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Role of the gut microbiota in the 
pathogenesis of endometriosis: a 
review
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Endometriosis is classically defined as a chronic inflammatory heterogeneous 
disorder occurring in any part of the body, characterized by estrogen-driven 
periodic bleeding, proliferation, and fibrosis of ectopic endometrial glands and 
stroma outside the uterus. Endometriosis can take overwhelmingly serious 
damage to the structure and function of multi-organ, even impair whole-body 
systems, resulting in severe dysmenorrhea, chronic pelvic pain, infertility, fatigue 
and depression in 5–10% women of reproductive age. Precisely because of a huge 
deficiency of cognition about underlying etiology and complex pathogenesis of 
the debilitating disease, early diagnosis and treatment modalities with relatively 
minor side effects become bottlenecks in endometriosis. Thus, endometriosis 
warrants deeper exploration and expanded investigation in pathogenesis. The 
gut microbiota plays a significant role in chronic diseases in humans by acting 
as an important participant and regulator in the metabolism and immunity of 
the body. Increasingly, studies have shown that the gut microbiota is closely 
related to inflammation, estrogen metabolism, and immunity resulting in the 
development and progression of endometriosis. In this review, we discuss the 
diverse mechanisms of endometriosis closely related to the gut microbiota 
in order to provide new approaches for deeper exploration and expanded 
investigation for endometriosis on prevention, early diagnosis and treatment.
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1 Introduction

Endometriosis is characterized as a common estrogen-dependent chronic inflammatory 
gynecological disorder that affects 6–10% women during their reproductive period (Saunders 
and Horne, 2021). It is defined that endometrial glands and stroma growing outside the uterus 
undergo periodic bleeding, proliferation, and fibrosis due to estrogen, ultimately influencing 
women’s health, quality of life, work productivity and creating serious economic burden 
(Fuldeore et al., 2011). Endometriosis might be better considered a “syndrome,” either because 
it is closely related to a wide range of symptoms, including severe dysmenorrhea, chronic pelvic 
pain, heavy menstruation, bowel and bladder symptoms, fatigue and depression, or because very 
little is known about endometriosis due to its high symptom heterogeneity and increasingly 
apparent complexity of pathogenesis (Saunders and Horne, 2021). In addition, there may 
be delays of up to 4–11 years for a definitive diagnosis of endometriosis because of atypical 
symptoms and the lack of specific diagnostic markers (Taylor et al., 2021). Treatment options for 
endometriosis include surgical resection of lesions and medical therapy of ovarian suppression. 
High recurrence rate after surgery and side-effects attributed to drugs make treatment of disease 
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a tricky challenge. Thus, further exploration is required to understand 
the underlying pathogenesis of endometriosis, involving immunity, 
inflammation, metabolomics, endocrinology and changes of pelvic 
environment (Olovsson, 2011), and design new treatment strategies.

Increasing studies have indicated that the gut microbiota plays a 
significant role in various critical biological processes and the 
development of human diseases, involving in the body’s immunity, 
metabolism, inflammation, hormone regulation, and even brain 
regulation (Wang et  al., 2023), which are closely related to the 
occurrence and development of inflammatory bowel disease (IBD) 
(Shan et  al., 2022), diabetes (Yang et  al., 2021), polycystic ovary 
syndrome (PCOS) (Liang et al., 2021), ovarian cancer (Borella et al., 
2021) and depression (Simpson et al., 2021; Hong et al., 2023). One 
study of monkeys found that monkeys with endometriosis had a 
different profile of shed microflora (lower Lactobacilli and higher 
Gram-negative bacteria) and the incidence of intestinal inflammation 
was higher than that in healthy controls (Bailey and Coe, 2002). 
Furthermore, 16S rRNA gene sequencing technology was used to 
compare the fecal bacteria between mice with and without 
endometriosis, and the result showed mice with endometriosis were 
different from the control group at various classification levels, 
showing a general decrease in the level of Bacteroides (Yuan et al., 
2018). Another study reported the growth of the ectopic endometriotic 
lesion were reduced in microbiota-depleted (MD) mice compared to 
control mice, and could be restored through oral gavage with feces 
from mice with endometriosis (Chadchan et al., 2023). Although the 
exact mechanisms are unknown, it is possible that there is a certain 
correlation between endometriosis and gut microbiota. In addition, 
intestinal microorganisms have also been proved to be involved in the 
regulation of estrogen (Baker et al., 2017). Immune dysregulation, 
inflammatory response and abnormal estrogen metabolism caused by 
the imbalance of intestinal homeostasis may stimulate the growth of 
endometriosis and promote the development and progression of 
endometriosis (Hantschel et al., 2019).

In this review, we  discuss a wide variety of mechanisms of 
endometriosis that the gut microbiota may be involved in, aiming to 
better understand the complex pathogenesis of endometriosis and 
provide microbiome-based approaches for prevention, early diagnosis 
and treatment of endometriosis for the future.

2 Gut microbiota

In recent years, growing evidence suggests that gut microbiota 
plays a crucial role in various diseases. The gut flora of adult weighs 
more than 1 kg, and the number of bacteria is as high as 100 trillion 
(1014), encoding about 5 million genes, more than 150 times that of the 
human genome-encoding gene (D'argenio and Salvatore, 2015). The 
distribution of intestinal microbes is characterized by diversity and 
complexity. The number and types of bacteria from the stomach to the 
colon are gradually increasing, and the dominant species distributed 
in each part are also different with each other. The large intestine is the 
main site of permanent microbial colonization in the human body. 

With the growth of the human body, the intestinal flora in the body 
continues changing, but eventually stabilizes (Claesson et al., 2011). It 
is reported that Firmicutes and Bacteroidetes were the most important 
phyla of intestinal flora, followed by Proteobacteria, Actinobacteria, 
Fusobacteria, and Verrucomicrobia (Eckburg et  al., 2005). The gut 
microbiota can not only synthesize a variety of vitamins (such as 
vitaminB1, B2, B6, and B12, and vitamin K), folic acid and amino acids 
necessary for body growth, but also promote the absorption of mineral 
elements and help digestion of metabolic foods such as complex 
polysaccharides, fats, bile acids, and so on (Liu et al., 2021; Du et al., 
2022). Besides, it can promote angiogenesis and epithelial repair 
(Ramakrishna, 2013; Schirbel et al., 2013; Abdollahi-Roodsaz et al., 
2016), boost maturation of the immune system (Al-Rashidi, 2022), 
influence brain-gut communication (Mayer et al., 2022), and protect 
the host from pathogen infection. Gut microbial genetic variation also 
modulates host lifespan, sleep, and motor performance (Li et al., 2023).

Studies have shown that the composition of the intestinal flora can 
reflect certain behavioral characteristics of the host to some extent, 
such as diet, environmental exposure, antibiotic use (Fourie et al., 
2017). Healthy human intestinal microbes, the external environment 
and immune status of the host are in a dynamic balance, which helps 
maintaining the body’s normal immune defense function. When the 
balance is broken, there will be gut dysbiosis, usually manifested by a 
decrease diversity of bacterial species and the presence of pathobionts, 
which will lead to various diseases ranging from gastrointestinal and 
metabolic conditions to immunological and neuropsychiatric diseases 
(Ratajczak et al., 2019).

3 The gut microbiota of endometriosis

Previous researchers have shown that animal models of 
endometriosis and patients with endometriosis have gut dysbiosis 
(Table  1). However, some reported results are not completely 
consistent (Iavarone et al., 2023; Ser et al., 2023). Female C57BL/6 J 
mice were commonly used to construct the endometriosis mouse 
model. One study reported the abundance of Firmicutes increased and 
Bacteroid Ota decreased through establishing an endometriosis mouse 
model by intraperitoneal injection of allogeneic mouse endometrium 
and 21 days of endometriosis induction (Ni et al., 2021). Another 
study came to the opposite conclusion, with decreased abundance of 
Firmicutes and increased abundance of Bacteroidetes (Chadchan et al., 
2019). In addition, still another study showed that they did not find 
that the compositions of gut microbiota were abnormal until 42 days 
after modeling, using the same method to build a mouse endometriosis 
model. The result Firmicutes were enriched in the endometriosis 
group, whereas Bacteroidetes were enriched in the control group. The 
ratio of Firmicutes/Bacteroides was about twice as high as the control 
(Yuan et  al., 2018). Moreover, Hantschel et  al. found that gut 
microbiota composition didn’t appear to be affected by endometriosis 
induction at 21 days after the modeling, suggesting no signs of gut 
dysbiosis during the early stages of lesion formation, which is 
consistent with Yuan’s results (Hantschel et  al., 2019). The above-
mentioned animal experimental results are inconsistent, which may 
be related to differences in animal sources, modeling methods, feeding 
conditions, and sampling time.

Both α and β diversities of the gut microbiota were significantly 
reduced in patients with endometriosis. A higher abundance of 

Abbreviations: NLRP3, Nucleotide oligomerization domain-like receptor protein 

3; MAMP, Microbe-associated molecular pattern; TLR, Toll-like receptor; SCFA, 

Short chain fatty acid; TNF-α, Tumor necrosis factor alpha.
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TABLE 1 Features of gut microbiota changes in animals and humans with endometriosis in previous studies.

Type Detection technique Results References

Rhesus monkey Differential and selective agars method 

for enumeration of gut microflora

Lactobacilli ↓

Gram-negative bacteria ↑

Bailey and Coe (2002)

Mice Bacterial 16S rRNA gene sequencing Bacteroidetes ↑

Firmicutes ↓

Chadchan et al. (2019)

Mice V4 regions of the 16S rRNA gene Firmicutes/ Bacteroidetes ↑

At the phylum level: Firmicutes and 

Actinobacteria ↑

At the class level: unidentified Actinobacteria and 

Betaproteobacteria ↑

At the order level: Bifidobacteriales and 

Burkholderiales ↑

At the family level: Bifidobacteriaceae and 

Alcaligenceae

At the genus level: Ruminococcaceae-UGG-014, 

Bifidobacterium and Parasutterella ↑

Yuan et al. (2018)

Mice V4 and V5 region of bacterial 16S 

rRNA genes

No significant difference Hantschel et al. (2019)

Mice 16S rRNA sequencing At the phylum level: Firmicutes ↑, Bacteroidetes ↓

Actinobacteriota and Patescibacteria ↑

Deferribacterota, Campilobacterota and 

Desulfobacterota ↓

At the genus level: Lactobacillus, Clostridium_

sensu_stricto_1, Bifidobacterium and Candidatus_

Saccharimonas ↑

Bacteroides, Dubosiella and Muribaculum ↓

Ni et al. (2021)

Mice 16S rRNA sequencing At the phylum level:

Firmicutes ↓, Bacteroides ↓

Firmicutes/Bacteroides ↓

Proteobacteria ↑, Verrucomicrobia ↑

At the genus level:

Allobaculum, Akkermansia, Parasutterella, and 

Rikenella ↑

Lachnospiraceae_NK4A136_

group, Lactobacillus, Bacteroides ↓

Ni et al. (2020)

Mice V3 and V4 regions of the 16 s rDNA 

sequences were amplified

At the phylum level: Firmicutes ↑

Bacteroidetes and Proteobacteria ↓

At the class level:

Bacilli ↑

Clostridia and Bacteroidia ↓

At the family level:

Lactobacillaceae ↑

Ruminococcaceae and Peptostreptococcaceae ↓

At the genus level:

Lactobacillus ↑

Cao et al. (2020)

Female olive baboons V4 region of the 16S rRNA gene Firmicute/Bacteroidetes ↑

The levels of Succinivibrio, Prevotella, 

Megasphaera, Lactobaccillus and CF231 

decreased at 3 months post-inoculation, but the 

levels of Succinivibrio, Prevotella, and CF231 

increased throughout disease progression from 6 

to 9 months post-inoculation.

Le et al. (2022)

(Continued)
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Bacteroides, Parabacteroides, Oscillospira and Coprococccus, and a lower 
abundance of Paraprevotella, Lachnospira, and Turicibacter were 
detected (Svensson et al., 2021). Furthermore, in patients with stage III/
IV endometriosis, Sneathia, Barnesella and Gardnerella were 
significantly decreased at the genus level (Ata et al., 2019). Another 
study showed that the ratio of Firmicutes/Bacteroidetes was increased 
and Blautia, Bifidobacterium, Dorea, and Streptococcus were significantly 
increased in patients with stage III/IV endometriosis (Shan et al., 2021). 
Huang et al. also found that Clostridia Clostridiales, Lachnospiraceae 
Ruminococcus, Clostridiales Lachnospiraceae, Ruminococcaceae 
Ruminococcus, and Lachnospiraceae Dorea were significantly reduced 
in patients with endometriosis (Huang et al., 2021).

Although all of these studies have focused on finding distinctive 
features of gut microbiota changes in patients with endometriosis, 
there is a lack of consensus among their results, possibly related to 
inconsistencies in diagnostic criteria, grouping criteria, and methods 
of fecal microflora detection. And the gut is a complex ecosystem, 
which may be affected by various factors, such as genetics, diet, age, 
regional differences, and many more. However, the results presented 
above all indicate that the gut microbiota is associated with 
endometriosis. Further large-scale clinical studies are needed to clarify 
their clinical significance.

4 The possible mechanism of gut 
microbiota involved in the 
endometriosis

To elucidate the underlying mechanism of gut microbiota 
involved in the endometriosis, the following aspects of immunity, 

inflammatory, Estrogen-Gut microbiome axis in endometriosis and 
Gut-Brain Axis in endometriosis are discussed in greater detail in the 
following sections (Figure 1).

4.1 Immunity

The intestine is one of the organs with the most immune cells in 
the human body. The gastrointestinal-associated lymphoid tissue can 
manage the immune system to respond to large amounts of antigen 
exposure in the intestine and activate adaptive immune responses. The 
gut microbiota has a strong immune regulation ability, which can 
induce a systemic immune response, maintain the stability of the 
intestinal microecology, inhibit the reproduction of pathogenic 
bacteria, and decompose harmful substances to maintain homeostasis 
of the host. A large number of microorganisms exist in the intestinal 
mucosa, which are the source of pathogen-associated molecular 
patterns (PAMPs) and metabolites. PAMPs including 
lipopolysaccharide (LPS), peptidoglycans, flagellin and lipoprotein 
and metabolites including short-chain fatty acids (SCFAs) and bile 
acids and others were described to play an important role in this 
aspect (Correa-Oliveira et al., 2016). PAMPs mediate interactions 
between the immune system and the commensal microflora by 
binding to pattern recognition receptors (PRRs) [such as Toll-like 
receptors (TLRs) which are widely expressed on intestinal epithelial 
cells (IECS) and immune cells (Belizario and Faintuch, 2018)]. The 
interaction between them can promote the secretion a series of 
proinflammatory chemokines (IL-8), cytokines (IL-1, IL-6, IL-7, 
IL-11, and TNF), and growth factors (SCF and G-CSF). These 
molecules will recruit peripheral neutrophils and mast cells to the 

TABLE 1 (Continued)

Type Detection technique Results References

Human The V1–V3 regions of the 16S 

ribosomal RNA gene

α and β diversities ↓

At the genus level:

Bacteroides, Parabacteroides, Oscillospira and 

Coprococccus ↑

Paraprevotella, Lachnospira and Turicibacter ↓

Svensson et al. (2021)

Human The V3 and V4 regions of the 16S rRNA 

gene were amplified

At the genus level: Sneathia, Barnesella and 

Gardnerella ↓

Ata et al.

