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Abstract: Endometriosis (EMS) is an estrogen-dependent chronic gynecologic condition that affects approximately 
10%-15% of women of childbearing age. Long non-coding RNA SRA (lncRNA SRA) was the first identified non-coding 
RNA that possesses dual functions: it acts as an RNA scaffold and also encodes the SRAP protein. It participates in 
estrogen signaling by co-activating estrogen receptors. Recent studies have revealed a distinct expression pattern 
in ectopic lesions of EMS: lncRNA SRA and ERα are coordinately downregulated, whereas SRAP and ERβ are coor-
dinately upregulated. This inverse correlation highlights a unique dual-function switching mechanism of the SRA/
SRAP axis in the pathogenesis of EMS. In this review, we systematically summarize the conserved domain features 
of lncRNA SRA and its dual roles as an RNA scaffold and a protein-coding transcript. We then dissect the molecular 
mechanisms by which SRA/SRAP influences the ERα/ERβ balance, thereby modulating cell proliferation, apoptosis, 
and the inflammatory microenvironment in EMS. Based on current evidence, we propose a dual-function switching 
model: the EMS microenvironment drives alternative splicing of the SRA gene, shifting the output from lncRNA SRA 
toward SRAP protein. These two products selectively couple with ERα and ERβ, respectively, and jointly reshape es-
trogen receptor signaling in ectopic endometrial cells. Furthermore, we discuss the clinical translational potential of 
the lncRNA SRA/SRAP ratio as both a diagnostic biomarker and a therapeutic target, aiming to provide new insight 
for precision diagnosis and treatment of EMS.
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Introduction

Endometriosis (EMS), a common chronic gyne-
cologic disease, refers to the presence of endo-
metrial tissue with growth function outside the 
uterine cavity lining and the myometrium [1]. 
EMS affects approximately 10%-15% of repro-
ductive-aged women globally, with a prevalence 
of 30%-50% among infertile patients. A recent 
systematic review and meta-analysis incorpo-
rating 127 studies and covering nearly 200  
million women worldwide has further updated 
these data, showing that the global prevalence 
of EMS in the general population is approxi-
mately 5% (95% CI, 2%-9%), while the preva-
lence is as high as 38% (95% CI, 25%-51%) in 
women with infertility, and 18%-42% in patients 
with gynecologic symptoms [2]. By pathologic 
subtype, the prevalence is 6% for peritoneal 
EMS, 13% for ovarian EMS, and 10% for deep-
infiltrating EMS [2]. These findings suggest that 

the disease burden of EMS has been undere- 
stimated, underscoring an urgent need for early 
diagnostic biomarkers. Typical clinical manifes-
tations of EMS include progressively worsen- 
ing dysmenorrhea, chronic pelvic pain, painful 
intercourse, and decreased fertility, which seri-
ously affect the physical and mental health  
and quality of life of patients [3]. Although the 
pathogenesis of EMS involves multiple hypoth-
eses, including retrograde menstruation and 
implantation, coelomic metaplasia, and impair- 
ed immune clearance, evidence suggests that 
abnormal activation of estrogen receptor (ER) 
signaling is the core factor driving the survival, 
proliferation, and invasion of ectopic endome-
trial tissue [4]. The central role of abnormal 
activation of estrogen signaling pathways in  
the pathogenesis of EMS is widely recognized. 
Estrogen regulates target gene transcription 
through its classical nuclear receptors ERα and 
ERβ, and rapidly activates downstream kinase 
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cascades by membrane receptor-mediated 
non-genomic signaling. Overexpression of ERβ 
in EMS is closely related to progesterone resis-
tance, exacerbated inflammation, anti-apopto-
sis effects, and mitochondrial metabolic repro-
gramming. Thus, aberrant estrogen signaling is 
not merely a matter of excessive ligand-recep-
tor activation, but a systemic disorder involv- 
ing epigenetic modifications, transcriptional co-
regulatory factor networks, and cellular meta-
bolic states.

Long non-coding RNAs (lncRNAs) are a class  
of non-coding transcripts longer than 200 
nucleotides, widely involved in various biologi-
cal processes such as gene expression regula-
tion, chromatin remodeling, and post-trans- 
criptional processing. Steroid receptor RNA 
activator (SRA) was initially found to co-activate 
the transcriptional activity of the steroid nucle-
ar receptor family, and it was the first RNA mol-
ecule found among nuclear receptor co-activa-
tors [5]. Unlike the traditional understanding 
that lncRNAs function only in the form of RNA, 
SRA has the ability to encode SRA protein 
(SRAP), representing a new model of functional 
complexity for non-coding RNAs [6]. SRA is 
abnormally expressed in the reproductive sys-
tem and is closely related to the development 
and progression of various estrogen-depen-
dent diseases, especially EMS [7]. The research 
history of SRA itself reflects the evolution of  
the lncRNA research paradigm. Early studies 
primarily focused on the co-activation role of 
SRA as a non-coding RNA in the transcrip- 
tional regulation of nuclear receptors. Subse- 
quent findings revealed that SRA also encodes 
the SRAP protein, rendering it an ideal model 
for investigating the regulatory pattern of “dual-
functional RNA-protein genes”. Notably, RNA 
and protein products of SRA are not entirely 
functionally independent; instead, they syner-
gistically regulate target gene expression by 
forming RNA-protein complexes. This complex 
regulatory pattern provides a new perspective 
for understanding the functional consequenc-
es of abnormal SRA expression in EMS.

Given the crucial role of SRA in regulating es- 
trogen signaling and its emerging implications 
in EMS, this review aims to examine systema- 
tically the molecular structure characteristics 
and dual-function model of SRA, deeply eluci-
date the molecular mechanisms of ER signal- 
ing pathway abnormalities in EMS, focus on the 

multidimensional disease-promoting effects 
(including cell proliferation, apoptosis resis-
tance, inflammation, and adhesion) of the SRA-
ERα regulatory axis in EMS, and evaluate the 
translational and application prospects of SRA 
as a clinical diagnostic marker and therapeutic 
target, to provide a theoretical basis for under-
standing the molecular pathologic mechanism 
of EMS and the development of novel diagnos-
tic and therapeutic strategies.

