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physiological and pathological processes, such as follicle
maturation, regulation of reproduction, angiogenesis, and
tumor cell proliferation [12]. In pathological conditions, it has
been indicated that AT1R is highly expressed in human ovarian
cancer cells and promotes tumorigenesis of endometrial
carcinoma [13, 14]. Additionally, different studies have
reported that Ang II with AT1R increases inflammation by
increasing the generation of proinflammatory cytokines and
also induces the expression of endothelial and leukocytic
adhesion molecules [15]. Furthermore, Hsieh et al. have
identified local AT1R gene polymorphism in endometriosis
[16].

In this review, we discuss the role of local Ang II/AT1R
dysregulation in the promotion of inflammatory fibrotic
processes related to endometriosis. We also justify the use of
angiotensin receptor blockers (ARBs) as a potential therapeutic
strategy to improve endometriosis-related complications.

Electronic databases including PubMed, Scopus, Web of
Science, and Google scholar, were used to select relevant
studies in English up to 18 March 2024.

The inclusion criteria for considering qualified papers in
this mini-review included a review of original articles about the
role of local angiotensin II/Angiotensin type 1 receptor in
endometriosis. Papers that did not mention the pathological
role of renin-angiotensin receptors in endometriosis were
excluded from the study. Two reviewers (MHA) and (SMD)
reviewed all selected papers to extract essential data.

1.1. Role of Ang II/AT1R in Inflammatory Responses and
Oxidative Stress

There is a strong association between inflammation and
oxidative stress with endometriosis pathogenesis. NF-κB is a
well-known pathway to participate in inflammatory responses
[17]. In Previous studies, activation of NF-κB molecular
mechanisms was demonstrated in endometriosis lesions and
tissues. Wei et al. suggested that NF-κB hyper-activation
increases endometriosis progression and severity [7]. As well
as, Taniguchi et al. have shown that the NF-κB signaling
pathway, through inhibition of endothelial cell apoptosis,
promotes endometriosis [18].

Zhang et al. have reported an upregulated activation of NF-
κB associated with high expression of AT1R in endometriosis
tissues, which induces cell proliferation and prevents cell
apoptosis [19]. AT1R induces phosphorylation of NF-κB p65
as a key molecule of the NF-κB pathway to increase the
expression of inflammatory cytokines and chemokines [20].
Ekambaram et al. indicated that activation of the NF-κB
signaling pathway through the Ang II/AT1R axis increases the
calcification in vascular smooth muscle in response to
inflammation. Also, Ang II/AT1R increases cell proliferation,
migration, and tumoral cell invasion by NF-κB activation [21].
On the other hand, various studies have pointed out that the
level of estradiol can be inversely related to the overactivity of
local AT1Rs in the female reproductive tract. In stromal cells
cultured from human endometrial tissue, estrogen treatment
reduces the expression of AT1R, which leads to decreases in
NF-κB activity. Adding tamoxifen as an estrogen receptor
modulator promotes the expression levels of proteins related to

the AT1R/NF-κB molecular pathway.

Furthermore, other studies have shown the modulatory
effects of estrogen on AT1R expression. Kooptiwut et al.
displayed that estradiol could attenuate the expression of AT1R
mRNA levels in pancreatic β-cells [22]. Gao et al. have also
reported that estradiol could diminish the expression of AT1R
in the uterine artery [23]. These results suggested that during
menstruation, a low level of the activated form of estrogen
molecule may upregulate the expression of local AT1R in the
endometrium, followed by the activation of downstream
signaling pathways, such as NF-κB. Despite activation of NF-
κB, AT1R can increase the inflammation by other molecular
mechanisms. Various studies have demonstrated that AT1R
increases inflammation by mitogen activation protein kinase
(MAPK). MAPK complex, including extracellular signal-
regulated kinase 1/2 (ERK1/2), c-Jun N-terminal Kinase
(JNK), and P38 MAP kinas are a serine-threonine family of
protein kinases that regulate cellular responses to extracellular
stress signals. Dysregulation and increased activity of MAPK
complex, such as P38, increase the production of inflammatory
mediators [24]. In most inflammatory cells, activated P38 MAP
kinase mediates as an essential molecule for inflammatory
signaling and cytokines production [25]. Different studies have
shown the pathological role of MAPK complex in
endometriosis [26, 27]. On the other hand, activated Ang
II/AT1R leads to further stimulation of the MAPK signaling,
which leads to the induction of inflammatory pathways. In this
regard, Ang II by AT1R increases the proliferation of human
mesangial cells and also the generation of proinflammatory
cytokines by activation of MAPKs [28]. In cardiac and smooth
muscle cells, AT1R promotes inflammation through MAPK
signaling pathway [29]. In an in vivo study, it has been
demonstrated that Ang-II/AT1R signaling upregulates the
expression of adhesion molecules, metastasis, and
inflammation through the p38/MAPK pathway in HCC cells
[30]. In breast cancer, it has been indicated that the Ang
II/AT1R axis is strongly associated with inflammation in the
tumor microenvironment and tumorigenesis by ERK/MAPK
signaling pathways [31]. Kaur et al. have focused on the
molecular pathogenesis of endometriosis. They found that
overexpression of AT1R in the endometrium and ovary
increases different molecular pathways, such as MAPK
complex and NF-κB to induce inflammation [32].