(2019)

Human V3-V4 variable region of the bacterial 

16sRNA

α diversity ↓

At the phylum level:

Firmicutes/Bacteroidetes ↑

Actinobacteria, Cyanobacteria, Saccharibacteria, 

Fusobacteria, and Acidobacteria ↑

Tenericutes ↓

At the genera level:

Bifidobacterium, Blautia, Dorea, Streptococcus, 

and [Eubacterium] hallii_group ↑

Lachnospira and [Eubacterium] eligens_group ↓

Shan et al. (2021)

Human V4 regions of the 16S rRNA gene were 

amplified and sequenced

Clostridia Clostridiales, Lachnospiraceae 

Ruminococcus, Clostridiales Lachnospiraceae, 

Ruminococcaceae Ruminococcus, 

Lachnospiraceae Dorea ↓

Eggerthella lenta and Eubacterium dolichum ↑

Huang et al. (2021)
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subcutaneous area of the intestine, and precipitate activation and 
differentiation of local lymphocytes (Zhang C. X. et  al., 2019). 
However, the molecular mechanisms to explain microbiota-immune 
system interactions are not entirely clear.

Gut dysbiosis and bacterial metabolites can lead to disruption of 
the intestinal barrier, translocation of bacteria and endotoxins, 
dysregulation of the immune system, resulting in oxidative stress and 
inflammatory responses, thereby increasing the prevalence of various 
autoimmune diseases. Many researchers have worked to link 
autoimmune diseases to endometriosis because endometriosis shares 
features with some autoimmune diseases, including polyclonal B cell 
activation, T cells, and B cells dysfunction, decreased apoptosis, tissue 
damage, and multiorgan involvement, and endometriosis is often 
associated with autoimmune diseases (Shigesi et al., 2019).

Gut microbiota can influence the differentiation of T lymphocytes 
into different types of helper T lymphocytes (Th1, Th2, and Th17) or 
regulatory T lymphocytes (Treg cells), such as segmented filamentous 
bacteria (SFB) directly stimulating Th17 differentiation (Ivanov et al., 
2009; Wang et al., 2019), Clostridium spp. participating in inducing 
Treg production (Atarashi et al., 2011), and Bacteroides involving in 
regulating Th1/Th2 balance (Mazmanian et al., 2005).

Many studies have shown that Th17 cells and their cytokine 
profiles are significantly increased in peritoneal fluid of women with 
endometriosis, and excessive IL-17 from Th17 cells is related to the 
severity of the disease (Gogacz et al., 2016; Tarokh et al., 2019). Shan 
J et al. found that compared with the healthy group, the people with 
stage III/IV endometriosis had a lower α diversity of gut microbiota 
and a higher Firmicutes/Bacteroidetes ratio which is widely accepted 
as a feature of dysbiosis. They also found that IL-17A was significantly 
decreased in the patients with endometriosis which was negatively 
correlated with the abundances of Streptococcus and Bifidobacterium 
(Shan et al., 2021). Le et al. detected that microbiome diversity and 
abundance were altered at each baboon induced of endometriosis. The 
induction of endometriosis decreased peripheral Tregs cells while 
Th17 cells increased at all post-induction collections that caused an 
immune shift toward an inflammatory profile and altered mucosal 
microbial profiles (Le et al., 2022). More and more evidences suggest 
that the abnormal quantity and activity of Treg cells can lead to 
dysregulation of the immune microenvironment in the body, 
decreased pelvic immune function, and immune escape, thereby 
promoting the implantation and growth of ectopic endometrium 
outside the uterus. Chadchan et al. also observed that there are fewer 
total and CD206+ (M2-like macrophage) macrophages in the 
peritoneum of microbiota-depleted (MD) mice compared to vehicle-
treated mice. They also found the number of CD19+ B cells, Total T 
cells, CD4+ T cells, and CD8+ T cells were lower in MD mice than in 
the vehicle-treated mice. These results suggest that the gut microbiota 
promotes progression of endometriosis by influencing peritoneal 
immune cell populations (Chadchan et al., 2023). We can speculate 
that the onset and development of endometriosis may be related to the 
abnormal immune response caused by gut dysbiosis.

4.1.1 LPS
LPS is an important part of the outer membrane of Gram-negative 

bacteria with highly immunogenic and can cause a strong immune 
response of host. When the gut microbiota are imbalanced, Gram-
negative bacteria proliferate in large numbers, and the permeability of 
the intestinal wall is increased simultaneously. The leakage of bacterial 

endotoxin LPS is an important indication of gut dysbiosis and 
intestinal barrier damage (Saad et al., 2016). One Study revealed that 
the fecal microbiota transplantation from endometriosis mice could 
destroy the mouse’s intestinal wall barrier and significantly increase 
the peritoneal LPS level (Ni et al., 2021). Meanwhile, another study 
observed that the abundance of Pseudomonadaceae Pseudomonas and 
Prevotellaceae Prevotella, which could release LPS, increased in the 
peritoneal cavity of patients with endometriosis (Raia et al., 2005; 
Huang et al., 2021).

LPS can work through the classic toll-like receptor signaling 
pathway, which has been shown to promote the occurrence and 
progression of endometriosis via binding with Toll-like receptor 4 
(TLR4) (Khan et al., 2010) (Figure 2). TLR4 is a pattern recognition 
receptor that regulates immune response and inflammatory response 
in cells, and is widely expressed on the cell membrane of immune cells 
(such as macrophages, dendritic cells, neutrophils, and natural killer 
cells). When LPS was released into the bloodstream or other body 
fluids, it was captured by LPS-binding protein immediately and 
delivered to TLR4, and then activated NF-κB through both MyD88-
dependent and MyD88-independent pathways. The activated NF-κB 
entered the nucleus, causing immune and inflammatory responses, 
and triggering the transcription of cell adhesion, proliferation, and 
anti-apoptotic related genes, such as TNF-α, IL-8, IL-6, and so on.

In mammals, innate immune cells (such as macrophages, 
dendritic cells) can be  activated by bacterial endotoxin or 
LPS. Previous study demonstrated that bacterial endotoxin LPS could 
be  a potential inflammatory mediator of macrophages (Mφ) 
stimulation and product different cytokines and growth factors such 
as hepatocyte growth factor (HGF), vascular endothelial cell growth 
factor (VEGF), IL-6, TNF-α in the pelvic environment (Khan et al., 
2010). They also found that combined treatment with 17β-estradiol 
and LPS promoted IL-6 and TNF-α secretion by macrophages in the 
peritoneal fluid of patients with endometriosis, and the growth of 
eutopic and ectopic endometrial cells. When the effect of estrogen 
receptor (ER) and TLR4 are blocked, the secretion of inflammatory 
cytokines and the growth of endometrial cells are significantly 
inhibited. This is suggestive of an additive effect of estrogen and LPS 
on promoting pro-inflammatory response in the pelvis and growth of 
endometriosis (Khan et  al., 2015). Moreover, another study has 
reported that LPS could stimulate endometriotic stromal cells (ESCs) 
which were obtained from chocolate cyst linings of the ovary to 
produce significant amounts of TNF-α and IL-8, and promote ESCs 
proliferation. Anti-TNF-alpha antibody and anti-IL-8 antibody 
inhibited the stimulatory effects of LPS. NF-κB inhibitor significantly 
decreased LPS-induced IL-8 protein production and LPS-induced 
ESCs proliferation (Iba et al., 2004). This indicates that as an initial 
inflammatory mediator, LPS could be involved in pelvic inflammation 
and promote the TLR4/ NF-κB mediated growth of endometriosis. 
Therefore, it is speculated that the gut microbiota disorder can affect 
the occurrence and development of endometriosis by impacting upon 
the host’s local innate immune status.

4.1.2 Short chain fatty acids
SCFAs are by-products of gut flora fermentation of dietary fibers, 

including acetate, propionate, and butyrate and so on. In addition to 
providing energy for the host and gut bacteria, SCFAs have a variety 
of other functions, including resisting the invasion of intestinal 
pathogens, maintaining the intestinal epithelial barrier, regulating host 
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metabolism and immune responses, and enhancing anti-inflammatory 
and anti-proliferative and even tumor protection (Zhang Z. et al., 
2019; Kimura et al., 2020; Borella et al., 2021; Chadchan et al., 2021). 
The intestinal epithelial barrier populated by innate and adaptive 
immune cells isolates the inside of the body from the external 
environment and maintains microorganisms homeostatic to prevent 
inflammation. However, if this barrier is broken, mechanisms of 
innate and adaptive immune responses trigger microorganism and 
tissue repair. SCFAs are regarded as mediators in the communication 
between the intestinal microbiome and the immune system which act 
not only locally in the intestines colonized by commensal bacteria, but 
also affect the intestinal immune cells, and modulate immune 
response of distant tissues (Fellows et al., 2018).

The levels of SCFAs in the intestines are substantially influenced 
by the composition of gut microbiota. SCFAs work mainly through 
two signal pathways. First, they downregulate downstream 
inflammatory responses by activating G protein coupled receptors 
(GPCRs) (such as GPR41, GPR43, and GPR109a) which are present 

in a variety of gut enteroendocrine cells and immune cells. Second, 
they can inhibit histone deacetylases (HDACs) which are involved in 
regulation of expression of genes. Recent data found SCFAs could act 
on mononuclear blood cells and neutrophils by inhibition of HDACs 
and reduce production of the proinflammatory tumor necrosis factor 
(TNF) which can lead to inactivation of nuclear factor kappa B 
(NF-κB) (Correa-Oliveira et  al., 2016; Rooks and Garrett, 2016) 
(Figure 2).

A recent study found that Lachnospiraceae Ruminococcus was 
significantly depleted in feces of patients with endometriosis which 
positively correlated with SCAFs, especially the biosynthesis of 
butyrate (Jin et al., 2019; Huang et al., 2021). Additionally, another 
study reported that altered gut microbiota promoted endometriotic 
lesion growth and feces from mice with endometriosis contained less 
of SCFAs and n-butyrate than feces from mice without endometriosis. 
N-butyrate inhibited human endometriotic cell and lesion growth 
through GPR43 and GPR109A (Chadchan et al., 2021). We consider 
that the reduction of Lachnospiraceae Ruminococcus may lead to a 

FIGURE 1

The possible mechanism of gut microbiota involved in the endometriosis (the figures in this review were created with BioRender.com).

https://doi.org/10.3389/fmicb.2024.1363455
https://www.frontiersin.org/journals/microbiology
https://www.frontiersin.org
http://BioRender.com


Guo and Zhang 10.3389/fmicb.2024.1363455

Frontiers in Microbiology 07 frontiersin.org

decrease in the concentration of SCFAs in the human intestine, 
resulting in the occurrence of diseases.

Moreover, a murine model study showed that butyrate can 
prevent vascular inflammation or atherosclerosis by inhibiting the 
Nod-like receptor pyrin domain 3 (NLRP3) inflammasome 
formation and activation (Yuan et  al., 2018). The NLRP3 
inflammasome is composed of the sensor protein, NLRP3, the 
adaptor protein apoptosis-associated speck-like protein (ASC), and 
the pro-inflammatory caspase-1, which promotes the secretion of 
pro-inflammatory cytokines, such as bioactive interleukin-1β 
(IL-1β) and interleukin-18 (IL-18) (Strowig et  al., 2012). 
Meanwhile, Han et al. found that NLRP3 is activated in patients 
with endometriosis and enhances IL-1β signaling, which can 
promote the adhesion and proliferation of endometrial cells, and 
eventually facilitates the formation of ectopic lesions. They also 
found that ectopic lesion volume was greatly reduced in NLRP3-
deficient mice compared with controls (Han et al., 2015; Leavy, 
2015). Thus, we revealed that butyrate may have beneficial effects 
against endometriosis by inhibiting the activation of NLRP3 
inflammasome. Chadchan et  al. also showed that n-butyrate 
inhibited HDACs activity which is required for endometriotic cell 
growth. Moreover, Samartzis et al. found that the expression of 
HDAC-1 was significantly elevated in patients with endometriosis, 

which inhibited histone acetylation (Samartzis et  al., 2013). In 
summary, we believe that gut dysbiosis leads to the deficiency of 
n-butyrate, and causes an increased expression of HDAC-1 which 
plays a prominent role in epigenetic regulation in endometriosis.

4.2 Inflammatory

The gut microbiota can cause changes in the body’s metabolic 
pathways and immune responses, leading to local and even systemic 
immune inflammatory responses, which results in the body under the 
state of low inflammation for a long time. Endometriosis is a chronic 
inflammatory disorder that has been widely confirmed, and the role 
of the gut microbiome in inflammatory disease is now well 
characterized. Recently, a study showed that endometriotic lesions 
volume were significantly smaller and the inflammatory factors such 
as IL-1β, TNF-α, IL-6, and TGF-β1 in peritoneal fluid were obviously 
reduced in mice treated with broad-spectrum antibiotics or 
metronidazole than those in control mice. Metronidazole may inhibit 
endometriotic lesion growth in mice by reducing Bacteroides growth. 
They also found endometriotic lesion growth and inflammation were 
restored in mice gavaged with feces from mice with endometriosis in 
metronidazole-treated mice (Chadchan et al., 2019). Obviously, the 

FIGURE 2

LPS can promote the occurrence and progression of endometriosis via binding with Toll-like receptor 4 (TLR4) and then activate NF-κB. The activated 
NF-κB enters the nucleus, triggering the transcription of cell adhesion, proliferation, and anti-apoptotic related genes, such as TNF-α, IL-8, IL-6, et al. 
They are produced by activation of innate immunity and are important contributors to the development of endometriosis. Short chain fatty acids 
(SCFAs) can exert anti-inflammatory effects through two signal pathways. First, they activate the G protein-coupled receptors (GPCRs) (such as GPR41, 
GPR43, and GPR109a) and then inhibit the activation of the Nod-like receptor pyrin domain 3 (NLRP3) inflammasome, thereby reducing the secretion 
of pro-inflammatory cytokines. Second, they can inhibit histone deacetylases (HDACs) to reduce production of the proinflammatory tumor necrosis 
factor (TNF) which can lead to inactivation of nuclear factor kappa B (NF-κB) (the figures in this review were created with BioRender.com).
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research suggested that gut microbiota is related to endometriosis and 
promotes endometriotic lesion progression.

