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Abstract: Fibrotic disorders pose a significant global health burden due to limited treatment options, creating an 

urgent need for novel therapeutic strategies. Amphiregulin (AREG), a low-affinity ligand for the epidermal 

growth factor receptor (EGFR), has emerged as a key mediator of fibrogenesis through dual signaling pathways. 

Unlike high-affinity EGFR ligands, AREG induces sustained signaling that activates downstream effectors and 

promotes integrin-mediated activation of transforming growth factor (TGF)-β. This enables both EGFR-depend-

ent and -independent mechanisms that contribute to fibrosis. Elevated AREG expression correlates with disease 

severity across multiple organs, including the lungs, kidneys, liver, and heart. Therapeutic targeting of AREG 

has shown promising antifibrotic and anticancer effects, suggesting a dual-benefit strategy. Increasing recogni-

tion of the shared mechanisms between fibrosis and cancer further supports the development of unified treat-

ment approaches. Inhibition of AREG has been shown to sensitize fibrotic tumor microenvironments to chemo-

therapy, enhancing combination therapy efficacy. Targeted therapies, such as Self-Assembled-Micelle inhibitory 

RNA (SAMiRNA)-AREG, have demonstrated enhanced specificity and favorable safety profiles in preclinical 

studies and early clinical trials. Personalized treatment based on AREG expression may improve clinical out-

comes, establishing AREG as a promising precision medicine target for both fibrotic and malignant diseases. 
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1. Introduction 

Fibrotic diseases represent a significant global health burden, characterized by excessive accu-

mulation of extracellular matrix (ECM) proteins that leads to progressive tissue scarring and organ 

dysfunction across multiple organ systems including the lungs, liver, kidneys, heart, and skin [1–4]. 

The pathological hallmark of fibrosis involves the persistent activation and proliferation of fibro-

blasts, which differentiate into myofibroblasts that produce excessive collagen and other ECM com-

ponents, ultimately resulting in tissue stiffening, architectural distortion, and impaired organ func-

tion [5–8]. Despite the high morbidity and mortality associated with fibrotic disorders, therapeutic 

options remain limited, highlighting the urgent need to elucidate the molecular mechanisms under-

lying fibrogenesis and identify novel therapeutic targets [9–11]. 

Recent investigations have revealed the critical involvement of various growth factors and cyto-

kines in orchestrating the complex cellular and molecular interactions that drive fibrotic processes. 

Among these mediators, amphiregulin (AREG) has emerged as a key regulator bridging tissue injury, 

inflammation, and repair mechanisms that can contribute to both physiological wound healing and 

pathological fibrosis [12–14]. AREG was first discovered and purified from the conditioned medium 

of MCF-7 human breast cancer cells treated with phorbol 12-myristate 13-acetate, revealing a unique 
bifunctional growth-modulating glycoprotein that exhibited the distinctive ability to both stimulate 

the proliferation of normal fibroblasts and keratinocytes while simultaneously inhibiting the growth 

of certain aggressive cancer cell lines, thus earning its name from this amphipathic regulatory func-

tion [15]. 

AREG belongs to the epidermal growth factor (EGF) family and functions primarily through the 
epidermal growth factor receptor (EGFR/ErbB1), yet possesses distinct binding characteristics and 

signaling properties that differentiate it from other family members [13,16]. Unlike EGF which 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 16 June 2025 doi:10.20944/preprints202506.1303.v1

Disclaimer/Publisher’s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and
contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting from
any ideas, methods, instructions, or products referred to in the content.

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

https://doi.org/10.20944/preprints202506.1303.v1
http://creativecommons.org/licenses/by/4.0/


2 of 6 

exhibits high-affinity EGFR binding, AREG is a low-affinity EGFR ligand that induces tonic signaling 
without triggering receptor internalization [16,17]. This unique property allows AREG to preferen-

tially induce phosphorylation of EGFR at Tyr992, leading to selective activation of the phospholipase 

C-γ (PLCγ) pathway rather than the canonical mitogen-activated protein kinase (MAPK) cascade 

[14]. The sustained PLCγ signaling has been shown to activate integrin complexes, particularly αvβ 

integrins, which play a crucial role in locally converting latent transforming growth factor (TGF)-β to 
its bioactive form [18]. This AREG-mediated mechanism represents a critical link between EGFR sig-

naling and TGF-β activation, positioning AREG as a key determinant of local TGF-β function in fi-

brotic tissues. 

AREG is encoded by a gene spanning approximately 10 kb that contains six exons, producing a 

1.4 kb mRNA transcript that is translated into a 252-amino acid transmembrane precursor protein 
(pro-AREG) which undergoes proteolytic cleavage by metalloproteinases, particularly a disintegrin 

and metalloprotease (ADAM) 17, to release the mature soluble form consisting of 78-98 amino acids 

depending on the cleavage site [13,19,20]. This dual existence as both membrane-anchored and solu-

ble forms enables AREG to function through multiple signaling modalities including autocrine, para-

crine, and juxtacrine mechanisms, with the membrane-bound form capable of direct cell-to-cell sig-

naling while the soluble form can act on distant targets [13,21]. Early investigations emphasized 

AREG’s fundamental role in wound healing and tissue repair processes, where it serves as a critical 

mediator linking immune responses to tissue regeneration by promoting epithelial cell proliferation, 

migration, and differentiation while simultaneously modulating inflammatory responses 

[12,17,22,23]. While AREG plays essential roles in physiological wound healing and tissue homeosta-

sis, accumulating evidence indicates its pathological involvement in chronic fibrotic diseases across 

multiple organ systems. In fibrotic conditions, sustained AREG expression creates a pathological 

feedback loop where activated fibroblasts and inflammatory cells continuously produce AREG, 

which in turn promotes further fibroblast proliferation and ECM synthesis through both EGFR-de-

pendent pathways and EGFR-independent mechanisms involving αvβ integrin-mediated TGF-β ac-

tivation [11,24,25]. This dual mechanistic pathway may explain why AREG contributes to EGFR in-

hibitor resistance and enhanced fibrosis in various pathological contexts [26,27]. 

The therapeutic potential of targeting AREG extends beyond simple EGFR signal blockade to 

include disruption of the αvβ integrin-TGF-β axis, thereby simultaneously modulating both EGFR-

dependent and independent fibrotic pathways. Experimental evidence has demonstrated that AREG 

inhibition through genetic deletion, neutralizing antibodies, or siRNA significantly attenuates fibro-

sis development and progression across multiple organ systems [27–30]. Importantly, strategies tar-

geting AREG have shown not only antifibrotic effects but also antitumor potential, presenting a 

promising therapeutic approach that could simultaneously target fibrosis and cancer progression. 