In addition to inflammation, oxidative stress and the
production of reactive oxygen species (ROS) are also involved
in the pathogenesis and exacerbation of endometriosis.
Oxidative stress is the result of an imbalance between ROS
production and antioxidant defense mechanisms that can lead
to different pathological processes within the body. Various
mechanisms are involved in causing oxidative stress in
endometriosis, including phagocytosis as the result of
inflammation in the peritoneal cavity [33] and activation of
NF-κB that is responsible for the expression of
proinflammatory cytokines and ROS, such as inducible nitric
oxide [34]. Oxidative stress and an increase of free radicals
contribute to the progress of endometriosis by inflammation,
endometrial fragment adhesion, proliferation, and angiogenesis
[35, 36]. Regarding the association between RAS and oxidative
stress, AT1R activation can increase oxidative stress by
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activation of NADPH oxidase in vascular cells [37], interaction
with Nitric Oxide Pathway [37, 38], and mitochondrial
dysfunction [39]. NADPH oxidase is found in vascular,
fibroblasts, and neutrophilic cells and is a major source of ROS
generation [40]. Different studies have reported that activated
AT1R stimulates NADPH isoform in cells to induce oxidative
stress [41].

Furthermore, Ang II/AT1R signaling transduction induces
mitochondrial fragments through epidermal growth factor
receptor activation. Mitochondrial fragments increase ROS
production and tumor necrosis factor alpha (TNFα) signal
transduction. In addition, sirtuin 3, a key regulator of
mitochondrial dynamics, and superoxide dismutase have been
shown to inhibit Ang/AT1R to enhance mitochondrial ROS
generation [42]. Further studies are needed to investigate more
precisely the role of AT1R molecular signaling in causing
inflammation and oxidative damage in female reproductive
tissues. The effects of RAS signaling on the induction of
inflammation and oxidative stress in endometriosis lesions are
summarized in Fig. (1).

1.2. The Association between AT1R and Transforming
Growth Factor β (TGF-β) in Endometriosis

In addition to inflammatory reactions, fibrotic reactions
with different degrees according to the type of endometriosis
lesions are involved in the pathogenesis of the disorder.
Fibrosis is described as an abnormal accumulation of the
extracellular matrix (ECM) around inflamed and injured cells
and tissues like endometrium and ovary [43]. Activation of
different cells, such as macrophages, platelets, adherent
fibroblasts, and profibrotic molecules like TGF-β, are involved
in the biology of fibrosis [43, 44]. TGF-β released from
immune cells and fibroblasts is the main profibrotic cytokine
that induces cell proliferation, migration, and ECM deposition
[45]. Three isoforms of TGF-β are distributed all over the

body, but TGF-β1 is the main molecule for the progress of
inflammation and fibrosis. Different studies have indicated the
role of TGF-β1 in the development of endometriosis lesions.
Young et al. have reported that women with endometriosis
have high levels of TGF-β in peritoneal fluids compared with
women without endometriosis [46]. Zhang et al. demonstrated
that induction of the TGF-β/SMAD signaling pathway in
ovarian endometrioma lesions leads to an increase in the cell's
proliferation, collagen deposition, and promotion of fibrosis
[47]. Guo et al. showed that TGF-β, through the increase of
epithelial mesangial transition and smooth muscle metaplasia
in endometriotic epithelial and stromal cells, increases the
fibrotic process in endometriosis [48].

Recently, it has been observed that fibrotic effects of Ang
II/AT1R are associated with activation of TGF-β1 signaling
[49, 50]. Ang II/AT1R through ERK/P38 MAPK complex
activates SMAD molecular signaling by phosphorylating
SMAD2/3 [51]. In this way, various studies have demonstrated
the link between AT1R and TGF-β signaling pathways in
fibrotic conditions. Everett et al. showed that increased
expression of TGF-β1 is mediated by AT1R in cardiac
hypertrophy [52]. Ichihara et al. indicated that mice with a lack
of AT1R have suppressed levels of TGF-β1 and collagen I and
III with no cardiac hypertrophy [53]. Experiments on human
atrial tissue showed that stimulation of tissue with Ang II
increases the TGF-β expression by AT1R activation [54]. In
another study, it was displayed that Ang II/AT1R increases the
development of renal fibrosis by inducing the activation of the
TGF-β1/SMAD signaling pathway [55]. It is demonstrated that
Ang II/AT1R activation by TGF-β/Smad2/3 and NF-κB
signaling pathway increases epithelial mesangial transition to
promote Tubulointerstitial and renal fibrosis [56, 57].
Upregulated AT1Rs modulate TGF-β expression in human
hypertrophic scars [58]. In a clinical study in patients with
hypertrophic scars and keloids, it has been shown that Ang
II/AT1R increases the expression of TGF-β and profibrotic