Shan et al. demonstrated that the abundance of Streptococcus in the 
stage III/IV endometriosis patients was higher than that in the healthy 
people, and the level of serum IL-8 was significantly elevated (Shan 
et  al., 2021). In addition, previous studies have found that 
pro-inflammatory cytokines such as NF-κB, IL-1, IL-8 and 
cyclooxygenase-2 (COX-2) were inducibly overexpressed by 
Streptococcus bovis (Abdulamir et  al., 2010). The overexpression of 
COX-2 increased the synthesis of prostaglandin E2 (PGE2), which is an 
important inflammatory factor inducing chronic pelvic pain of 
endometriosis. It can be seen that regulating the gut flora can be used 
as a target for the treatment of chronic pelvic pain in patients with 
endometriosis. Furthermore, studies have shown that inhibition of 
COX-2 could decrease survival, migration and invasion of 
endometriotic cells (Banu et  al., 2008). Cao et  al. found that the 
abundance of Ruminococcaceae was reduced in endometriotic rats 
compared to the control group (Cao et al., 2020). Studies have shown 
that there is a negative correlation between Ruminococcaceae and 
apoptosis of intestinal epithelial cells and IL-6 levels in mice (Meng 
et al., 2019). We confer that decreased abundance of Ruminococcaceae 
may exacerbate pelvic inflammation. Khan et  al. reported that 
Escherichia coli exists in the menstruation of the patients of 
endometriosis, and refluxes to the pelvic cavity causing an increase in 
endotoxin in the peritoneal fluid, which activates TLR inflammatory 
signaling pathway to stimulate secretion of pro-inflammatory factors 
(Khan et al., 2010, 2012, 2014). The high levels of pro-inflammatory 
factors in the pelvic cavity, such as TNF-α, IL-6, IL-8, rapidly accumulate 
under the influence of activated peritoneal macrophages, resulting in 
an inflammatory environment of the pelvic cavity, which in turn 
stimulates the secretion of related adhesion molecules and promotes the 
implantation and adhesion of endometrial debris (Kim et al., 2012). 
Thus, microbial-induced inflammatory responses may promote ectopic 
adhesion, implantation, infiltration and growth of endometrial debris, 
and ultimately lead to the formation of endometriotic lesions.

4.3 Estrogen-gut microbiome axis in 
endometriosis

Although the pathological mechanism of endometriosis has not 
yet been elucidated, a large number of epidemiological and clinical 
studies have shown that endometriosis is an estrogen-dependent 
disease. Estrogen can promote cell adhesion, invasion, and 
proliferation of ectopic lesions, inhibit apoptosis, and maintain the 
inflammatory response (Ferrero et  al., 2014; Mori et  al., 2019). 
Estrogen can exert its biological function by binding to the estrogen 
receptor (ER) on the endometrium. ERs include classical nuclear 
receptors (ERα and ERβ), and non-classical membrane receptors 
(GPER1) (Borella et al., 2021). After ERs are activated, they can bind 
to the estrogen response element (ERE) which is the specific DNA 
sequence in the promoter region, or interact with other transcription 
factors in the nucleus to regulate the transcription of target genes. In 
addition, ERs regulate the genes targeted by estrogen lack ERE-like 
sequences such as NF-κB, activator protein 1 (AP-1) and stimulating 
protein-1 (SP-1) through protein–protein interactions with other 
transcription factors and response elements. In addition to the well-
known genomic actions of estrogen, there are also non-genomic 

actions of estrogen. They can work through ERα, GPER1, mitogen 
activated protein kinases (MAPK), PI3 kinases (PI3K), cAMP and so 
on (Fuentes and Silveyra, 2019). However, the non-genomic actions 
of estrogen in endometriosis are still controversial, and further 
research is needed.

At the same time, experimental studies have shown that the gut 
microbiota can affect estrogen metabolism and cause related diseases 
(Yang et al., 2017) (Figure 3). The estrogen in the human body mainly 
comes from the ovary, adrenal gland and adipose tissue, and then 
enters the blood circulation until it is metabolized in the liver. In the 
liver, estrogen combines with its metabolites resulting in conjugated 
estrogen, which is then metabolized into water-soluble molecules that 
are excreted in the urine and feces. Gut flora imbalance produces beta-
glucuronidase, which prevents the combination of estrogen and 
glucuronic acid to reduce the inactivation of estrogen and to increase 
the level of circulating estrogen through the enterohepatic circulation 
thereby significantly stimulating the growth of ectopic lesions and 
participating in the pathological process of periodic bleeding of 
endometriosis (Plottel and Blaser, 2011; Flores et al., 2012; Shen et al., 
2012; Baker et  al., 2017; Wei et  al., 2023). Previous studies have 
reported that Clostridia and Ruminococcacaeae spp. produce active 
estrogens through deconjugation, influencing estrogen-dependent 
diseases (Bhatt et al., 2017). Uccello et al. found that Lactobacillus and 
Bifidobacterium can reduce the proportion of β-glucuronidase-
producing bacteria in the intestine, leading to a decrease in estrogen 
reabsorption rate and reducing the risk of estrogen metabolism 
diseases (Uccello et al., 2012). Shan J et al. found that the abundances 
of Blautia and Dorea were significantly increased which were 
positively correlated with estrogen level in patients with stage III/IV 
endometriosis (Shan et al., 2021). However, the mechanisms by which 
the gut microbiota increases the levels of estrogen promote 
endometriosis development remain to be further explored.

4.4 Gut-brain axis in endometriosis

The microbiome-gut-brain axis (MGB) has attracted increasing 
attention and refers to the bidirectional communication between gut 
microbes and the central nervous system. This axis is considered a key 
regulator of immune, neural, endocrine and metabolic signaling 
pathways that maintain homeostasis. MGB dysregulation has been 
shown to be  involved in many diseases such as irritable bowel 
syndrome (IBS) (Mayer et al., 2022), depression (Averina et al., 2020), 
pain (Guo et al., 2019), and PCOS (Insenser et al., 2018; Zhang J. et al., 
2019; Liang et al., 2021).

The microbiota can affect the production and secretion of 
neurotransmitters in various ways, including γ-Aminobutyric acid 
(GABA), norepinephrine, dopamine, and serotonin and so on 
(Strandwitz, 2018; Yang et al., 2021). These neurotransmitters can 
affect the hormone levels of the host. Therefore, changes in the 
composition of gut microbiota may be the reason for changes in host 
hormone levels. Gut bacteria are closely connected to the functioning 
of the hypothalamus-pituitary-adrenal (HPA) axis. Previous studies 
have shown that hypocortisolemia is a biomarker of dysfunction of 
the HPA axis in women with endometriosis (Petrelluzzi et al., 2008; 
Quinones et al., 2015). We speculate that the role of gut microbiota in 
endometriosis is related to the impact on the HPA axis. Recent study 
found that the increasing GABA-producing bacteria might increase 
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the level of GABA in women with PCOS, and act on the receptors of 
GnRH neurons in hypothalamus to influence the secretion of LH and 
FSH (Liang et al., 2021). Salliss and colleagues suspected that because 
gut dysbiosis directly and indirectly stimulates GnRH neurons in the 
hypothalamus, resulting in hypothalamus-pituitary-ovarian (HPO) 
axis dysregulation and influence the secretion of sex hormones 
including GnRH, LH, FSH, and estrogen. This dysbiosis could 
ultimately impact estrogen-associated disorders, such as endometriosis 
(Salliss et al., 2021). However, the above research area of endometriosis 
has been less well explored, and is worth exploring in more detail.

Furthermore, over the past few decades, many researches have 
shown that emotional disorders are related to changes in the balance 
of neurotransmitters in the brain. For example, major depressive 
disorder (MDD) and anxiety are associated with imbalances in the 
serotonin system and abnormalities in the HPA axis (Frankiensztajn 
et al., 2020). These diseases are also highly correlated with microbial 
disorders. Chronic stress such as anxiety and depression are common 
in patients with endometriosis, with an average incidence of 
approximately 41.78% (Brasil et  al., 2020). Xu et  al. divided the 
endometriosis patients into chronic stress and control groups by 
generalized anxiety disorder-7 (GAD-7) and patient health 
questionnaire-9 (PHQ-9) questionnaires. They found that the level of 
Paraprevotella, Odoribacter, Veillonella, and Ruminococcus were 
significantly reduced in chronic stress group compared to the control 
group at the genus level. They also demonstrated that the dysbiosis of 
gut microbiota may influence the psychological state of patients with 
endometriosis through the inflammatory pathway of gut-brain axis 

(Xu et al., 2017). In addition, many researchers have shown that gut 
microbiota dysbiosis play an important role in depression by the 
decreasing of SCFAs (Deng et al., 2019). Silva et al. considered that the 
anti-inflammatory property of SCFAs was related to the development 
of depression (Silva et al., 2020). The level of SCFAs also reduce in 
patients with endometriosis. Given that SCFAs can regulate the central 
nervous system directly and indirectly, ultimately affecting patient 
behavior and cognitive function. A thorough understanding of how 
SCFAs participate in gut-brain interactions may help identify new 
targets for the treatment of psychological problems related 
to endometriosis.

The proposal of the MGB axis may provide a new perspective for 
better understanding endometriosis and exploring its pathogenesis 
and treatment methods (Figure  4). However, further research is 
needed on the causal relationship between the MGB axis and the 
pathogenesis of endometriosis. In recent years, the importance of the 
MGB axis has been widely recognized, and its dysfunction can lead to 
various diseases (Zhu et al., 2022). Numerous studies are exploring the 
physiological role of the MGB axis, hoping to find intervention or 
treatment targets for endometriosis from this perspective.

5 Gut microbiota and the malignant 
transformation of endometriosis

In 1925, Sampson reported that malignant tumors and 
endometriosis coexist in the same lesion for the first time. 

FIGURE 3

Estrogen-Gut microbiome axis in endometriosis. The dysbiosis of gut microbiota can produces beta-glucuronidase, which increase the level of 
circulating estrogen through the enterohepatic circulation and cause endometriosis (the figures in this review were created with BioRender.com).
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Endometriosis will generate malignant transformation under certain 
conditions or incentives. The malignant transformation rate of 
endometriosis is about 0.5–1.0% (Kobayashi et al., 2007; Murakami 
et al., 2020), and it usually occurs in the ovaries. When ovarian cancer 
is associated with endometriosis, and the cancer tissue is adjacent to 
the ectopic lesion, and there are persistent changes from ectopic 
endometrium to atypical hyperplasia and malignancy, it is regarded 
as “endometriosis-related ovarian cancer (EAOC).” It is widely 
accepted that the precursor of ovarian clear cell carcinoma (CCC) and 
ovarian endometrioid carcinoma is endometriosis.

The pathogenesis of the EAOC remains unclear. Many scholars 
believe that the essence of tumor is an inflammatory process. It has 
been reported that chronic inflammatory diseases and infections are 
responsible for approximately 25% of cancers worldwide (Hussain and 
Harris, 2007). Several studies have suggested gut microbiota play an 
important role in the development of cancer (Zhou et  al., 2019; 
Laborda-Illanes et  al., 2020; Borella et  al., 2021) and so on. Gut 
bacteria can upregulate the TLR, and activate NF-kB, which can lead 
to the release of IL-6, IL-12, IL-17, IL-18 as well as TNF-α, and finally 
play a critical role in triggering persistent inflammation in the tumor 
microenvironment (Rutkowski et  al., 2015; Laborda-Illanes et  al., 
2020). Zhou et al. found that the diversity and richness indexes of the 
microbiota were significantly decreased in ovarian cancer tissues 
compared to tissues from normal distal fallopian tubes. They also 

found that inflammation-associated signaling pathways were 
dramatically activated in ovarian cancer tissues, such as NF-κB 
signaling pathway, Cytokine-cytokine receptor interaction, and 
Chemokine signaling pathway et al. (Zhou et al., 2019). Moreover, 
Wang et al. found that LPS were present in the cancerous ovarian 
tissue (Wang et al., 2020). LPS stimulates TLR4 to cause immediate 
interaction between PI3K and MyD88, resulting in the 
phosphorylation of AKT, and ultimately promoting cell proliferation, 
invasion, and metastasis (Park et al., 2017). Abnormal activation of 
PI3K/AKT/mTOR pathway has been widely reported in the malignant 
transformation of tumors including EAOC (Murakami et al., 2020). 
This pathway has been highlighted as a biomarker for CCC therapy 
(Yachida et  al., 2021). It suggested that the microbiota may 
be  involving the initiation and progression of ovarian cancer via 
influencing the local inflammation or stimulating PI3K/AKT/
mTOR pathway.

In addition, high level of estrogen is one of the high-risk 
factors for the malignant transformation of endometriosis. 
Estrogen dysregulation promote ectopic endometrium hyperplasia 
and malignant transformation through the increase of aromatase 
expression and activity. As mentioned above, gut dysbiosis can 
increase the circulation levels of estrogen and promote 
inflammation, in turn, inflammatory responses, along with the 
known hormonal dysregulation in endometriotic implants, may 

FIGURE 4

The microbiome-gut-brain axis (MGB) in endometriosis. The microbiota can affect the production and secretion of SCFAs and neurotransmitters such 
as γ- Aminobutyric acid (GABA), which can affect the hormone levels of the host. The role of gut microbiota in endometriosis is related to the impact 
on the hypothalamus–pituitary–adrenal (HPA) axis and hypothalamus-pituitary-ovarian (HPO) axis (the figures in this review were created with 
BioRender.com).
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drive carcinogenesis (Dawson et al., 2018). Finally, we consider 
that the gut microbiota is likely to be involved in the malignant 
transformation of endometriosis, but it is still unknown how gut 
microbiota influence malignant transformation of endometriosis. 
Many researches are needed to prove whether the process of the 
malignant transformation of endometriosis can be controlled by 
the regulation of the flora.

