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Abstract 

Liver fibrosis is a progressive condition driven by hepatic stellate cell (HSC) activation and 
resistance to apoptosis, culminating in excessive extracellular matrix accumulation and organ 
dysfunction. Current antifibrotic therapies remain limited, as most target broad pathways such as 
TGF-β signaling or oxidative stress without addressing upstream regulators. Emerging evidence 
identifies the RNA-binding protein Ewing Sarcoma Breakpoint Region 1 (EWSR1) as a pivotal 
modulator of HSC fate. Through transcriptional regulation, non-coding RNA networks, and stress-
granule dynamics, EWSR1 integrates TGF-β signaling, oxidative stress responses, and apoptosis 
resistance. Inhibition of EWSR1 has been shown to suppress fibrosis-related gene expression and 
restore apoptotic sensitivity in activated HSCs, highlighting its therapeutic potential. This review 
critically synthesizes recent insights into EWSR1 biology, its crosstalk with profibrotic pathways, 
and its regulatory influence on HSC activation. We further compare EWSR1 with conventional 
antifibrotic approaches, outline research gaps, and propose directions for translational 
development. By positioning EWSR1 as a novel molecular node in fibrogenesis, this article 
underscores its promise as a next-generation therapeutic target for halting or reversing liver fibrosis. 

Keywords: hepatic stellate cells; extracellular matrix accumulation; TGF-β/SMAD signaling; 
oxidative stress regulation; liver fibrosis; RNA-binding proteins; anti-fibrotic therapeutic targets 

 

1. Introduction 

Liver fibrosis is a major pathological outcome of chronic liver injury, defined by excessive 
extracellular matrix (ECM) deposition that gradually replaces functional liver parenchyma and 
compromises organ function (Henderson et al., 2020). It arises from multiple etiologies including viral 
hepatitis, alcoholic liver disease, and the increasingly prevalent non-alcoholic fatty liver disease 
(NAFLD) all of which converge on sustained oxidative stress and inflammatory signaling (Lin et al., 
2022). These insults perpetuate hepatocellular damage, stimulate immune cell recruitment, and 
trigger hepatic stellate cell (HSC) activation, the central driver of fibrogenesis. 

Globally, viral hepatitis B and C remain dominant contributors to liver fibrosis, where chronic 
immune activation exacerbates hepatocellular injury and perpetuates HSC stimulation (Balakrishnan 
& Rehm, 2024). In parallel, the surge in obesity and metabolic syndrome has positioned NAFLD as 
an emerging global driver, particularly in Western and developing nations. NAFLD is 
mechanistically tied to insulin resistance, dyslipidemia, and lipotoxicity, which amplify oxidative 
stress and apoptosis in hepatocytes, reinforcing the fibrotic cascade (El-Kassas et al., 2022). 

These pathogenic drivers expose the liver to recurrent cycles of inflammation, apoptosis, and 
regeneration, which collectively accelerate fibrotic remodeling. This process is orchestrated through 
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dynamic interactions among hepatocytes, Kupffer cells, and particularly HSCs—the principal 
effector cells of fibrosis (Hammerich & Tacke, 2023). Normally quiescent and vitamin A–storing, 
HSCs adopt a myofibroblast-like phenotype upon injury, characterized by proliferation, migration, 
and secretion of fibrillar collagens (types I and III) that progressively remodel hepatic architecture 
(Chao et al., 2024).The expansion of activated HSC populations accelerates ECM accumulation, 
leading to septa formation, lobular distortion, and progressive hepatic dysfunction (Wijayasiri et al., 
2022). Activated HSCs also secrete pro-fibrotic mediators including transforming growth factor-β 
(TGF-β) and platelet-derived growth factor (PDGF), which not only sustain their own activation but 
also recruit macrophages and other immune cells, thereby reinforcing a pro-inflammatory and pro-
fibrotic microenvironment (Tsuchida & Friedman, 2017).Given this central role, fibrosis regression 
fundamentally depends on restraining HSC activation and restoring their apoptotic clearance. 
Indeed, induction of apoptosis in activated HSCs facilitates ECM degradation and structural 
remodeling, offering a potential avenue for fibrosis reversal (Hernandez-Gea & Friedman, 2011). 
Accordingly, the regulation of HSC activation–apoptosis balance has become a cornerstone of 
antifibrotic research.Contemporary antifibrotic strategies have largely concentrated on modulating 
TGF-β signaling or oxidative stress to influence HSC apoptosis, yet no approved therapy effectively 
halts or reverses fibrosis. This therapeutic gap underscores the need for novel, mechanism-based 
targets. Recent evidence implicates the RNA-binding protein EWSR1 as a previously unrecognized 
regulator of fibrotic signaling, although its precise molecular roles remain to be fully defined.This 
review aims to consolidate current knowledge on the emerging role of EWSR1 in HSC biology and 
liver fibrosis. Specifically, we explore how EWSR1 intersects with TGF-β signaling and oxidative 
stress responses to modulate HSC apoptosis and activation. We critically analyze its potential as a 
therapeutic target, highlight unresolved mechanistic questions, and outline avenues for future 
research. By synthesizing this evidence, the review positions EWSR1 as a novel molecular node in 
fibrogenesis with translational potential for antifibrotic therapy. 

2. HSCs in Fibrosis 

Hepatic stellate cells (HSCs) are mesenchymal cells residing in the space of Disse, where they 
normally function as vitamin A reservoirs. In response to chronic liver injury, HSCs transdifferentiate 
into myofibroblast-like cells, acquiring proliferative and profibrotic properties that establish them as 
the central drivers of fibrosis (Friedman, 2008). 

After liver injury, pro-inflammatory cytokines are released by inflammatory cells (such as TGF-
β, PDGF, and IL-6), along with ROS, work together to induce HSCs activation. Activated HSCs 
undergo a series of significant phenotypic changes, including proliferation, migration, and the 
synthesis and secretion of large amounts of ECM proteins and pro-fibrotic factors (Tsuchida & 
Friedman, 2017). These characteristics make HSCs an irreversible driving force in the fibrosis process. 

The phenotypic transition of activated HSCs typically involves several key molecules and 
signaling pathways. The TGF-β signaling pathway is one of the primary drivers of HSCs activation, 
upregulated during liver injury. It activates downstream fibrosis-related genes through SMAD 
family proteins, promoting ECM synthesis (Yang et al., 2021). Additionally, platelet-derived growth 
factor (PDGF) activates the PI3K/Akt and ERK signaling pathways via its receptor, further promoting 
HSCs proliferation and migration (Chen et al., 2022). The interplay of these signaling pathways not 
only facilitates HSCs activation but also contributes to the formation of a fibrotic microenvironment, 
exacerbating liver injury and fibrosis progression. 

The activation of HSCs is an irreversible process. Once the activated state is established, HSCs 
self-sustain and produce large amounts of pro-fibrotic factors, creating a persistent fibrotic 
microenvironment in the liver. This environment is rich in ECM proteins, cytokines, and chemokines, 
continuously recruiting immune cells and other fibroblasts, forming a complex cell-cell interaction 
network that makes liver fibrosis difficult to reverse (Cai et al., 2020). 

Additionally, HSCs secrete various tissue inhibitors of metalloproteinases (such as TIMP-1), 
which hinder ECM degradation and further exacerbate fibrotic deposition (Parola & Pinzani, 2019). 
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This persistent microenvironment, enriched with ECM proteins, cytokines, and TIMPs, stabilizes 
fibrosis and makes it difficult to reverse (Figure 1). This fibrotic microenvironment has a profound 
impact on the normal structure and function of liver tissue. The excessive accumulation of ECM not 
only increases liver stiffness but also disrupts the lobular architecture, impairing blood flow and 
nutrient distribution, ultimately leading to progressive liver function decline (Zhao et al., 2023). 