The central role of estrogen receptors in endo-
metriosis

Estrogen receptor subtypes and expression 
distribution

The estrogen receptor (ER) belongs to the 
nuclear receptor superfamily, including ERα 
and ERβ subtypes, which are encoded by ESR1 
and ESR2 genes located on different chromo-
somes, respectively [8, 9]. The two ER subtyp- 
es are highly homologous in protein structure, 
especially in the DNA-binding domain (DBD), 
which is as high as 97%. However, they differ 
significantly in the LBD and N-terminal tran-
scriptional activation domain (AF-1), leading to 
a clear functional division between them in 
ligand affinity, co-regulatory factor recruitment 
profiles, and target gene profiles [10].

Under normal physiologic conditions, the tissue 
distribution of ERα and ERβ exhibits differen- 
tiation characteristics. ERα is primarily highly 
expressed in classic estrogen target organs 
such as the mammary glands, uterus (especial-
ly the endometrium and myometrium), ovaries, 
and fallopian tubes, and dominates the repro-
ductive functions of estrogen in promoting pro-
liferation and differentiation [11-14]. At the 
molecular structural level, although ERα and 
ERβ are highly homologous (97%) in the DBD 
domain, their differences in the AF-1 domain 
are less than 20%, which accounts for their sig-
nificant differences in recruiting co-regulatory 
factors [15]. The AF-1 domain of ERα possess-
es ligand-independent transcriptional activa-
tion capabilities, while the AF-1 domain of ERβ 
exhibits extremely weak activity, with its tran-
scriptional activation primarily dependent on 
the AF-2 domain [15]. These structural differ-
ences lead directly to the divergence of the two 
in terms of their target gene recognition profiles 
and biologic functions. Regarding ligand bind-
ing, ERα has a slightly higher affinity for estra-
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diol than ERβ, but ERβ shows a higher binding 
preference for certain environmental estrogens 
and phytoestrogens, suggesting that environ-
mental factors may contribute to the pathogen-
esis of EMS by differentially activating ERβ.  
ERβ is more widely distributed. Besides high 
expression in ovarian granulosa cells, it is also 
significantly expressed in immune cells (T lym-
phocytes, B lymphocytes, macrophages), car-
diovascular endothelial cells, smooth muscle 
cells, central nervous system neurons, and 
bone tissues, participating in immune regula-
tion, vascular protection, neuroprotection, and 
anti-proliferation processes [16]. ERα typically 
promotes cell proliferation, while ERβ has an 
anti-proliferative effect [17]. Therefore, the 
ERα/ERβ ratio may have a significant effect  
on tissue proliferation and differentiation. Re- 
search has found that in endometrial cancer, 
the ratio of ERα to ERβ expression can serve 
as a prognostic indicator; a lower ERα/ERβ 
ratio is associated with poorer clinical out-
comes [18]. This research further supports the 
balancing role of ERα and ERβ in endometrial 
health.

The functional outputs of ERα and ERβ in target 
cells are not independent of one another, but 
depend on the combined effects of their rela-
tive expression levels, the ligand microenvi- 
ronment, the availability of co-regulators, and 
chromatin status. In normal endometrium, 
ERα-dominant proliferative signaling and ERβ-
mediated differentiation/anti-proliferative sig-
naling form a dynamic balance, which fluc- 
tuates periodically with the menstrual cycle. 
However, in EMS, this delicate balance control 
mechanism is disrupted. ERβ overexpression 
not only alters the compositional preference of 
the nuclear receptor dimers, but also weakens 
ERα transcriptional output by competing for a 
limited pool of coactivators (e.g., SRC-1, GRIP1). 
More importantly, ERβ overexpression induces 
unique transcriptomic profiles, including upreg-
ulation of inflammation-related genes and anti-
apoptotic genes, which functionally counteract 
rather than synergize with the ERα-dominant 
transcriptional program. Therefore, the inver-
sion of the ERα/ERβ ratio in EMS is essen- 
tially a “shift in signal output”, which switches 
the physiological state dominated by prolifera-
tion and periodic differentiation to a pathologic 
state characterized by exacerbated inflamma-
tion, anti-apoptosis, and abnormal cell sur- 
vival.

Severe imbalance in the ERα/ERβ ratio in 
EMS

One of the molecular pathologic markers of 
EMS is the imbalance in the expression of ERα 
and ERβ in ectopic endometrium, with the 
degree of imbalance far exceeding the normal 
cyclical fluctuation range. ERβ expression is 
very increased in ectopic endometrium, while 
ERα expression is relatively decreased [19-21]. 
This alteration leads to an imbalance in the 
ERα/ERβ ratio. These findings suggest that 
ERα/ERβ imbalance contributes to ectopic 
lesion progression.

The divergent expression patterns of ERα and 
ERβ may be attributed to epigenetic mecha-
nisms, including DNA methylation and miRNA-
mediated regulation. Aberrant methylation ex- 
ists in the promoter region of the ERα gene, 
thus hindering ERα expression [22]. Although 
certain miRNAs exhibit variable expression in 
endometriosis, they may influence disease pro-
gression by modulating ERα and ERβ expres-
sion [23].

Downstream signaling pathways of ER

Hyperactivation of ER signaling in ectopic endo-
metrium directly promotes proliferation, anti-
apoptosis, and invasion. Ligand-activated ERα 
forms a homodimer, which directly binds to the 
estrogen response element (ERE) in the pro-
moter region of target genes, or indirectly binds 
to DNA through interactions with other tran-
scription factors (e.g., AP-1, Sp1). For instance, 
ERα overexpression upregulates Cyclin D1 and 
c-Myc transcription, promoting G1/S transition 
and accelerating cell division [24]. In addition 
to classical nuclear transcription, membrane-
associated ERα, located in the cell membrane 
and caveola, can mediate rapid non-genomic 
signaling. Estradiol (E2) activates downstream 
kinase cascades within seconds to minutes. A 
recent study reported that membrane ERα sig-
naling transactivated epidermal growth factor 
receptor (EGFR), which in turn phosphorylates 
and activates the MAPK pathway, promoting 
malignant behavior of cells [25]. Therefore, in 
EMS, ERα may regulate malignant behaviors 
such as migration and invasion of endometrial 
stromal cells through the EGFR/MAPK pathway, 
thereby contributing to disease progression. 
Furthermore, overactivation of the ER signaling 
pathway can induce the release of inflammato-
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ry factors (e.g., IL-6, TNF-α), further exacerbat-
ing local inflammatory response [4].