6 Gut microbiota and 
endometriosis-associated pain and 
infertility

Pain is the main symptom of endometriosis, mainly manifested as 
secondary dysmenorrhea, back pain, non-menstrual pelvic pain and 
CPP, which is present in 50–80% of patients with endometriosis 
(Taylor et al., 2021). The severity of pain is not necessarily proportional 
to the size of the lesion. Patients with severe adhesions of ectopic 
ovarian cysts may have no pain, while small scattered lesions in the 
pelvis can cause unbearable pain which usually seriously affects 
patients’ daily life, emotions, interpersonal relationships, and work. 
Reducing and managing pain is one of the fundamental goals of 
treating endometriosis. In recent years, there has been increasing 
interest in the study of endometriosis-associated pain, but its 
pathological mechanism has not been fully elucidated. The emerging 
roles of the gut microbiota in pain regulation have attracted increasing 
attention, which provides a new direction for the study of 
endometriosis-associated pain.

PAMPs are considered to be an important factor in peripheral 
sensitization under pain conditions. PAMPs are transferred into 
the blood circulation and bind to RPR expressed on immune cells 
and sensory neurons in DRG, and participate in peripheral pain 
sensitization (Guo et  al., 2019). Studies have shown that the 
process of ectopic endometrial adhesions implanted in the 
peritoneum to form ectopic lesions will undergo neurovascular 
formation (Asante and Taylor, 2011). Increased density of small 
unmyelinated nerve fibers which were often used as nociceptors 
could be found in endometriotic lesions and were closely related 
to the generation of endometriosis-associated pain (Tokushige 
et  al., 2006). Meanwhile, Liu et  al. found that the density of 
transient receptor potential vanilloid 1 (TRPV1)-positive nerve 
fibers in ectopic endometrium was higher than that in control 
endometrium and was positively correlated with the severity of 
dysmenorrhea in women with endometriosis (Liu et al., 2012). 
TRPV1 is a non-selective cation channel that plays an important 
role in inflammatory hyperalgesia. The increased TRPV1-positive 
nerve fibers may integrate various stimuli on peripheral terminals 
or primary sensory neurons and generate hyperalgesia in 
endometriosis (Liu et al., 2012; Bohonyi et al., 2017). In addition, 
previous studies found LPS can bind to TLR4 to activate and 
sensitize nociceptive neurons in dorsal root ganglia (DRGs) which 
derived from gut microbiota, via a TRPV1-mediated mechanism 
(Diogenes et al., 2011). We can speculate that gut dysbiosis leads 
to massive influx of LPS into the blood circulation, activates 
TRPV1 and increases its expression, further drives peripheral 
nociceptor sensitization, and plays a role in endometriosis-
associated pain. On the other hand, PAMPs can act on 
non-neuronal cells such as immune cells to release 

pro-inflammatory cytokines, including TNF-α, IL-1β, and IL-8, 
which are indirectly activated or sensitized primary sensory 
neurons in DRGs. It has been previously discussed that 
macrophages and nerve fibers are both detected in the 
endometriosis. TNF-α and IL-1β mainly secreted by macrophages 
are highly expressed in the peritoneal fluid of endometriosis 
patients which can lead to peripheral nerve hypersensitivity and 
hyperalgesia (Wu et al., 2017; Liang et al., 2018; Maddern et al., 
2020). This suggest that gut dysbiosis could promote the release 
of pro-inflammatory cytokines which could induce peripheral 
sensitization and play an important role in endometriosis-
associated pain.

There is a strong correlation between endometriosis and infertility. 
Between 25 and 50% of patients with endometriosis experience 
infertility, and up to 50% of infertile patients may suffer from 
endometriosis (Bjorkman and Taylor, 2019; Taylor et  al., 2021). 
However, the specific interaction mechanisms of endometriosis and 
infertility are still far to be clearly elucidated. The gut microbiota may 
play an essential role in the pathogenesis of endometriosis-associated 
infertility, but is less well studied. The impact of the gut microbiota 
upon endometriosis-associated infertility is likely due to the effects of 
the sex hormones (He et  al., 2021), unbalanced immune profile, 
pro-inflammatory status (De Rivero Vaccari, 2020), and endometrial 
receptivity (Benner et  al., 2018; Wang et  al., 2021). Recently, a 
two-sample Mendelian randomization (MR) study revealed that 
genetically proxied intestinal microbiota had potentially causal effects 
on infertility, including the genetically proxied Family XIII AD3011 
group, Ruminococcaceae NK4A214 group, Betaproteobacteria, 
Burkholderiales, Candidatus Soleaferrea, and Lentisphaerae (Zhang 
et al., 2023). Given that endometriosis-related drug therapy renders 
useless for infertility treatment, the gut microbiota interventions and 
therapy may hold much promise in the treatment of endometriosis-
associated infertility.

7 Diagnosis

Patients with endometriosis can present with longer incubation 
periods, diagnosing for a time delay of up to 4–11 years due to the 
atypical early symptoms and particularly limited but invasive 
diagnostic methods (Agarwal et al., 2019). The gold standard for the 
diagnosis of endometriosis is laparoscopic surgery with histologic 
examination after biopsy. However, the surgical diagnosis is unrealistic 
for all women suspected of endometriosis. It is an urgent need to find 
an effective minimally invasive or non-invasive candidate biomarker. 
With the increasing research on endometriosis and gut microbiota, 
the discovery of endometriosis-related candidate microorganisms has 
potential diagnostic value. Several gut microbial abnormalities have 
been identified in the women or murine models of endometriosis. 
Huang et  al. revealed that the reduction of Lachnospiraceae 
Ruminococcus in the feces of patients might be a potential biomarker 
for endometriosis (Huang et al., 2021). One study found that two of 
fourteen patients with stage III/IV endometriosis had a gut 
microbiome dominated by Escherichia/Shigella, and further follow-up 
of these patients showed severe gut involvement and received 
segmental colectomy. However, the gut microbiota of patients in the 
control group did not show a similar composition. This infers that gut 
microbiome analysis may be a method for predicting bowel resection 
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(Ata et al., 2019). A two-sample Mendelian randomization (MR) study 
confirms that a total of 8 gut microbiota taxa are associated with 
endometriosis, among which the Class-Melainabacteria, family-
Ruminococcaceae, and genus-Eubacteriumruminantium had a 
protective effect on endometriosis, while order-Bacillales, family-
Prevotellaceae, genus-Anaerotruncus, genus-Olsenella, and genus-
RuminococcaceaeUCG002 may increase the risk of endometriosis. 
These taxa may be used for indirect diagnosis of endometriosis (Ji 
et al., 2023).

More and more evidence observed that gut microbiota may 
affect endometriosis through gut microbiota-derived metabolites, 
which provides a new direction for early diagnosis of 
Endometriosis. Chadchan et al. found Quinic acid was significantly 
upregulated in feces of mice with endometriosis, which can 
promote the cellular proliferation and endometriosis lesion growth 
(Chadchan et  al., 2023). Ni et  al. also screened four important 
differential metabolites, named chenodeoxycholic acid (CDCA), 
ursodeoxycholic acid (UDCA), ALA, and 12, 13 s-epoxy-9z, 11, 
15z octadecatrienoic acid (12,13-EOTrE) in the fecal metabolomics 
of endometriosis mice, which can be used as potential biomarker 
for the non-invasive diagnosis and treatment of endometriosis in 
the near future (Ni et al., 2020). Further investigations are needed 
to identify the importance of the microbiome and metabolites in 
the diagnosis of endometriosis.

8 Treatment

Current treatment options for endometriosis include medical 
therapy of ovarian suppression and surgical resection of lesions. 
Nonsteroidal anti-inflammatory drugs (NSAIDs), oral contraceptive, 
progestins, GnRH analogs, aromatase inhibitor, and androgen analog 
have broad clinical application in the long-term management of 
endometriosis, but are not curative. Because of the high recurrence 
rate after surgical excision, the procedure is usually repeated many 
times, despite once during the entire endometriosis life should 
be stressed, ideally. Given the high recurrence rate after surgery and 
side-effects of drugs, further studies are needed to explore the 
following potential therapeutic approach in endometriosis.

8.1 Probiotics

Probiotics are a class of active microorganisms, which colonize the 
digestive system of the human and can promote the microecological 
balance of the host. Probiotics are mainly composed of lactobacillus 
and Bifidobacterium, which can enhance intestinal epithelial integrity, 
protect the intestinal barrier, modulate the immune system of the 
gastrointestinal mucosa and inhibit the growth of pathogenic bacteria 
(Kim et al., 2019). Probiotics have become a research hotspot and have 
beneficial effects on the treatment of many diseases (Yang et al., 2021).

Probiotic interventions that alter the type and abundance of gut 
microbiota, as well as human immune cells and immune molecules, 
have great potential as new targets for the treatment of endometriosis. 
Itoh Hiroyuki and colleagues found that Lactobacillus gasseri OLL2809 
which is one of a probiotic Lactobacillus suppressed development of 
endometriosis via activation of NK cells in mice (Itoh et al., 2011). 
Additionally, a randomized, double-blind, placebo-controlled study 

showed that the tablet containing L. gasseri OLL 2809 could improve 
menstrual pain and dysmenorrhea and had no adverse effects in 
patients with endometriosis (Itoh et al., 2011). A pilot randomized 
triple-blind placebo-controlled trial found that oral lactobacillus could 
significantly alleviate endometriosis-associated pain (Khodaverdi 
et al., 2019). The aforementioned studies suggested that probiotics can 
not only inhibit the progression of endometriosis, but also are 
beneficial for endometriosis-associated pain relief without obviously 
side effects. Combined oral contraceptive with non-steroidal anti-
inflammatory drugs (NSAIDs) (continuous dosing to prevent 
dysmenorrhea) or progestins with NSAIDs was the First-line therapy 
for endometriosis-associated pain, which are often accompanied by 
significant and unwelcome side effects (Taylor et  al., 2021). The 
recurrence rate of endometriosis-associated pain is as high as 40–50% 
after surgery (Vercellini et al., 2009). Probiotics have great potential as 
new targets for the treatment of endometriosis-associated pain. 
However, research related to this filed is still in its initial exploratory 
stages, reminding us of the need for more preclinical and clinical work 
to investigate the role of probiotic therapy in endometriosis.

8.2 Diet

The therapeutic potential of dietary interventions and dietary 
modification for patients with endometriosis has received increasing 
attention as complementary therapy and self-management. Diet is a 
shared substrate for host and gut microbes, which can change the 
composition and metabolic activity of the gut flora. Omega-3 
polyunsaturated fatty acids (Omega-3 PUFAs) are essential fatty acids 
that humans should obtain from their diets, mainly from fish, seaweed 
and nuts, and are involved in regulating intestinal immunity and 
maintaining intestinal homeostasis, including docosahexaenoic acid 
(DHA), eicosapentaenoic acid (EPA), alpha-linolenic acid (ALA), and 
docosapentaenoic acid (DPA). Omega-3 PUFAs can affect the gut 
microbial community. The previous study reported that omega-3 
PUFAs could decrease LPS-producing bacteria (such as E. coli) while 
increasing LPS-suppressing bacteria (such as Bifidobacterium), 
leading to the reduction of inflammatory cytokines (TNF-α, IL-1β, 
and IL-6) (Kaliannan et al., 2015). Growing evidence suggests that 
omega-3 PUFAs have inhibitory effects on endometriosis. Animal 
studies suggested that omega-3 PUFAs suppressed the development 
of endometriosis via their anti-inflammatory effects (Tomio et al., 
2013; Attaman et al., 2014). A prospective study among premenopausal 
women demonstrated that long-term intake of omega-3 PUFAs 
reduced the incidence of endometriosis (Missmer et al., 2010). ALA 
is an omega-3 PUFAs which is commonly found in vegetable oil seeds. 
The abundance of ALA was significantly decreased in the feces of 
endometriosis mice which were influenced by gut dysbacteriosis (Ni 
et al., 2020). The exogenous supplementation of ALA could obviously 
improve the abundance of Lactobacillus, Bacteroides, Muribaculum, 
Clostridium_ sensu_ stricto_ 1, and Bifidobacterium, and reduce the 
level of LPS in the abdominal cavity and the aggregation of peritoneal 
macrophages in endometriosis mice (Ni et  al., 2021). In a rabbit 
model of endometriosis, ALA supplementation could reduce the 
concentrations of PGE2 and the diameter of endometriotic lesions 
(Covens et al., 1988). It is speculated that Omega-3 PUFAs modulation 
of the gut microbiota may contribute to the prevention and treatment 
of endometriosis.
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In addition, a dietary therapy called low-FODMAP which is a 
diet low in fermentable oligo-, di-, monosaccharides, and polyols 
could alter the diversity of gut microbiota and their metabolites. A 
low-FODMAP diet could reduce fecal LPS by modulating gut 
microbial composition and improves intestinal barrier function 
(Zhou et al., 2018). Some studies have demonstrated the effectiveness 
of this dietary intervention in the treatment of irritable bowel 
syndrome (IBS) through potential gut microbiota-related pathways 
(Hustoft et al., 2017; Su et al., 2019; Milajerdi et al., 2020). Patients 
with endometriosis have a higher incidence of gastrointestinal 
symptoms, up to 90%, and often suffer from IBS before diagnosis of 
endometriosis (Seaman et  al., 2008; Maroun et  al., 2009). In a 
retrospective analysis of a cohort study, it is found that a 
low-FODMAP diet is beneficial in reducing bowel symptoms in 
women with endometriosis (Moore et  al., 2017). This dietary 
intervention may be an emerging approach to relieve gastrointestinal 
symptoms of endometriosis. Another research showed that after a 
low-FODMAP diet for 3 weeks, symptoms consistently improved in 
patients with IBS, but fecal bacteria (Actinobacteria, Bifidobacterium, 
and Faecalibacterium prausnitzii), total SCFAs and n-butyric acid 
were significantly reduced which drastically affected gut health 
(Hustoft et al., 2017). To avoid these problems, it is recommended 
that patients selectively reintroduce eliminated food after treatment 
with a low-FODMAP diet (Mayer et  al., 2022). However, a 
low-FODMAP diet in patients with endometriosis requires further 
research. Diet is one of the main factors affecting and regulating the 
composition of intestinal flora, thus, it is important to understand 
how the diet affects the intestinal flora. Although its exact mechanism 
remains unclear, diet intervention is a crucial supplemental treatment 
of endometriosis.