 

Figure 1. Schematic diagram illustrating the role of HSCs in liver fibrosis. Quiescent HSCs, located in the space 
of Disse and storing vitamin A, are activated by chronic liver injury. Pro-inflammatory cytokines (IL-6, TNF-α), 

PDGF, and ROS released from inflammatory cells, together with TGF-β signaling via SMAD3 and PI3K/Akt 
pathways, drive HSCs activation. Activated HSCs undergo proliferation, migration, and ECM synthesis, 

producing pro-fibrotic factors and secreting tissue inhibitors of TIMPs to inhibit ECM degradation, leading to 
progressive fibrosis. Persistent activation also resists apoptosis, sustaining a fibrotic microenvironment. 

Recent studies have shown that inducing HSCs apoptosis is a key strategy for reversing fibrosis. 
If activated HSCs are not cleared or reverted, they will continue to secrete fibrotic proteins, 
exacerbating fibrosis. Therefore, promoting HSCs apoptosis can slow down or partially reverse the 
fibrotic process. For example, certain anti-fibrotic drugs alleviate fibrosis by activating apoptotic 
pathways in HSCs or inhibiting their proliferation (Hernandez-Gea & Friedman, 2011). 

In the process of fibrosis reversal, the clearance of activated HSCs promotes ECM degradation 
and the remodeling of fibrotic structures. Some studies have found that inducing HSCs apoptosis by 
specifically regulating apoptotic signaling pathways, such as Fas/FasL, p53, and Bcl-2/Bax, can help 
alleviate fibrosis symptoms (Jung & Yim, 2017). However, the regulatory mechanisms of HSCs 
apoptosis are highly complex and influenced by multiple signaling pathways, making the 
identification of effective and precise therapeutic targets a key focus of ongoing research. 

Due to the central role of HSCs in liver fibrosis, regulating their activation and apoptosis has 
become a key strategy for anti-fibrotic therapy. Although current anti-fibrotic drugs have yet to 
achieve optimal therapeutic outcomes, targeting HSCs provides new directions for drug 
development (Roehlen et al., 2020). Recently, attention has shifted toward RNA-binding proteins as 
novel regulators of HSC fate. In particular, EWSR1 has emerged as a potential molecular link between 
TGF-β signaling, oxidative stress, and apoptosis resistance in HSCs. Although mechanistic details are 
still unfolding, preliminary evidence supports its candidacy as a promising antifibrotic target (Bao et 
al., 2023). 
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3. Role of the TGF-β Signaling Pathway in Liver Fibrosis 

The TGF-β signaling pathway is one of the key pathways regulating liver fibrosis progression. 
By activating downstream SMAD family proteins and other non-SMAD pathways, TGF-β drives 
HSCs activation, ECM synthesis, and fibrosis progression. TGF-β not only plays a central role in HSCs 
activation but also acts as a key regulator in maintaining and advancing the fibrotic 
microenvironment (Meng et al., 2016). 

As a multifunctional cytokine, TGF-β is secreted at increased levels in liver-injured tissues and 
serves as a major driver of HSC activation. Upon binding to its cell membrane receptors, TGF-β 
triggers a receptor-type protein kinase phosphorylation cascade, leading to the activation of 
intracellular SMAD proteins (primarily SMAD2 and SMAD3). These activated SMAD proteins form 
a complex that translocates into the nucleus to regulate the expression of fibrosis-related genes (Xu 
et al., 2016). In HSCs, the TGF-β/SMAD signaling pathway upregulates a series of profibrotic genes, 
such as collagen, fibronectin, and tissue inhibitors of metalloproteinases (e.g., TIMP-1), thereby 
promoting ECM accumulation and fibrosis formation (Tzavlaki & Moustakas, 2020). 

In addition to the SMAD pathway, TGF-β also exerts its effects through non-SMAD signaling. 
For instance, TGF-β can activate pathways such as MAPK, PI3K/Akt, and Rho GTPases, which 
promote HSCs proliferation, migration, and resistance to apoptosis. These non-SMAD pathways 
exhibit crucial synergistic effects under different cellular and microenvironmental stimuli, endowing 
TGF-β signaling with high plasticity and adaptability (Zhang, 2009). 

During liver fibrosis progression, persistent TGF-β activation drives HSCs proliferation and 
phenotypic transformation. Activated HSCs exhibit a high level of synthetic activity, producing large 
amounts of ECM proteins, cytokines, and chemokines. These secreted factors not only sustain HSCs 
activation but also recruit and activate other cell types, such as macrophages and lymphocytes, 
creating a highly profibrotic microenvironment (Chun Hao Ong, 2021). 

TGF-β signaling in HSCs is not limited to gene expression regulation; it also significantly inhibits 
apoptosis. Activated HSCs, through TGF-β signaling, upregulate the expression of anti-apoptotic 
protein Bcl-2 while downregulating the pro-apoptotic factor Bax, thereby reducing their apoptotic 
tendency (Ong et al., 2021). The anti-apoptotic nature of HSCs further exacerbates fibrosis 
progression, making it difficult to reverse (Hernandez-Gea & Friedman, 2011). 

Within the fibrotic microenvironment, TGF-β not only directly acts on HSCs but also maintains 
fibrosis progression through interactions with other cell types. For example, TGF-β promotes the 
polarization of macrophages toward the M2 phenotype, enhancing their profibrotic effects and 
exacerbating HSCs activation. Additionally, TGF-β induces endothelial and fibroblast 
transdifferentiation, facilitating angiogenesis and fibrotic tissue remodeling (Dhar et al., 2020). The 
interplay between TGF-β and these cell types further reinforces the persistence and irreversibility of 
the fibrotic microenvironment. 

During liver injury, TGF-β and oxidative stress often act together to amplify the fibrotic 
response. Reactive oxygen species (ROS) generated by oxidative stress not only cause direct 
hepatocyte damage but also increase TGF-β expression and activity, thereby amplifying its signaling 
pathway effects (Yang et al., 2016). Studies have shown that ROS can enhance TGF-β/SMAD pathway 
profibrotic effects by oxidatively modifying SMAD3, increasing its binding affinity to TGF-β 
receptors (Udomsinprasert et al., 2021). 

Moreover, TGF-β downregulates antioxidant enzymes such as glutathione peroxidase and 
superoxide dismutase, exposing liver tissue to higher oxidative stress levels and further promoting 
HSCs activation. This interaction between TGF-β and ROS forms a positive feedback loop that 
accelerates fibrosis progression and renders it more irreversible (Luangmonkong et al., 2018). This 
reciprocal reinforcement between oxidative stress and TGF-β signaling forms a vicious cycle that 
accelerates fibrosis (Figure 2). 

Given the central role of TGF-β signaling in liver fibrosis, it has become a primary target for 
antifibrotic therapy. However, due to TGF-β’s pleiotropic effects and widespread expression in 
multiple organs, direct inhibition may lead to adverse effects such as immunosuppression and cancer. 
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Consequently, researchers are exploring targeted interventions downstream of TGF-β, such as 
SMAD3 or non-SMAD pathways, to reduce side effects and improve therapeutic specificity (Zhao et 
al., 2023). 

In recent years, the RNA-binding protein EWSR1 has been found to potentially influence the 
regulation of the TGF-β signaling pathway. EWSR1 not only modulates TGF-β transcriptional 
processes but may also participate in oxidative stress regulation, thereby exerting potential 
antifibrotic effects in fibrosis progression (Yang et al., 2022). This discovery provides a new research 
direction for antifibrotic therapy, suggesting that modulating EWSR1 to indirectly influence TGF-β 
signaling may be a promising therapeutic strategy. 

 
Figure 2. Schematic diagram illustrates the roles of TGF-β signaling and oxidative stress in liver fibrosis. TGF-β 

activates both SMAD and non-SMAD pathways, driving quiescent HSCs toward activation, ECM synthesis, 
and apoptosis resistance. Chronic liver injury and pro-inflammatory cytokines further promote HSCs 

activation. Oxidative stress enhances ROS production, which stimulates ECM deposition and amplifies TGF-β 
signaling, creating a positive feedback loop that sustains fibrosis progression. 

4. The Role of Oxidative Stress in Liver Fibrosis 

Oxidative stress refers to cellular damage caused when the production of ROS exceeds the cell’s 
antioxidant defense capacity. In the liver, oxidative stress is not only a critical trigger for liver fibrosis 
but also interacts with multiple signaling pathways to exacerbate fibrosis progression. ROS 
contribute to fibrosis through various mechanisms, including inducing inflammatory responses, 
damaging hepatocytes, and activating HSCs (Allameh et al., 2023). 

