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ABSTRACT
High-fat diet (HFD) consumption has been recognized as a significant risk factor for the

development of endometrial carcinoma (EC). Emerging research highlights gut microbiota as
crucial mediators of HFD-induced systemic effects, which not only promote metabolic disor-
ders such as obesity, insulin resistance, and systemic inflammation but also lead to profound
alterations in gut microbiota composition. These changes subsequently influence estrogen
metabolism, inflammatory signaling pathways, and endometrial remodeling, thereby exac-
erbating cellular proliferation and atypical changes within the endometrium. The underlying
mechanisms may involve dysbiotic shifts in intestinal flora that contribute to increased endo-
toxemia, compromised intestinal barrier function, and chronic low-grade inflammation. This
review synthesizes current findings on how HFD-induced gut microbiota dysbiosis and met-
abolic dysregulation contribute to the pathogenesis of EC while highlighting potential pre-
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ventive and therapeutic strategies.

1. Background

Endometrial carcinoma (EC) represents the
most prevalent gynecological malignancy, with a
notably elevated risk observed in obese women. The
global incidence of EC is on the rise, with 417,000
new cases reported worldwide in 2020 [1]. In clinical
practice, EC can be classified into two types: Type I
and Type II. Type I is estrogen-sensitive, accounting
for approximately 80% of cases, and is more preva-
lent in perimenopausal women. In contrast, Type II is
characterized as non-estrogen-sensitive. The primary
molecular events associated with Type I EC include
inactivation of phosphatase and tensin homolog
(PTEN) gene and microsatellite instability, whereas
Type I1 is linked to mutations in the p53 gene and hu-
man epidermal growth factor receptor 2 (HER2) [2].

© 2025 The Author(s). Published by the University of Kansas Libraries.

The rising incidence has been linked to obesity and
diet-related metabolic disturbances. Among various
dietary factors, high-fat diet (HFD) has emerged as a
significant modulator of endometrial physiology [3].
HED contributes to increased adiposity and meta-
bolic imbalance, which can disrupt systemic hor-
mone levels, trigger chronic inflammation, and alter
immune homeostasis [4]. Recent findings indicate
that gut microbiota play a crucial role in the patho-
genesis of endometrial cancer. HFD disrupts the
composition and function of gut microbial commu-
nities by promoting pro-inflammatory taxa while di-
minishing beneficial bacteria [5-7]. These alterations
influence host estrogen levels through estrobolome
and stimulate both local and systemic inflammatory
responses. Therefore, gut microbiota may serve as an
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Figure 1. A high-fat diet induces gut microbiota imbalance and impaired barrier function, activating the
TLR4/NF-kB pathway, which leads to systemic chronic inflammation and immune cell migration to periph-

eral tissues (this figure was created using BioRender).
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essential link between dietary habits and endometrial
health [4,7-8]. Understanding these pathways is criti-
cal for developing effective prevention and treatment
strategies.

2. Intestinal Microbiota and Extraintestinal
Diseases

The human gut hosts a diverse array of micro-
organisms that play a critical role in maintaining
homeostasis across various bodily systems and pro-
ducing metabolic byproducts that influence health.
In recent years, research on the gut microbiome has
expanded beyond the gastrointestinal tract to include
numerous studies related to extraintestinal diseases,
such as cardiovascular disorders, neurological con-
ditions, and tumors [9,10]. Previous studies have
demonstrated that gut microbiota can influence im-
mune homeostasis in both intestinal and extra-intes-
tinal organs by modulating the balance between T
helper (Th17) and regulatory T (Treg) cells. Th17 and
Treg cells regulated by the gut microbiota are derived
not only from the intestine and extra-intestinal or-
gans but also from peripheral blood and the spleen
[11].

Gut microbiome is involved in a variety of
physiological functions and exerts beneficial effects

on the host by enhancing intestinal barrier integri-
ty, resisting pathogen invasion, and modulating host
immunity. However, dysregulation of these processes
can lead to physiological disorders; toxic metabolites
produced by microorganisms may contribute to in-
flammation and activate pathways associated with
tumorigenesis. This dysregulation can subsequently
impact the body’s absorption metabolism and tumor
progression and deterioration [10,12].