Genomic and non-genomic ER signaling are  
not independent but rather exhibit intricate 
crosstalk. Membrane ER enhances the tran-
scriptional activity of ERα by activating the 
MAPK/ERK and PI3K/AKT pathways, which 
directly phosphorylate the AF-1 domain of ERα 
(e.g., at Ser118 and Ser167), even in the 
absence of ligands or at extremely low ligand 
concentrations. This mechanism is particularly 
crucial in EMS, as local estrogen levels in ecto-
pic lesions may fluctuate periodically. In addi-
tion, the MAPK/ERK pathway can also phos-
phorylate p160 family coactivators (e.g., SRC-1, 
TIF2), enhancing their recruitment efficiency 
and thus amplifying the genomic signaling out-
put of ER. From a functional perspective, this 
cross-talk constitutes a “signal amplification 
loop”: low-level estrogen stimulation rapidly ac- 
tivates the kinase cascade through the mem-
brane ER, thereby enhancing the transcription-
al response of the nuclear ER through phos-
phorylation modification, rendering ectopic en- 
dometrial cells highly sensitive to exogenous 
estrogen signals. In the context of EMS, this 
cross-talk loop may be continuously activated, 
which partly explains why ectopic lesions ex- 
hibit highly active ER signaling even when 
serum estrogen levels are normal.

Molecular structure and dual function of 
lncRNA SRA

Gene mapping and transcriptional characteris-
tics of SRA

lncRNA SRA is transcribed from the host SRA 
gene. The SRA gene is located on human chro-
mosome 5q31.3, and its promoter region con-
tains an estrogen response element (ERE), a 
GC box, and multiple transcription factor bind-
ing sites [26]. The ERE element in the SRA gene 
promoter endows it with the ability to respond 
directly to estrogen signals, so that SRA is not 
only a coactivator of the ER signaling pathway 
but also a target gene of ER, forming a positive 
feedback regulatory loop. Furthermore, the GC 
box in the promoter region is a binding site for 
the Sp1 transcription factor, suggesting that 
SRA expression is also regulated by growth fac-
tors and MAPK signaling. In EMS, abnormal 
changes in the DNA methylation status and his-
tone modifications (e.g., H3K27ac, H3K4me3) 

in the SRA gene promoter region may occur, 
thereby affecting its transcriptional activity and 
alternative splicing decisions. It is worth noting 
that changes in the epigenetic status of pro-
moters may not uniformly affect all transcripts, 
but differentially regulate the production of 
non-coding and coding isoforms. This hypothe-
sis provides an epigenetic explanation for the 
paradox of downregulation of lncRNA SRA and 
upregulation of SRAP in EMS.

As shown in Figure 1, the SRA gene contains 5 
exons; among them, exons 1 and 2 are the key 
regions determining the fate of the RNA prod-
uct. The primary transcript transcribed from 
the SRA gene is approximately 0.7-1.5 kb in 
length and, following complex splicing, gives 
rise to multiple mature transcript isoforms [27]. 
Through alternative splicing, it produces two 
types of mature transcripts: one contains only 
non-coding exons (i.e., exon 1 → exon 3 → 
exon 4 → exon 5), forming a long non-coding 
RNA SRA; the other retains coding exons (i.e., 
exon 2 → exon 3 → exon 4 → exon 5), which 
contains an open reading frame of approxi-
mately 687 nucleotides that can be translated 
into functional SRA proteins (SRAPs) through a 
mechanism mediated by an internal ribosome 
entry site (IRES) [27, 28]. Thus, the SRA gene 
exports functional molecules at both the RNA 
and protein levels through alternative splicing, 
thereby synergistically regulating the expres-
sion of downstream genes. The regulatory 
mechanisms of SRA alternative splicing deci-
sions are not fully understood, but members  
of the SR protein family (such as SRSF1 and 
SRSF9) and the hnRNP family are known to be 
involved. Differences in the expression profiles 
and activities of splicing factors under different 
cell types and pathologic conditions may lead 
to significant changes in the SRA gene product 
profile.

Conserved domains of lncRNA SRA and their 
functional association with ERα

lncRNA SRA molecules fold into multiple evolu-
tionarily highly conserved stem-loop domains 
through base complementary pairing, which 
serve as the core structural basis for the bio-
logical functions of lncRNA SRAs [28]. lncRNA 
SRA comprises four major domains: Domain I 
(D1) contains helices H1, H2, H3, H4, H5, H6, 
and H7; Domain II (D2) contains helices H10, 
H11, H12, H13, and H14; Domain III (D3) con-
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Figure 1. Genomic structure, alternative splicing, and functional products of the human steroid receptor RNA activa-
tor (SRA) gene. Schematic representation of the human SRA locus (NG_029333.1) located on chromosome 5q31.3. 
Genomic organization of the SRA gene. Boxes denote exons (E1-E5), with E1 (1-666 bp) and E2 (621-947 bp) shar-
ing an overlapping region (621-666 bp, indicated by dashed lines), representing alternative 5’ untranslated regions 
driven by distinct promoters. Lines connecting exons represent introns (Intron 2: 948-5909 bp; Intron 3: 6113-6924 
bp; Intron 4: 7034-7182 bp).

Figure 2. Schematic representation of lncRNA ste-
roid receptor RNA activator (SRA) and Estrogen re-
ceptor α (ERα) binding model. lncRNA SRA directly 
binds to the ligand-binding domain (LBD) of ERα 
through its conserved D3 structural domain. Upon 
estradiol (E2) stimulation, ERα undergoes a confor-
mational change that exposes the LBD surface, en-
abling recognition and binding by the D3 domain of 
lncRNA SRA.

tains helices H8, H9, H15, H16, H17, H18, H19, 
H20, and H21; and domain IV (D4) contains 
helices H22, H23, H24, and H25. Each domain 
exhibits distinct functional specialization [26, 
28]:

(1) Domain III (D3): D3 is the core region where 
lncRNA SRAs exert their co-activation function. 
D3 contains four helical structural modules 
(H15-H18), forming a specific three-dimension-
al spatial conformation that allows it to be spe-
cifically recognized and bound by the ligand-

binding domain of the estrogen receptor α. 
Deletion of the D3 region resulted in a reduc-
tion of approximately 60% in ERα-mediated 
luciferase reporter activity [26], indicating that 
the D3 region plays a critical role in co-activat-
ing ERα transcriptional activity. Within the D3 
domain, conserved nucleotide sites in the H15-
H18 helix are essential for maintaining the 
affinity of RNA-protein interactions; mutations 
at these sites result in a significant decrease  
in the binding capacity of SRA to ERα, thereby 
impairing the transcriptional activation of down-
stream target genes [26]. Therefore, SRA may 
recognize activated ERα through the H15-H18 
structural module of its own D3 domain (Figure 
2), which may provide a potential structural 
basis for the development of small-molecule 
inhibitors that disrupt this RNA-protein inte- 
raction.