Under normal conditions, ROS act as signaling molecules regulating cell proliferation, 
differentiation, and metabolism. However, in chronic liver injury caused by factors such as alcohol, 
viral infections, or fat accumulation, ROS production increases significantly, leading to elevated 
oxidative stress levels. ROS, including superoxide anion (O₂⁻), hydrogen peroxide (H₂O₂), and 
hydroxyl radicals (·OH), can directly damage hepatocytes by oxidizing lipids, proteins, and DNA, 
thus triggering inflammation and cell death (Sánchez-Valle et al., 2012). 

During liver fibrosis, oxidative stress affects HSCs activation and proliferation through multiple 
pathways. For instance, ROS activate the MAPK signaling pathway, including ERK, JNK, and p38, 
promoting HSCs activation and migration (Ramos-Tovar & Muriel, 2020). Oxidative stress also 
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upregulates TGF-β expression and enhances its signaling activity, accelerating the formation of pro-
fibrotic HSCs phenotypes (Luangmonkong et al., 2018). 

In the early stages of fibrosis, oxidative stress promotes HSCs activation both directly and 
indirectly. ROS can directly activate HSCs through oxidative protein modifications or indirectly by 
regulating the expression of various cytokines. For example, oxidative stress activates NF-κB, leading 
to increased expression of pro-inflammatory and pro-fibrotic factors such as IL-1β, IL-6, and TGF-β 
(Ramos-Tovar & Muriel, 2020). These factors collectively contribute to the transition of HSCs from a 
quiescent to an activated state. 

Additionally, ROS and the TGF-β signaling pathway act synergistically to exacerbate HSCs 
activation. Studies have shown that ROS oxidatively modify SMAD3, enhancing its binding to TGF-
β receptors and amplifying the pro-fibrotic effects of the TGF-β/SMAD pathway. This interaction not 
only promotes HSC activation but also increases ECM synthesis, accelerating fibrosis progression 
(Said et al., 2018). 

During fibrosis progression, oxidative stress contributes to the formation of a pro-inflammatory 
and pro-fibrotic microenvironment, leading to significant structural changes in liver tissue. 
Accumulated ROS not only activate HSCs but also stimulate Kupffer cells, liver endothelial cells, and 
fibroblasts, inducing them to secrete additional pro-inflammatory and pro-fibrotic factors. This 
positive feedback loop further stabilizes and sustains the fibrotic microenvironment, making fibrosis 
difficult to reverse (Zhao et al., 2023). 

Oxidative stress also disrupts the balance between matrix metalloproteinases (MMPs) and their 
inhibitors (TIMPs), affecting ECM degradation and accumulation (Duarte et al., 2015). Under 
oxidative stress conditions, MMP activity decreases while TIMP-1 expression increases, inhibiting 
ECM degradation and promoting the persistence of the fibrotic microenvironment. This imbalance 
leads to continuous ECM deposition in the liver, ultimately rendering fibrosis irreversible. 

In addition to promoting HSCs activation, oxidative stress also affects their apoptosis 
(Luangmonkong et al., 2018). The apoptosis of HSCs is essential for fibrosis regression; however, 
oxidative stress upregulates anti-apoptotic proteins such as Bcl-2 while downregulating pro-
apoptotic factors such as Bax, thereby inhibiting HSCs apoptosis (Elswefy et al., 2016). This inhibition 
allows activated HSCs to persist, maintaining their pro-fibrotic phenotype. 

Given the crucial role of oxidative stress in liver fibrosis, regulating oxidative stress levels has 
emerged as a potential antifibrotic strategy. Antioxidants can mitigate liver damage by scavenging 
ROS or enhancing antioxidant enzyme activity. For example, clinical and experimental studies have 
demonstrated the antifibrotic effects of antioxidants such as vitamin E and N-acetylcysteine (NAC) 
(Rodriguez et al., 2019). 

Recently, the RNA-binding protein EWSR1 has been implicated as a modulator of redox 
homeostasis in fibrosis. By influencing HSC proliferation, apoptosis, and ROS metabolism, EWSR1 
shapes oxidative stress responses. Inhibition of EWSR1 has been reported to reduce ROS levels and 
attenuate TGF-β signaling, positioning it as a promising antifibrotic target (Bao et al., 2023). The 
interplay between TGF-β, ROS, and HSC activation is summarized in Table 1, which highlights their 
synergistic contribution to fibrosis progression.. 

Table 1. Key mechanism of TGF-β & ROS linked with activation of fibrosis progression. 

Vital 
Mechanism 

Role of TGF-β and ROS The effects of fibrosis 
progression 

Reference 

TGF-β/SMAD 
signaling 
pathway 

TGF-β binds to SMAD protein through 
its receptor and activates the SMAD2/3 
pathway, leading to the accumulation of 
ECM and promoting the formation of 
fibrosis. 

The activated TGF-
β/SMAD pathway 
promotes the 
activation and 
proliferation of HSCs, 

Deng et al., 
2024 
 
Dewidar et 
al., 2019 
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ROS induces TGF-β signaling by 
inducing its expression and promoting 
latent TGF-β activation via LAP. 

which ultimately 
accelerates fibrosis.  

Activation of 
HSCs 

TGF-β stimulates HSCs to transform into 
myofibroblasts, resulting in more 
collagen and ECM components. 
ROS enhanced the activation of HSCs 
and further increased the synthesis of 
collagen and fibrosis factors. 

The activation of 
HSCs is central to the 
fibrotic process, 
promoting the 
expansion of fibrosis.  

Shi et al., 
2020 
 
Yang et al., 
2017 

ECM 
deposition 

Upregulation of TGF-β receptors (TGF-
βR1/2), CTGF, and SMAD promotes 
excessive ECM deposition and reduced 
degradation. ROS regulates ECM 
turnover by activating MMPs and 
suppressing TIMPs. 

Excessive 
accumulation of ECM 
in fibrosis leads to 
liver sclerosis and 
destruction of normal 
liver function.  

Antar et al., 
2023 
 
Svineng et 
al., 2008 

Oxidative 
stress and cell 
death 

TGF-β may reduce oxidative stress by 
enhancing antioxidant response, but it 
can also induce cell death by inducing 
the generation of ROS. 
ROS oxidizes cellular components, 
triggering apoptosis or necrosis in HSCs. 

ROS-driven HSC 
death and hepatocyte 
injury exacerbate 
fibrotic progression.  

Ghafouri-
Fard et al., 
2024 
 
Ramos-
Tovar & 
Muriel, 
2020 

Signal 
feedback 
mechanism 

The activation of TGF-β promotes the 
generation of ROS, forming a vicious 
circle and further activating the TGF-
β/SMAD signaling pathway. 
ROS can enhance the TGF-β signaling 
pathway in a variety of ways, such as by 
enhancing the expression of TGF-β 
receptors or activating related kinases. 

ROS and TGF-β 
promote each other to 
form a feedback loop 
of fibrosis, leading to 
the aggravation of 
fibrosis. 

Antar et al., 
2023 

5. Molecular Function of EWSR1 and Its Fibrosis Regulatory Potential 

5.1. Structure and Biological Function of EWSR1 

EWSR1, a key member of the RNA-binding protein family, plays a significant role in Ewing’s 
sarcoma through gene rearrangement. It participates in various cellular processes, including 
transcriptional regulation, RNA processing, transport, and cellular stress responses, highlighting its 
multifunctional importance in maintaining cellular homeostasis (Junghee Lee, 2019). 

The functional structure of EWSR1 consists of an N-terminal glycine-rich region and a C-
terminal poly(guanine) region. The C-terminal region is characterized by an RRM, a zinc finger (ZnF) 
domain, arginine-glycine-glycine (RGG)-rich domains, and a nuclear localization signal (NLS), which 
collectively enable EWSR1 to interact with DNA, RNA, and proteins. These structural domains allow 
EWSR1 to regulate gene expression at multiple levels. Specifically, the RGG-rich domains facilitate 
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DNA binding, enhancing EWSR1’s transcriptional activity and promoting the expression of target 
genes (Hassoun, 2023). The N-terminal glycine-rich region of EWSR1 provides a robust platform for 
molecular interactions, enabling it to function as a scaffold for assembling complexes with diverse 
transcription factors and RNA-binding proteins. This structural feature is essential for coordinating 
multiple cellular processes through dynamic protein-protein and protein-RNA interactions. The 
RRM of EWSR1 allows it to specifically bind to target RNA sequences, enabling its participation in 
key processes such as mRNA splicing, transport, and degradation. 