3. HFD-Induced Gut Microbiota Dysbiosis
Consumption of HFD has been linked to cog-
nitive deficits and gastrointestinal dysfunction in hu-
mans, with the gut microbiota emerging as a critical
mediator of these diet-related pathologies [13]. Re-
cent studies have demonstrated that HFD can lead to
a reduction in gut microbiota diversity, particularly
affecting species responsible for production of short-
chain fatty acids (SCFAs), while simultaneously en-
riching endotoxin-producing bacteria. Dysbiosis
within the gut microbiome is often accompanied by
impaired intestinal barrier function, endotoxemia, al-
terations in the gut-liver axis, and subsequent overex-
pression of inflammatory genes [13-15]. When dys-
biosis occurs in the gut, there is a decrease in certain
microbial populations including Lactobacillus, Bacte-
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Figure 2. HFD exerts multifaceted effects on the promotion of endometrial carcinogenesis through var-
ious mechanisms, including metabolic dysregulation, immune-inflammatory responses, gut microbiota
imbalance, and hormonal level abnormalities (this figure was created using BioRender).
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roides, and Bifidobacterium. This decline contributes
to damage to tight junction (TJ) proteins and chang-
es in intestinal permeability, facilitating the entry of
pathogens and their metabolites into systemic circu-
lation and subsequently activating pro-inflammatory
pathways. Mice on an HFD with polystyrene micro-
spheres (microplastics) showed decreased mucin 2
(MUC2) expression and increased serum levels of li-
popolysaccharide (LPS) and inflammatory cytokines,
including tumor necrosis factor-alpha (TNF-a), in-
terleukin-6 (IL-6), IL-1p, and IL-17A [16]. Increased
levels of LPS activate signaling pathways mediated by
Toll-like receptor 4 (TLR4) and nuclear factor kap-
pa-light-chain-enhancer of activated B cells (NF-«B),
thereby promoting low-grade systemic inflammation
[14] (Figure 1). Prebiotics may play a regulatory role
within the gut-brain axis; dietary supplementation
with prebiotics has been shown to alleviate HFD-re-
lated behavioral disorders by modifying interactions
between gut microbiota and colonic cells [15].

A more critical aspect is that high-fat diet may
be associated with the modulation of immune func-
tions by gut microbiota. HFD can lead to dysbiosis
of gut microbiota, increased intestinal permeability,

and enhanced systemic inflammation. Pre-existing
immune-related diseases in these mice, such as mul-
tiple sclerosis and systemic lupus erythematosus, are
exacerbated [17-19]. The dysbiosis induced by HFD
promotes a significant proliferation of intestinal lym-
phocytes within the mesenteric lymph nodes (MLN),
facilitating their migration from MLN to peripher-
al tissues and enhancing T cell accumulation [20].
In addition to the infiltration of T cells and macro-
phages into the intestine, there is a notable increase
in pro-inflammatory cytokines within the reproduc-
tive system. Research by Ding et al. has demonstrated
that in mice with HFD-induced microbial dysbiosis,
severe inflammatory responses occur in epididymal
tissue, which are closely linked to defects in sper-
matogenesis [21].

4. High-Fat Diet and Its Role in Endometrial
Hyperplasia and Carcinogenesis

EC is closely associated with various factors,
including menstrual history, reproductive history,
metabolic syndrome, insulin resistance, obesity, and
estrogen levels. Patients diagnosed with EC frequent-
ly present with comorbidities such as hypertension,
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diabetes, and obesity. However, the specific molecu-
lar mechanisms underlying the occurrence and de-
velopment of EC remain unclear. In a Pten*- mouse
model, feeding with a high-fat diet significantly in-
creased the incidence of endometrial gland hyper-
plasia accompanied by atypia and malignant lesions
[22]. Furthermore, this dietary intervention notably
promoted tumor growth and elevated the protein ex-
pression levels of estrogen receptor a (ERa) in tumor
tissues [23]. HFD is associated with risk factors relat-
ed to EC and may contribute to the occurrence and
progression of EC through the following mechanisms
(summarized in Figure 2).

