treated with 30 pg/kg estradiol for 3
days to unify the estrous cycle. The donor mice
were dissected. The abdominal cavity was
checked to locate the “Y” uterus, and the tis-
sue was separated and ligated approximately
0.5 cm from the ovary. The donor mouse uterus
was removed from the middle position. The adi-
pose tissue was removed with forceps and
opened longitudinally in a DMEM tissue culture
medium containing serum, supplemented with
100 U/mL penicillin and 100 mg/mL strepto-
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mycin. Endometrial debris (approximately 3
mm in diameter; volume: 0.3 mL), including
the myometrium, was collected using a 1.5 mL
syringe. The recipient mice were injected using
a 10 mL syringe needle. The entire process was
performed under sterile conditions, and the
injections in each mouse were completed with-
in approximately 5 min.

Medication

After 21 days of modeling, the mice were ran-
domly divided into 6 groups of 10 mice, includ-
ing a Blank group (for normal saline), a Model
group (for normal saline), a Neferine (B20598
Shanghai Source Biology Co., Ltd.) high dose
group (30 mg/kg/d), a Neferine medium dose
group (10 mg/kg/d), a Neferine low dose group
(5 mg/kg/d), and a Dienogest group (2 mg/day,
gavage, positive control).

Hematoxylin and eosin stain

To assess the morphology of eutopic and ecto-
pic endometrium, H&E staining was performed
on the removed tissues after sacrificing the
mice. This procedure was also used to confirm
the success of the mouse model of EMs. The
eutopic and ectopic endometrium tissues were
firstly washed in distilled water, then stained
with hematoxylin dye for 10 min. After that, they
were treated with 1% hydrochloric acid alcohol
for differentiation with 0.6% ammonia. The tis-
sue sections were placed in eosin dye solution
for 3 min and successively dehydrated using
80%, 95%, and anhydrous ethanol.

Masson staining

In order to analyze the degree of endometrial
fibrosis in different groups, Massonance stain-
ing was performed on the endometrial tissue.
Endometrial tissue sections were washed in
distilled water, mixed with ferroxyl solution at
1:1 ratio. The mixture was then added dropwise
onto sections for 3 min, after which the sec-
tions were washed in distilled water, treated
with 1% hydrochloride alcohol for 10 s, and
then subjected to decolorization with 0.6%
ammonia. Then, the sections were stained with
Lichun red acid dye solution (C520005-0050
raw) for 10 min, phosphomolybdate acid solu-
tion for 3 min, and blue aniline solution, differ-
entiated in glacial acetic acid solution for 1 min,
and dehydrated with ethanol. At last, the sec-
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tions were soaked in xylene solution, dried, and
sealed with neutral gum.

Western-blotting

In order to analyze the differences in the
expression levels of fibrosis-related proteins
among different groups, Western blotting was
performed on the endometrial tissue. En-
dometrial tissue was cut, homogenized and
treated with RIPA lysate for 5 min. The tissue
lysates were centrifuged and the supernatant
was collected into 200 yL EP tubes. The protein
samples were separated by 10% SDS-PAGE
and then transferred onto a polyvinylidene
difluoride (PVDF) membrane for 1 h at 300 mA.
Membranes were blocked in 5% skim milk/
TBST (Tris-buffered saline buffer containing
0.1% Tween-20) for 30 min and then treated
with primary antibodies using TBST containing
3% skim milk. The antibodies were TGF-B
(1:1,000), smooth muscle actin (x-SMA,
1:1,000), connective tissue growth factor
(CTGF, 1:1,000), fibronectin (FN, 1:1,000), col-
lagen | (COL-1, 1:1,000), ERK (1:1,000), and
Phospho-p44/42 MAPK (Erk1/2; Thr202/
Tyr204; 1:1,000). The washed membranes
were probed with horseradish peroxidase-con-
jugated secondary antibody (1:1,000) in TBST
containing 3% skimmed milk. Immune com-
plexes were visualized using the ECL immunob-
lot system.