8.3 Fecal microbiota transplantation

FMT means transplanting the infusion of a fecal suspension from 
the health donor to the subject. FMT can directly improve the 
disorders of intestinal flora and develop a new treatment pathway to 
a series of microbial-mediated diseases, such as IBS (Johnsen et al., 
2018), ulcerative colitis (Ding et al., 2019), depression (Doll et al., 
2022), metabolic syndrome (Kootte et al., 2017). FMT has been widely 
recognized in the treatment of Clostridium difficile infection (CDI), 
and the effective rate of FMT for recurrent and refractory CDI is more 
than 90% with few adverse reactions (Quraishi et al., 2017). However, 
there is no experimental report of FMT in the treatment of 
endometriosis currently, which needs further exploration.

9 Limitations and future directions

Currently, much of the ongoing research is focused on the 
correlation between the gut microbiota and endometriosis, however, 
further systematic studies are needed to elucidate the underlying 
mechanisms. The rapid development of modern genome sequencing 
technology has transformed researchers’ understanding of 
microscopic organisms within a short period. However, due to the 
large number and complex composition of gut microbiota, 
researchers are unable to accurately grasp data on all microorganisms 
in the intestine, and may ignore undetected or low abundance 

bacterial species. Therefore, further research on the gut microbiota 
and microbiome-derived metabolites will not only deepen our 
understanding of endometriosis, but also provide a theoretical basis 
to become a new treatment method in this field. Although 
endometriosis is subdivided into three categories histologically, 
including superficial peritoneal endometriosis, deeply infiltrating 
endometriosis, and ovarian (cystic) endometriosis, endometriosis 
lesions do not exist in isolation leading to extensive lesions coexisting 
with heterogeneous clinical manifestations and ultimately leading to 
pain and infertility. Future work will need to elucidate further 
mechanisms by which specific microbiota compositions or 
microbiota-mediated metabolites regulate endometriosis, either with 
pelvic pain being the predominant symptom or with infertility being 
the dominating symptom, searching for earlier, safer, and more 
sensitive diagnostic methods and more effective treatment 
modalities. Besides, bioinformatics analysis, such as analysis 
frameworks for single-cell RNA sequencing (Hu et al., 2023; Meng 
et al., 2023), deep learning predictive model (Gao et al., 2023; Wang 
et al., 2023), constantly updated microbiome-gene database, drug 
metabolism and biotransformation of the gut microbiota, combined 
with particular gut microbiota compositions determined could 
be utilized for early screening, as well as risk stratification according 
to endometriosis severity, in order to timely interventions and 
precise treatment. Given current surgery treatment modality with 
high recurrence rate and medical treatment with severe side effects, 
novel interventions that target specific microorganisms after 
microbiologic identification could be  developed to reduce the 
potential side effects of treatments and give an effective systemic 
therapy for endometriosis.

Author contributions

CG: Writing – original draft. CZ: Supervision, Writing – review & 
editing, Conceptualization, Formal analysis, Validation, Visualization.

Funding

The author(s) declare that no financial support was received for 
the research, authorship, and/or publication of this article.

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the 
authors and do not necessarily represent those of their affiliated 
organizations, or those of the publisher, the editors and the 
reviewers. Any product that may be evaluated in this article, or 
claim that may be made by its manufacturer, is not guaranteed or 
endorsed by the publisher.

https://doi.org/10.3389/fmicb.2024.1363455
https://www.frontiersin.org/journals/microbiology
https://www.frontiersin.org


Guo and Zhang 10.3389/fmicb.2024.1363455

Frontiers in Microbiology 14 frontiersin.org

References
Abdollahi-Roodsaz, S., Abramson, S. B., and Scher, J. U. (2016). The metabolic role of 

the gut microbiota in health and rheumatic disease: mechanisms and interventions. Nat. 
Rev. Rheumatol. 12, 446–455. doi: 10.1038/nrrheum.2016.68

Abdulamir, A. S., Hafidh, R. R., and Bakar, F. A. (2010). Molecular detection, 
quantification, and isolation of Streptococcus gallolyticus bacteria colonizing colorectal 
tumors: inflammation-driven potential of carcinogenesis via IL-1, COX-2, and IL-8. 
Mol. Cancer 9:249. doi: 10.1186/1476-4598-9-249

Agarwal, S. K., Chapron, C., Giudice, L. C., Laufer, M. R., Leyland, N., Missmer, S. A., 
et al. (2019). Clinical diagnosis of endometriosis: a call to action. Am. J. Obstet. Gynecol. 
220, 354.e1–354.e12. doi: 10.1016/j.ajog.2018.12.039

Al-Rashidi, H. E. (2022). Gut microbiota and immunity relevance in eubiosis and 
dysbiosis. Saudi J. Biol. Sci. 29, 1628–1643. doi: 10.1016/j.sjbs.2021.10.068

Asante, A., and Taylor, R. N. (2011). Endometriosis: the role of neuroangiogenesis. 
Annu. Rev. Physiol. 73, 163–182. doi: 10.1146/annurev-physiol-012110-142158

Ata, B., Yildiz, S., Turkgeldi, E., Brocal, V. P., Dinleyici, E. C., Moya, A., et al. (2019). 
The endobiota study: comparison of vaginal, cervical and gut microbiota between 
women with stage 3/4 endometriosis and healthy controls. Sci. Rep. 9:2204. doi: 10.1038/
s41598-019-39700-6

Atarashi, K., Tanoue, T., Shima, T., Imaoka, A., Kuwahara, T., Momose, Y., et al. 
(2011). Induction of colonic regulatory T cells by indigenous Clostridium species. 
Science 331, 337–341. doi: 10.1126/science.1198469

Attaman, J. A., Stanic, A. K., Kim, M., Lynch, M. P., Rueda, B. R., and Styer, A. K. 
(2014). The anti-inflammatory impact of omega-3 polyunsaturated Fatty acids during 
the establishment of endometriosis-like lesions. Am. J. Reprod. Immunol. 72, 392–402. 
doi: 10.1111/aji.12276

Averina, O. V., Zorkina, Y. A., Yunes, R. A., Kovtun, A. S., Ushakova, V. M., 
Morozova, A. Y., et al. (2020). Bacterial metabolites of human gut microbiota correlating 
with depression. Int. J. Mol. Sci. 21:9234. doi: 10.3390/ijms21239234

Bailey, M. T., and Coe, C. L. (2002). Endometriosis is associated with an altered profile 
of intestinal microflora in female rhesus monkeys. Hum. Reprod. 17, 1704–1708. doi: 
10.1093/humrep/17.7.1704

Baker, J. M., Al-Nakkash, L., and Herbst-Kralovetz, M. M. (2017). Estrogen-gut 
microbiome axis: Physiological and clinical implications. Maturitas 103, 45–53. doi: 
10.1016/j.maturitas.2017.06.025

Banu, S. K., Lee, J., Speights, V. O. Jr., Starzinski-Powitz, A., and Arosh, J. A. (2008). 
Cyclooxygenase-2 regulates survival, migration, and invasion of human endometriotic 
cells through multiple mechanisms. Endocrinology 149, 1180–1189. doi: 10.1210/
en.2007-1168

Belizario, J. E., and Faintuch, J. (2018). Microbiome and gut dysbiosis. Exp. Suppl. 109, 
459–476. doi: 10.1007/978-3-319-74932-7_13

Benner, M., Ferwerda, G., Joosten, I., and Van Der Molen, R. G. (2018). How uterine 
microbiota might be responsible for a receptive, fertile endometrium. Hum. Reprod. 
Update 24, 393–415. doi: 10.1093/humupd/dmy012

Bhatt, A. P., Redinbo, M. R., and Bultman, S. J. (2017). The role of the microbiome in cancer 
development and therapy. CA Cancer J. Clin. 67, 326–344. doi: 10.3322/caac.21398

Bjorkman, S., and Taylor, H. S. (2019). MicroRNAs in endometriosis: biological 
function and emerging biomarker candidates†. Biol. Reprod. 101, 1167–1178. doi: 
10.1093/biolre/ioz014

Bohonyi, N., Pohoczky, K., Szalontai, B., Perkecz, A., Kovacs, K., Kajtar, B., et al. 
(2017). Local upregulation of transient receptor potential ankyrin 1 and transient 
receptor potential vanilloid 1 ion channels in rectosigmoid deep infiltrating 
endometriosis. Mol. Pain 13:1744806917705564. doi: 10.1177/1744806917705564

Borella, F., Carosso, A. R., Cosma, S., Preti, M., Collemi, G., Cassoni, P., et al. (2021). 
Gut microbiota and gynecological cancers: a summary of pathogenetic mechanisms and 
future directions. ACS Infect. Dis. 7, 987–1009. doi: 10.1021/acsinfecdis.0c00839

Brasil, D. L., Montagna, E., Trevisan, C. M., La Rosa, V. L., Lagana, A. S., Barbosa, C. P., 
et al. (2020). Psychological stress levels in women with endometriosis: systematic review 
and meta-analysis of observational studies. Minerva Med. 111, 90–102. doi: 10.23736/
S0026-4806.19.06350-X

Cao, Y., Jiang, C., Jia, Y., Xu, D., and Yu, Y. (2020). Letrozole and the traditional chinese 
medicine, shaofu zhuyu decoction, reduce endometriotic disease progression in rats: a 
potential role for gut microbiota. Evid. Based Complement. Alternat. Med. 2020, 
3687498–3687414. doi: 10.1155/2020/3687498

Chadchan, S. B., Cheng, M., Parnell, L. A., Yin, Y., Schriefer, A., Mysorekar, I. U., et al. 
(2019). Antibiotic therapy with metronidazole reduces endometriosis disease 
progression in mice: a potential role for gut microbiota. Hum. Reprod. 34, 1106–1116. 
doi: 10.1093/humrep/dez041

Chadchan, S. B., Naik, S. K., Popli, P., Talwar, C., Putluri, S., Ambati, C. R., et al. 
(2023). Gut microbiota and microbiota-derived metabolites promotes endometriosis. 
Cell Death Discov. 9:28. doi: 10.1038/s41420-023-01309-0

Chadchan, S. B., Popli, P., Ambati, C. R., Tycksen, E., Han, S. J., Bulun, S. E., et al. 
(2021). Gut microbiota-derived short-chain fatty acids protect against the progression 
of endometriosis. Life Sci. Alliance 4:e202101224. doi: 10.26508/lsa.202101224

Claesson, M. J., Cusack, S., O'sullivan, O., Greene-Diniz, R., De Weerd, H., 
Flannery, E., et al. (2011). Composition, variability, and temporal stability of the 
intestinal microbiota of the elderly. Proc. Natl. Acad. Sci. USA 108, 4586–4591. doi: 
10.1073/pnas.1000097107

Correa-Oliveira, R., Fachi, J. L., Vieira, A., Sato, F. T., and Vinolo, M. A. (2016). 
Regulation of immune cell function by short-chain fatty acids. Clin. Transl. Immunol. 
5:e73. doi: 10.1038/cti.2016.17

Covens, A. L., Christopher, P., and Casper, R. F. (1988). The effect of dietary 
supplementation with fish oil fatty acids on surgically induced endometriosis in the 
rabbit. Fertil. Steril. 49, 698–703. doi: 10.1016/s0015-0282(16)59842-2

D'argenio, V., and Salvatore, F. (2015). The role of the gut microbiome in the healthy 
adult status. Clin. Chim. Acta 451, 97–102. doi: 10.1016/j.cca.2015.01.003

Dawson, A., Fernandez, M. L., Anglesio, M., Yong, P. J., and Carey, M. S. (2018). 
Endometriosis and endometriosis-associated cancers: new insights into the molecular 
mechanisms of ovarian cancer development. Ecancermedicalscience 12:803. doi: 10.3332/
ecancer.2018.803

De Rivero Vaccari, J. P. (2020). The Inflammasome in Reproductive Biology: A 
Promising Target for Novel Therapies. Front. Endocrinol. (Lausanne) 11:8. doi: 10.3389/
fendo.2020.00008

Deng, F. L., Pan, J. X., Zheng, P., Xia, J. J., Yin, B. M., Liang, W. W., et al. (2019). 
Metabonomics reveals peripheral and central short-chain fatty acid and amino acid 
dysfunction in a naturally occurring depressive model of macaques. Neuropsychiatr. Dis. 
Treat. 15, 1077–1088. doi: 10.2147/NDT.S186071

Ding, X., Li, Q., Li, P., Zhang, T., Cui, B., Ji, G., et al. (2019). Long-term safety and 
efficacy of fecal microbiota transplant in active ulcerative colitis. Drug Saf. 42, 869–880. 
doi: 10.1007/s40264-019-00809-2

Diogenes, A., Ferraz, C. C., Akopian, A. N., Henry, M. A., and Hargreaves, K. M. 
(2011). LPS sensitizes TRPV1 via activation of TLR4 in trigeminal sensory neurons. J. 
Dent. Res. 90, 759–764. doi: 10.1177/0022034511400225

Doll, J. P. K., Vazquez-Castellanos, J. F., Schaub, A. C., Schweinfurth, N., Kettelhack, C., 
Schneider, E., et al. (2022). Fecal microbiota transplantation (FMT) as an adjunctive therapy 
for depression-case report. Front. Psych. 13:815422. doi: 10.3389/fpsyt.2022.815422

Du, Y., Li, D. X., Lu, D. Y., Zhang, R., Zheng, X. X., Xu, B. J., et al. (2022). Morus alba 
L. water extract changes gut microbiota and fecal metabolome in mice induced by high-
fat and high-sucrose diet plus low-dose streptozotocin. Phytother. Res. 36, 1241–1257. 
doi: 10.1002/ptr.7343

Eckburg, P. B., Bik, E. M., Bernstein, C. N., Purdom, E., Dethlefsen, L., Sargent, M., 
et al. (2005). Diversity of the human intestinal microbial flora. Science 308, 1635–1638. 
doi: 10.1126/science.1110591

Fellows, R., Denizot, J., Stellato, C., Cuomo, A., Jain, P., Stoyanova, E., et al. (2018). 
Microbiota derived short chain fatty acids promote histone crotonylation in the colon 
through histone deacetylases. Nat. Commun. 9:105. doi: 10.1038/s41467-017-02651-5

Ferrero, S., Remorgida, V., Maganza, C., Venturini, P. L., Salvatore, S., Papaleo, E., et al. 
(2014). Aromatase and endometriosis: estrogens play a role. Ann. N. Y. Acad. Sci. 1317, 
17–23. doi: 10.1111/nyas.12411

Flores, R., Shi, J., Fuhrman, B., Xu, X., Veenstra, T. D., Gail, M. H., et al. (2012). Fecal 
microbial determinants of fecal and systemic estrogens and estrogen metabolites: a 
cross-sectional study. J. Transl. Med. 10:253. doi: 10.1186/1479-5876-10-253