The central molecular role of EWSR1 lies in transcriptional regulation. It can act directly as a 
transcriptional activator to stimulate gene expression or form multi-protein complexes with 
transcription factors to modulate promoter activity. For example, EWSR1 interacts with its FET family 
counterparts, FUS and TAF15, to regulate transcriptional programs (Schöpf et al., 2024; Thomsen et 
al., 2013). These complexes facilitate the recruitment of RNA polymerase II to promoter regions, 
thereby enhancing gene transcription. In addition, EWSR1 contributes to chromatin remodelling, 
modulating chromatin accessibility and enabling transcription factors to more effectively engage 
with DNA. 

EWSR1 acts as a multifunctional protein with essential roles in maintaining cellular homeostasis 
and adapting to physiological demands. Through interactions with transcription factors and other 
RNA-binding proteins, EWSR1 regulates gene expression and coordinates various cellular processes. 
Its abnormal expressions or mutations are closely linked not only to tumor development but also to 
the regulation of fibrosis, immune responses, and cellular stress adaptation, highlighting its broad 
significance in cellular biology. Studies have shown that in cardiac fibrosis, EWSR1 can bind to the 
mechanosensitive protein VGLL3 (Horii et al., 2023), inhibiting the expression of miR-29b. MiR-29b is 
a microRNA that targets collagen mRNA, and its downregulation leads to increased collagen 
production, a key characteristic of fibrotic tissue. Although this study focuses on cardiac fibrosis, the 
shared mechanisms of fibrosis across different tissues suggest that EWSR1 may have a similar 
regulatory role in liver fibrosis. Moreover, EWSR1 has been shown to regulate non-coding RNAs (lncRNAs 
and miRNAs), which play crucial roles in the pathological process of fibrosis. A study revealed (Pan 
et al., 2022) that in glioma, EWSR1 can induce the expression of the circular RNA circNEIL3, which 
promotes tumor cell proliferation and survival by stabilizing the IGF2BP3 protein. Although this study 
focuses on tumors, it highlights the important role of EWSR1 in the regulation of non-coding RNAs, a 
function that may similarly influence cell proliferation, survival, and ECM synthesis during fibrosis. 

In conclusion, EWSR1, as a multifunctional RNA/DNA-binding protein, precisely regulates gene 
transcription, RNA binding, and post-transcriptional processing through its various domains. 
Additionally, EWSR1 may influence the expression of genes associated with ECM production and 
cell activation by modulating non-coding RNAs, thereby regulating the progression of fibrosis. 
Further exploration of the functions of different EWSR1 domains and their alterations under 
pathological conditions will help uncover its specific mechanisms in fibrosis and other diseases, 
providing a theoretical basis for developing targeted therapeutic strategies against EWSR1. These 
findings underscore the role of EWSR1 in transcriptional regulation and RNA metabolism, with its 
key molecular mechanisms summarized in Table 2. 

Table 2. EWSR1-Mediated Transcriptional and Non-Coding RNA Regulatory Mechanisms. 

Functional 
Category 

Molecular Mechanism Downstream Effects Key 
References 

Transcriptional 
Regulation 

Interacts with transcription 
factors and RNA 
polymerase II; modulates 
chromatin accessibility 

Promotes transcription of 
target genes, including 
growth factors, cell cycle 
regulators, and pro-
fibrotic factors  

(Rajan et al., 
2023); 
(Wachtel et al., 
2024) 
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Co-activation in 
Transcription 

Interacts with TATA-
binding protein and 
transcription initiation 
complexes 

Enhances transcription 
initiation efficiency; 
stabilizes the 
transcriptional machinery  

(Hassoun, 
2023) 

TGF-β/SMAD 
Pathway 
Modulation 

Binds SMAD3, a key 
mediator of TGF-β 
signaling 

Regulates HSCs 
activation and expression 
of pro-fibrotic genes  

(Yang et al., 
2022) 

Long Non-Coding 
RNA Regulation 

Modulates expression, 
stability, and function of 
lncRNAs 

Influences cell 
differentiation, 
proliferation, signal 
transduction, and fibrosis  

(Hassoun, 
2023); (Zhang 
et al., 2020) 

Circular RNA 
Regulation 

Binds specific circRNAs, 
regulates back-splicing and 
stability 

Promotes cell 
proliferation, anti-
apoptosis, and ECM 
synthesis  

(Pan et al., 
2022); (Wang 
et al., 2023) 

MicroRNA 
Regulation 

Binds miRNA precursors; 
influences maturation and 
function 

Modulates HSCs 
proliferation, apoptosis, 
and fibrosis-related gene 
expression  

(Horii et al., 
2023); (Xie et 
al., 2021) 

Fibrosis-Specific 
Effect 

Downregulates anti-fibrotic 
miRNAs (e.g., miR-29b) 

Increases collagen 
production and ECM 
deposition  

(Horii et al., 
2023) 

Cross-Disease 
Regulatory Role 

Regulates gene expression 
via ncRNAs in tumors, 
cardiovascular, and 
neurodegenerative diseases 

Influences cell 
proliferation, apoptosis, 
inflammation, and ECM 
synthesis  

(Pei et al., 
2023; Qian et 
al., 2023); (Liao 
et al., 2016); 
(Wu et al., 
2013). 

5.1.1. EWSR1 in Transcriptional Regulation 

The role of EWSR1 in transcriptional regulation primarily lies in its interactions with 
transcription factors and RNA polymerase II (Rajan et al., 2023). 

EWSR1 plays a critical role as a chromatin remodeling factor in gene expression regulation, 
primarily through interactions with transcription factors and RNA polymerase II, modulating the 
transcriptional activity of specific genes. EWSR1 can directly bind to the activation domains of 
transcription factors, enhancing their transcriptional activity. For example, in Ewing sarcoma, it 
forms complexes with the transcriptional co-activators p300 and CBP (Wachtel et al., 2024), 
collaboratively promoting the expression of target genes. This interaction facilitates the acetylation 
of histones H3 and H4, leading to a relaxation of chromatin structure and increasing the accessibility 
of transcription factors and RNA polymerase II to DNA, thereby activating the expression of pro-
tumor genes. Additionally, EWSR1 can regulate the open state of chromatin through chromatin 
remodeling complexes and histone acetyltransferases, thereby activating specific gene transcription 
during processes such as cell differentiation and stress response. This multi-layered regulatory 
mechanism underscores the crucial role of EWSR1 in gene expression regulation. 

In addition, EWSR1 also acts as a co-activator in transcriptional regulation, interacting with RNA 
polymerase II and the TATA-binding protein (TBP) to facilitate the assembly of the transcription 
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initiation complex (Hassoun, 2023), ensuring an efficient start to transcription. In this process, EWSR1 
collaborates with TBP and the transcription initiation complex (such as TFIID complex) to enhance 
the stability of the transcription initiation machinery, assisting RNA polymerase II in accurately 
locating the promoter regions of target genes and stabilizing its binding. This ensures effective 
initiation of transcription. This mechanism is essential for regulating the expression of fibrosis-related 
genes, especially under cellular stress conditions, where it helps maintain or modulate the 
overexpression of these genes. This multi-layered transcriptional regulatory function highlights the 
critical role of EWSR1 in gene expression and the maintenance of cellular functions. 