Immunohistochemistry

The expression of a-SMA was detected by anti-
a-SMA. Briefly, after routine antigen retrieval,
the fixed eutopic and ectopic endometrium tis-
sues above were incubated with 3% H,0, at
room temperature for 10 min, washed with
PBS, placed into 0.01 mmol/L citrate buffer
(pH 6.0), and then subjected to microwave anti-
gen retrieval for 20 min. Next, the eutopic and
ectopic endometrium tissues were treated
with primary anti-a-SMA antibody at 4°C over-
night, and then probed with the HRP-conjugat-
ed goat anti-rabbit polyclonal secondary anti-
body at 37°C for 20 min. After that, the sec-
tions were subjected to staining using a DAB
Horseradish Peroxidase Color Development Kit
and counterstained with hematoxylin. Finally,
the sections were mounted for further analysis.
Images were captured using an inverted micro-
scope at 40x and 100x magnifications (IX71;
Olympus, Tokyo, Japan).
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Immunofluorescence staining

The paraffin sections were dewaxed and dehy-
drated with alcohol at different concentrations
for antigen repair. After washing thrice with
0.01 M PBST and blocking for 30 min, the sec-
tions were added with diluted primary antibod-
ies and incubated overnight at 4°C in the dark.
After 24 h, the sections were washed 5 times
with PBS (5 min each time) and then incubated
with Alexa Fluor 488-conjugated goat anti-
mouse/rabbit 1gG (H+L) secondary antibodies
(Jackson) in a dark humidity chamber at 4°C
for 2 h. After that, they were washed another
three times with PBS. Finally, the sections were
observed under a confocal microscope (TCS
SP2; Leica Microsystems, Germany).

CCKS8 proliferation assay

This experiment used 12Z cells (human endo-
metrial immortalized cells) for in vitro experi-
ments. The cell suspension (100 uL) was pre-
pared in 96-well plates, which were pre-cultur-
ed in the incubator for 24 hours (at 37°C, 5%
CO2). Then, 10 uL of low, medium, and high con-
centrations (15 pymol/L, 30 umol/L, 60 umol/L,
respectively) were added to the culture plates
and incubated for 12, 24 or 48 h. After that, 10
pL of CCK8 solution was added to each well for
2-h incubation, and the absorbance was mea-
sured by the microplate reader.

Wound healing assay

A marker pen was used to mark a line on the
back of a 6-well plate, and about 5x10° cells
were added to each well to allow adherence
overnight. The next day, a scratch was made
across the well using a pipette tip. Cells were
washed three times with PBS and cultured in
serum-free medium. Images were taken at O, 6,
12, 24 hours to monitor cell migration and clo-
sure of the scratch.

Statistical methods

Statistical comparisons between two groups
were processed by student t-test. One-way
ANOVA followed by the Tukey test was used for
data involving more than two groups. GraphPad
Prism version 7.01 (GraphPad Software, San
Diego, CA) statistical software was used to cre-
ate analyses and graphics. A value of P<0.05
was considered statistically significant.
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Results
Network pharmacology-based analysis

The TCMSP database was used to identify the
active ingredient of lotus germ with DL greater
than 0.18, resulting in the identification of 25
active components (Table 1), and 127 intersec-
tion targets were identified between lotus germ
and EMs (Figure 1A). Eighteen active compo-
nents with potential therapeutic effects on EMs
were identified (Figure 1B). The following were
the key action targets: AKT1, IL-6, VECFA, JUN,
ESR1, IL1B, INS, MMP9, MAPK8, MMP2, IL-10,
MTOR, IL-2, and others (Figure 1C and 1D).
The following biological processes were pri-
marily involved: RNA polymerase llI-specific,
DNA-binding transcription factor binding, DNA-
transcription factor binding, transcription co-
regulator binding, cytokine receptor-binding
protein, serine/threonine/tyrosine kinase activ-
ity, cytokine activity, nuclear receptor activity,
ligand-activated transcription factor activity,
receptor-ligand activity, signaling receptor acti-
vator activity, transcription coactivator binding,
heat shock protein binding, Hsp90 protein
binding, a ubiquitin-like protein, ligase binding,
nuclear receptor binding, heme binding, gener-
al transcription, initiation factor binding, tetra-
pyrrole binding, peptide binding, growth factor
receptor binding, and others (Figure 1E). The
lotus germ was predicted to primarily play a role
in the treatment of EMs through the TGF-8 sig-
naling pathway, ERK1/2 signaling pathway,
IL-17 signaling pathway, TNF signaling pathway,
AGE-RAGE signaling pathway, and PI3K-Akt
signaling pathway (Figure 1F).