(2) Domain IV (D4): D4 is rich in RNA-binding 
protein recognition and binding motifs. p68 
(DDX5) and p72 (DDX17) are the most impor-
tant binding partners for D4, both belonging  
to the DEAD-box RNA helicase family [29]. By 
binding to the D4 domain of SRA, p68/p72 
forms a stable RNA-protein complex. This inter-
action is critical for the subcellular localization 
of the lncRNA SRA. The helicase activity of 
p68/p72 contributes to the dynamic remodel-
ing of SRA RNA conformation, promoting the 
assembly and dissociation of the transcription 
complex. Knocking down p68/p72 or disrupting 
the interaction between SRA and its site signifi-
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cantly reduces the distribution of SRA in the 
cell nucleus, resulting in a corresponding de- 
crease in transcriptional activity [29]. The diver-
sity of protein partners enables SRA to partici-
pate in multi-level gene expression regulation, 
ranging from transcriptional regulation to RNA 
processing, and from chromatin remodeling to 
nucleocytoplasmic transport. In the pathologi-
cal environment of EMS, the protein profile 
recruited in the D4 region may undergo chang-
es, thereby affecting the functional output of 
the SRA.

(3) Domain I (D1) and Domain II (D2): D1 and  
D2 are considered to be involved in the interac-
tion between lncRNA SRA and other co-regula-
tors, including steroid receptor co-activator 
1(SRC-1), p300/CBP acetyltransferase, etc. On 
this basis, SRA acts as a central hub, integrat-
ing multiple transcriptional co-regulators to 
synergistically enhance the expression of ERα 
target genes [5, 29, 30]. The linker regions 
between various domains may exhibit certain 
flexibility, allowing the SRA to undergo confor-
mational transitions between different func-
tional states. Although regions D1 and D2 do 
not directly bind to ERα like D3, they play an 
indispensable role in maintaining the overall 
three-dimensional conformation of the SRA. A 
structural study demonstrated that helical 
structures within D1 and D2 stabilize the active 
conformation of D3 through long-range interac-
tions [28]. Therefore, deletions or mutations in 
D1 or D2 may indirectly weaken the co-activa-
tion function of SRA by affecting the overall 
structure.

RNA scaffold function: organizer of the ERα 
transcriptional co-activator complex

lncRNA SRAs, as RNA scaffold molecules, pro-
vide a spatial platform for the assembly of 
multi-protein transcription complexes. lncRNA 
SRA forms a complex with the TrxG and PRC2 
complex and is involved in transcriptional regu-
lation [31]. SRA can bind to RNA helicase p68, 
stabilizing the formation of the TrxG complex 
and further supporting its role as a scaffold 
molecule [32]. Stimulated by ER signal, ERα 
undergoes a conformational change upon bind-
ing to estradiol, exposing the coactivator bind-
ing surface of the ligand-binding domain (LBD). 
SRA recognizes and binds to activated ERα by 
its D3 domain, while simultaneously recruiting 
co-activators using other domains to form a 

hierarchical transcriptional complex. This RNA 
scaffold mechanism enables spatiotemporal 
coordination of multi-step reactions. SRA inte-
grates receptor recognition, chromatin modifi-
cation, and transcription machinery recruit-
ment onto a single molecular platform, eli- 
minating the random nature of individual com-
ponents diffusing and searching within the 
nucleus, thus significantly enhancing signal 
response speed and transcription efficiency. 
Following SRA knockout, the transcriptional 
activation of ERα target genes (such as TFF1/
pS2 and GREB1) is significantly delayed, and 
peak transcription levels are markedly reduced, 
supporting its role as an accelerator of tran-
scriptional kinetics [29].

The RNA scaffold function of lncRNA SRA and 
the coding function of SRAP protein are not two 
independent “functional modules”; instead, 
they constitute a dynamic molecular switch sy- 
stem. In this system, the product of the SRA 
gene (RNA or protein) guides the ERα signal 
toward different transcriptional output direc-
tions through a differential interaction network. 
When lncRNA SRA is the major product, the 
RNA molecule directly binds to ERα through its 
D3 domain and simultaneously recruits co-acti-
vators such as p68/p72 and SRC-1, forming a 
transcriptional activation complex with RNA  
as its core backbone, thereby promoting the 
expression of cell cycle-related genes. When 
SRAP protein expression is elevated, the RNA-
protein complex formed by SRAP and lncRNA 
SRA may exhibit different target gene prefer-
ences, i.e., “enhanced activation of prolifera-
tion-related genes and inhibition of differentia-
tion-related genes”. Therefore, the two products 
of the SRA gene together constitute a “func-
tional output regulation module”, whose overall 
output depends on the relative ratio of lncRNA 
SRA to SRAP and the composition of the com-
plex formed by the two. This conceptual frame-
work of the “RNA-protein complex” transcends 
the traditional dichotomy between “RNA func-
tion” and “protein function” and more accurate-
ly reflects how SRA genes actually function 
within cells.

Encoding function: discovery and co-regulation 
of SRAP proteins

What distinguishes SRA from the vast majority 
of lncRNAs is its ability to encode proteins. SRA 
isoforms containing the coding sequence pro-
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duce a protein product of approximately 224-
236 amino acid residues, i.e., steroid receptor 
RNA-activating protein (SRAP), through an in- 
ternal ribosome entry site (IRES)-mediated 
translation initiation mechanism [33]. Studies 
on the function of SRAPs have revealed a com-
plex synergistic regulatory relationship between 
them and SRA RNAs. SRAP does not function 
alone; instead, it forms an RNA-protein com- 
plex with lncRNA SRA, jointly participating in 
transcriptional regulation. This complex exhib-
its the gene-specific regulation of ERα target 
genes [6]: for cell cycle-related genes such as 
c-Myc and Cyclin D1, SRAPs enhance the co-
activation effect of SRA RNAs; while for certa- 
in differentiation-related target genes, SRAPs 
may exert a negative regulatory effect. SRAP 
itself does not contain any known functional 
domains; its function depends entirely on bind-
ing to lncRNA SRA. This “unconditional depen-
dence” relationship is relatively rare in proteins, 
which complicates the functional study of SRAP. 
Any observed SRAP function is likely attribut-
able to the SRAP-lncRNA-SRA complex, rather 

on patterns. Compared to normal endometrial 
tissue, expression of the lncRNA SRA is down-
regulated in endometriotic lesions, while SRAP 
expression is upregulated [7]. The above evi-
dence suggests that the expression levels of 
lncRNA SRA gradually decrease from normal 
endometrium to ectopic cysts and then to the 
tissue surrounding the lesion; the EMS micro-
environment may have driven the alternative 
splicing of the SRA gene to shift from producing 
non-coding lncRNA to producing SRAP protein.