4.1. Imbalance of Gut Microbiota

Increasing evidence indicates that HFD dis-
rupts the intricate balance of gut microbiota, leading
to dysbiosis - a condition characterized by dimin-
ished microbial diversity, overgrowth of pathogenic
bacteria, and a reduction in beneficial commensals.
This state of dysbiosis not only contributes to met-
abolic disorders and chronic inflammation but is
also increasingly implicated in the development and
progression of various cancers, including EC. Recent
Mendelian randomization studies have reinforced the
causal relationship between gut microbiota imbalance
and EC risk. For example, one study demonstrated
that specific bacterial genera such as Prevotella and
Clostridium species were associated with heightened
susceptibility to EC, potentially through mechanisms
involving immune modulation and interference with
estrogen metabolism [24]. Moreover, emerging data
suggest that the composition of the gut microbiome
may differ according to the histopathological subtype
of EC. A case-control metagenomic study identified
distinct microbial signatures between type I and type
IT EC, indicating that gut microbiota profiles could
serve not only as biomarkers for diagnosis and clas-
sification but also as modulators influencing tumor
behavior [25].

The potential mechanisms may include the fol-
lowing: First, gut microbiota regulate estrogen reab-
sorption through p-glucuronidase; dysbiosis can lead
to abnormal estrogen circulation and prolonged ex-
posure to estrogen. Second, a reduction in beneficial
bacteria (such as butyrate-producing enterorhabdus
and lactobacillus bacteria) and their bacterial metab-
olites results in decreased SCFAs, thereby weakening
anti-inflammatory and pro-apoptotic effects. Third,
an increase in pathogenic bacteria promotes the
production of inflammatory molecules such as LPS,

activating signaling pathways like TLR4/NF-kB and
creating a pro-cancer microenvironment. Addition-
ally, high-fat diets can disrupt the intestinal epitheli-
al barrier, and the damage to this barrier allows mi-
crobial components to enter the circulatory system,
leading to endotoxemia that triggers systemic chron-
ic inflammation and alters the immune environment
of the endometrium. Furthermore, gut microbiota
modulates the ratio of Treg/Th17 cells and influences
the release of various inflammatory factors (e.g., IL-6,
TNEF-a), indirectly regulating both immune tolerance
and proliferative status within the endometrium [14-
15, 24-26].

4.2. Immune Inflammatory Response

Excessive intake of HFD not only leads to meta-
bolic disorders but also activates the immune system
through various mechanisms, resulting in low-grade
chronic inflammation. HFD induces dysbiosis of gut
microbiota, hypertrophy of adipose tissue, and ex-
cessive lipid deposition in non-adipose tissues. This
accumulation of triglycerides and their metabolites
in non-adipose tissues causes lipotoxicity, cellular
damage, and inflammation. Moreover, elevated lev-
els of free fatty acids (FFAs) in the bloodstream can
activate the TLR4/NF-«kB pathway and enhance the
expression of pro-inflammatory cytokines [27-29].

Additionally, HFD may compromise intestinal
barrier integrity, leading to increased intestinal per-
meability and enhanced transport of microbial prod-
ucts into circulation. Bacterial components such as
LPS enter the bloodstream, inducing metabolic en-
dotoxemia that activates TLR4 and other receptors
while triggering systemic inflammation [27,30]. The
oxidative stress and inflammatory responses within
the body further contribute to local hypoxia in tissues
such as the endometrium and ovaries. This environ-
ment enhances pro-inflammatory cytokine produc-
tion, such as TNF-a, IL-6, and monocyte chemoat-
tractant protein-1(MCP-1), along with macrophage
infiltration [28]. Macrophages transition from an
anti-inflammatory phenotype (M2) to a pro-inflam-
matory phenotype (M1) [29]. Concurrently, there is
an increase in T helper cells (Th1/Th17) a decrease in
Treg cells, resulting in heightened inflammatory re-
sponses and tissue immune remodeling. Such a local-
ized inflammatory milieu can lead to abnormal endo-
metrial hyperplasia and may adversely affect ovarian
function by causing ovulation disorders or abnormal
hormone levels [31-33].