Establishment of the EMs mouse model

Ectopic lesions in the EMs mice were evaluated
at different periods of modeling. On the 7th
day of modeling, small ectopic lesions were
observed in the abdominal cavity, showing
bright red blood bubble or dark red sac. On
the 14th day, the size of the ectopic lesion
increased compared to that on the 7th day, and
a single transparent or translucent vesicle was
observed with a small number of tiny vessels.
On the 21st day, there were one or more trans-
parent vesicles, which were covered by connec-
tive tissue and had small vessels on the sur-
face. On the 28th day of modeling, one or more
transparent vesicles were still present. Clear
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Table 1. Active Nelumbinis Plumula components

Mol ID Molecule Name DL

MOL002419 (R)-Norcoclaurine 0.21
MOLO00415 rutin 0.68
MOLO04217 Micheline B 0.53
MOL004368 Hyperin 0.77
MOL005239 Lysicamine 0.41
MOLO0O0006 luteolin 0.25
MOLO00663 lignoceric acid 0.33
MOLO07206 Armepavine 0.29
MOL0O07213 Nuciferin 0.4

MOLO08377 Galuteolin 0.79
MOL009155 14-Methyl-24-methylene-dihydromangiferodiol 0.8

MOL0O09156 4’-methyl-N-methylcoclaurine 0.26
MOL009157 NSC90384 0.8

MOL009158 Isolimocitrol-3-beta-D-glucoside 0.81
MOL009159 3,5, 7-trihydroxy-2-(3-hydroxy-4-methoxy-phenyl)-6,8-dimethoxy-chromone 0.44
MOL009160 Loureirin A 0.19
MOL009163 Nelumboside 0.62
MOL009166 anonaine 0.47
MOL009167 (1R)-6, 7-dimethoxy-1-(4-methoxybenzyl)-2-methyl-3,4-dihydro-1H-isoquinoline 0.32
MOL009168 isoliensinine 0.46
MOL009169 Liensinine 0.46
MOL009170 lotusine 0.28
MOL009171 Neferin 0.42
MOL009172 Pronuciferin 0.37
MOLO00098 quercetin 0.28

fluid was detected in the capsule, and adhe-
sions and blood vessels were observed around
it (Figure 2A). Endometrial epithelial cells,
glands, and stroma as well as angiogenesis
and inflammatory cell infiltration, were observ-
ed in the capsule. The ectopic lesion exhibited
a large and clear cyst cavity structure, appear-
ing as multiple or single cysts, with an epitheli-
al-cell layer, stromal cell layer, and muscle layer
lining the cyst cavity wall. This indicated the
successful establishment of the EMs mouse
model (Figure 2B and 2D). Fibrotic staining was
blue, whereas the rest was in light red. On
day 7 of the model establishment, no obvious
fibrosis staining was observed in the ectopic
lesions, and only a few lesions were stained
blue. Fibrotic staining and the cyst structure
were clearly visible on day 14 after the model
was established. On day 21, after the EMs
model was established, the ectopic lesions
showed significant fibrotic staining with a dark-
er color and stable capsule structure. This indi-

3244

cated that the EMs mouse fibrosis model was
successfully established, and the ectopic le-
sions were mature. The mouse model on day
28 showed substantial fibrotic staining, not
considerably different from the mouse model
on day 21 (Figure 2C).

Neferine suppresses extracellular matrix
deposition to relieve EMs fibrosis through the
TGF-B/ERK signaling pathway

The degree of perifocal adhesion in each group
was scored using the Haber adhesion scoring
method. Compared with that in the model
group, the adhesion score in the Nef medium
dose group was significantly lower (P<0.05).
There was no statistical difference in the
degree of perifocal adhesion between the dien-
ogest group and the Nef high- and low-dose
group (P>0.05). The size of ectopic lesions in
each group was determined. In this experiment,
the greatest diameter of ectopic lesions was
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Figure 1. A: Venn diagrams: Matching Targets of lotus germ and endometriosis; B: The compound-target network for lotus germ on endometriosis; C: The protein-pro-
network between lotus germ and critical targets of endometriosis (the purple nodes represent candidate active compounds; the green nodes
represent potential protein targets; the edges represent the interactions between them; the nodes size are proportional to their degree); D: Hub gene: The genes
from DEGs map Venn intersection to analyze the core genes of protein interactions; E: Analysis of the GO enrichment histogram for the treatment of endometriosis
using lotus germ; F: KEGG pathway enrichment analysis showed that the top 20 significantly enriched pathways of lotus germ in the treatment of Endometriosis
were connected with TGF-B signaling pathway, ERK1/2 signaling pathway, IL-17 signaling pathway, TNF signaling pathway, AGE-RAGE signaling pathway, and PI3K-
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Figure 2. A: The growth of ectopic lesions at different time points; B: H&E staining was performed for the ectopic
lesions: cystic structure (a), bleeding point (b), glandular structure (c); C: Masson staining results at different time
points; D: H&E staining of ectopic lesions in each group. H&E: Hematoxylin and eosin.