The relationship between fibrosis and cancer is increasingly recognized as bidirectional, with 

shared mechanistic features that enable common therapeutic approaches. AREG inhibition has been 

shown to sensitize the fibrotic tumor microenvironment (TME) to chemotherapy, creating synergistic 

effects when combined with conventional anticancer drugs [13,16,26]. These findings highlight 

AREG’s involvement in drug resistance, demonstrating its potential as a therapeutic target for fibrotic 

disorders and fibrosis-associated cancers, as well as a biomarker for disease progression. 

We reviewed the current understanding of AREG’s structural features, molecular mechanisms, 
physiological functions, and pathological roles in fibrotic diseases. We focus on AREG’s unique struc-

tural characteristics and signaling properties that distinguish it from other EGFR ligands, with par-

ticular emphasis on its dual capability to activate both EGFR-dependent pathways and EGFR-inde-

pendent mechanisms involving αvβ integrin-TGF-β interactions. We discuss AREG’s roles in the fi-

brosis of various organs, including pulmonary, hepatic, renal, cardiac, and cutaneous fibrosis, high-
lighting common pathological mechanisms as well as tissue-specific functions. Furthermore, we an-

alyze the interplay between fibrosis and cancer, examining how AREG contributes to cancer progres-

sion within fibrotic microenvironments and its potential role in chemoresistance. Finally, we assess 

emerging therapeutic strategies targeting AREG and its signaling pathways, such as monoclonal an-

tibodies, small molecule inhibitors, and siRNA. We discuss their potential benefits, limitations, and 

ongoing clinical developments. 
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2. Mechanism of Action of AREG 

AREG is a low-affinity ligand for the EGFR, distinguishing itself from high-affinity ligands such 

as EGF through its unique signaling pattern and downstream effects. Unlike EGF, which induces 

transient EGFR activation, AREG promotes sustained EGFR signaling with preferential phosphory-

lation of the Tyr992 residue, a critical feature that contributes to EGFR tyrosine kinase inhibitor (TKI) 

resistance [12,18,31–33]. This sustained signaling leads to prolonged activation of downstream path-

ways, particularly extracellular signal-regulated kinase (ERK)/MAPK cascades that drive persistent 

cellular activation and enhanced proliferation [34,35]. In fibrotic diseases, this prolonged EGFR acti-

vation results in continuous stimulation of fibroblasts and epithelial cells, promoting excessive extra-

cellular matrix production and tissue remodeling [36,37]. Moreover, AREG functions as a key ampli-

fier of EGFR signaling, capable of integrating signals from other low-affinity EGFR ligands at the 

receptor level, thereby orchestrating a complex signaling network that drives pathological processes 

such as tissue fibrosis and tumorigenesis [38–40]. 

Beyond canonical EGFR signaling, AREG also exerts its pro-fibrotic effects through EGFR-inde-

pendent mechanisms, notably via interaction with αvβ integrins. This interaction activates latent 

TGF-β, a master regulator of fibrosis, creating a critical crosslink between EGFR and TGF-β pathways 

[18,41,42]. Through this αvβ integrin-mediated TGF-β activation, AREG promotes epithelial-mesen-
chymal transition (EMT), a fundamental process in fibrogenesis and cancer metastasis [25,43]. Addi-

tionally, this EGFR-independent mechanism contributes significantly to resistance against EGFR 

TKIs, as AREG can maintain pro-fibrotic and pro-survival signaling despite EGFR inhibition [44,45]. 

Importantly, AREG has been shown to regulate Ku70 acetylation, promoting Bcl-2-associated X pro-

tein inhibition and consequently enhancing resistance to apoptosis and EGFR-targeted therapies [46]. 
This dual signaling capability, through both EGFR-dependent and EGFR-independent pathways, po-

sitions AREG as a central mediator of both intrinsic and acquired resistance mechanisms in EGFR-

driven diseases [47,48]. 

AREG expression exhibits distinct cellular patterns across fibrotic and tumor tissues. While 

AREG is produced by various immune cells, including macrophages, T cells, and type 2 innate lym-

phoid cells (ILC2s), it is particularly overexpressed in aberrant basaloid cells that contribute to dis-

ease pathogenesis [12,49,50]. In idiopathic pulmonary fibrosis (IPF), based on data mining through 

the IPF Cell Atlas portal (www.ipfcellatlas.com) and related studies, these aberrant basaloid cells 

represent a transitional epithelial phenotype derived from alveolar type 2 epithelial cell transdiffer-

entiation, serving as key drivers of progressive fibrosis through sustained AREG production [27,51–

53]. Similarly, cancer-associated fibroblasts and certain tumor epithelial cells exhibit elevated AREG 

expression, establishing a pro-fibrotic and pro-tumorigenic microenvironment [54,55]. Additionally, 

bone marrow-derived CD11c+ cells have been identified as significant contributors of AREG in pul-

monary fibrosis models [56]. This cell-specific expression pattern creates a complex intercellular com-

munication network, where AREG-producing cells instruct neighboring cells to enhance extracellular 

matrix production and tissue remodeling [57]. 

Targeting AREG represents a promising therapeutic strategy for fibrotic diseases and cancer, 

particularly in contexts where EGFR TKIs show limited efficacy. As a key driver of sustained EGFR 

activation and an integrator of signals from other low-affinity EGFR ligands, AREG serves as a central 

node in pathological signaling networks [39,40,58]. Novel approaches such as Self-Assembled-Mi-

celle inhibitory RNA (SAMiRNA)-based therapies designed to silence AREG expression have shown 

efficacy in experimental models of renal and pulmonary fibrosis [28–30]. Furthermore, antibody-

based therapies targeting AREG or targeting AREG shedding by ADAM17 antibody have demon-

strated anti-tumor efficacy in preclinical models [59,60]. The therapeutic potential of AREG inhibition 

extends beyond direct effects on EGFR signaling, as it may also disrupt the αvβ integrin-TGF-β axis, 

addressing both EGFR-dependent and EGFR-independent pro-fibrotic mechanisms [61,62]. We con-

ducted a thorough review of the published studies on fibrosis occurring in various organs. 