Meanwhile, the N terminus of EWSR 1 acts as a co-activator to regulate the activity of the 
promoter after binding with other transcriptional regulatory proteins. EWSR1 participates in the 
promoter regulation of various genes, particularly those involved in growth factors, cell cycle 
regulators, and inflammatory mediators. For example, EWSR1 influences cell proliferation and 
differentiation by regulating the target genes of the Wnt/β-catenin signaling pathway (Danieau et al., 
2019). Under stress conditions, EWSR1 interacts with SMAD3, a key transfuction molecule of TGF-β 
signaling pathway (Yang et al., 2022), which is likely closely related to the activation of HSCs during 
fibrosis. By regulating the expression of TGF-β and other pro-fibrotic factors, EWSR1 could serve as 
a key target for controlling liver fibrosis. 

5.1.2. EWSR1 in Non-Coding RNA Regulation 

EWSR1’s role in transcriptional regulation also extends to the expression and processing of non-
coding RNAs(ncRNAs). Research has shown that EWSR1 can influence the expression of long non-
coding RNAs (lncRNAs) and circular RNAs (circRNAs) (Hassoun, 2023), and it regulates gene 
expression through interactions with these non-coding RNAs. These lncRNAs play crucial roles in 
cell development and stress responses, and their dysregulated expression is closely associated with 
cancer and fibrosis. Moreover, EWSR1’s interaction with miRNA precursors suggests it may 
participate in the processing of specific miRNAs, potentially affecting their maturation and 
regulatory functions. Through these mechanisms, EWSR1 exerts a broad influence on gene 
expression, impacting both physiological and pathological processes. 

As an RNA-binding protein, EWSR1 plays a crucial role in the regulation of lncRNA expression, 
stability, and functionality. lncRNAs are essential regulators of cell differentiation, proliferation, and 
signal transduction pathways, and EWSR1 can interact with specific lncRNAs, influencing their 
cellular localization, degradation, and interaction with other proteins. Research has shown (Yamada 
et al., 2022) that in the intestinal epithelial cells of naked mole-rats, even in the absence of FUS, the 
expression of EWSR1 and TAF15 can partially compensate for the loss of FUS function. This 
compensatory effect indicates that EWSR1 and TAF15 share functional similarities with FUS, 
enabling them to interact with NEAT1_2 and support the formation of Paraspeckles. Additionally, 
the study speculates that FET family proteins might interact with MALAT1, participating in mRNA 
splicing and post-transcriptional processing, which are critical cellular processes. These findings 
highlight the significant role of EWSR1 in the lncRNA regulatory network and suggest its extensive 
influence on gene expression and cellular function maintenance. 

EWSR1 plays a crucial regulatory role in the biogenesis and stability of circRNA. CircRNA, a 
non-coding RNA with a closed-loop structure, is primarily formed through back-splicing of 
precursor mRNA. EWSR1 can bind to specific circRNAs, modulating their splicing process and 
influencing their intracellular localization and distribution. Furthermore, EWSR1 serves as an 
essential component of circRNA-protein complexes, participating in the regulation of cellular 
processes such as proliferation, anti-apoptosis, and stress responses. Research has shown (Pan et al., 
2022) that EWSR1 regulates the expression of circNEIL3, which stabilizes the IGF2BP3 protein, 
activates downstream signaling pathways, and promotes cell proliferation and survival. A similar 
mechanism might exist in the context of fibrosis, where EWSR1 could regulate anti-apoptotic signals 
in HSCs, maintaining their activated state and contributing to the progression of fibrosis. These 
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findings highlight the multifaceted role of EWSR1 in circRNA regulation, offering new insights into 
its molecular mechanisms in fibrosis. 

EWSR1 participates in the post-transcriptional regulation and stabilization of microRNAs 
(miRNAs) through direct binding. As a class of small non-coding RNAs, miRNAs primarily regulate 
gene expression by binding to specific mRNAs, either inhibiting protein translation or accelerating 
mRNA degradation. EWSR1 can influence the expression and function of specific miRNAs, thereby 
modulating cell proliferation, apoptosis, and fibrosis-related gene expression. 

In cardiac fibrosis, studies have shown (Horii et al., 2023) that EWSR1 interacts with VGLL3 to 
suppress the expression of miR-29b. miR-29b is a critical anti-fibrotic miRNA that targets and 
degrades collagen mRNA, thereby reducing ECM synthesis. When EWSR1 inhibits miR-29b, collagen 
production increases, exacerbating fibrosis. This regulatory mechanism may also exist in liver 
fibrosis, where EWSR1 could modulate miR-29b expression to maintain the pro-fibrotic state of HSCs. 

As an essential component of the gene expression regulatory network, ncRNAs play a significant 
role in various pathological processes, including fibrosis, cancer, cardiovascular diseases, and 
neurodegenerative disorders. 

In fibrosis, lncRNAs regulate HSCs activation, apoptosis, and abnormal ECM synthesis through 
interactions with proteins, DNA, or other RNAs. Researchers have discovered (Zhang et al., 2020) 
that lncRNA MALAT1 can interact with Smad proteins, SETD2, and PPM1A, forming a complex that 
regulates the TGF-β/Smad signaling pathway. This promotes the sustained activation of HSCs and 
enhances the expression of fibrosis-related genes. Such interactions impact the expression of genes 
associated with liver fibrosis. Additionally, miRNAs also play a crucial regulatory role in fibrosis. 
Studies have shown (Xie et al., 2021) that miR-29b expression is downregulated in fibrotic tissues, 
leading to increased synthesis of type I and type III collagen, exacerbating ECM accumulation. 
Furthermore, research indicates (Wang et al., 2023) that CircPSD3 overexpression significantly 
reduces α-SMA expression at both mRNA and protein levels, while simultaneously inhibiting HSCs 
proliferation and activation. 

In tumors, ncRNAs also play a significant role. lncRNA HOTAIR is highly expressed in breast 
cancer and liver cancer (Pei et al., 2023; Qian et al., 2023). It promotes tumor cell proliferation and 
metastasis by remodeling chromatin structure and suppressing the expression of tumor suppressor 
genes. In cardiovascular diseases, previous studies have reported (Liao et al., 2016) that lncRNA 
MIAT is upregulated in myocardial infarction patients, promoting cardiomyocyte apoptosis and 
exacerbating cardiac injury. In neurodegenerative diseases, non-coding RNAs also play a role in 
disease progression. lncRNA TUG1 is abnormally expressed in neurodeg (Wu et al., 2013). 

Although the pathological mechanisms of fibrosis, tumors, cardiovascular diseases, and 
neurodegenerative diseases differ, the regulatory roles of ncRNAs in these conditions exhibit 
similarities. ncRNAs participate in the onset and progression of diseases by influencing cell 
proliferation, apoptosis, inflammatory responses, and ECM synthesis. Additionally, ncRNAs can 
serve as biomarkers for disease diagnosis, staging, and prognosis assessment, or as therapeutic 
targets to improve disease outcomes through specific regulation of their expression. 

5.2. EWSR1 and Its Interaction with TGF-β Signaling 

EWSR1, as an RNA-binding protein, is widely distributed across various tissues and plays a 
critical role in cell proliferation, differentiation, RNA metabolism, and DNA damage repair. TGF-β, 
a multifunctional cytokine expressed in almost all cells, participates in numerous cellular biological 
processes through its signaling pathways, including the regulation of cell growth, proliferation, 
differentiation, ECM production, and fibrosis. The interaction between EWSR1 and TGF-β signaling 
remains incompletely understood. However, from the perspectives of molecular mechanisms, 
pathway regulation, and disease relevance, there appears to be a complex and significant relationship 
between the two. 

EWSR1 may influence multiple critical nodes of TGF-β signaling through its RNA-binding 
ability and protein interactions. The classical TGF-β signaling pathway operates via the Smad-

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 17 September 2025 doi:10.20944/preprints202509.1410.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202509.1410.v1
http://creativecommons.org/licenses/by/4.0/


 12 of 21 

 

dependent route, in which TGF-β receptors activate R-Smads (Smad2/3), allowing them to form 
complexes with Co-Smad (Smad4) and translocate to the nucleus to regulate target gene expression. 
EWSR1 may regulate the expression levels or translational efficiency of Smad mRNA by binding to 
it. Additionally, EWSR1 might directly interact with Smad proteins, thereby modulating the TGF-β 
signaling pathway and participating in the regulation of liver fibrosis. Beyond the classical pathway, 
TGF-β can also activate various signaling pathways through Smad-independent routes, such as 
MAPK, PI3K/Akt, JAK/STAT, and Rho-GTPase. Non-classical TGF-β pathways regulate diverse 
cellular processes, including proliferation, migration, differentiation, and survival, broadening the 
scope of TGF-β signaling in disease progression (Deng et al., 2024). EWSR1 may influence these non-
Smad pathways by modulating the expression of PI3K/Akt-related proteins, thereby enhancing 
cellular migration and promoting anti-apoptotic effects (Mo et al., 2023). 