used as the reference. The results showed that
compared with those in the model group, the
ectopic lesions were significantly smaller in the
Nef high-dose and Nef medium-dose groups
(P<0.05). The difference in the sizes of ectopic
lesions in the Nef low-dose group and dieno-
gest group was not statistically significant
(Figure 3A). The ratio of Masson-stained area
in each group was calculated using the Image)
software. The results showed that the staining
area ratio of ectopic lesions in the dienogest
group and the Nef low-, medium-, and high-
dose groups decreased significantly when com-

3247

paring with that in the model group (P<0.05;
n=10, "P<0.05, ""P<0.01, ""P<0.001; Figure
3B and 3C).

The results of Western blot showed that the
protein levels of a-SMA, Col-1, CTGF, FN, TGF-3,
and phosphorylation of ERK1/2 were signifi-
cantly higher in the model group, dienogest
group, and the 3 Nef groups than those in
healthy mice (P<0.05). When comparing with
the model group, the dienogest group and the
3 Nef groups showed lower protein levels of
a-SMA, Col-1, CTGF, FN, TGF-3, and phosphory-
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Figure 3. A: Pelvic adhesion score and ectopic lesion size; B and C: The ratio of Masson fibrosis staining area; D:
Western-blotting test the relative protein content of a-SMA, Col-1, CTGF, FN, TGF-B, ERK and phosphorylation of
ERK1/2. The difference was statistically significant (P<0.05; n=10, "P<0.05, “"P<0.01, "P<0.001).

lation of ERK1/2, with the differences being
statistically significant (P<0.05; *P<0.05,
“P<0.01, "P<0.001). However, the level of
ERK did not statistically differ among the differ-
ent groups (P>0.05; Figure 3D).
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The immunohistochemistry results revealed
that a-SMA expression was detected in the
ectopic endometrium of mice. Specifically, the
expression of a-SMA was found to be higher in
the endometrial glands and stroma. The ex-
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pression of a-SMA was low in the epithelial
layer, stromal layer, and glandular epithelial
layer, primarily in myometrial cells (Figure 4A).

The results of the immunofluorescence experi-
ments showed that fluorescence intensity of
a-SMA was higher in the ectopic endometrium
of the model group than that in the treatment
groups (Figure 4B and 4C). It is indicated that
dienogest and Nef can inhibit a-SMA fluores-
cence, with high-dose Nef being the most
effective (Figure 4B and 4C).
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Figure 4. A: Immunohistochemistry analysis of
a-SMA protein of uterus tissues obtained from
different groups; B and C: Immunofluorescence
staining results of o-SMA in each group. The
difference was statistically significant (P<0.05;
n=10, "P<0.05, ""P<0.01, ""P<0.001).

Nef inhibits the proliferation, invasion, and
metastasis potential of 12Z cells

The results of the CCK8 cell proliferation assay
showed that the survival rate of 12Z cells treat-
ed with 20 umol/L Nef for 24 h was nearly
50%. The survival rate of 12Z cells treated with
40 pmol/L Nef for 12 h was nearly 50%. The
survival rate of 12Z cells treated with 60
pmol/L Nef for more than 12 h was nearly 1%.
This indicates that Nef can inhibit 12Z cell
proliferation (Figure 5A). The results of the
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Figure 5. A: The results of CCK8 proliferation test of 127 cells treated with
Neferine; B: The wound healing assay results of 127 cells treated with Nefer-
ine. The difference was statistically significant ("P<0.05; n=3, "P<0.05,

“P<0.01, **P<0.001).

wound healing assay showed that Nef could
inhibit the invasion and metastasis potential of
12Z cells (Figure 5B).