3. AREG and Fibrotic Diseases 

3.1. Lung Fibrosis 

IPF is a chronic, progressive, and ultimately fatal interstitial lung disease characterized by aber-

rant wound healing, excessive extracellular matrix deposition, and irreversible scarring of the lung 
parenchyma. The disease typically presents progressive dyspnea, dry cough, and declining lung 
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function, with a median survival of 3-5 years from diagnosis in the absence of treatment [63,64]. While 
the etiology remains incompletely understood, IPF is believed to result from complex interactions 

between genetic susceptibility, environmental exposures, and aging-related cellular dysfunction 

[65,66]. Currently approved antifibrotic therapies, including nintedanib and pirfenidone, have 

demonstrated modest efficacy in slowing disease progression but do not reverse established fibrosis 

or significantly improve survival rates [63,67,68]. These limitations, coupled with considerable side 
effects and variable patient responses, underscore the urgent need for more effective therapeutic ap-

proaches [69–71]. 

Emerging evidence indicates that AREG plays a crucial role in the pathogenesis of lung fibrosis 

and may serve as a prognostic biomarker. Multiple studies have demonstrated that elevated AREG 

levels correlate with disease severity and poor clinical outcomes in IPF patients. AREG levels are 
significantly elevated in various biological samples from patients with IPF and other pulmonary dis-

eases compared to healthy controls, including circulation, bronchoalveolar lavage fluid, and sputum. 

These increased AREG levels correlate with lung function decline and mortality risk [27,72,73]. More-

over, single-cell RNA sequencing studies have revealed persistently high AREG expression in inter-

mediate alveolar stem cells, suggesting that AREG may serve as a marker for transitional cell states 

that contribute to aberrant repair processes [27,74]. 

The profibrotic effects of AREG in lung fibrosis are mediated through multiple cellular sources 

and signaling pathways. Key populations include intermediate alveolar type 2 cells, which exhibit 

sustained AREG expression and contribute to failed regeneration [27,75]; bone marrow-derived 

CD11c+ cells, including dendritic cells and macrophages that accumulate in fibrotic lungs and secrete 

high levels of AREG [56,76]; ILC2s that produce AREG and regulate alveolar epithelial cell transdif-

ferentiation [77]; and AREG-producing pathogenic memory T helper (Th) 2 cells that instruct eosin-

ophils to secrete osteopontin, contributing to the airway fibrotic response and highlighting the com-

plex immunopathology of AREG-mediated fibrosis [50,78]. AREG activates fibroblasts via EGFR, 

triggering downstream pathways such as phosphoinositide 3-kinase (PI3K)/Akt, MAPK/ERK, and 

Smad, which promote fibronectin, collagen, and ECM deposition [24,25]. AREG directly stimulates 

fibroblast proliferation, migration, and differentiation into myofibroblasts, further exacerbating tis-

sue remodeling and fibrosis [24]. TGF-β, a key upstream regulator, induces AREG expression in epi-

thelial cells, creating a feedforward loop that amplifies fibrosis. This persistent AREG signaling trans-

forms physiological repair into pathological fibrosis. Additionally, AREG sustains a feedforward 

loop involving integrin-αV and TGF-β signaling, perpetuating fibroblast activation and extracellular 

matrix remodeling [18,79,80]. 

The identification of AREG as a key mediator in pulmonary fibrosis has prompted the develop-

ment of targeted therapeutic strategies aimed at selectively inhibiting AREG signaling while avoiding 

the broad toxicities associated with general EGFR or TGF-β pathway inhibition. Several preclinical 

studies have demonstrated the efficacy of AREG-specific approaches in attenuating lung fibrosis. We 

demonstrated that SAMiRNA targeting AREG (SAMiRNA-AREG) effectively reduced fibrotic mark-

ers and improved lung function in bleomycin-induced fibrosis models [30]. Similarly, AREG-target-

ing siRNA significantly reduced pulmonary fibrosis in TGF-β transgenic mice, with decreased colla-

gen deposition and preserved lung architecture [41]. In vitro studies also demonstrated that AREG 

silencing effectively inhibited TGF-β-induced fibrotic responses in lung epithelial cells [25]. Anti-
AREG monoclonal antibodies have shown reducing fibroblast activation and extracellular matrix 

production in vitro [27]. Areg knockout mice exhibit diminished fibrotic responses, validating its 

central role [27,56,78]. Unlike broad effects of EGFR and TGF-β inhibitors, AREG-specific therapies 

minimize systemic toxicity while disrupting pathogenic signaling, offering a precision medicine strat-

egy [81–84]. Notably, AREG gene expression varies with genetic background and immune system 
status, indicating that screening for AREG overexpression in patients before treatment could enhance 

the success rate of AREG inhibitors in IPF therapy [37]. AREG is a critical component in fibrotic cas-

cades, where its persistent expression drives inappropriate repair processes. This makes it a promis-

ing target for stopping disease progression. AREG-targeting therapeutics may be a disease-modify-

ing drug for IPF. Further clinical investigation is anticipated. 

3.2. Kidney Fibrosis 

Kidney fibrosis represents a common pathological outcome in chronic kidney disease (CKD), 

acute kidney injury (AKI), and diabetic kidney disease (DKD), characterized by persistent 
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inflammation and progressive scarring that leads to significant renal dysfunction, increased morbid-
ity, and mortality. These conditions share hallmark features including extracellular matrix accumu-

lation, fibroblast activation, and tubular atrophy, ultimately resulting in irreversible tissue damage 

[20,85–87]. Despite advances in understanding the pathophysiology of renal fibrosis, current treat-

ment options remain limited, with no definitive anti-fibrotic therapy available [88,89]. This significant 

unmet clinical need has driven research into novel therapeutic targets, among which AREG has 
emerged as a promising candidate due to its central role in mediating inflammatory and fibrotic re-

sponses in kidney disease [40,90,91]. 

Recent clinical studies have established AREG as a potential biomarker for kidney disease pro-

gression, with elevated levels detected in kidney biopsy tissues, serum, and urine samples from pa-

tients with CKD, AKI, and DKD [20,92,93]. These AREG levels correlate significantly with the degree 
of renal function decline, supporting its utility as both a diagnostic and prognostic indicator [20,28]. 

Notably, Osakabe and colleagues demonstrated that AREG concentrations in patients with CKD 

showed a strong association with disease severity [92], while clinical correlations in the Boston-Kid-

ney-Biopsy-Study and Chronic Renal Insufficiency Cohort have demonstrated that urinary AREG, 

unlike serum levels, may provide more direct insights into kidney-specific processes, suggesting its 

potential as a superior biomarker for kidney health and disease progression [93]. The emerging diag-

nostic potential of AREG extends to early-stage fibrosis detection and therapeutic response monitor-

ing, offering a novel approach to assess disease progression before irreversible damage occurs. 