Research has shown that the EWSR1-FLI1 fusion protein disrupts the TGF-β signaling pathway 
by suppressing the transcription of the TGF-βRII. This suppression reduces cellular sensitivity to 
TGF-β, thereby promoting tumorigenesis. Mechanistically, EWSR1-FLI1 binds directly to the TGF-
βRII promoter, inhibiting its transcriptional activity and impairing downstream TGF-β signaling. 
This loss of TGF-β signaling is considered a critical step in the progression of Ewing sarcoma (Hahm 
et al., 1999). 

There is a new research that shows that EWSR1 plays a significant role in hepatic fibrosis by 
influencing fibrogenic gene expression and the activation of HSCs. The study showed that (Bao et al., 
2023), Overexpression of EWSR1 in LX-2 cells (a human hepatic stellate cell line) enhanced the mRNA 
and protein levels of fibrosis markers such as collagen type I alpha 1 chain（COL1A1), α-SMA, and 
TGF-β1. Conversely, knockdown of EWSR1 reduced the expression of these markers, indicating its 
pivotal role in hepatic fibrogenesis. The study also demonstrates that EWSR1 was found to regulate 
connective tissue growth factor (CTGF), a downstream target of TGF-β1, which plays a critical role 
in extracellular matrix production and fibrosis progression. EWSR1’s modulation of TGF-β signaling 
was associated with the stabilization of specific mRNAs through interactions with microRNA 
pathways.These findings suggest that EWSR1 not only promotes liver fibrosis by regulating TGF-β-
mediated pathways but also provides a potential avenue for therapeutic intervention through the 
development of inhibitors targeting its function. 

In fibrotic diseases, TGF-β is the core driver of fibrosis, and its hyperactivation leads to an 
abnormal accumulation of collagen and the extracellular matrix. In the progression of fibrosis, the 
phosphorylation and nuclear translocation of SMAD3 are important steps in TGF-β signaling, 
directly promoting the expression of fibrosis genes (such as COL1A1 and FN 1). EWSR 1 was found 
to regulate the HSCs activation process in the liver fibrosis model, and promoted fiber deposition by 
stabilizing the mRNA expression of genes downstream of TGF-β. EWSR1 can interact with SMAD3, 
suggesting its potential involvement in regulating the TGF-β signaling pathway through its RNA-
binding and transcriptional regulatory functions. This interaction implies that EWSR1 may modulate 
the expression and activity of key transcription factors like SMAD3, thereby influencing TGF-β 
signaling. Through this regulatory role, EWSR1 could participate in the initiation and progression of 
liver fibrosis. 

5.3. Relationship Between EWSR1 and Oxidative Stress 

5.3.1. Role of EWSR1 in Stress-Granule Formation 

EWSR1 plays a key role in the formation and regulation of stress granules (SGs). These granules 
are dynamic ribonucleoprotein complexes rapidly assembled by cells in response to environmental 
stressors such as oxidative stress, heat shock, viral infections, or toxic damage. They primarily consist 
of untranslated mRNA, RNA-binding proteins, non-RNA-binding proteins, and translation factors 
(Wang et al., 2020). By temporarily suppressing the translation of specific mRNAs and storing them, 
stress granules reduce the cell’s metabolic burden, enabling it to better adapt to adverse conditions. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 17 September 2025 doi:10.20944/preprints202509.1410.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202509.1410.v1
http://creativecommons.org/licenses/by/4.0/


 13 of 21 

 

In this process, EWSR1 not only participates in the assembly of stress granules but also plays a crucial 
regulatory role, ensuring cellular homeostasis and enhancing survival under stress. 

Under stress conditions, EWSR1, an RNA-binding protein, relocates from the nucleus to the 
cytoplasm, where it actively participates in SGs formation. Utilizing its RRM, EWSR1 binds directly 
to untranslated mRNA and interacts with other RNA-binding proteins (Omar, 2024), including TIA-
1, G3BP1, and FUS, assembling into large ribonucleoprotein complexes essential for SG stability and 
function. EWSR1 interacts not only with mRNA but also with dissociated translation factors, such as 
eIF4G and eIF3 (Wang et al., 2020), disrupting their role in translation initiation. This interaction 
allows SGs to suppress global protein synthesis, conserving cellular energy, preventing the 
accumulation of misfolded proteins, and enhancing the cell’s ability to cope with stress. Additionally, 
SGs temporarily store specific mRNAs, which can be rapidly re-released for translation once the 
stress subsides, facilitating efficient recovery and cellular repair 

During the stress response, the large molecular complexes formed by EWSR1 and RNA-binding 
proteins are essential for the assembly of stress granules. Acting as a scaffold molecule, EWSR1 
facilitates the aggregation of RNA-protein complexes. 

The low-complexity domain (LCD) of EWSR1 plays a critical role in its scaffolding function, 
particularly in the formation of SGs. This domain mediates liquid-liquid phase separation (LLPS) 
(Molliex et al., 2015; Zhang et al., 2024), a key mechanism for the rapid assembly of membraneless 
organelles. Through LLPS, EWSR1 facilitates the quick aggregation of untranslated mRNA and 
associated proteins, forming dynamic stress granule structures. This phase separation property 
allows SGs to assemble rapidly under stress conditions and disassemble efficiently once the stress is 
relieved, ensuring a seamless transition between cellular states and maintaining cellular homeostasis. 

The scaffolding function of EWSR1 not only facilitates the stable assembly of SGs but also 
orchestrates the orderly recruitment of proteins and mRNA molecules, finely regulating the 
composition and function of SGs. This organized assembly and regulation ensure that SGs can 
rapidly respond to cellular stress and efficiently disassemble once the stress is relieved, maintaining 
cellular homeostasis. However, when EWSR1 undergoes genetic mutations or abnormal localization, 
it may lead to aberrant aggregation or delayed disassembly of SGs, impairing the cell’s ability to 
adapt to environmental stress and potentially contributing to pathological conditions such as 
neurodegenerative diseases, fibrosis, and cancer. 

In neurodegenerative diseases, such as ALS and frontotemporal dementia (FTD), abnormal 
aggregation of EWSR1 with proteins like FUS leads to the persistent presence of SGs, disrupting 
normal neuronal function (Masi et al., 2022). EWSR1 dysfunction is also associated with fibrosis and 
cancer. In the context of liver fibrosis, excessive formation of SGs may enhance HSCs resistance to 
oxidative stress, allowing them to survive in adverse environments and promote the accumulation 
of ECM, further exacerbating fibrosis. 

5.3.2. Regulation of EWSR1 by Oxidative Stress 

Oxidative stress plays a critical role in regulating EWSR1, serving as an essential mechanism for 
cellular adaptation to injury and stress. EWSR1 is involved in key processes such as RNA metabolism, 
transcriptional regulation, and SGs formation. As oxidative stress drives profibrotic and 
proinflammatory responses, it can significantly influence EWSR1’s expression, subcellular 
localization, and functional activity. These regulatory effects are closely linked to the progression of 
various diseases, including liver fibrosis, neurodegenerative disorders, and cancer. 

Under oxidative stress, elevated intracellular ROS trigger a series of molecular and cellular 
alterations, significantly impacting EWSR1’s function. ROS can influence EWSR1 at multiple levels, 
including its transcriptional expression, nuclear-cytoplasmic distribution, and its role in the assembly 
and disassembly of SGs. Through post-translational modifications, oxidative stress can fine-tune 
EWSR1’s involvement in RNA transcription and splicing, contributing to cellular stress responses 
and repair mechanisms. 
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Oxidative stress can activate multiple cellular signaling pathways, including NF-κB, PI3K/AKT, 
and MAPK (Averill-Bates, 2024), which in turn modulate the expression and activity of EWSR1 to 
enhance cellular stress responses. ROS can upregulate EWSR1 expression or promote its activation, 
thereby strengthening its transcriptional regulatory capacity and influencing stress-related gene 
expression. Additionally, oxidative stress-induced epigenetic modifications, such as acetylation, 
methylation, and phosphorylation (Angelopoulou et al., 2023), can alter EWSR1’s transcriptional 
activity and its interactions with other proteins, further fine-tuning its role in cellular stress defense 
mechanisms. 