Discussion

The TGF-B/ERK pathway is closely related to
the expression of collagen genes, cell invasion,
and epithelial-mesenchymal transformation
during fibrosis. Various mediators contribute
to the development of fibrosis, among which
transforming growth factor-beta (TGF-B) is a
crucial mediator that regulates the phenotype
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and function of fibroblasts
during the induction of myofi-
broblast transformation. The
lesion formation in EMs in-
volves the activation of the
TGF-B  signaling  pathway,
which induces the transfor-
mation of fibroblasts to myofi-
broblasts or epithelial-mesen-
chymal transformation. This
results in an increase in colla-
gen expression and cell con-
tractility, thereby leading to
fibrosis. The development and
progression of fibrosis are
associated with persistent
chronic inflammation, infec-
tions, ischemia, chemical or
radioactive injuries, allergies,
and other factors that cause
chronic inflammation and re-
peated stimulation on organs,
thus leading to fibrosis. The
pathways related to fibrosis
have been studied extensive-
ly. In addition to the TGF-B/
Smad pathway, MAPK signal-
ing is also recognized as an
important contributor to fibro-
sis [10]. ERK1/2 is a part of
the primary cascade of MAPK
signaling. ERK1/2 activation
is associated with TGF-B-
induced epithelial-mesenchy-
mal transformation and cell
invasion. The inhibition of
ERK1/2 signaling blocks epi-
thelial-mesenchymal transfor-
mation in normal mouse mam-
mary cells [11]. In addition,
the ERK pathway is one of the
primary signaling pathways of
the TGF-B1 signal in the nucleus and regulates
the expression of collagen genes [12]. ERK1/2
is stimulated by growth factors, hydrogen per-
oxide, and ionizing radiation. It is also activated
after phosphorylation. Activated phosphoryla-
tion of ERK1/21/2 regulates gene transcription
and expression, cell proliferation, and cell dif-
ferentiation and participates in fibrosis in mul-
tiple organs.

Nef LD

TGF-B is also an inflammatory growth factor
that regulates cell invasion, adhesion, vascular
development, and other cell functions. The
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increase in TGF-f expression may further trig-
ger retrograde menstruation and inflammation
induced by endometrial cells, thus exacerbat-
ing EMs lesions. Evidence from recent studies
have suggested that cell adhesion, invasion,
and angiogenesis are inevitable pathological
processes in endometrial lesions. Elevated
TGF-B levels have been reported in the perito-
neal fluid, serum, ectopic endometrium, and
peritoneal tissue of patients with EMs [13]. The
largest group of cells in the peritoneal cavity
has also been reported to exhibit TGF- overex-
pression, especially the TGF-B1 ligand, which is
overexpressed in peritoneal fluid and partici-
pates in peritoneum-related pathology. In addi-
tion, the TGF-B1 protein level significantly
increases the nerve fibers of peritoneal EMs
lesions. These findings also suggest that TGF-3
plays a significant role in the pathological
course of EMs in women. The TGF-B subtypes
associated with EMs are TGF-B1, TGF-B2, and
TGF-B3, all three of which are expressed in
endometrial tissue and localized to endometri-
al stromal cells, glandular cells and macro-
phages. They are regulated by the menstrual
cycle and can be found in exfoliated endome-
trial tissue. Much of the evidence suggests that
the TGF-B subtype plays an important signaling
role in the human endometrium [13]. However,
a review of different literature shows that the
duration of higher TGF-B1 levels in EMs perito-
neal fluid is not well understood [13], and it is
unclear whether this is involved in the entire
process of EMs lesion induction.

High estrogen expression is a unique feature of
EMs, and the development of EMs lesions is
closely regulated by estrogen. The MAPK/ERK
signaling pathway has been implicated in ER
activation. During MAPK/ERK signaling, ER
binds into complexes with other molecules
mediating this process, such as the PELP/
MNAR-ER-Src complex and ER-Shc-IGFR com-
plex. The two isoforms of the estrogen receptor,
ERa and ER(, exhibit different expression pat-
terns in EMs tissue. The same was observed in
the ectopic lesions of the EMs animal model by
Chantalat et al. [14]. ERx expression was found
to be higher in ovarian EMs lesion tissue com-
pared to that in normal endometrium. However,
contrasting results were also shown in other
studies, indicating a complex mechanism of
action of ERa in EMs progression [14]. This
requires further investigation.
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The results of this experiment showed that Nef
could reduce the TGF-B protein expression lev-
els. TGF-B is an important target in the patho-
genesis of fibrosis. As an anti-fibrotic target,
Nef could reduce the phosphorylation of
ERK1/2 protein levels. It is speculated that
the effect of Nef intervention on EMs fibrosis
may be related to the TGF-B/ERK signaling
pathway.

Extracellular matrix (ECM) proteins play an
important role in EMs, as they do in other fibro-
sis diseases. Specifically, in the biological pro-
cess of EMs-related fibrosis, excess ECM pro-
teins, such as FN, COL-1, CTGF, and a-SMA,
contribute to fibrosis-related factors.