Mechanistically, AREG plays a complex and tissue-specific role in kidney fibrosis. It is produced 

primarily by resident renal cells including proximal and distal tubule cells and podocytes, AREG 

functions as a crucial mediator in recruiting macrophages and monocytes to injured kidney tissue, 

promoting pro-inflammatory cytokine release and exacerbating tissue damage [40,90,94–97]. During 

acute kidney inflammation, AREG exhibits the most robust upregulation among EGFR ligands at the 

mRNA level [40,91]. The signaling cascade involves upstream regulators such as ADAM17 and TGF-

β1, which activate the EGFR-yes-associated protein 1-AREG axis, leading to increased α-smooth mus-

cle actin (α-SMA) expression, collagen deposition, ECM remodeling, and EMT processes [20,98–102]. 

Importantly, AREG demonstrates a dual nature depending on its cellular source: leukocyte-derived 

AREG mediates protective effects and promotes tissue repair, while tissue-derived AREG from resi-

dent kidney cells contributes to inflammation and fibrosis [12,90,103]. This dichotomy highlights the 

complexity of AREG signaling in renal pathophysiology and underscores the importance of targeted 

therapeutic approaches. 

Emerging therapeutic strategies specifically targeting AREG offer promising alternatives to 

broad EGFR inhibition, potentially mitigating kidney fibrosis while minimizing adverse effects [104–

106]. Preclinical studies employing various AREG-targeted approaches, including SAMiRNA-AREG, 

siRNAs, Areg knockout mouse models, and anti-AREG antibodies, have demonstrated significant 

reductions in fibrosis markers and improvements in renal outcomes [28,40,107]. For instance, Son et 

al. showed that SAMiRNA-AREG effectively ameliorated renal fibrosis through selective EGFR sig-

nal inhibition [28]. Natural product, quercetin shows inhibition of AREG/EGFR signaling-mediated 

renal tubular EMT and fibrosis in obstructive nephropathy [107]. Areg-specific therapies provide 

more selective inhibition of the AREG-EGFR axis compared to conventional EGFR inhibitors and 

natural products, potentially reducing off-target effects while maintaining therapeutic efficacy 
[102,105]. These preclinical studies strongly support AREG-focused intervention as a novel and pre-

cise anti-fibrotic strategy, offering hope for more effective treatments for patients with CKD, AKI, 

diabetic nephropathy, and other fibrotic kidney disorders. 

3.3. Liver Fibrosis 

Fibrosis progression in the liver is caused by chronic injuries such as alcohol- or metabolic-asso-

ciated fatty liver disease and hepatitis virus infection [108]. Liver fibrosis scores were correlated with 

the liver disease mortality, with 5-year all-cause mortality of advanced fibrosis being 14.9% [109,110]. 

Activated hepatic stellate cells (HSCs) in response to injury are the predominant source of myofibro-

blasts and fibrous scar in the liver. Liver fibrosis can be regressed by inactivating HSCs, inflammatory 

cells including macrophages, and fibrosis-driving signaling pathways [108]. Recent data have 

demonstrated that AREG is important for fibrogenesis in the liver by inducing HSCs to activated 
phenotype. In metabolic dysfunction-associated steatohepatitis (MASH) mouse models by fructose, 

palmitate, and cholesterol-rich (FPC) diet, AREG, produced by regulatory T cells, enhances the pro-
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fibrotic transcription factors in HSCs via EGFR signaling [111]. This leads to HSCs activation and 
liver fibrosis. Moreover, interleukin (IL)-6 produced by activated HSCs induced hepatic glucose in-

tolerance, which eventually promoted gluconeogenesis by hepatocytes and elevated serum glucose 

levels [111]. These results suggest that inhibiting AREG in the liver with chronic liver injury might 

be critical for inhibiting liver fibrosis as well as regulating glucose levels. Other studies revealed that 

AREG increased proliferation of HSCs through mitogenic signaling pathways such as PI3K and p38 
[112,113], whereas a protective role of AREG by inducing signal transducer and activator of tran-

scription 1-dependent apoptosis of HSCs was also reported [114]. 

On March 2024, Resmetriom was approved by the U.S. Food and Drug Administration approved 

for treating noncirrhotic MASH with moderate to advanced liver fibrosis [115]. It is a thyroid hor-

mone receptor-β agonist that enhances lipid metabolism and reduces liver fat. The approval of 
Resmetriom suggests that regulating an upstream signal relevant to generating or reversing liver 

fibrosis might be sufficient to improve disease condition. AREG is involved in signaling pathways 

which induce liver inflammation and fibrosis. An in vitro study with HepG2 cell showed that exog-

enous AREG treatment increased proinflammatory cytokine levels and activated nuclear factor-κB 

and MAPK signaling [116]. In addition, AREG induced cyclooxygenase-2 and inducible nitric oxide 

synthase, which are frequently overexpressed during inflammation [117,118]. Furthermore, inhibi-

tion of AREG by reversion-inducing cysteine-rich protein with kazal motifs or quercetin (one of the 

plant flavonoids) ameliorated EGFR activation, contributing to reduced hepatic fibrosis progression 

[119,120]. Our group recently demonstrated that inhibition of AREG using the SAMiRNA platform 

reduced hepatic lipid accumulation and attenuated fibrosis in a murine steatohepatitis model (data 

under review). These findings support the role of AREG in liver fibrogenesis and metabolic dysfunc-

tion. Taken together, these results show that targeting AREG is a feasible approach for liver fibrosis 

treatment. 

At an initial phase of identifying the role of AREG in the liver, researchers found that AREG 

participated in liver regeneration [22,121,122] and fibrogenesis in the carbon tetrachloride (CCl4)-ad-

ministered animals [123–125]. Additional studies helped to find out how increased AREG could lead 

to excessive liver fibrosis, as mentioned above. However, it should be considered that different ani-

mal models could give conflicting results on the role of AREG in the liver fibrosis. In the mice fed 

with FPC diet, AREG produced by regulatory T cells promoted liver fibrosis [111], but regulatory T 

cells-derived AREG was not pivotal for inducing pathological states in the CCl4 liver injury [126]. 

Cholestatic liver diseases are characterized by impairment of bile acid metabolism or bile flow. 

Hepatic accumulation of bile acids accounts for liver fibrosis and cirrhosis [127]. In the murine cho-

lestatic liver injury models, AREG induced protective responses and reduced apoptosis of liver cells 

by bile acids [128]. On the contrary, AREG derived from hepatic mucosal-associated invariant T 

(MAIT) cells promoted ductular reaction which is associated with bile duct hyperplasia, abnormal 

wound healing response, and liver fibrosis [129]. As liver MAIT cell levels are correlated with the 

survival of biliary atresia patients after surgery and histological fibrosis, targeting AREG in biliary 

atresia would be a potential therapeutic strategy. It was found that hepatic AREG expression was 

elevated in cirrhotic patients resulting from MASH, primary sclerosing cholangitis, alcohol, autoim-

mune hepatitis, and hepatitis B and C virus [130]. Further clinical investigation of AREG-targeting 

drug will prove the efficacy on liver fibrotic disease. 