4.3. Metabolic Disorders

HFD is associated with dysregulation of lipid
metabolism, characterized by elevated levels of plas-
ma free fatty acids and triglycerides. Fatty acids be-
long to a family of lipids whose structure consists of
two main components: a straight chain of carbon at-
oms and a carboxyl group. The length of the straight
chain can range from 2 to 36 carbon atoms. SCFAs,
which are beneficial microbial products, tend to de-
crease under HFD conditions, thereby impairing mu-
cosal immune regulation [34].

Current perspectives suggest that metabolic
reprogramming, including remodeling of glucose,
amino acids, and lipids, serves as a hallmark for tu-
mors. The development and progression of endo-
metrial cancer may be linked to alterations in fatty
acid metabolism and composition; DNA replication
and repair could represent critical points connect-
ing glutamine metabolism, amino acid metabolism,
and the advancement of endometrial cancer [35, 36].
Razghonova et al. analyzed the fatty acid (FA) profiles
at different stages of endometrial carcinoma (EC), re-
vealing lower levels of saturated FAs and branched-
chain FAs in EC tissues while showing higher concen-
trations of very long-chain FAs, n-3 polyunsaturated
FAs (PUFAs), and monounsaturated FAs. Acyl-CoA
synthetase long chain family member 1 (ACSL1) is
one key enzyme involved in glutamine metabolism;
its overexpression may activate adenosine mono-
phosphate- activated protein kinase (AMPK)/carni-
tine palmitoyltransferase 1C (CPT1C)/ATP pathway,
enhancing B-oxidation of fatty acids within EC cells
along with ATP production. This process subsequent-
ly promotes cell proliferation and migration [36].
Additionally, research indicates that nicotinamide
N-methyltransferase (NNMT), which participates in
cholesterol metabolism, is also overexpressed in EC
cases where patients exhibit reduced survival rates
post-chemotherapy. NNMT enhances cholesterol ef-
flux through activation of ATP binding cassette sub-
family A member 1 (ABCA1), leading to increased
membrane fluidity while decreasing cholesterol levels
within both cytoplasm and cell membranes; this en-
hancement facilitates epithelial-mesenchymal transi-
tion (EMT) in EC cells, thereby promoting their mi-
gratory and invasive capabilities [37].

4.4. Abnormal Hormone Levels

Gut microbiota play a crucial role in regulating
the systemic immune inflammatory response and
modulating estrogen circulation, thereby influenc-
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ing estrogen metabolism and serving as a risk factor
associated with elevated estrogen levels [38]. Con-
versely, HFD can enhance aromatase activity within
adipose tissue, facilitating conversion of androgens
to estrogens. This process results in increased estro-
gen levels, which may lead to insulin resistance and
hyperinsulinemia. These metabolic alterations acti-
vate key signaling pathways, including the estrogen
receptor alpha (ERa) signaling pathway, phospho-
inositide 3-kinase (PI3K)/AKT pathway, and Wing-
less and Int-1(Wnt)/B-catenin pathways, ultimately
promoting epithelial cell proliferation [23, 32, 39].
Shen et al. established an estrogen receptor-positive
patient-derived orthotopic xenograft (PDOX) tumor
mouse model. Their findings indicated that HFD sig-
nificantly accelerated tumor growth while increasing
ERa protein expression levels in tumor tissues. This
suggests that HFD may facilitate the development of
endometrial cancer by activating the estrogen signal-
ing pathway [23]. Furthermore, gene expression pat-
terns can be modified through alterations in the tran-
scriptome of endometrial epithelial cells and stromal
cells, further contributing to the emergence of endo-
metrial lesions [32].