Yuge et al. showed that in EMs, endometrial
stromal cells (ESCs) strongly contract and pro-
mote scar formation. The enhancement of col-
lagen contraction in EMs ectopic stromal cells
(EcSCs) is related to myofibroblast differentia-
tion and increased fibronectin expression [15].
COL1 is an important component in EMs-
related fibrosis [16, 17] and may be a good tar-
get for EMs treatment. The high concentration
of plasminogen activator inhibitor-1 in the intra-
peritoneal fluid of patients with EMs contrib-
utes to the development of peritoneal lesions
[18]. Repeated damage to the site of the EMs
lesion, followed by repair and healing, can
eventually lead to fibrosis. This process can
also cause damage to blood vessels, leading
to platelet extravasation, aggregation, and acti-
vation. Richter [19] et al. observed that after
treatment with activated platelets, the mor-
phology of the EMs epithelial cell line changed
from a round shape to a spindle shape, with
an increase in the expression of both epithelial
cell markers and stromal cell markers, as well
as a significant increase in a-SMA expression.
Myofibroblasts can be activated when a-SMA is
newly expressed and incorporated into stress
fiber-like bundles. Notably, TGF-B1 induced new
a-SMA expression both in vitro and in vivo.
Moreover, it could be cultured on rigid sub-
strates such as the fibrotic scar, and activate
different cells to differentiate into myofibro-
blasts [19]. Some scholars believe that the
most critical function of mesothelial cells
involved in EMs fibrosis is to undergo mesothe-
lial to mesenchymal transition (MMT) and dif-
ferentiate into fibroblasts [20]. Like epithelial
cells, stromal cells can also undergo MMT upon
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induction by activated platelet-derived growth
factor and TGF-B, enhancing invasion and
migration potential, and calreticulin expres-
sion. Meanwhile, the expression of stromal
markers is decreased, accompanied by
increased cellular a-SMA expression, contrac-
tility, and collagen production. CTGF is known to
promote angiogenesis, cell adhesion, and fibro-
sis and it also functions as a downstream medi-
ator of TGF-B1, thereby involving in TGF-B1-
induced fibrosis [21]. It is also implicated in
fibrogenesis and the development of various
organs. The results of this experiment showed
that Nef reduced the expression of FN, COL-1,
a-SMA and CTGF. Therefore, we speculate that
Nef can potentially reduce the collagen con-
tractility in EMs ectopic interstitial cells, inhibit
the differentiation and activation of myofibro-
blasts, and alleviate the angiogenesis and
ectopic cell adhesion in EMs ectopic lesions.
Eventually, this could lead to a reduction in EMs
fibrosis.

The increase in the cell migration capacity and
invasiveness of EMs tissue via MAPK/ERK sig-
naling is associated with TGF-3 overexpression
[22]. Cell migration is also supported by the
downregulation of cytokines that maintain vas-
cular integrity and the regulation of MMPs.
Abnormalities in the MAPK pathway in EMs
cells may have a genetic basis. The prolifera-
tion and enhanced activity of ectopic endome-
trial cells in patients with EMs is associated
with the abnormal activation of extracellular
signal-regulated kinases 1 and 2 (ERK1/2).
The reduction of phosphorylated ERK protein
expression can significantly reduce the prolif-
erative potential of ectopic endometrial cells
[23, 24]. The results of this experiment showed
that Nef was able to reduce the levels of phos-
phorylated ERK protein, which in turn lead to a
decrease in the proliferation of ectopic endo-
metrial cells. These findings suggest that Nef
may hold a potential for the treatment of EMs.
Cell experimental results showed that a certain
concentration of methyllotus heart base could
inhibit the proliferation, invasion, and migration
of EMs cells. Epithelial-mesenchymal transfor-
mation is related to cell invasion and is one of
the pathological mechanisms underlying EMs
fibrosis. Whether Nef can reduce EM fibrosis by
intervening in epithelial-mesenchymal transfor-
mation needs further investigation.
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Nonetheless, due to limitations in time and
funding, the TGF-B/ERK pathway was not
manipulated to determine whether the effects
of Nef were dependent on this pathway. Further
experiments are needed to ensure the overall
rigor of this research.

In conclusion, this study explored the mecha-
nism of methylliensinine in the treatment of
EMs fibrosis. The TGF-B/ERK signaling pathway
is involved in multiple pathological processes
of EMs fibrosis. Blocking TGF-B/ERK signaling
pathway may slow down the fibrosis process of
EMs by reducing the levels of fibrosis factors
regulated by this pathway. This study also pro-
vides new treatment ideas and targeted drugs
for EMs, and serves as a theoretical basis and
reference for experimental research on EMs.
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