3.4. Cardiac Fibrosis 

Pathological deposition of extracellular matrix proteins in the cardiac interstitium is a central 

feature of cardiac fibrosis [131,132]. A large number of studies suggested that the extent of cardiac 

fibrosis was associated with poor prognoses, but it may indicate the activation of wound healing 

[131]. No drugs have been approved for treating cardiac fibrosis yet. It causes cardiac dysfunction in 

various diseases, including myocardial infarction, hypertrophic cardiomyopathy, and arrhythmo-

genesis [133–137]. As reviewed elsewhere, cardiac fibrosis is a consequence of normal wound healing 

response in the injured heart, but it can lead to lethal cardiac arrhythmias [137]. Accumulating evi-

dence suggests that AREG is an important regulator of heart remodeling after injuries, as well as 

adverse effects such as excessive proliferation of myofibroblasts. In murine cardiac pressure overload 

models, AREG produced by macrophages was necessary for maintaining homeostasis via hyper-
trophic and fibrotic response in cardiomyocytes, and connexin 43 gap junction stabilization to regu-

late cardiac impulse conduction [138,139]. Hypoxia-inducible factor 2-α-dependent AREG expression 
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alleviated myocardial ischemia-reperfusion injury [140]. In contrast, AKT/mammalian target of ra-
pamycin signaling induced by AREG contributed to the development of myocardial hypertrophy 

and fibrosis, and heart failure after cardiac pressure overload [141]. AREG-dependent EGFR signal-

ing can promote myofibroblast proliferation and excessive cardiac fibrosis if uncontrolled [142]. Hu-

meres et al. revealed that Smad7 acted as a critical regulator of moderate remodeling in myofibro-

blasts of infarcted heart by inhibiting various TGF-β1 downstream signaling pathways [143]. In car-
diac myofibroblasts, antifibrotic effects including decrease in extracellular matrix gene expressions 

by Smad7 and EGFR interaction was evident only in AREG-stimulated conditions [143]. This suggests 

that at pathological conditions Smad7 is defective, AREG overexpression might result in unrestrained 

fibrosis generation through continuous EGFR activation. The capacity of AREG to induce other heart 

diseases requires further investigation, as AREG upregulation is related with the incidence of cir-
rhotic cardiomyopathy [144], hypertrophic cardiomyopathy [145], chronic rejection after heart trans-

plantation [146], atrial fibrillation [147], and hypothermic cardiac deaths [148]. 

3.5. Intestinal Fibrosis 

AREG helps to remodel intestine in inflammatory states such as colitis; however, this may lead 

to inflammatory bowel disease (IBD) or intestinal fibrosis if not appropriately regulated. AREG-ex-

pressing ILC2s in the gut exacerbated inflammation and disease severity in the dextran sodium sul-
fate mouse model of intestinal damage [149,150]. Cyclic adenosine monophosphate/protein kinase A, 

G-protein-coupled receptor 43, and B lymphocyte induced maturation protein 1 acted as upstream 

activators of AREG and EGFR signaling to induce tissue repair [151–153]. Contrary to the protective 

roles, AREG was highly expressed in intestinal biopsies of pediatric patients with IBD and severe 

graft-versus-host disease, which suggests that AREG staining could be used as a marker for severe 
inflammation [154]. Intestinal fibrosis is a frequent consequence of chronic inflammation in IBD, par-

ticularly Crohn’s disease [155,156]. Fibrotic complications could worsen the disease states by causing 

stricture formation, but antifibrotic therapy for treating intestinal fibrosis as the complication of 

Crohn’s disease has not been developed yet [157,158]. Mechanism of intestinal fibrosis development 

is an area of ongoing research with an article by Yang et al. revealing that Th17 cell-derived AREG 

take a central role [159]. Areg KO mice showed harsher colitis than wild type mice, but less severe 

intestinal fibrosis as evidenced by collagen and α-SMA gene expressions and collagen thickness in 

the colon. Moreover, proliferation and migration of intestinal myofibroblasts isolated from Crohn’s 

disease patients was promoted by recombinant AREG treatment [159]. Remarkably, AREG expres-

sion in the intestinal biopsies of Crohn’s disease patients with fibrosis was elevated compared to 

tissues from patients without fibrosis. Collectively, these data suggest that AREG is involved in di-

verse functions in intestines from regenerating damaged tissue to inducing chronic inflammation and 

fibrosis in a long-term fashion. 

3.6. Radiation-Induced Fibrosis 

Fifty-percent of all cancer patients including those with solid tumors receive radiation therapy 

[160]. Tissue fibrosis related to radiation might occur as an adverse effect of radiotherapy. Radiation 

injury elicits DNA damage and reactive oxygen species, which induces acute inflammation 

(minutes~days) and fibrosis (weeks~months) [161]. In our previous work, we demonstrated that to-

tal-body irradiation (TBI) to mice induced fibrosis in the kidney [29]. AREG expression in the kidney 

consistently increased 4 to 24 weeks after 6 Gy TBI. Fibrotic markers such as α-SMA and collagen 
type Iα1 were overexpressed at a later time point, namely 24 weeks after TBI. AREG and fibrotic 

marker expressions were not significantly altered in other organs analyzed including lung, liver, in-

testine, and spleen. Knockdown of AREG using SAMiRNA-AREG reduced α-SMA expression in the 

proximal and distal tubules of the kidney. Moreover, SAMiRNA-AREG diminished TBI-induced col-

lagen accumulation in the cortex and medulla of the kidney. These results suggest that inhibition of 
AREG might be a useful strategy to alleviate radiation-induced renal fibrosis [29]. Besides this study, 

the role of AREG in the fibrosis development upon irradiation has not been widely identified. Two 

individual studies showed protective effects of AREG at early response to irradiation using Areg KO 

mice [151,162]. Intestinal regeneration in the 12 Gy TBI-exposed mice was not promoted without 

AREG at one week after TBI [151]. Radiation-induced AREG was primarily located in intestinal sub-

epithelial myofibroblasts [151]. The other study adopted low-energy radiation such as ultraviolet B 

(UVB). Meulenbroeks et al. revealed that AREG derived from basophils was essential for immune-
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suppressing function of UVB [162]. The immune response was induced by applying dinitrofluoro-
benzene to the mouse skin and left for 10 days. Therefore, these results suggest that AREG can take 

beneficial roles (i.e., remodeling and recovery) in the short term after irradiation, but persistent acti-

vation of AREG may lead to chronic diseases including fibrosis. 