Oxidative stress significantly alters the intracellular distribution of EWSR1. Under normal 
conditions, EWSR1 primarily resides in the nucleus, where it regulates gene transcription and RNA 
processing (Zhang et al., 2024). However, in response to oxidative stress, EWSR1 relocates to the 
cytoplasm and actively participates in SGs assembly. This relocation helps cells reduce metabolic 
demands by temporarily inhibiting the translation of specific mRNAs while safeguarding essential 
RNA molecules from degradation. Stress granule formation is a vital adaptive mechanism for 
managing oxidative stress, and EWSR1 plays a central role in this process. By interacting with key 
RNA-binding proteins such as TIA-1 and G3BP1, EWSR1 facilitates the aggregation of RNA-protein 
complexes, supporting the efficient assembly and stability of stress granuless (Baradaran-Heravi et 
al., 2020). These granules dissolve rapidly after stress relief, restoring normal RNA metabolism. 
However, EWSR1 function may be inhibited or disrupted under conditions of persistent or excessive 
oxidative stress. For example, stress granules may fail to dissolve properly, resulting in long-term 
RNA accumulation and translational repression. This phenomenon is particularly prominent in 
certain diseases, such as neurodegenerative diseases (such as ALS) and chronic inflammatory 
diseases. Abnormal localization of EWSR1 can disrupt cell cycle regulation and proliferation 
signaling pathways, potentially triggering uncontrolled cell growth and contributing to tumor 
initiation and progression. 

The regulation of EWSR1 by oxidative stress may also affect the development of liver fibrosis 
through an interaction with TGF-β signaling. In the fibrotic microenvironment, ROS can not only 
promote the expression of TGF-β signaling, but may also participate in the expression of liver fibrosis-
related genes, possibly through the regulation of EWSR1. The sustained activation of HSCs depends 
on the positive feedback loop of oxidative stress and TGF-β signaling, and the altered function of 
EWSR1 may exacerbate the maintenance of this feedback loop and further worsen liver fibrosis. 

EWSR1 may also directly influence HSC survival by regulating apoptosis-related genes. In the 
fibrotic environment, HSCs exhibit significant anti-apoptotic capability, primarily regulated by the 
Bcl-2 protein family, where the balance between anti-apoptotic proteins (such as Bcl-2) and pro-
apoptotic proteins (such as Bax) is crucial. If EWSR1 can downregulate Bcl-2 expression while 
upregulating Bax levels, it may disrupt the anti-apoptotic state of HSCs and trigger mitochondria-
mediated apoptotic signaling. Additionally, EWSR1 may affect HSC anti-apoptotic capacity by 
inhibiting the PI3K/AKT pathway. PI3K/AKT is a key pro-survival signaling pathway in HSCs, 
promoting the expression of anti-apoptotic proteins and suppressing pro-apoptotic factors to ensure 
long-term HSC survival. Investigating whether EWSR1 inhibition can weaken this signaling pathway 
and consequently promote HSC apoptosis is another important research direction. 

To verify whether EWSR1 affects HSC apoptosis by regulating ROS production or the 
antioxidant system, experimental studies using both cellular and animal models are required. By 
knocking down EWSR1 or treating cells with its inhibitor, changes in ROS levels, as well as the 
expression and activity of antioxidant enzymes in HSCs, can be assessed to elucidate its role in 
oxidative stress. Meanwhile, evaluating the expression of apoptosis-related genes (such as Bcl-2, Bax, 
and Caspase-3), combined with apoptosis rate analysis, will further clarify the regulatory role of 
EWSR1 in HSC apoptosis. Together, these studies establish EWSR1 as a pivotal regulator of fibrotic 
signaling pathways, as outlined in Table 3. 
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Table 3. Functional Roles of EWSR1 in TGF-β Signaling, Oxidative Stress, and Apoptosis in Hepatic Stellate 
Cells. 

Function/Role Target/Mechanism Experimental 

Model/Methods 

Findings/Effects References 

Modulation of 

TGF-β 

signaling 

Binding to Smad 

mRNA; interaction 

with Smad3 protein; 

regulation of TGF-β1, 

COL1A1, α-SMA, 

CTGF 

LX-2 cells (HSC line), 

overexpression and 

knockdown 

experiments, qPCR, 

Western blot 

Overexpression 

increases fibrosis 

markers; knockdown 

decreases markers; 

stabilizes mRNA of 

fibrosis-related genes; 

promotes HSC 

activation  

(Bao et al., 

2023); (Hahm et 

al., 1999). 

Interaction 

with non-

classical TGF-

β pathways 

Modulation of 

PI3K/Akt, MAPK, 

JAK/STAT 

Cell signaling assays Enhances HSCs 

migration; promotes 

anti-apoptotic effects  

(Mo et al., 

2023). (Deng et 

al., 2024) 

Stress granule 

formation 

under 

oxidative 

stress 

Scaffolding via RRM 

and low-complexity 

domain (LCD); 

interaction with TIA-

1, G3BP1, FUS; LLPS-

mediated assembly 

Stress-induced LX-2 

cells, fluorescence 

imaging 

Promotes SG assembly; 

inhibits translation 

temporarily; conserves 

energy; protects RNA; 

maintains cellular 

homeostasis  

(Wang et al., 

2020); (Zhang 

et al., 2024); 

(Molliex et al., 

2015),  

Regulation 

under 

oxidative 

stress 

Nuclear-cytoplasmic 

translocation; post-

translational 

modifications; 

interaction with NF-

κB, PI3K/AKT, 

MAPK 

ROS treatment in 

HSCs, Western blot, 

immunofluorescence 

Enhances 

transcriptional 

regulatory capacity; 

modulates stress-

related gene 

expression; maintains 

adaptive response 

Averill-Bates, 

2024 (Averill-

Bates, 2024); 

Angelopoulou 

et al., 2023 

(Angelopoulou 

et al., 2023) 

Regulation of 

apoptosis in 

HSCs 

Modulation of Bcl-2, 

Bax, Caspase-3; 

inhibition of 

PI3K/AKT 

LX-2 cells and 

fibrotic mouse 

models; apoptosis 

assays (flow 

cytometry, TUNEL) 

Promotes apoptosis by 

downregulating anti-

apoptotic proteins and 

upregulating pro-

apoptotic proteins; 

weakens PI3K/AKT 

survival signaling 

Zhang et al., 

2024 (Zhang et 

al., 2024) 

5.4. The Potential Role of EWSR 1 in Fibrosis 

As an RNA-binding protein, EWSR1 plays a key role in gene expression, RNA splicing, and 
cellular stress responses. RBPs are a class of proteins that regulate various RNA processes, including 
generation, splicing, maturation, transport, translation, and degradation, by recognizing specific 
RNA sequences or structural elements. Serving as essential mediators in post-transcriptional 
regulation, RBPs bridge the gap between gene transcription and functional protein translation. The 
specificity and efficiency of RNA binding by RBPs depend on their RNA-binding domains (RBDs). 
These domains include the RRM, which utilizes α-helices and β-sheets to directly interact with RNA; 
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the zinc-finger domain, stabilized by zinc ions to facilitate RNA binding; the double-stranded RNA-
binding domain (dsRBD), specialized for binding double-stranded RNA; and DEAD-box helicase 
domains, which are involved in RNA metabolism through their helicase activity. Additionally, many 
RBPs possess multifunctional domains, allowing them to interact simultaneously with RNA and 
proteins, enabling their integration into larger protein complexes and participation in diverse cellular 
regulatory networks. 