Fig. (1). Ang II/AT1R activation stimulates different intracellular molecular mechanisms to induce inflammation and oxidative stress. Ang II:
angiotensin II, AT1R: angiotensin type 1 receptor, ARB: angiotensin receptor blocker, NF-κB: nuclear factor kappa B, MAPK: mitogen activation
protein kinase, ROS: reactive oxygen species.
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Fig. (2). Ang II/AT1R axis through MAPK complex stimulates the TGF-β/SMAD signaling pathway by inducing the phosphorylation of SMAD2/3.
SMAD complex inter the nucleus and increases the expression of a wide range of genes related to inflammation and fibrosis. Ang II: angiotensin II,
AT1R: angiotensin type 1 receptor, ARB: angiotensin receptor blocker, c-Jun N-terminal Kinase (JNK), extracellular signal-regulated kinase 1/2
(ERK1/2), ECM: extracellular matrix, MAPK: mitogen activation protein kinase, TGF-β: transforming growth factor beta.

molecules to develop fibrosis, and using Losartan reduces scar
scores in patients [59]. Queisser et al. reported that Losartan
administration through inhibition of AT1R reduces the
expression of TGF-β1 and, as a result, liver fibrosis [60]. These
results showed that Ang II by AT1R signaling pathway
upregulates TGF-β/SMAD signaling pathways to promote
fibrogenesis, and inhibition of AT1R by ARBs reduces the
expression of profibrotic molecules and fibrosis in different
organs. The interaction of Ang II/AT1R with increasing TGF-

β/SMAD signaling pathway is shown in Fig. (2).

1.3. Therapeutic Potential of AT1R Blockers in the
Reduction of Inflammation and Fibrosis

ARBs are progressed to control high blood pressure
connected with excessive peripheral AT1R activity. Recently it
was recognized that ARBs decrease inflammation and fibrotic
pathways and have major useful effects on metabolism [61,
62]. In addition, using ARBs has tissue-protective effects
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because of their anti-inflammatory and antioxidant properties
[63]. Administration of ARBs ameliorated NF-κB activation
and expression of proinflammatory cytokines like TNF-α and
interleukin 6 (IL6) promoted by the Ang II/AT1R axis in
cultured cells [64]. Arjmand et al. demonstrated that
intraperitoneal administration of Telmisartan, a type of ARB,
reduces inflammation and fibrosis scores in rats with
abdominal surgeries [65]. Candan et al. reported that
Irbesartan, as an ARB, reduces acute kidney injury through the
downregulation of NF-κβ in animal models [66]. Induced
peritoneal endometriosis in rat model indicated that using oral
Losartan decreased the area of experimental endometriosis by
plasma inflammatory factors, such as TNF-α, C reaction
protein (CRP), and pentraxin-3 [67]. Nenicu et al. reported that
Telmisartan, by inhibition of AT1Rs and upregulation of
Peroxisome proliferator-activated receptor gamma (PPAR-γ) in
endometriosis-like lesions, reduces the expression of some
angiogenic and inflammatory genes [68]. Losartan regulates
the generation of pro-inflammatory cytokines via T and B cells
by inhibiting MAPK signaling and NF-κB [69]. ARBs reduced
CRP, TNF-α, and erythrocyte sedimentation rate (ESR) in
patients with arthritis rheumatoid [70, 71]. These findings
suggested that ARBs have the potential to reduce inflammation
in different pathological conditions.

Furthermore, it has been reported that ARBs have the
potential to reduce fibrosis in different organs. In a study, it has
been shown that ARBs have a beneficial effect on attenuating
peritoneal fibrosis in patients undergoing long-term peritoneal
dialysis [72]. Recently, Losartan was indicated to decrease
fibrosis in a rat model of Crohn’s disease [73]. Despite
different animal studies, various clinical data show that ARB
therapy has beneficial effects in improving liver fibrosis related
to hepatitis C [74, 75]. Colmenero et al. reported that the
administration of Losartan to patients with liver fibrosis
improves liver function and reduces the expression of
fibrogenic genes [76]. Nenicu et al. showed that using 100
micro/molar Telmisartan in induced peritoneal endometriosis
rat models significantly reduces the expression of fibrotic
genes like TGF-β to improve endometriosis-like lesions [68].
Also, they found that 200 µM Telmisartan completely
suppressed vascularization and blood perfusion of
endometriosis-like lesions. This evidence suggests that ARBs
are useful for blocking AT1R activities, thus holding great
promise in preventing inflammatory and fibrotic conditions
that occur in endometriosis.

CONCLUSION

The presence of local RAS spreads beyond the classically
detected renal and cardiovascular systems and has been
indicated in almost the whole body, like the female
reproductive tract. Recently, it has come to light that
dysregulation of local Ang II/AT1R upregulates molecular
pathways, such as NF-κB and TGF-β/SMAD, to induce
inflammation and fibrosis in a multitude of conditions,
including endometriosis lesions. These reports together point
out that AT1R blockers may have therapeutic potential to
prevent endometriosis and its complications in females.
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