Elevated ERa signaling plays a pivotal role in
the initiation and progression of hormone-depen-
dent endometrial cancer. Prolonged exposure to
HFD in rat models leads to histopathological alter-
ations that mirror those observed in humans, includ-
ing glandular crowding, epithelial stratification, and
nuclear atypia [40,41]. Research has demonstrated
that both estrogen-related receptor alpha (ERRa)
and transcription factor EB (TFEB) are significantly
overexpressed in patients with EC. The TFEB-ERRa
axis facilitates lipid reprogramming, thereby promot-
ing EC progression; concurrently, TFEB enhances
EC cell migration through EMT in an ERRa-depen-
dent manner [42]. Furthermore, hypoxia-inducible
factor-1 alpha (HIF-1a), a key regulatory element of
tumor cell metabolic reprogramming, is closely as-
sociated with ERRa and may also play a role in the
metabolic reprogramming of EC [43].

5. Potential Preventive and Therapeutic
Strategies

5.1. Dietary Habit Intervention

Obesity, high-fat diet, and sedentary lifestyles
are well-established risk factors for endometrial can-
cer. Implementing a fat-controlled diet or increasing
the intake of n-3 polyunsaturated fatty acids (such as



6 K.WANG ET AL.

those found in fish oil) can enhance the lipid profile
of endometrial tissues and potentially reduce the risk
of developing endometrial cancer. Oleic acid, one of
the most significant monounsaturated fatty acids pre-
senting in the human body, exhibits both pro-tumor
and anti-tumor activities across various preclinical
models [44]. Yammine et al. conducted a follow-up
study over 8.8 years involving 1,886 new cases of en-
dometrial cancer alongside 297,432 non-cases. Their
findings suggest that higher consumption of plant-
based gamma-linolenic acid and alpha-linoleic acid
may be linked to a decreased risk of endometrial can-
cer [45]. Furthermore, compounds with antioxidant
properties and metabolic regulatory effects, such as
omega-3 fatty acids, resveratrol, and metformin, may
also contribute to cancer prevention. Carnovale et
al. reported structural alterations in the endometri-
um within a mouse model induced by HFD-related
metabolic syndrome; these changes included cellular
proliferation abnormalities that compromised repro-
ductive function. Notably, metformin was shown to
restore normal endometrial structure by inhibiting
cell proliferation [46].

5.2. Regulating Gut Microbiota

Currently, although research on endometrial
microbiota is limited, it has been demonstrated that
the relationship between EC and local immune reg-
ulation is associated with harmful metabolites from
gut microbiota. Modulating the gut microbiome may
provide a promising avenue for the prevention and
treatment of EC. Dietary interventions aimed at re-
ducing fat intake while increasing fiber consumption
can help restore gut microbial balance. Additionally,
supplementation with probiotics can enhance intesti-
nal barrier function and modulate immune respons-
es [38, 46-47]. Probiotics, prebiotics, fecal microbiota
transplantation (FMT), and personalized therapies
based on microbial composition have been explored
as clinical interventions for managing EC [46]. Re-
search shows that Lactobacillus acidophilus can re-
duce weight gain, fat accumulation, inflammation,
and insulin resistance in mice on HFD while acti-
vating brown adipose tissue (BAT). This results in
improved energy expenditure and glucose and lipid
metabolism; it also helps maintain the integrity of
the intestinal barrier and reduces metabolic endo-
toxemia. The ratio of Firmicutes to Bacteroidetes in
the intestines of these mice decreases alongside levels
of Gram-negative bacteria carrying endotoxins. The
reversal of HFD-induced dysbiosis by Lactobacillus
acidophilus may be linked to its mechanism involv-

ing inhibition of the TLR4/NF-«B signaling pathway
[47]. Furthermore, another study found that sodium
butyrate (NaB), a metabolite produced by gut mi-
crobiota, could restore mucosal damage induced by
HED. Following NaB intervention, there was a sig-
nificant downregulation of endotoxin-related genes
such as TLR4 and myeloid differentiation primary
response 88 (Myd88) in liver or epididymal fat tissues
along with pro-inflammatory genes including MCP-
1, TNF-a, IL-1p, IL-2, IL-6, and IFN-y [48].