Abnormal expressions of RBPs are closely linked to the progression of various diseases. Research 
indicates that RBMS3, an RBP, is significantly upregulated in activated HSCs and liver fibrosis. 
RBMS3 binds to specific sites in the 3’ untranslated region (3’ UTR) of Prx1 mRNA, enhancing its 
stability and promoting increased protein synthesis. Since Prx1 transactivates the collagen α1 (I) 
promoter, this interaction further promotes the pro-fibrotic phenotype of HSCs, contributing to the 
progression of liver fibrosis (Fritz & Stefanovic, 2007). Additionally, other research has demonstrated 
that the RBP ELAVL1/HuR can regulate ferroptosis in HSCs by activating ferritinophagy, which may 
induce HSCs apoptosis and alleviate liver fibrosis (Zhang et al., 2018). The study indicates that upon 
exposure to ferroptosis-inducing compounds, the expression of ELAVL1 protein significantly 
increases, achieved through the inhibition of the ubiquitin-proteasome pathway. Knockdown of 
ELAVL1 using siRNA leads to resistance to ferroptosis, while ELAVL1 plasmids promote classical 
ferroptotic events. Additionally, the study observed upregulated ELAVL1 expression, ferritinophagy 
activation, and ferroptosis induction in primary HSCs collected from liver tissues of hepatocellular 
carcinoma patients. Studies have also found that RBPs are regulated by lncRNAs. Jun-Cheng Wu et 
al. discovered that Linc-SCRG1 accelerates liver fibrosis by reducing the RNA-binding protein 
Tristetraprolin (TTP) (Wu et al., 2019). In activated LX2 cells, overexpression of TTP leads to the 
downregulation of linc-SCRG1 while degrading its downstream target genes, such as MMP-2 and 
TNF-α. Moreover, the abnormal expression or dysfunction of RBPs is also closely associated with the 
development of cancer. RBPs influence diverse cancer-associated cellular phenotypes, such as 
proliferation, apoptosis, senescence, migration, invasion, and angiogenesis, contributing to the 
initiation and development of tumors, as well as clinical prognosis. Studies have found that members 
of the cytoplasmic polyadenylation element binding (CPEB) family are evolutionarily conserved 
RBPs that are critical regulators of mRNA transport and translation and are implicated in cancer 
genesis and progression (Wang et al., 2022). In neurodegenerative diseases, RBPs such as TDP-43 and 
FUS exhibit dysfunction in ALS and FTD, leading to RNA metabolic disorders and toxic RNA-protein 
aggregates (De Conti et al., 2017). In cardiovascular diseases, RBPs play roles in cardiac fibrosis and 
myocardial hypertrophy. For example, Quaking (QKI) influences the degree of fibrosis by regulating 
the activation of cardiac fibroblasts (Chothani et al., 2019). In metabolic diseases, RBPs affect insulin 
sensitivity and lipid metabolism abnormalities by regulating mRNA related to the insulin signaling 
pathway (Salem et al., 2019). 

Research on the relationship between EWSR1 and liver fibrosis is currently limited. TGF-
β/SMAD signaling is a core driver of HSCs activation, activated TGF-β initiates the SMAD-dependent 
pathway by binding to TGF-β RII and promotes the expression of downstream fibrotic genes, 
including type I and III collagen (COL1A1 and COL3A1) and FN1. In addition, TGF-β further 
enhanced the pro-fibrotic phenotype of HSCs and increased its proliferation through non-SMAD 
pathways (such as PI3K/AKT, MAPK, etc.), increasing its proliferation, migration, and anti-apoptotic 
capacity. EWSR1 might be able to interfere with critical nodes of these pathways, thereby 
contributing to the progression of liver fibrosis. 

In terms of the molecular mechanisms, the RNA binding and transcriptional regulatory 
functions of EWSR1 make it possible to influence the activity of TGF- β/SMAD signaling through 
multiple pathways. EWSR1 may directly regulate the expression or stability of key molecules in the 
TGF- β signaling pathway. Studies have shown that EWSR1 can fuse with SMAD3, with such 
alterations being associated with fibroblastic tumors. SMAD3 is a critical signal transducer in the 
TGF-β/SMAD signaling pathway, which regulates extracellular matrix synthesis in fibroblasts. This 
suggests a potential connection between EWSR1 and the TGF-β signaling pathway, indicating that 
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EWSR1 may contribute to the progression of liver fibrosis through its involvement in this pathway 
(Foot et al., 2021; Yang et al., 2022). Yunyang Bao et al (Bao et al., 2023). were the first to reveal 
EWSR1’s role in HSCs activation and liver fibrosis. Their study demonstrated that the compound 6K 
binds to EWSR1, inhibiting HSCs function and downstream fibrosis-related gene expression, thereby 
slowing liver fibrosis progression. While EWSR1 has been extensively studied as an anti-tumor 
target, this research marks its first identification as a potential therapeutic target for liver fibrosis. 
This discovery offers valuable insights for developing innovative anti-fibrotic treatment strategies. 

EWSR1 has been shown to regulate the expression of multiple apoptosis-related genes, including 
the anti-apoptotic gene Bcl-2 and the pro-apoptotic factor Bax (Heisey et al., 2019). Inhibiting EWSR1 
may reduce Bcl-2 expression while increasing Bax activity, thereby disrupting the apoptotic balance 
in HSCs. Additionally, EWSR1 inhibition could lower the activity of TGF-β-induced anti-apoptotic 
pathways, such as PI3K/AKT, further sensitizing HSCs to apoptotic signals. This combined effect 
may ultimately promote HSCs apoptosis and help limit the progression of liver fibrosis. 

EWSR1 may influence TGF-β signal transduction by modulating the expression of negative 
feedback regulators like SMAD7. As an endogenous inhibitor of the TGF-β pathway, SMAD7 
competitively binds to TGF-βRI, blocking the phosphorylation of SMAD2/3 and thereby inhibiting 
downstream signaling. If EWSR1 suppression leads to increased SMAD7 expression, it could 
effectively reduce TGF-β-induced HSCs activation, offering a potential mechanism for controlling 
liver fibrosis progression. 

Furthermore, EWSR1 inhibition may also impact non-SMAD signaling pathways. Studies 
suggest that EWSR1 may play an indirect role in regulating PI3K/AKT signaling (Mo et al., 2023). The 
PI3K/AKT pathway not only interacts with the TGF-β pathway but also directly contributes to the 
proliferation and anti-apoptotic state of HSCs. Inhibiting EWSR1 might reduce AKT activity, thereby 
decreasing the anti-apoptotic capacity of HSCs. Combined with the attenuation of TGF-β/SMAD 
signaling, HSCs may undergo further apoptosis. Additionally, the activity of MAPK pathways (such 
as ERK, JNK, and p38) could also be affected by EWSR1 inhibition, further reducing the migratory 
and pro-fibrotic abilities of HSCs. 

Although theoretically, the inhibition of EWSR1 might suppress HSCs activation or induce 
apoptosis by interfering with the TGF-β/SMAD signaling pathway, this hypothesis requires 
experimental validation. On the one hand, it is necessary to clarify the specific regulatory effects of 
EWSR1 on key molecules of the TGF-β signaling pathway in the fibrotic microenvironment. On the 
other hand, the comprehensive impact of EWSR1 inhibition on HSCs activation and apoptosis needs 
to be studied using both in vitro and in vivo models. Anyway, the inhibition of EWSR1 may interfere 
with the TGF-β/SMAD signaling pathway through multiple mechanisms, thereby suppressing HSCs 
activation or promoting apoptosis. This potential regulatory role offers a new perspective for 
exploring EWSR1 as a therapeutic target for anti-fibrotic treatment. However, further in-depth 
research is needed to elucidate its precise molecular mechanisms and the feasibility of therapeutic 
applications. 

6. Conclusions 

EWSR1 may act as a pivotal regulator in HSCs by modulating TGF-β signaling, oxidative stress 
responses, and apoptosis. Its interactions at the transcriptional and post-transcriptional levels are 
associated with regulation of fibrogenic gene expression, stress granule formation, and cell survival, 
thereby contributing to the initiation and progression of liver fibrosis. Targeting EWSR1 may provide 
a promising therapeutic approach for mitigating liver fibrogenesis. 
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