Fourie, N. H., Wang, D., Abey, S. K., Creekmore, A. L., Hong, S., Martin, C. G., et al. 
(2017). Structural and functional alterations in the colonic microbiome of the rat in a 
model of stress induced irritable bowel syndrome. Gut Microbes 8, 33–45. doi: 
10.1080/19490976.2016.1273999

Frankiensztajn, L. M., Elliott, E., and Koren, O. (2020). The microbiota and the 
hypothalamus-pituitary-adrenocortical (HPA) axis, implications for anxiety and stress 
disorders. Curr. Opin. Neurobiol. 62, 76–82. doi: 10.1016/j.conb.2019.12.003

Fuentes, N., and Silveyra, P. (2019). Estrogen receptor signaling mechanisms. Adv. 
Protein Chem. Struct. Biol. 116, 135–170. doi: 10.1016/bs.apcsb.2019.01.001

Fuldeore, M., Chwalisz, K., Marx, S., Wu, N., Boulanger, L., Ma, L., et al. (2011). Surgical 
procedures and their cost estimates among women with newly diagnosed endometriosis: 
a US database study. J. Med. Econ. 14, 115–123. doi: 10.3111/13696998.2010.549532

Gao, H., Sun, J., Wang, Y., Lu, Y., Liu, L., Zhao, Q., et al. (2023). Predicting metabolite-
disease associations based on auto-encoder and non-negative matrix factorization. Brief. 
Bioinform. 24:bbad259. doi: 10.1093/bib/bbad259

Gogacz, M., Winkler, I., Bojarska-Junak, A., Tabarkiewicz, J., Semczuk, A., 
Rechberger, T., et al. (2016). Increased percentage of Th17 cells in peritoneal fluid is 
associated with severity of endometriosis. J. Reprod. Immunol. 117, 39–44. doi: 10.1016/j.
jri.2016.04.289

Guo, R., Chen, L. H., Xing, C., and Liu, T. (2019). Pain regulation by gut microbiota: 
molecular mechanisms and therapeutic potential. Br. J. Anaesth. 123, 637–654. doi: 
10.1016/j.bja.2019.07.026

Han, S. J., Jung, S. Y., Wu, S. P., Hawkins, S. M., Park, M. J., Kyo, S., et al. (2015). 
Estrogen receptor beta modulates apoptosis complexes and the inflammasome to drive 
the pathogenesis of endometriosis. Cell 163, 960–974. doi: 10.1016/j.cell.2015.10.034

https://doi.org/10.3389/fmicb.2024.1363455
https://www.frontiersin.org/journals/microbiology
https://www.frontiersin.org
https://doi.org/10.1038/nrrheum.2016.68
https://doi.org/10.1186/1476-4598-9-249
https://doi.org/10.1016/j.ajog.2018.12.039
https://doi.org/10.1016/j.sjbs.2021.10.068
https://doi.org/10.1146/annurev-physiol-012110-142158
https://doi.org/10.1038/s41598-019-39700-6
https://doi.org/10.1038/s41598-019-39700-6
https://doi.org/10.1126/science.1198469
https://doi.org/10.1111/aji.12276
https://doi.org/10.3390/ijms21239234
https://doi.org/10.1093/humrep/17.7.1704
https://doi.org/10.1016/j.maturitas.2017.06.025
https://doi.org/10.1210/en.2007-1168
https://doi.org/10.1210/en.2007-1168
https://doi.org/10.1007/978-3-319-74932-7_13
https://doi.org/10.1093/humupd/dmy012
https://doi.org/10.3322/caac.21398
https://doi.org/10.1093/biolre/ioz014
https://doi.org/10.1177/1744806917705564
https://doi.org/10.1021/acsinfecdis.0c00839
https://doi.org/10.23736/S0026-4806.19.06350-X
https://doi.org/10.23736/S0026-4806.19.06350-X
https://doi.org/10.1155/2020/3687498
https://doi.org/10.1093/humrep/dez041
https://doi.org/10.1038/s41420-023-01309-0
https://doi.org/10.26508/lsa.202101224
https://doi.org/10.1073/pnas.1000097107
https://doi.org/10.1038/cti.2016.17
https://doi.org/10.1016/s0015-0282(16)59842-2
https://doi.org/10.1016/j.cca.2015.01.003
https://doi.org/10.3332/ecancer.2018.803
https://doi.org/10.3332/ecancer.2018.803
https://doi.org/10.3389/fendo.2020.00008
https://doi.org/10.3389/fendo.2020.00008
https://doi.org/10.2147/NDT.S186071
https://doi.org/10.1007/s40264-019-00809-2
https://doi.org/10.1177/0022034511400225
https://doi.org/10.3389/fpsyt.2022.815422
https://doi.org/10.1002/ptr.7343
https://doi.org/10.1126/science.1110591
https://doi.org/10.1038/s41467-017-02651-5
https://doi.org/10.1111/nyas.12411
https://doi.org/10.1186/1479-5876-10-253
https://doi.org/10.1080/19490976.2016.1273999
https://doi.org/10.1016/j.conb.2019.12.003
https://doi.org/10.1016/bs.apcsb.2019.01.001
https://doi.org/10.3111/13696998.2010.549532
https://doi.org/10.1093/bib/bbad259
https://doi.org/10.1016/j.jri.2016.04.289
https://doi.org/10.1016/j.jri.2016.04.289
https://doi.org/10.1016/j.bja.2019.07.026
https://doi.org/10.1016/j.cell.2015.10.034


Guo and Zhang 10.3389/fmicb.2024.1363455

Frontiers in Microbiology 15 frontiersin.org

Hantschel, J., Weis, S., Schafer, K. H., Menger, M. D., Kohl, M., Egert, M., et al. (2019). 
Effect of endometriosis on the fecal bacteriota composition of mice during the acute 
phase of lesion formation. PLoS One 14:e0226835. doi: 10.1371/journal.pone.0226835

He, S., Li, H., Yu, Z., Zhang, F., Liang, S., Liu, H., et al. (2021). The gut microbiome 
and sex hormone-related diseases. Front. Microbiol. 12:711137. doi: 10.3389/
fmicb.2021.711137

Hong, R., Luo, L., Wang, L., Hu, Z. L., Yin, Q. R., Li, M., et al. (2023). Lepidium meyenii 
Walp (Maca)-derived extracellular vesicles ameliorate depression by promoting 5-HT 
synthesis via the modulation of gut–brain axis. iMeta 2:e116. doi: 10.1002/imt2.116

Hu, H., Feng, Z., Lin, H., Cheng, J., Lyu, J., Zhang, Y., et al. (2023). Gene function and 
cell surface protein association analysis based on single-cell multiomics data. Comput. 
Biol. Med. 157:106733. doi: 10.1016/j.compbiomed.2023.106733

Huang, L., Liu, B., Liu, Z., Feng, W., Liu, M., Wang, Y., et al. (2021). Gut microbiota 
exceeds cervical microbiota for early diagnosis of endometriosis. Front. Cell. Infect. 
Microbiol. 11:788836. doi: 10.3389/fcimb.2021.788836

Hussain, S. P., and Harris, C. C. (2007). Inflammation and cancer: an ancient link with 
novel potentials. Int. J. Cancer 121, 2373–2380. doi: 10.1002/ijc.23173

Hustoft, T. N., Hausken, T., Ystad, S. O., Valeur, J., Brokstad, K., Hatlebakk, J. G., et al. 
(2017). Effects of varying dietary content of fermentable short-chain carbohydrates on 
symptoms, fecal microenvironment, and cytokine profiles in patients with irritable 
bowel syndrome. Neurogastroenterol. Motil. 29, 1–9. doi: 10.1111/nmo.12969

Iavarone, I., Greco, P. F., La Verde, M., Morlando, M., Torella, M., De Franciscis, P., 
et al. (2023). Correlations between gut microbial composition, pathophysiological and 
surgical aspects in endometriosis: a review of the literature. Medicina (Kaunas) 59:347. 
doi: 10.3390/medicina59020347

Iba, Y., Harada, T., Horie, S., Deura, I., Iwabe, T., and Terakawa, N. (2004). 
Lipopolysaccharide-promoted proliferation of endometriotic stromal cells via induction 
of tumor necrosis factor alpha and interleukin-8 expression. Fertil. Steril. 82, 1036–1042. 
doi: 10.1016/j.fertnstert.2004.04.038

Insenser, M., Murri, M., Del Campo, R., Martinez-Garcia, M. A., Fernandez-Duran, E., 
and Escobar-Morreale, H. F. (2018). Gut microbiota and the polycystic ovary syndrome: 
influence of sex, sex hormones, and obesity. J. Clin. Endocrinol. Metab. 103, 2552–2562. 
doi: 10.1210/jc.2017-02799

Itoh, H., Sashihara, T., Hosono, A., Kaminogawa, S., and Uchida, M. (2011). 
Lactobacillus gasseri OLL2809 inhibits development of ectopic endometrial cell in 
peritoneal cavity via activation of NK cells in a murine endometriosis model. 
Cytotechnology 63, 205–210. doi: 10.1007/s10616-011-9343-z

Ivanov, I., Atarashi, K., Manel, N., Brodie, E. L., Shima, T., Karaoz, U., et al. (2009). 
Induction of intestinal Th17 cells by segmented filamentous bacteria. Cell 139, 485–498. 
doi: 10.1016/j.cell.2009.09.033

Ji, X., Yang, Q., Zhu, X. L., Xu, L., Guo, J. Y., Rong, Y., et al. (2023). Association 
between gut microbiota and endometriosis: a two-sample Mendelian randomization 
study. Front. Microbiol. 14:1188458. doi: 10.3389/fmicb.2023.1188458

Jin, M., Kalainy, S., Baskota, N., Chiang, D., Deehan, E. C., Mcdougall, C., et al. (2019). 
Faecal microbiota from patients with cirrhosis has a low capacity to ferment non-
digestible carbohydrates into short-chain fatty acids. Liver Int. 39, 1437–1447. doi: 
10.1111/liv.14106

Johnsen, P. H., Hilpusch, F., Cavanagh, J. P., Leikanger, I. S., Kolstad, C., Valle, P. C., et al. 
(2018). Faecal microbiota transplantation versus placebo for moderate-to-severe irritable 
bowel syndrome: a double-blind, randomised, placebo-controlled, parallel-group, single-
centre trial. Lancet Gastroenterol. Hepatol. 3, 17–24. doi: 10.1016/S2468-1253(17)30338-2

Kaliannan, K., Wang, B., Li, X. Y., Kim, K. J., and Kang, J. X. (2015). A host-
microbiome interaction mediates the opposing effects of omega-6 and omega-3 fatty 
acids on metabolic endotoxemia. Sci. Rep. 5:11276. doi: 10.1038/srep11276

Khan, K. N., Fujishita, A., Kitajima, M., Hiraki, K., Nakashima, M., and Masuzaki, H. 
(2014). Intra-uterine microbial colonization and occurrence of endometritis in women 
with endometriosisdagger. Hum. Reprod. 29, 2446–2456. doi: 10.1093/humrep/deu222

Khan, K. N., Kitajima, M., Hiraki, K., Yamaguchi, N., Katamine, S., Matsuyama, T., 
et al. (2010). Escherichia coli contamination of menstrual blood and effect of bacterial 
endotoxin on endometriosis. Fertil. Steril. 94, 2860–2863.e3. doi: 10.1016/j.
fertnstert.2010.04.053

Khan, K. N., Kitajima, M., Inoue, T., Fujishita, A., Nakashima, M., and Masuzaki, H. 
(2015). 17beta-estradiol and lipopolysaccharide additively promote pelvic inflammation 
and growth of endometriosis. Reprod. Sci. 22, 585–594. doi: 10.1177/1933719114556487

Khan, K. N., Kitajima, M., Yamaguchi, N., Fujishita, A., Nakashima, M., Ishimaru, T., 
et al. (2012). Role of prostaglandin E2 in bacterial growth in women with endometriosis. 
Hum. Reprod. 27, 3417–3424. doi: 10.1093/humrep/des331

Khodaverdi, S., Mohammadbeigi, R., Khaledi, M., Mesdaghinia, L., Sharifzadeh, F., 
Nasiripour, S., et al. (2019). Beneficial effects of oral lactobacillus on pain severity in 
women suffering from endometriosis: a pilot placebo-controlled randomized clinical 
trial. Int. J. Fertil. Steril. 13, 178–183. doi: 10.22074/ijfs.2019.5584

Kim, S. K., Guevarra, R. B., Kim, Y. T., Kwon, J., Kim, H., Cho, J. H., et al. (2019). Role 
of probiotics in human gut microbiome-associated diseases. J. Microbiol. Biotechnol. 29, 
1335–1340. doi: 10.4014/jmb.1906.06064

Kim, K. H., Lee, E. N., Park, J. K., Lee, J. R., Kim, J. H., Choi, H. J., et al. (2012). 
Curcumin attenuates TNF-alpha-induced expression of intercellular adhesion 

molecule-1, vascular cell adhesion molecule-1 and proinflammatory cytokines in human 
endometriotic stromal cells. Phytother. Res. 26, 1037–1047. doi: 10.1002/ptr.3694

Kimura, I., Ichimura, A., Ohue-Kitano, R., and Igarashi, M. (2020). Free fatty acid 
receptors in health and disease. Physiol. Rev. 100, 171–210. doi: 10.1152/
physrev.00041.2018

Kobayashi, H., Sumimoto, K., Moniwa, N., Imai, M., Takakura, K., Kuromaki, T., et al. 
(2007). Risk of developing ovarian cancer among women with ovarian endometrioma: 
a cohort study in Shizuoka, Japan. Int. J. Gynecol. Cancer 17, 37–43. doi: 
10.1111/j.1525-1438.2006.00754.x

Kootte, R. S., Levin, E., Salojarvi, J., Smits, L. P., Hartstra, A. V., Udayappan, S. D., et al. 
(2017). Improvement of insulin sensitivity after lean donor feces in metabolic syndrome 
is driven by baseline intestinal microbiota composition. Cell Metab. 26:e616, 611–619.e6. 
doi: 10.1016/j.cmet.2017.09.008

Laborda-Illanes, A., Sanchez-Alcoholado, L., Dominguez-Recio, M. E., 
Jimenez-Rodriguez, B., Lavado, R., Comino-Mendez, I., et al. (2020). Breast and gut 
microbiota action mechanisms in breast cancer pathogenesis and treatment. Cancers 
(Basel) 12:2465. doi: 10.3390/cancers12092465