Based on the above expression differences 
and literature reports, we propose a dual-func-
tion switching model of lncRNA SRA/SRAP 
(Figure 3). This model illustrates that the SRA 
gene produces two classes of isoforms by al- 
ternative splicing. In normal cells, the non-cod-
ing lncRNA functions as an RNA scaffold with 
coactivator activity, whereas in the EMS micro-
environment, splicing shifts towards the pro-
duction of SRAP protein. This explains the para-
doxical observation of decreased lncRNA SRA 
expression but increased SRAP expression in 

Figure 3. Dual-function switching model of lncRNA SRA/SRAP. SRA, Ste-
roid receptor RNA activator; SRAP, Steroid receptor RNA activator protein; 
EMS, Endometriosis; ERα, Estrogen receptor α; ORF, Open reading frame; 
GREB1, Growth regulating estrogen receptor binding 1; D1-4, Domain 1 to 
4; SRC-1, Steroid receptor coactivator 1; IRES, Internal ribosome entry site.

than a function performed in- 
dependently by the SRAP. The- 
refore, when studying the func-
tion of SRAP, the presence and 
activity of lncRNA SRA must be 
considered simultaneously.

The synergistic mechanism be- 
tween SRAPs and the lncRNA 
SRAs may involve the stabili- 
zation of RNA conformation. 
SRAP binding may induce or 
stabilize specific active con- 
formations of lncRNA SRAs, 
thereby enhancing their affinity 
for ERα and coactivators [34]. 
Another possibility is that SRAP 
itself acts as an adaptor pro-
tein, bridging lncRNA SRA with 
other transcription factors or 
chromatin-modifying enzymes, 
thus expanding the functional 
scope of the SRA complex.

Differential expression and 
dual functional switching of 
lncRNA SRA/SRAP in EMS

lncRNA SRA and SRAP exhibit 
completely opposite expressi- 
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ectopic lesions. This switch may be driven by 
inflammatory signals (e.g., TNF-α, IL-6), oxida-
tive stress, or epigenetic changes in the EMS 
microenvironment, but the specific molecular 
mechanisms remain to be elucidated.

Potential mechanisms by which the SRA-ER 
axis regulates endometriosis

Regulation of cell proliferation and apoptosis 
balance by the lncRNA SRA-ER axis

For ectopic endometrial cells to survive outside 
the uterine cavity and establish lesions, they 
must simultaneously possess both accelerat- 
ed proliferation and resistance to apoptosis. 
lncRNA SRA plays a crucial role in balancing  
cell proliferation and apoptosis by regulating 
ERα signaling.

Regarding the promotion of cell proliferation, a 
study indicated that knocking down the SRA 
gene in stromal cells of ovarian endometrios- 
is significantly inhibited cell proliferation, an 
effect accompanied by a decrease in ERα lev-
els and an increase in ERβ levels [7]. This re- 
sult reveals two key insights: first, the overall 
function of SRA1 gene products (whether lnc- 
RNA SRA or SRAP) is indispensable for main-
taining the survival and proliferation of ectopic 
endometrial cells; second, interfering with the 
SRA/SRAP balance can alter the ERα/ERβ 
ratio, thereby affecting the cell proliferation 
phenotype.

In terms of inhibiting apoptosis, the lncRNA 
SRA-ER axis suppresses apoptotic signaling 
through multiple mechanisms. In recurrent 
spontaneous abortion, lncRNA SRA correlates 
with BCL-2 expression [35], suggesting a regu-
latory role through through the BCL-2 family 
pathway. Another mechanism involves the ce- 
RNA function of the SRA. In a β-cell apoptosis 
model, lncRNA SRA has been shown to func- 
tion as a ceRNA that sponged miR-146b to ac- 
tivate the IRAK1/LDHA signaling axis; in the 
inflammatory microenvironment induced by 
EMS, this axis may induce the expression of 
apoptosis-related proteins such as cIAP1/2 
through NF-κB cross-activation, further influ-
encing intracellular anti-apoptotic effects [36]. 
These findings from other cellular contexts pro-
vide clues for the anti-apoptotic role of the 
lncRNA SRA-ER axis, but their relevance to EMS 

pathogenesis remains to be experimentally 
validated.

lncRNA SRA-ER-NF-κB axis and local inflam-
mation

EMS is a typical chronic inflammatory disease, 
and the formation of an immune-inflammatory 
microenvironment in ectopic lesions is a driving 
factor for the sustained progression. Current 
evidence suggests that ER can directly interact 
with the p65 subunit of NF-κB, thereby enhanc-
ing p65’s transcriptional activity; simultane-
ously, it can also activate the IKK complex via 
the PI3K/AKT pathway, promoting the phos-
phorylation and proteasomal degradation of 
IκBα, releasing p65/p50 into the nucleus [37-
39]. In a study on metabolic syndrome, the SRA 
gene was found to be significantly positively 
correlated with IL-6 [40]. In obesity and insulin 
resistance models, SRA expression significant-
ly correlates with TNF-α [41]. These two find-
ings suggest that SRA has pro-inflamma- 
tory potential in other inflammatory conditions. 
TNF-α and IL-6 are downstream target genes of 
the NF-κB pathway. Given that SRA is a tran-
scriptional coactivator of ER, we hypothesize 
that SRA may indirectly enhance the NF-κB 
pathway by increasing ER transcriptional ac- 
tivity, thereby upregulating the expression of 
downstream pro-inflammatory factors in ecto-
pic endometrial tissue. However, direct evi-
dence for SRA involvement in ER-NF-κB prote- 
in-protein interactions is currently lacking. In 
addition, the ERα-NF-κB interaction is bidirec-
tional: ERα coactivates NF-κB transcription, 
while NF-κB activation reciprocally modulates 
ERα activity. In ectopic lesions of EMS, overex-
pression of ERβ may alter the balance of ERα-
NF-κB interaction by competitively binding to 
NF-κB.