3.7. Other Types of Fibrosis 

Systemic sclerosis (SSc) is an autoimmune rheumatic disease that manifests uncontrolled fibrosis 

in the skin and internal organs [163]. In the bleomycin-induced skin fibrosis mouse models, AREG 

expression was consistently upregulated during fibrosis development [164]. Fibrosis and elevated 

cell proliferation in the dermis by bleomycin were not observed in the Areg KO mice. Single-cell RNA 

sequencing results from lung explants of SSc-associated interstitial lung disease (SSc-ILD) indicated 

that AREG expression of SSc-ILD in the natural killer (NK) cells was significantly higher than healthy 

controls [165]. Authors speculated about an interaction of AREG-overexpressed NK cells between 

SSc-ILD basal cells in which EGFR was upregulated. However, in the serum of SSc patients, AREG 

levels were not elevated compared to healthy controls [72]. Serum levels of AREG were higher in 

patients with idiopathic inflammatory myopathy (IIM), which is an autoimmune muscle disease [72]. 

IIM primarily features muscle weakness, but increasing research indicates that the development of 

interstitial lung diseases and pulmonary fibrosis are associated with IIM [166–168]. Therefore, anti-
fibrotic drugs inhibiting AREG expression may alleviate lung diseases related to IIM [169]. 

Recent studies have revealed important roles for AREG in eosinophilic esophagitis (EoE) and 

esophageal fibrosis [170,171]. In the intranasal IL-33-induced EoE murine models, AREG derived by 

type 2 ILC2s and its activation of EGFR promoted esophageal epidermal thickening, abnormal pro-

liferation, and fibrosis [170]. Notably, sole recombinant AREG administration to mice without IL-33 
was sufficient to induce EoE phenotypes. AREG overexpression was also confirmed in the biopsies 

of human EoE patients [170]. In mouse EoE and esophageal fibrosis model that was exposed to long-

term intranasal house dust mite antigen, Areg knock-out reduced fibrotic responses [171]. Moreover, 

AREG-producing T cells colocalize with esophageal fibroblasts and AREG induce their proliferation. 

By performing single-cell RNA sequencing of esophagus from EoE patients, authors demonstrated 

that AREG-expressing Th2 cell infiltration was higher in the inflammatory and fibrotic lesions than 

control, and increased Th2 cell infiltration correlated with active state of esophageal fibrosis [171]. 

Taken together, these studies have revealed that AREG from rapid (ILC2s) and sustaining (Th2 cells) 

type 2 immunity was involved in the development of esophageal fibrosis, and AREG would be a 

promising target to alleviate the disease. 

4. AREG and Cancer 

AREG, a ligand of the EGFR, plays a crucial role in promoting cancer cell proliferation, survival, 

angiogenesis, invasion, metastasis, and the development of drug resistance [39]. It has been reported 

that AREG can induce the expression of programmed death-ligand 1, contributing to immune eva-

sion in the TME [172,173]. Elevated levels of circulating AREG have been identified in multiple cancer 

types, suggesting its potential utility as a serum biomarker for certain malignancies [174,175]. Im-

portantly, AREG overexpression has been identified as a key mechanism underlying resistance to 

EGFR inhibitors such as gefitinib in non-small cell lung cancer and other cancer types [46,174,176]. 

AREG also promotes oncogenic signaling in breast cancer, particularly in phosphatase and tensin 

homolog-null contexts, and can be secreted via exosomes to enhance cancer cell invasion capabilities 
[177,178]. 

Targeting AREG has emerged as a promising strategy to overcome EGFR inhibitor resistance 

and suppress tumor progression across various cancer types. RNA interference-mediated silencing 

of AREG, including the use of SAMiRNA-AREG has demonstrated significant anti-fibrotic activity in 

preclinical models and is expected to yield anti-tumor effects, suggesting a promising therapeutic 
approach that potentially targets both fibrosis and cancer progression simultaneously [28,30]. Fur-

thermore, AREG-neutralizing antibodies have been shown to inhibit tumor growth and metastasis in 

ovarian cancer models [179]. These therapeutic approaches suggest that blocking AREG activity can 

restore sensitivity to EGFR-targeted therapies in multiple cancer types including colorectal cancer 

[180,181], lung cancer [46], and pancreatic cancer [182]. The development of siRNA-based nucleic 

acid drugs targeting AREG represents a promising frontier in cancer therapeutics [183]. 
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AREG, characterized as a low-affinity EGFR ligand, has distinct biological roles compared to 
high-affinity ligands such as heparin-binding EGF-like growth factor (HB-EGF) [12,33–35,184]. No-

tably, AREG is capable of activating TGF-β, a key regulator of fibrosis [18,41]. Inhibition of EGFR 

signaling disrupts HB-EGF-mediated homeostasis, which may contribute to fibrotic progression in 

patients receiving EGFR-targeted treatments [36]. The relationship between fibrosis and cancer is in-

creasingly recognized as bidirectional, with shared mechanistic features suggesting common thera-
peutic approaches [55,185–187]. Therefore, suppressing AREG activity may be critical for mitigating 

fibrosis in EGFR inhibitor-treated cancer patients, as indicated by studies in multiple tissue contexts 

[36,37,188]. 

Inhibition of AREG has been shown to sensitize fibrotic TME to chemotherapy, suggesting a 

synergistic effect when combined with conventional anti-cancer drugs [189]. Combinational thera-
peutic strategies that include AREG-targeted inhibitors can reprogram the TME, enhancing anti-tu-

mor efficacy [187,190]. Moreover, AREG produced by tumor-associated macrophages [55], cancer-

associated fibroblasts [54,55], regulatory T cells [191,192], or dendritic cells [193] along with TGF-β, 

promotes collagen deposition and fibrosis in the tumor stroma [194]. These components establish a 

positive feedback loop that accelerates tumor progression and reinforces oncogenic signaling through 

EGFR-dependent pathways [195]. Importantly, the fibrotic TME creates a physical barrier that im-

pedes drug delivery and contributes to drug resistance, further highlighting the importance of tar-

geting AREG in cancer treatment [196,197]. 

Considering the pivotal role of TGF-β signaling in both fibrosis and tumor development, this 

pathway represents an attractive therapeutic target [198,199]. However, the pleiotropic and homeo-

static functions of TGF-β limit its direct inhibition in clinical settings [62,200,201]. As such, targeting 

AREG presents a compelling alternative strategy to indirectly modulate TGF-β activity in the cancer 

microenvironment [18,62,202,203]. The development of combinational therapies incorporating AREG 

inhibitors holds great promise for remodeling the TME and enhancing therapeutic outcomes in var-

ious cancer types, including colorectal cancer [204,205], pancreatic cancer [182,206], head and neck 

cancer [26,207], ovarian cancer [179,208], and lung cancer [16,179,192,193,209,210]. By disrupting the 

AREG-mediated crosstalk between cancer cells and stromal components, these approaches may over-

come the limitations of conventional cancer therapies and provide new avenues for clinical interven-

tion. 