Le, N., Cregger, M., Fazleabas, A., and Braundmeier-Fleming, A. (2022). Effects of 
endometriosis on immunity and mucosal microbial community dynamics in female 
olive baboons. Sci. Rep. 12:1590. doi: 10.1038/s41598-022-05499-y

Leavy, O. (2015). Reproductive immunology: Evading immunosurveillance in 
endometriosis. Nat. Rev. Immunol. 15:729. doi: 10.1038/nri3942

Li, Y., Xu, S., Wang, L., Shi, H., Wang, H., Fang, Z., et al. (2023). Gut microbial genetic 
variation modulates host lifespan, sleep, and motor performance. ISME J. 17, 1733–1740. 
doi: 10.1038/s41396-023-01478-x

Liang, Z., Di, N., Li, L., and Yang, D. (2021). Gut microbiota alterations reveal 
potential gut-brain axis changes in polycystic ovary syndrome. J. Endocrinol. Investig. 
44, 1727–1737. doi: 10.1007/s40618-020-01481-5

Liang, Y., Xie, H., Wu, J., Liu, D., and Yao, S. (2018). Villainous role of estrogen in 
macrophage-nerve interaction in endometriosis. Reprod. Biol. Endocrinol. 16:122. doi: 
10.1186/s12958-018-0441-z

Liu, J., Liu, X., Duan, K., Zhang, Y., and Guo, S. W. (2012). The expression and 
functionality of transient receptor potential vanilloid 1  in ovarian endometriomas. 
Reprod. Sci. 19, 1110–1124. doi: 10.1177/1933719112443876

Liu, Z. Z., Liu, Q. H., Liu, Z., Tang, J. W., Chua, E. G., Li, F., et al. (2021). Ethanol 
extract of mulberry leaves partially restores the composition of intestinal microbiota and 
strengthens liver glycogen fragility in type 2 diabetic rats. BMC Complement. Med. Ther. 
21:172. doi: 10.1186/s12906-021-03342-x

Maddern, J., Grundy, L., Castro, J., and Brierley, S. M. (2020). Pain in endometriosis. 
Front. Cell. Neurosci. 14:590823. doi: 10.3389/fncel.2020.590823

Maroun, P., Cooper, M. J., Reid, G. D., and Keirse, M. J. (2009). Relevance of 
gastrointestinal symptoms in endometriosis. Aust. N. Z. J. Obstet. Gynaecol. 49, 411–414. 
doi: 10.1111/j.1479-828X.2009.01030.x

Mayer, E. A., Nance, K., and Chen, S. (2022). The gut-brain axis. Annu. Rev. Med. 73, 
439–453. doi: 10.1146/annurev-med-042320-014032

Mazmanian, S. K., Liu, C. H., Tzianabos, A. O., and Kasper, D. L. (2005). An 
immunomodulatory molecule of symbiotic bacteria directs maturation of the host 
immune system. Cell 122, 107–118. doi: 10.1016/j.cell.2005.05.007

Meng, J., Banerjee, S., Zhang, L., Sindberg, G., Moidunny, S., Li, B., et al. (2019). 
Opioids impair intestinal epithelial repair in HIV-infected humanized mice. Front. 
Immunol. 10:2999. doi: 10.3389/fimmu.2019.02999

Meng, R., Yin, S., Sun, J., Hu, H., and Zhao, Q. (2023). scAAGA: Single cell data 
analysis framework using asymmetric autoencoder with gene attention. Comput. Biol. 
Med. 165:107414. doi: 10.1016/j.compbiomed.2023.107414

Milajerdi, A., Sadeghi, O., Siadat, S. D., Keshavarz, S. A., Sima, A., Vahedi, H., et al. 
(2020). A randomized controlled trial investigating the effect of a diet low in fermentable 
oligosaccharides, disaccharides, monosaccharides, and polyols on the intestinal 
microbiome and inflammation in patients with ulcerative colitis: study protocol for a 
randomized controlled trial. Trials 21:201. doi: 10.1186/s13063-020-4108-7

Missmer, S. A., Chavarro, J. E., Malspeis, S., Bertone-Johnson, E. R., Hornstein, M. D., 
Spiegelman, D., et al. (2010). A prospective study of dietary fat consumption and 
endometriosis risk. Hum. Reprod. 25, 1528–1535. doi: 10.1093/humrep/deq044

Moore, J. S., Gibson, P. R., Perry, R. E., and Burgell, R. E. (2017). Endometriosis in 
patients with irritable bowel syndrome: Specific symptomatic and demographic profile, 
and response to the low FODMAP diet. Aust. N. Z. J. Obstet. Gynaecol. 57, 201–205. doi: 
10.1111/ajo.12594

Mori, T., Ito, F., Koshiba, A., Kataoka, H., Takaoka, O., Okimura, H., et al. (2019). 
Local estrogen formation and its regulation in endometriosis. Reprod. Med. Biol. 18, 
305–311. doi: 10.1002/rmb2.12285

Murakami, K., Kotani, Y., Shiro, R., Takaya, H., Nakai, H., and Matsumura, N. (2020). 
Endometriosis-associated ovarian cancer occurs early during follow-up of endometrial 
cysts. Int. J. Clin. Oncol. 25, 51–58. doi: 10.1007/s10147-019-01536-5

Ni, Z., Ding, J., Zhao, Q., Cheng, W., Yu, J., Zhou, L., et al. (2021). Alpha-linolenic acid 
regulates the gut microbiota and the inflammatory environment in a mouse model of 
endometriosis. Am. J. Reprod. Immunol. 86:e13471. doi: 10.1111/aji.13471

https://doi.org/10.3389/fmicb.2024.1363455
https://www.frontiersin.org/journals/microbiology
https://www.frontiersin.org
https://doi.org/10.1371/journal.pone.0226835
https://doi.org/10.3389/fmicb.2021.711137
https://doi.org/10.3389/fmicb.2021.711137
https://doi.org/10.1002/imt2.116
https://doi.org/10.1016/j.compbiomed.2023.106733
https://doi.org/10.3389/fcimb.2021.788836
https://doi.org/10.1002/ijc.23173
https://doi.org/10.1111/nmo.12969
https://doi.org/10.3390/medicina59020347
https://doi.org/10.1016/j.fertnstert.2004.04.038
https://doi.org/10.1210/jc.2017-02799
https://doi.org/10.1007/s10616-011-9343-z
https://doi.org/10.1016/j.cell.2009.09.033
https://doi.org/10.3389/fmicb.2023.1188458
https://doi.org/10.1111/liv.14106
https://doi.org/10.1016/S2468-1253(17)30338-2
https://doi.org/10.1038/srep11276
https://doi.org/10.1093/humrep/deu222
https://doi.org/10.1016/j.fertnstert.2010.04.053
https://doi.org/10.1016/j.fertnstert.2010.04.053
https://doi.org/10.1177/1933719114556487
https://doi.org/10.1093/humrep/des331
https://doi.org/10.22074/ijfs.2019.5584
https://doi.org/10.4014/jmb.1906.06064
https://doi.org/10.1002/ptr.3694
https://doi.org/10.1152/physrev.00041.2018
https://doi.org/10.1152/physrev.00041.2018
https://doi.org/10.1111/j.1525-1438.2006.00754.x
https://doi.org/10.1016/j.cmet.2017.09.008
https://doi.org/10.3390/cancers12092465
https://doi.org/10.1038/s41598-022-05499-y
https://doi.org/10.1038/nri3942
https://doi.org/10.1038/s41396-023-01478-x
https://doi.org/10.1007/s40618-020-01481-5
https://doi.org/10.1186/s12958-018-0441-z
https://doi.org/10.1177/1933719112443876
https://doi.org/10.1186/s12906-021-03342-x
https://doi.org/10.3389/fncel.2020.590823
https://doi.org/10.1111/j.1479-828X.2009.01030.x
https://doi.org/10.1146/annurev-med-042320-014032
https://doi.org/10.1016/j.cell.2005.05.007
https://doi.org/10.3389/fimmu.2019.02999
https://doi.org/10.1016/j.compbiomed.2023.107414
https://doi.org/10.1186/s13063-020-4108-7
https://doi.org/10.1093/humrep/deq044
https://doi.org/10.1111/ajo.12594
https://doi.org/10.1002/rmb2.12285
https://doi.org/10.1007/s10147-019-01536-5
https://doi.org/10.1111/aji.13471


Guo and Zhang 10.3389/fmicb.2024.1363455

Frontiers in Microbiology 16 frontiersin.org

Ni, Z., Sun, S., Bi, Y., Ding, J., Cheng, W., Yu, J., et al. (2020). Correlation of fecal 
metabolomics and gut microbiota in mice with endometriosis. Am. J. Reprod. Immunol. 
84:e13307. doi: 10.1111/aji.13307

Olovsson, M. (2011). Immunological aspects of endometriosis: an update. Am. J. 
Reprod. Immunol. 66, 101–104. doi: 10.1111/j.1600-0897.2011.01045.x

Park, G. B., Chung, Y. H., and Kim, D. (2017). Induction of galectin-1 by 
TLR-dependent PI3K activation enhances epithelial-mesenchymal transition of 
metastatic ovarian cancer cells. Oncol. Rep. 37, 3137–3145. doi: 10.3892/or.2017. 
5533

Petrelluzzi, K. F., Garcia, M. C., Petta, C. A., Grassi-Kassisse, D. M., and 
Spadari-Bratfisch, R. C. (2008). Salivary cortisol concentrations, stress and quality of life 
in women with endometriosis and chronic pelvic pain. Stress 11, 390–397. doi: 
10.1080/10253890701840610

Plottel, C. S., and Blaser, M. J. (2011). Microbiome and malignancy. Cell Host Microbe 
10, 324–335. doi: 10.1016/j.chom.2011.10.003

Quinones, M., Urrutia, R., Torres-Reveron, A., Vincent, K., and Flores, I. (2015). 
Anxiety, coping skills and hypothalamus-pituitary-adrenal (HPA) axis in patients with 
endometriosis. J. Reprod. Biol. Health 3:2. doi: 10.7243/2054-0841-3-2

Quraishi, M. N., Widlak, M., Bhala, N., Moore, D., Price, M., Sharma, N., et al. (2017). 
Systematic review with meta-analysis: the efficacy of faecal microbiota transplantation 
for the treatment of recurrent and refractory Clostridium difficile infection. Aliment. 
Pharmacol. Ther. 46, 479–493. doi: 10.1111/apt.14201

Raia, V., Maiuri, L., Ciacci, C., Ricciardelli, I., Vacca, L., Auricchio, S., et al. (2005). 
Inhibition of p38 mitogen activated protein kinase controls airway inflammation in 
cystic fibrosis. Thorax 60, 773–780. doi: 10.1136/thx.2005.042564

Ramakrishna, B. S. (2013). Role of the gut microbiota in human nutrition and 
metabolism. J. Gastroenterol. Hepatol. 28, 9–17. doi: 10.1111/jgh.12294

Ratajczak, W., Ryl, A., Mizerski, A., Walczakiewicz, K., Sipak, O., and Laszczynska, M. 
(2019). Immunomodulatory potential of gut microbiome-derived short-chain fatty acids 
(SCFAs). Acta Biochim. Pol. 66, 1–12. doi: 10.18388/abp.2018_2648

Rooks, M. G., and Garrett, W. S. (2016). Gut microbiota, metabolites and host 
immunity. Nat. Rev. Immunol. 16, 341–352. doi: 10.1038/nri.2016.42

Rutkowski, M. R., Svoronos, N., Perales-Puchalt, A., and Conejo-Garcia, J. R. (2015). 
The tumor macroenvironment: cancer-promoting networks beyond tumor beds. Adv. 
Cancer Res. 128, 235–262. doi: 10.1016/bs.acr.2015.04.011

Saad, M. J., Santos, A., and Prada, P. O. (2016). Linking gut microbiota and 
inflammation to obesity and insulin resistance. Physiology (Bethesda) 31, 283–293. doi: 
10.1152/physiol.00041.2015

Salliss, M. E., Farland, L. V., Mahnert, N. D., and Herbst-Kralovetz, M. M. (2021). The 
role of gut and genital microbiota and the estrobolome in endometriosis, infertility and 
chronic pelvic pain. Hum. Reprod. Update 28, 92–131. doi: 10.1093/humupd/dmab035

Samartzis, E. P., Noske, A., Samartzis, N., Fink, D., and Imesch, P. (2013). The 
expression of histone deacetylase 1, but not other class I  histone deacetylases, is 
significantly increased in endometriosis. Reprod. Sci. 20, 1416–1422. doi: 
10.1177/1933719113488450

Saunders, P. T. K., and Horne, A. W. (2021). Endometriosis: Etiology, pathobiology, 
and therapeutic prospects. Cell 184, 2807–2824. doi: 10.1016/j.cell.2021.04.041

Schirbel, A., Kessler, S., Rieder, F., West, G., Rebert, N., Asosingh, K., et al. (2013). 
Pro-angiogenic activity of TLRs and NLRs: a novel link between gut microbiota and 
intestinal angiogenesis. Gastroenterology 144:e619, 613–623.e9. doi: 10.1053/j.
gastro.2012.11.005

Seaman, H. E., Ballard, K. D., Wright, J. T., and De Vries, C. S. (2008). Endometriosis 
and its coexistence with irritable bowel syndrome and pelvic inflammatory disease: 
findings from a national case-control study--Part 2. BJOG 115, 1392–1396. doi: 
10.1111/j.1471-0528.2008.01879.x

Ser, H. L., Au Yong, S. J., Shafiee, M. N., Mokhtar, N. M., and Ali, R. A. R. (2023). 
Current updates on the role of microbiome in endometriosis: a narrative review. 
Microorganisms 11:360. doi: 10.3390/microorganisms11020360

Shan, Y., Lee, M., and Chang, E. B. (2022). The Gut Microbiome and Inflammatory 
Bowel Diseases. Annu. Rev. Med. 73, 455–468. doi: 10.1146/annurev-med-042320- 
021020

Shan, J., Ni, Z., Cheng, W., Zhou, L., Zhai, D., Sun, S., et al. (2021). Gut microbiota 
imbalance and its correlations with hormone and inflammatory factors in patients with 
stage 3/4 endometriosis. Arch. Gynecol. Obstet. 304, 1363–1373. doi: 10.1007/
s00404-021-06057-z

Shen, R. L., Dang, X. Y., Dong, J. L., and Hu, X. Z. (2012). Effects of oat beta-glucan 
and barley beta-glucan on fecal characteristics, intestinal microflora, and intestinal 
bacterial metabolites in rats. J. Agric. Food Chem. 60, 11301–11308. doi: 10.1021/
jf302824h