Inflammatory factors such as TNF-α have been 
shown to activate the NF-κB pathway through a 
positive feedback mechanism, thereby alter- 
ing the expression of other NF-κB target genes 
[42]. Building upon this, we further propose a 
hypothetical positive feedback inflammatory 
loop: in ectopic lesions, persistently high levels 
of inflammatory factors such as TNF-α and IL-6 
may, in turn, influence the transcription and 
alternative splicing of the SRA gene through  
the NF-κB pathway, altering the ratio of lncRNA 
SRA to SRAP, thereby regulating the output 
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Table 1. Comparison of SRA expression, major functions, and signaling pathways in estrogen-depen-
dent disease

Disease lncRNA SRA 
expression SRAP expression Major biological functions Signal pathways 

involved References

EMS Downregulated Upregulated Promoting cell proliferation and 
inhibiting apoptosis; enhancing 
inflammation; promoting adhe-
sion and invasion

ERα/ERβ signaling, NF-
κB, ceRNA (miR 146b/
IRAK1/LDHA), BCL-2 
family

[7, 35, 36]

Breast 
cancer

Upregulated Limited reports; primar-
ily focusing non-coding 
types

Promoting tumor proliferation 
and progression as an ERα 
co-activator

p38 MAPK, Notch, 
and TNF-α signaling 
pathways

[5]

Cervical 
cancer

Upregulated Not clear Enhancing cell proliferation, 
migration, and invasion

Not specified; possibly 
involving EMT and prolif-
eration pathways

[50]

Ovarian 
cancer

Upregulated Not clear Mediating cell migration, inva-
sion, and tumor progression

Not specified [51]

Note: SRA, Steroid receptor RNA activator; SRAP, Steroid receptor RNA activator protein; EMS, Endometriosis; ERα, Estrogen receptor α; ERβ, 
Estrogen receptor β; NF-κB, Nuclear factor κB; IRAK1, Interleukin-1 receptor-associated kinase 1; LDHA, Lactate dehydrogenase A; BCL-2, B-cell 
lymphoma 2; MAPK, Mitogen-activated protein kinase; TNF-α, Tumor necrosis factor-α; EMT, Epithelial-mesenchymal transition.

intensity of ER signaling. Notably, this feedback 
model is currently still a hypothesis pending 
experimental verification. This hypothesis pro-
vides a new theoretical framework for under-
standing the chronicity and progressive devel-
opment of EMS: inflammatory signals further 
exacerbate ER signal imbalance by altering  
the splicing pattern of the SRA, and such ER 
signaling imbalance in turn amplifies inflam- 
matory output through NF-κB, thereby forming 
a self-sustaining vicious cycle. The existence of 
this feedback loop explains why EMS lesions, 
once established, are difficult to spontaneously 
resolve and tend to develop resistance to con-
ventional anti-inflammatory or anti-estrogen 
therapies.

The lncRNA SRA-ER axis modulates ECM ho- 
meostasis and the adhesive capacity of ecto- 
pic cells by regulating ICAM-1 and VCAM-1 
expression [25, 43, 44]. Following adhesion, 
ectopic endometrial cells significantly upregu-
late MMP-9, which degrades the basement 
membrane and ECM, thereby promoting inva-
sion [45, 46]. Subsequently, the lncRNA SRA-
ER axis may promote invasion [19, 47-49].

Evidence supporting the pathogenic role of the 
lncRNA SRA-ER axis in estrogen-dependent 
tumors

Although EMS is classified as a benign gyne- 
cologic disease, its clinical characteristics of 
“benign metastasis and malignant behavior”, 
along with a risk of approximately 1% malignant 

transformation, make it biologically similar to 
malignant tumors. The role of lncRNA SRA in 
gynecologic tumors has been reported, provid-
ing insight into the pathogenic mechanisms of 
SRA while also highlighting the unique expres-
sion patterns of SRA in EMS.

In breast cancer, lncRNA SRA expression ser- 
ves as a novel prognostic biomarker for patients 
with ER-positive breast cancer; the p38 MAPK, 
Notch, and TNF-α signaling pathways involved 
in this process play critical roles in the patho-
genesis of estrogen-dependent breast cancer 
[5]. A study based on 100 clinical samples in- 
dicated that lncRNA SRA was significantly over-
expressed in cervical cancer tissues, and high 
lncRNA SRA expression was an independent 
prognostic factor for overall survival; further-
more, lncRNA SRA overexpression enhanced 
cell proliferation, migration, and invasion [50]. 
In ovarian cancer, lncRNA SRA mediated the 
migration, invasion, and progression of ovarian 
cancer cells, and high expression of lncRNA 
SRA was a significant predictor of overall sur-
vival and progression-free survival [51].

It is worth noting that EMS exhibits distinct dif-
ferences from the aforementioned tumors in 
terms of SRA expression patterns. Therefore, 
the pathogenic mechanism of the SRA gene 
may be highly dependent on the disease con-
text and splicing pattern. In EMS, SRAP may 
play a major pathogenic role, which contrasts 
with the pathogenic pattern dominated by lnc- 
RNA SRA in tumors. This provides a molecular-
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level explanation for the “tumor-like” yet not 
entirely tumor-equivalent biological behavior of 
EMS. The expression trends, major functions, 
and involved signaling pathways of SRA across 
these estrogen-dependent diseases are sum-
marized and compared in Table 1.

In summary, the SRA/SRAP dual-function swit- 
ching model integrates the proliferation, anti-
apoptosis, inflammatory feedback, and adhe-
sion/invasion pathways regulated by the SRA-
ER axis in EMS, while also exhibiting the typi- 
cal inversion of the ERα/ERβ ratio observed in 
ectopic lesions. This integrated mechanism 
network is shown in Figure 4.

Clinical translational potential of lncRNA SRA

Potential of novel biomarkers for EMS

Early diagnosis of EMS remains a major clinical 
challenge, with a current average diagnostic 
delay of 7-10 years from symptom onset. De- 
layed diagnosis results in long time suffering 
from pain and other symptoms and missed 
optimal therapeutic window in patients, lead- 

ing to progression from mild to more severe  
disease in some patients. Although laparo-
scopic combined with pathological examina- 
tion is the gold standard, its invasive nature 
limits the widespread application of screening 
and early diagnosis. Therefore, there is an 
important clinical need to search for non-inva-
sive or minimally invasive biomarkers with high 
sensitivity.