5. Therapeutic Targeting of AREG: Preclinical and Clinical Trials for Human Application 

Preclinical studies have shown that SAMiRNA-AREG mitigates fibrosis in the lung, kidney, and 

liver while demonstrating a favorable safety profile in both rodent and primate models. Its targeted 

mechanism and minimal immunogenicity make SAMiRNA-AREG a promising precision therapeutic 

for fibrotic and AREG-driven malignancies The physiological expression profile of AREG provides 

strong evidence supporting the tolerability of AREG inhibition. According to the Human Protein At-

las [211], AREG expression is nearly undetectable in healthy human tissues except the placenta. This 

suggests that targeting AREG is unlikely to disrupt essential physiological functions. Moreover, stud-

ies using Areg knockout mice have shown normal reproductive capacity and life expectancy, rein-

forcing the safety of AREG suppression [212]. Additional studies with Areg null mice demonstrated 

that AREG is not essential for bone anabolic action of parathyroid hormone [213] and, while AREG 

plays a role in mammary gland development [214] and liver regeneration [22], its absence does not 

cause significant physiological impairment. These findings provide strong preclinical justification for 

the safety of targeting AREG [27]. 

Therapeutic targeting of AREG aims to disrupt its pathological signaling involved in fibrosis 

and cancer. AREG can be inhibited at multiple levels: (1) by neutralizing its ligand activity using 

monoclonal antibodies, (2) by blocking AREG shedding through inhibition of ADAM17 protease, or 

(3) by downregulating its gene expression using RNA interference (RNAi). Among RNAi-based ap-

proaches, SAMiRNA represents a novel delivery platform that enhances the stability, bioavailability, 

and safety of siRNA therapeutics [215]. SAMiRNA-AREG specifically silences AREG mRNA, effec-

tively reducing both EGFR-dependent and integrin-mediated TGF-β signaling in fibrotic and tumor 

tissues. 

Toxicological evaluation of SAMiRNA-AREG platform has been thoroughly conducted through 
four preclinical studies in both rodent and non-human primate models, revealing no significant ad-

verse effects at various dose levels and durations. Kim et al. conducted safety pharmacology studies 
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of SAMiRNA-AREG and reported no abnormal findings in cardiovascular, respiratory, or central 
nervous system functions [215]. In a four-week repeated intravenous dose toxicity study in mice, Kim 

et al. demonstrated no significant toxicity at doses up to 300 mg/kg [216]. The genotoxicity evaluation 

by Kim et al. confirmed that SAMiRNA-AREG was non-mutagenic and non-clastogenic [217]. Most 

notably, a systemic toxicity and toxicokinetics study in cynomolgus monkeys following intravenous 

injection revealed no adverse effects with repeated dosing [218]. Comprehensive toxicological assess-
ments across these studies, including histopathology, hematology, clinical chemistry, and immuno-

genicity, showed no abnormal findings. The absence of organ toxicity or immune activation high-

lights the favorable safety profile of SAMiRNA-AREG in preclinical settings. Recent Phase 1a clinical 

trial of SAMiRNA-AREG (SRN001) in healthy human volunteers has yielded promising results (data 

under review). In a randomized, double-blind, placebo-controlled, single ascending dose Phase 1 
clinical trial conducted in healthy participants, SRN001 demonstrated an acceptable safety profile 

across dose range of 15 mg to 210 mg. No infusion-related reactions, no anti-drug antibodies (ADAs) 

were detected, indicating a low risk of immunogenicity and confirmed acceptable tolerability in hu-

mans. The favorable safety data for SAMiRNA-AREG provide a compelling rationale for its contin-

ued development as a promising therapeutic strategy for fibrotic diseases and cancer. 

SAMiRNA-AREG represents a significant advancement in siRNA-based therapeutics, address-

ing many common challenges associated with siRNA drugs. siRNA drugs provide high target spec-

ificity and can effectively silence virtually any gene in the long term [183,219]. They are easier to 

design than small molecules, allow flexible routes of administration, have low dosing frequency, and 

can provide sustained effects with manageable safety profiles. However, conventional siRNAs are 

often unstable in vivo and susceptible to nuclease degradation. They are primarily delivered to the 

liver and may trigger innate immune responses [183,220–223]. Off-target effects and toxicity remain 

major barriers [183,224–226]. SAMiRNA-AREG overcomes these limitations through novel supramo-

lecular structure [30]. The self-assembled micelle structure protects the siRNA from degradation 

while facilitating cellular uptake [28,227]. Notably, off-target analysis confirmed that SAMiRNA-

AREG does not induce off-target gene expression changes (data not shown), and innate immune 

stimulation in preclinical and clinical studies. By selectively inhibiting AREG signaling, SAMiRNA-

AREG provides a targeted method for treating pulmonary and other organ fibroses, while minimiz-

ing the side effects linked to broad EGFR and TGF-β inhibition [28,30]. The unique properties of the 

SAMiRNA platform, including enhanced stability, reduced immunogenicity, and efficient delivery 

to fibrotic and cancer tissues, overcome many of the traditional limitations of siRNA therapeutics 

[228,229]. These insights support SAMiRNA-AREG as a targeted and innovative approach for fibrosis 

and cancer therapy, with the potential to address a significant unmet medical need in patients with 

various fibrotic conditions. 

6. Conclusion and Future Perspectives 

AREG has emerged as a central mediator in the pathophysiology of fibrosis and fibrosis-associ-

ated cancers across multiple organ systems, acting through both EGFR-dependent and integrin-me-

diated pathways and diverse intercellular interactions (Figures 1 and 2). This review highlights how 

AREG’s unique signaling properties—such as its preferential activation of PLCγ via EGFR Tyr992 

and its capacity to activate latent TGF-β through αvβ integrins—enable sustained fibrotic signaling 

in cell and tissue-specific contexts [18]. In particular, the dual role of AREG, promoting repair or 

exacerbating fibrosis depending on its cellular origin and timing, underscores the complexity of its 

biology. These mechanistic nuances help explain the partial efficacy of conventional EGFR inhibitors 

and highlights the need for more precise, targeted antifibrotic and anticancer therapies. 