Shigesi, N., Kvaskoff, M., Kirtley, S., Feng, Q., Fang, H., Knight, J. C., et al. (2019). The 
association between endometriosis and autoimmune diseases: a systematic review and 
meta-analysis. Hum. Reprod. Update 25, 486–503. doi: 10.1093/humupd/dmz014

Silva, Y. P., Bernardi, A., and Frozza, R. L. (2020). The Role of Short-Chain Fatty Acids 
From Gut Microbiota in Gut-Brain Communication. Front. Endocrinol. (Lausanne) 
11:25. doi: 10.3389/fendo.2020.00025

Simpson, C. A., Diaz-Arteche, C., Eliby, D., Schwartz, O. S., Simmons, J. G., and 
Cowan, C. S. M. (2021). The gut microbiota in anxiety and depression - A systematic 
review. Clin. Psychol. Rev. 83:101943. doi: 10.1016/j.cpr.2020.101943

Strandwitz, P. (2018). Neurotransmitter modulation by the gut microbiota. Brain Res. 
1693, 128–133. doi: 10.1016/j.brainres.2018.03.015

Strowig, T., Henao-Mejia, J., Elinav, E., and Flavell, R. (2012). Inflammasomes in 
health and disease. Nature 481, 278–286. doi: 10.1038/nature10759

Su, H., Li, Y. T., Heitkemper, M. M., and Zia, J. (2019). Effects of low-FODMAPS diet 
on irritable bowel syndrome symptoms and gut microbiome. Gastroenterol. Nurs. 42, 
150–158. doi: 10.1097/SGA.0000000000000428

Svensson, A., Brunkwall, L., Roth, B., Orho-Melander, M., and Ohlsson, B. (2021). 
Associations between endometriosis and gut microbiota. Reprod. Sci. 28, 2367–2377. 
doi: 10.1007/s43032-021-00506-5

Tarokh, M., Ghaffari Novin, M., Poordast, T., Tavana, Z., Nazarian, H., Norouzian, M., 
et al. (2019). Serum and peritoneal fluid cytokine profiles in infertile women with 
endometriosis. Iran. J. Immunol. 16, 151–162. doi: 10.22034/IJI.2019.80258

Taylor, H. S., Kotlyar, A. M., and Flores, V. A. (2021). Endometriosis is a chronic 
systemic disease: clinical challenges and novel innovations. Lancet 397, 839–852. doi: 
10.1016/s0140-6736(21)00389-5

Tokushige, N., Markham, R., Russell, P., and Fraser, I. S. (2006). High density of small 
nerve fibres in the functional layer of the endometrium in women with endometriosis. 
Hum. Reprod. 21, 782–787. doi: 10.1093/humrep/dei368

Tomio, K., Kawana, K., Taguchi, A., Isobe, Y., Iwamoto, R., Yamashita, A., et al. (2013). 
Omega-3 polyunsaturated Fatty acids suppress the cystic lesion formation of peritoneal 
endometriosis in transgenic mouse models. PLoS One 8:e73085. doi: 10.1371/journal.
pone.0073085

Uccello, M., Malaguarnera, G., Basile, F., D'agata, V., Malaguarnera, M., Bertino, G., 
et al. (2012). Potential role of probiotics on colorectal cancer prevention. BMC Surg. 
12:S35. doi: 10.1186/1471-2482-12-S1-S35

Vercellini, P., Barbara, G., Abbiati, A., Somigliana, E., Vigano, P., and Fedele, L. (2009). 
Repetitive surgery for recurrent symptomatic endometriosis: what to do? Eur. J. Obstet. 
Gynecol. Reprod. Biol. 146, 15–21. doi: 10.1016/j.ejogrb.2009.05.007

Wang, J., Li, Z., Ma, X., Du, L., Jia, Z., Cui, X., et al. (2021). Translocation of vaginal 
microbiota is involved in impairment and protection of uterine health. Nat. Commun. 
12:4191. doi: 10.1038/s41467-021-24516-8

Wang, T., Sun, J., and Zhao, Q. (2023). Investigating cardiotoxicity related with hERG 
channel blockers using molecular fingerprints and graph attention mechanism. Comput. 
Biol. Med. 153:106464. doi: 10.1016/j.compbiomed.2022.106464

Wang, Y., Yin, Y., Chen, X., Zhao, Y., Wu, Y., Li, Y., et al. (2019). Induction of intestinal 
Th17 cells by flagellins from segmented filamentous bacteria. Front. Immunol. 10:2750. 
doi: 10.3389/fimmu.2019.02750

Wang, Q., Zhao, L., Han, L., Fu, G., Tuo, X., Ma, S., et al. (2020). The differential 
distribution of bacteria between cancerous and noncancerous ovarian tissues in situ. J. 
Ovarian Res. 13:8. doi: 10.1186/s13048-019-0603-4

Wang, L., Zhu, Z. B., Zhang, L., Li, J., and Zhao, Q. (2023). Editorial: Untangle the 
broad connections and tight interactions between human microbiota and complex 
diseases through data-driven approaches. Front. Microbiol. 14:1157579. doi: 10.3389/
fmicb.2023.1157579

Wei, Y., Tan, H., Yang, R., Yang, F., Liu, D., Huang, B., et al. (2023). Gut dysbiosis-
derived beta-glucuronidase promotes the development of endometriosis. Fertil. Steril. 
120, 682–694. doi: 10.1016/j.fertnstert.2023.03.032

Wu, J., Xie, H., Yao, S., and Liang, Y. (2017). Macrophage and nerve interaction in 
endometriosis. J. Neuroinflammation 14:53. doi: 10.1186/s12974-017-0828-3

Xu, J., Li, K., Zhang, L., Liu, Q.-Y., Huang, Y.-K., Kang, Y., et al. (2017). Dysbiosis of 
gut microbiota contributes to chronic stress in endometriosis patients via activating 
inflammatory pathway. Reprod. Dev. Med. 1, 221–227. doi: 10.4103/2096-2924.224916

Yachida, N., Yoshihara, K., Yamaguchi, M., Suda, K., Tamura, R., and Enomoto, T. 
(2021). How does endometriosis lead to ovarian cancer? the molecular mechanism of 
endometriosis-associated ovarian cancer development. Cancers (Basel) 13:1439. doi: 
10.3390/cancers13061439

Yang, H., Liu, Y., Cai, R., Li, Y., and Gu, B. (2021). A narrative review of relationship 
between gut microbiota and neuropsychiatric disorders: mechanisms and clinical 
application of probiotics and prebiotics. Ann. Palliat. Med. 10, 2304–2313. doi: 10.21037/
apm-20-1365

Yang, J., Tan, Q., Fu, Q., Zhou, Y., Hu, Y., Tang, S., et al. (2017). Gastrointestinal 
microbiome and breast cancer: correlations, mechanisms and potential clinical 
implications. Breast Cancer 24, 220–228. doi: 10.1007/s12282-016-0734-z

Yang, G., Wei, J., Liu, P., Zhang, Q., Tian, Y., Hou, G., et al. (2021). Role of the gut 
microbiota in type 2 diabetes and related diseases. Metabolism 117:154712. doi: 
10.1016/j.metabol.2021.154712

Yuan, M., Li, D., Zhang, Z., Sun, H., An, M., and Wang, G. (2018). Endometriosis 
induces gut microbiota alterations in mice. Hum. Reprod. 33, 607–616. doi: 10.1093/
humrep/dex372

Yuan, X., Wang, L., Bhat, O. M., Lohner, H., and Li, P. L. (2018). Differential effects of 
short chain fatty acids on endothelial Nlrp3 inflammasome activation and neointima 

https://doi.org/10.3389/fmicb.2024.1363455
https://www.frontiersin.org/journals/microbiology
https://www.frontiersin.org
https://doi.org/10.1111/aji.13307
https://doi.org/10.1111/j.1600-0897.2011.01045.x
https://doi.org/10.3892/or.2017.5533
https://doi.org/10.3892/or.2017.5533
https://doi.org/10.1080/10253890701840610
https://doi.org/10.1016/j.chom.2011.10.003
https://doi.org/10.7243/2054-0841-3-2
https://doi.org/10.1111/apt.14201
https://doi.org/10.1136/thx.2005.042564
https://doi.org/10.1111/jgh.12294
https://doi.org/10.18388/abp.2018_2648
https://doi.org/10.1038/nri.2016.42
https://doi.org/10.1016/bs.acr.2015.04.011
https://doi.org/10.1152/physiol.00041.2015
https://doi.org/10.1093/humupd/dmab035
https://doi.org/10.1177/1933719113488450
https://doi.org/10.1016/j.cell.2021.04.041
https://doi.org/10.1053/j.gastro.2012.11.005
https://doi.org/10.1053/j.gastro.2012.11.005
https://doi.org/10.1111/j.1471-0528.2008.01879.x
https://doi.org/10.3390/microorganisms11020360
https://doi.org/10.1146/annurev-med-042320-021020
https://doi.org/10.1146/annurev-med-042320-021020
https://doi.org/10.1007/s00404-021-06057-z
https://doi.org/10.1007/s00404-021-06057-z
https://doi.org/10.1021/jf302824h
https://doi.org/10.1021/jf302824h
https://doi.org/10.1093/humupd/dmz014
https://doi.org/10.3389/fendo.2020.00025
https://doi.org/10.1016/j.cpr.2020.101943
https://doi.org/10.1016/j.brainres.2018.03.015
https://doi.org/10.1038/nature10759
https://doi.org/10.1097/SGA.0000000000000428
https://doi.org/10.1007/s43032-021-00506-5
https://doi.org/10.22034/IJI.2019.80258
https://doi.org/10.1016/s0140-6736(21)00389-5
https://doi.org/10.1093/humrep/dei368
https://doi.org/10.1371/journal.pone.0073085
https://doi.org/10.1371/journal.pone.0073085
https://doi.org/10.1186/1471-2482-12-S1-S35
https://doi.org/10.1016/j.ejogrb.2009.05.007
https://doi.org/10.1038/s41467-021-24516-8
https://doi.org/10.1016/j.compbiomed.2022.106464
https://doi.org/10.3389/fimmu.2019.02750
https://doi.org/10.1186/s13048-019-0603-4
https://doi.org/10.3389/fmicb.2023.1157579
https://doi.org/10.3389/fmicb.2023.1157579
https://doi.org/10.1016/j.fertnstert.2023.03.032
https://doi.org/10.1186/s12974-017-0828-3
https://doi.org/10.4103/2096-2924.224916
https://doi.org/10.3390/cancers13061439
https://doi.org/10.21037/apm-20-1365
https://doi.org/10.21037/apm-20-1365
https://doi.org/10.1007/s12282-016-0734-z
https://doi.org/10.1016/j.metabol.2021.154712
https://doi.org/10.1093/humrep/dex372
https://doi.org/10.1093/humrep/dex372


Guo and Zhang 10.3389/fmicb.2024.1363455

Frontiers in Microbiology 17 frontiersin.org

formation: Antioxidant action of butyrate. Redox Biol. 16, 21–31. doi: 10.1016/j.
redox.2018.02.007

Zhang, J., Sun, Z., Jiang, S., Bai, X., Ma, C., Peng, Q., et al. (2019). Probiotic 
Bifidobacterium lactis V9 regulates the secretion of sex hormones in polycystic ovary 
syndrome patients through the gut-brain axis. mSystems 4:4. doi: 10.1128/
mSystems.00017-19

Zhang, Z., Tang, H., Chen, P., Xie, H., and Tao, Y. (2019). Demystifying the 
manipulation of host immunity, metabolism, and extraintestinal tumors by the gut 
microbiome. Signal Transduct. Target. Ther. 4:41. doi: 10.1038/s41392-019-0074-5

Zhang, C. X., Wang, H. Y., and Chen, T. X. (2019). Interactions between intestinal 
microflora/probiotics and the immune system. Biomed. Res. Int. 2019, 6764919–6764918. 
doi: 10.1155/2019/6764919

Zhang, F., Xiong, Y., Wu, K., Wang, L., Ji, Y., and Zhang, B. (2023). Genetic insights 
into intestinal microbiota and risk of infertility: a mendelian randomization study. 
Microorganisms 11:2319. doi: 10.3390/microorganisms11092319

Zhou, S. Y., Gillilland, M. 3rd, Wu, X., Leelasinjaroen, P., Zhang, G., Zhou, H., et al. (2018). 
FODMAP diet modulates visceral nociception by lipopolysaccharide-mediated intestinal 
inflammation and barrier dysfunction. J. Clin. Invest. 128, 267–280. doi: 10.1172/JCI92390

Zhou, B., Sun, C., Huang, J., Xia, M., Guo, E., Li, N., et al. (2019). The biodiversity 
composition of microbiome in ovarian carcinoma patients. Sci. Rep. 9:1691. doi: 
10.1038/s41598-018-38031-2

Zhu, Y., Li, Y., Zhang, Q., Song, Y., Wang, L., and Zhu, Z. (2022). Interactions between 
intestinal microbiota and neural mitochondria: a new perspective on communicating 
pathway from gut to brain. Front. Microbiol. 13:798917. doi: 10.3389/fmicb.2022.798917

https://doi.org/10.3389/fmicb.2024.1363455
https://www.frontiersin.org/journals/microbiology
https://www.frontiersin.org
https://doi.org/10.1016/j.redox.2018.02.007
https://doi.org/10.1016/j.redox.2018.02.007
https://doi.org/10.1128/mSystems.00017-19
https://doi.org/10.1128/mSystems.00017-19
https://doi.org/10.1038/s41392-019-0074-5
https://doi.org/10.1155/2019/6764919
https://doi.org/10.3390/microorganisms11092319
https://doi.org/10.1172/JCI92390
https://doi.org/10.1038/s41598-018-38031-2
https://doi.org/10.3389/fmicb.2022.798917

	Role of the gut microbiota in the pathogenesis of endometriosis: a review
	1 Introduction
	2 Gut microbiota
	3 The gut microbiota of endometriosis
	4 The possible mechanism of gut microbiota involved in the endometriosis
	4.1 Immunity
	4.1.1 LPS
	4.1.2 Short chain fatty acids
	4.2 Inflammatory
	4.3 Estrogen-gut microbiome axis in endometriosis
	4.4 Gut-brain axis in endometriosis

	5 Gut microbiota and the malignant transformation of endometriosis
	6 Gut microbiota and endometriosis-associated pain and infertility
	7 Diagnosis
	8 Treatment
	8.1 Probiotics
	8.2 Diet
	8.3 Fecal microbiota transplantation

	9 Limitations and future directions
	Author contributions

	References