5.3. Metabolic Targeting and Immunotherapy

Metabolic reprogramming plays a crucial role
in tumorigenesis and progression. Metabolic-target-
ed therapy provides precise treatment options with
relatively low side effects for endometrial cancer.
Key alterations, such as enhanced glycolysis (War-
burg effect), increased fatty acid synthesis, glutamine
dependence, and abnormal one-carbon metabo-
lism, present various strategies for targeted therapy
[44,48-50]. Several metabolic targets, including glu-
cose transporter type 1 (GLUT1), fatty acid synthase
(FASN), glutaminase (GLS), serine hydroxymeth-
yltransferase 2 (SHMT2), and mechanistic target of
rapamycin (mTOR), have been identified for new
drug development [44,49-53]. Inhibitors like CB-839
(a GLS inhibitor) and TVB-2640 (a FASN inhibitor)
are being investigated for their anti-tumor effects [54,
55]. Studies indicate that inhibiting key enzymes in
lipid metabolism, such as FASN, acyl-CoA synthe-
tase long-chain family member 1 (ACSL1), and stea-
royl-CoA desaturase 1 (SCD1), can reduce lipid sup-
ply and suppress tumor proliferation [56]. Another
important enzyme is phosphoglycerate dehydroge-
nase (PHGDH)), the first rate-limiting enzyme in the
serine synthesis pathway linking serine to glutamine
metabolism, which when inhibited may disrupt in-
terconnected metabolic processes and hinder cancer
cell growth [57]. Kong et al. used Tirzepatide, a dual
glucagon-like peptide-1 (GLP-1) and gastric inhibi-
tory polypeptide (GIP) receptor agonist, in the endo-
metrial cancer mouse model; it reduced body weight
and tumor growth by affecting the metabolic and im-
mune pathways of obese mice [58].

Additionally, combining glutamine metabolism
inhibition with mTOR or DNA repair mechanisms
significantly enhances anti-tumor effects. Synthet-
ic lethality strategies selectively target cancer cells’
unique metabolic dependencies or genetic defects
for effective killing, which represents a precision
treatment approach against endometrial cancer’s
metabolic reprogramming [59-63]. For instance,



DNA repair-deficient tumor cells rely on one-car-
bon metabolism; inhibiting serine hydroxymethyl-
transferase 2 (SHMT2) or methylenetetrahydrofolate
dehydrogenase 2 (MTHFD2) induces replication
stress and cell death [60, 61]. Loss of SHMT?2 triggers
ROS-dependent, mitochondrial-mediated apoptosis
[62]. Additionally, mutations in AT-rich interaction
domain 1A (ARID1A) combined with inhibition of
enhancer of zeste homolog 2 (EZH2, a histone meth-
yltransferase) show promising results in synthetic le-
thality approaches [63]. These strategies offer novel
therapeutic targets in endometrial cancer, potentially
enhancing personalized treatment and overcoming
drug resistance.

6. Conclusion and Future Directions

In conclusion, HFD plays a significant role in
the development and progression of EC through
mechanisms such as dysbiosis of gut microbiota,
metabolic disturbances, and hormonal imbalances.
Evidence indicates that alterations in the gut micro-
biome can influence systemic inflammation, immune
responses, and estrogen metabolism, ultimately
leading to endometrial hyperplasia and malignant
transformation. As research advances in the future,
multi-omics approaches may be utilized to elucidate
these mechanisms further, develop personalized
dietary interventions, and explore the therapeutic
potential of probiotics and fecal microbiota trans-
plantation. Strategies targeting the microbiome may
be combined with hormonal or immunotherapeutic
treatments to yield synergistic effects for novel pre-
vention and treatment options. This underscores the
importance of the “diet-microbiome-cancer” axis in
the precise prevention and management of endome-
trial cancer.
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