Given the divergent expression patterns of 
lncRNA SRA and SRAP in EMS, we propose 
using the SRA/SRAP ratio as a novel biomarker 
[7]: rather than merely measuring the expres-
sion level of lncRNA SRA alone, it is the ratio  
of lncRNA SRA to SRAP (or the SRA/SRAP func-
tional switching index) that should be evaluat-
ed. We infer that, compared to normal endo- 
metrium, the SRA/SRAP lncRNA ratio was sig-
nificantly reduced in endometriotic lesions. 
This ratio change may be a better indicator of 
the pathological state of EMS than the expres-
sion level of a single molecule. Current serum 
biomarkers, such as CA125, show suboptimal 
sensitivity and specificity for EMS diagnosis, 
and are easily affected by factors such as the 

Figure 4. Pathogenic signaling network of SRA/SRAP dual-function switching and comparison of ERα/ERβ ratios. 
SRA, Steroid receptor RNA activator; SRAP, Steroid receptor RNA activator protein; ERα, Estrogen receptor α; ERβ, 
Estrogen receptor β; NF-κB, Nuclear factor κB; IRAK1, Interleukin-1 receptor-associated kinase 1; LDHA, Lactate 
dehydrogenase a; BCL-2, B-cell lymphoma 2; TNF-α, Tumor necrosis factor-α; IL-6, Interleukin-6; ICAM-1, Intercellular 
adhesion molecule 1; VCAM-1, Vascular cell adhesion molecule 1; MMP9, Matrix metalloproteinase 9.
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menstrual cycle, pelvic inflammatory disease, 
and ovarian tumors. In contrast, the SRA/SRAP 
ratio, as a functional indicator reflecting dis-
ease-specific molecular pathological states (ER 
signaling imbalance), may have higher patho-
logic relevance. More importantly, changes in 
the SRA/SRAP ratio may occur in the early sta- 
ges of the disease, even before the formation 
of radiologically detectable lesions, as ER sig-
nal imbalance is a core driver of EMS pathogen-
esis rather than a late-stage event. However, it 
is important to recognize that the technical 
challenges involved in detecting lncRNAs and 
protein biomarkers in peripheral blood are far 
greater than those associated with traditional 
ELISA methods, and the stability of the bio-
markers, the reproducibility of the assays, and 

body fluids, and their levels may be affected by 
various factors such as the menstrual cycle 
and hormone level fluctuations. Establishing 
standardized sample collection, processing, 
and testing procedures is a prerequisite for 
clinical translation.

Therapeutic strategies targeting lncRNA SRA/
SRAP functional switching

Inhibiting the overall expression of the SRA 
gene reduces the proliferation of ectopic en- 
dometrial stromal cells and promotes apopto-
sis, suggesting that the SRA gene product is 
essential for the survival of ectopic endomet- 
rial cells; however, simultaneous knockdown of 
the lncRNA SRA and SRAP may lead to com- 

Figure 5. Clinical translational potential of SRA/SRAP as diagnostic bio-
markers and therapeutic targets in endometriosis.

their cost-effectiveness all re- 
quire systematic evaluation. 
Therefore, the SRA/SRAP ra- 
tio is more likely to serve as a 
supplement rather than a re- 
placement for existing bio-
markers such as CA125. Par- 
ticularly, combined detection 
with CA125 may improve the 
diagnostic efficiency for early-
stage EMS.

However, applying this bio-
marker to clinical examination 
still faces many challenges. 
The immunohistochemistry or 
ELISA assays for SRAP have 
not yet been standardized; 
and whether circulating (se- 
rum/peritoneal fluid) lncRNA 
SRA and SRAP can accurately 
reflect the expression pattern 
in lesions remains to be veri-
fied. Prospective, multi-center, 
large-cohort studies are ur- 
gently needed. The translati- 
onal roadmap from SRA/SRAP 
molecular switching to clini- 
cal application, encompassing 
both diagnostic and therapeu-
tic avenues, is summarized in 
Figure 5. In addition, the de- 
tection of lncRNAs SRA and 
SRAP in serum or peritoneal 
fluid is also confronted with the 
issue of stability. lncRNAs are 
readily degraded by RNases in 
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pensatory elevation of ERα, resulting in uncer-
tain therapeutic outcomes [7].

More precise strategies might modulate SRA 
alternative splicing to selectively suppress 
SRAP production while maintaining or enhanc-
ing lncRNA SRA levels. One conceptually at- 
tractive approach involves antisense oligonu-
cleotides (ASOs) designed to block splice sites 
around intron 1, whose retention or excision is 
a critical determinant of the coding/non-cod- 
ing isoform ratio. In theory, local or systemic 
administration of such ASOs might shift the 
SRA/SRAP balance; however, to date no pub-
lished study has tested this isoform-selective 
ASOs strategy in any endometriosis animal 
model. Significant challenges remain, includ- 
ing poor delivery efficiency to lesions, low tis-
sue uptake, and off-target effects, necessitat-
ing further optimization of chemical modifica-
tions and the development of lesion-targeting 
delivery systems such as lipid nanoparticles.  
In addition, the D3 domain (H15-H18 helix) of 
lncRNA SRA, which serves as the functional 
interface for specific ERα binding, represents  
a potential “RNA-protein interaction pocket”  
for virtual screening of small-molecule inhibi-
tors. If SRAP is confirmed as a major patho- 
genic molecule, small molecules targeting the 
SRAP-effector protein interface could also be 
explored. From a medicinal chemistry pers- 
pective, targeting lncRNA-protein interactions 
(RPIs) represents an emerging drug discovery 
paradigm distinct from conventional enzyme- 
or receptor-targeted approaches. RPI inhibitors 
typically do not compete for ligand binding; 
instead, they interfere with the assembly or sta-
bility of RNA-protein complexes through alloste-
ric modulation. Specifically, regarding the inter-
action between SRA D3 and ERα LBD, the RPI 
interface has these 2 potential advantages: 
First, this interaction selectively regulates the 
transcriptional activation function of ERα rath-
er than completely blocking its activity, thus 
avoiding side effects such as endometrial atro-
phy caused by complete inhibition of ER sig- 
naling; second, the H15-H18 helix in the D3 
domain contains multiple highly conserved nu- 
cleotide sequences, providing a specific bind-
ing pocket for small molecules. However, very 
few RPI small-molecule inhibitors have been 
reported to date, and most are in the early pre-
clinical stages; their binding affinities (typically 
in the μM range) fall far short of the require-

ments for drug development. In addition, the 
flexibility of RNA molecules poses both compu-
tational and experimental challenges for struc-
ture-based drug design. Therefore, therapeutic 
strategies targeting the SRA-ER interaction are 
still in the conceptual exploration stage and are 
far from clinical application.

The Clustered regularly interspaced short pa- 
lindromic repeats (CRISPR)-CRISPR associated 
protein 13 (Cas13) system is a newly emerging 
RNA editing tool in recent years [52-54]. Unlike 
CRISPR-CRISPR associated protein 9 (Cas9), 
which targets DNA, Cas13 specifically recog-
nizes and cleaves single-stranded RNA, effi-
ciently knocking down lncRNA SRAs without 
permanently modifying the genome, thus avoid-
ing the risks of off-target mutations and long-
term safety concerns [55, 56]. The CRISPR-
Cas13 system can specifically knock down 
lncRNA SRA without cleaving the SRAP-encod- 
ing isoform, achieving subtype-selective inter-
vention. Proteolysis-targeting chimeras (PROT- 
AC) technology is commonly used for protein 
degradation. PROTAC technology can recruit E3 
ubiquitin ligases to promote SRAP ubiquitina-
tion and degradation, thereby specifically elimi-
nating SRAP while preserving lncRNA SRA.

The mechanisms, targets, current evidence, 
advantages, and challenges of these strate- 
gies are summarized in Table 2.

Summary and prospect

Main limitations of current research

The current research still has the following 
main limitations. First, most studies have small 
sample sizes (n < 50) and single-center retro-
spective designs, with inadequate control for 
bias and confounders. Large-scale, multi-cen-
ter, prospective cohort studies across diverse 
populations are lacking. Therefore, the gene- 
ralizability and robustness of the conclusions 
remain to be confirmed. Second, the underly-
ing mechanisms by which lncRNA SRA regu-
lates EMS have not yet been fully elucidated. 
Most existing studies adopt a global knock-
down strategy targeting the entire SRA1 gene, 
which fails to distinguish the independent fun- 
ctions of lncRNA SRA and SRAP individually. 
While this approach is useful for proof-of-con-
cept studies, it cannot determine whether re- 
duced lncRNA SRA or increased SRAP primar-
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ily drives EMS pathology. In addition, the func-
tional differences of SRA in different cell types 
(epithelial cells vs. mesenchymal cells vs. im- 
mune cells) have not yet been systematically 
studied. Current understanding largely focuses 
on its role as a classical coactivator of ERα, 
while key issues such as the interactions 
between lncRNA SRA and other non-coding 
RNAs, the dynamic switching mechanism of  
the lncRNA SRA/SRAP dual functions, and the 
genome-wide epigenetic remodeling effects, 
remain to be systematically elucidated. Third, 
clinical translational research is severely lag-
ging behind. Standardized procedures and 
diagnostic thresholds for serum SRA testing 
have not yet been established, and drug de- 
velopment targeting SRA remains at the labo- 
ratory research stage, with virtually no accumu-
lation of key druggability evaluation data.

Future research directions

To address the limitations mentioned above, 
future research should focus on the following 
directions. At the mechanistic level, separate 
overexpression and knockout systems for lnc- 
RNA SRAs and SRAPs should be established  
to elucidate their independent functions and 
synergistic/antagonistic relationships in ecto-
pic endometrial cells; trans-acting factors (such 
as the splicing factor SRSF family) that regu- 
late the alternative splicing of the first intron of 
SRA should be identified; and the upstream sig-
nals triggered by the EMS microenvironment 
that induce splicing alternation should be elu- 
cidated. Furthermore, it is necessary to inte-
grate multi-omics technologies such as RNA-

seq, ChIP-seq, and single-cell sequencing to 
map systematically the genome-wide regulato-
ry network of SRA in ectopic endometrium, elu-
cidating its ceRNA interaction network and cell 
type-specific functions. Regarding clinical vali-
dation, a quantitative association between the 
ratio of lncRNA SRA/SRAP and the ERα/ERβ 
ratio, as well as disease staging in ectopic 
lesions, should be established through a multi-
center cohort study to assess the predictive 
value of this ratio for the risk of postoperative 
recurrence. In terms of therapeutic translation, 
ASOs or small molecule compounds targeting 
the first intron splicing site of SRA may be 
explored to verify whether they can correct ER 
signaling imbalance by restoring the normal 
production ratio of lncRNA SRA/SRAP, and their 
therapeutic effects in EMS animal models may 
be evaluated.

Future research should go beyond measuring 
lncRNA SRA expression to elucidate how its 
functional switch between coding and non-cod-
ing isoforms modulates ERα/ERβ signaling in 
EMS pathogenesis. In addition, whether the 
therapeutic goals can be achieved by interven-
ing in this transformation is also a key issue to 
be addressed in subsequent research. Integra- 
ting SRA, ER, and EMS into a unified mecha-
nistic framework is key to advancing this field 
from phenomenological description to mecha-
nistic interpretation.
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Table 2. Overview of potential treatment strategies targeting SRA/SRAP in endometriosis

Strategy Mechanism of action Target 
molecule

EMS model 
evidence Advantages Challenges

ASOs Blocking exon splicing and in-
hibiting SRAP-encoding isomers

SRA precur-
sor mRNA

None Isoform selectivity; re-
tention of lncRNA SRA

Lesion-targeted delivery; 
off-target splicing

Small 
molecules

Blocking SRA D3-ERα binding or 
SRAP functional interface

D3-ERα/
SRAP

None Potentially available for 
oral use

Unknown druggability 
regarding RNA-protein 
interface

PROTAC Recruiting E3 ligases to de-
grade SRAP

SRAP None Absolute SRAP specific-
ity; retention of lncRNA 
SRA

Lack of high-affinity SRAP 
ligands; complex pharma-
cokinetics

CRISPR-
Cas13

sgRNA targeting non-coding 
isoforms to specifically cleave 
lncRNA SRA

Non-coding 
lncRNA SRA

None Transcription selectivity; 
no genome alteration

Bystander cleavage; deliv-
ery and immunogenicity

Note: SRA, Steroid receptor RNA activator; SRAP, Steroid receptor RNA activator protein; EMS, Endometriosis; ASOs, Antisense oligonucleotides; 
ERα, Estrogen receptor α; D3-ERα, Domain 3 of estrogen receptor α; PROTAC, Proteolysis-targeting chimeras; CRISPR-Cas13, Clustered regularly 
interspaced short palindromic repeats-CRISPR associated protein 13.
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