Notably, the consistent upregulation of AREG in fibrotic and fibrosis-associated neoplastic con-

ditions highlights a shared pathogenic axis between fibrosis and cancer. AREG-driven microenviron-

ments facilitate both extracellular matrix remodeling and immune evasion, positioning AREG as a 

key node in the fibrotic–tumor continuum. This convergence offers a unique therapeutic window 

wherein AREG-targeted strategies could disrupt disease progression in both fibrosis and cancer sim-

ultaneously. 

Moreover, variability in AREG expression based on genetic background and immune status re-

inforces the importance of patient stratification. The success of AREG inhibition will likely depend 
on precise identification of AREG-producing and -responding cells, as well as the temporal dynamics 

of its expression. First, the precise temporal dynamics of AREG expression during disease 
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progression remain incompletely characterized, limiting our ability to identify optimal therapeutic 

windows. Second, the relative contributions of EGFR-dependent versus integrin-mediated TGF-β ac-

tivation pathways in different fibrotic contexts require further elucidation. Third, the molecular 

mechanisms that control the transition from reparative to pathological AREG signaling are still un-

known. These findings of knowledge gaps argue for a personalized medicine approach to AREG-

targeted therapy, integrating precise diagnostics with tailored intervention windows. 

AREG is more than a downstream effector of EGFR signaling—it is a context-dependent regula-

tor of fibrotic remodeling and a promising therapeutic target. The advent of novel strategies such as 

SAMiRNA-AREG offers new opportunities to intervene in both fibrotic and cancerous processes, 

with improved specificity and safety. SAMiRNA-AREG strategies demonstrate promising preclinical 

efficacy with favorable safety profiles, offering advantages over traditional siRNA therapeutics 

through reduced immunogenicity and enhanced targeting specificity. The drug targeting AREG 

could sensitize fibrotic tumor to chemotherapy and immunotherapy by changing microenviron-

ments, which will present enhanced efficacy of combination therapies. However, successful clinical 

translation will require patient stratification based on AREG expression profiles and careful consid-

eration of cell-specific targeting approaches. 

Future research should focus on several key areas: (1) mapping the spatiotemporal expression 

of AREG across disease stages; (2) elucidating cell-type specific effects in human fibrotic tissues using 

single-cell technologies; (3) defining mechanistic switches from reparative to fibrotic AREG signaling; 

(4) optimization of delivery systems for cell-specific AREG inhibition; (5) defining long-term effects 

and safety of AREG inhibiton; and (6) advancing preclinical AREG inhibitors into clinical trials. 

In conclusion, AREG represents both a promising therapeutic target and a valuable biomarker 

for fibrotic diseases and cancer. Its unique position at the intersection of tissue repair, fibrosis, and 

cancer progression offers unprecedented opportunities for developing integrated treatment strate-

gies. As we understand more about the AREG function in fibrotic diseases and cancer, we can utilize 

its potential for therapeutics to transform these incurable fibrotic conditions into modifiable diseases. 

 

Figure 1. Signal transduction pathways of AREG inducing fibrosis and cancer. (A) AREG-mediated EGFR sig-

naling stimulates AKT/ERK, JNK, and c-Jun to promote profibrotic protein expression such as CTGF, fibronectin, 
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and α-SMA. AREG can be activated by TGF-β and can also activate TGF-β via integrin αv, which in turn induces 

AREG expression. (B) Kidney injury elevates ADAM17 and cleavage of pro-AREG in proximal tubules. It causes 

EGFR to be consistently activated, and YAP1 increases AREG transcription. Thus, AREG signaling can be am-

plified via a positive feedback loop. EGFR activation by AREG leads to profibrotic gene expressions. (C) AREG 

induced HSC proliferation and hepatic inflammation through mitogenic signaling such as PI3K, NF-κB, and 

MAPK. (D) In a cardiac pressure overload model, GABAA receptor activity in macrophages is upregulated. Con-

sequent AREG-induced AKT/mTOR signaling activation plays an important role in generating myocardial hy-

pertrophy and fibrosis. Upon myocardial infarction, myofibroblast activation needs TGF-β-, ErbB2-, and AREG-

EGFR-mediated signaling. Smad7 inhibits excessive remodeling in the infarcted heart . (E) AREG which can be 

produced by DNA damage to nearby stromal cells activates EGFR and its downstream pathways in cancer cells. 

Moreover, AREG alters the transcriptomics of cancer cells—such as by promoting the expression of PD-L1, 

which facilitates immune evasion in the tumor microenvironment—thereby driving them toward for them to 

have immunosuppressive and aggressive phenotypes. AREG and integrin α6β are able to enhance expression 

mutually. Activated integrins promote ECM deposition, contributing to form fibrotic tumor. ADAM, A disin-

tegrin and metalloprotease; α-SMA, α-smooth muscle actin; CTGF, connective tissue growth factor; ERK, extra-

cellular signal-regulated kinase; GABAA, gamma-aminobutyric acid subtype A; HSCs, hepatic stellate cells; JNK, 

c-Jun N-terminal kinases; MAPK, mitogen-activated protein kinase; mTOR, mammalian target of rapamycin; 

NF-κB, nuclear factor kappa B; PI3K, phosphatidylinositol 3-kinase; TGF, transforming growth factor; YAP1, 

yes-associated protein 1. The figure was created in https://BioRender.com. 

 

Figure 2. AREG-involved intercellular interactions that contribute to fibrosis formation and cancer progression. 

(A) AREG production by ST2hi memory Th2 cells are induced by IL-33. AREG activates EGFR signaling in eo-

sinophils. They are transcriptionally reprogrammed to secrete osteopontin, which is required for airway fibrosis. 

In fibrotic lungs, upregulated AREG in intermediate AT2 cells leads to lung fibrosis development. Treg cells, 

ILC2s, macrophages, and aberrant basaloid cells are known sources of AREG in fibrotic lungs. (B) Proximal and 

distal tubule-derived AREG activates EGFR signals. This recruits macrophages and neutrophils, which leads to 

renal inflammation and fibrosis. (C) Treg cells which are enriched in the diseased liver express AREG. It activates 

HSCs via EGFR signaling. Activated HSCs exacerbate liver fibrosis and promote gluconeogenesis in hepatocytes 

through IL-6. (D) Increased IL-33 in eosinophilic esophagitis recruited ILC2s at the epithelial border. AREG de-

rived by ILC2s induced esophageal epithelial thickness and basal hyperplasia. Repeated house dust mite expo-

sure accumulates AREG-producing Th2 cells in the lamina propria, in which AREG promotes esophageal fibro-

blast proliferation. (E) The alarmin IL-33 increases accumulation of ST2+ Treg cells in tumors. Treg cells-derived 

AREG turns CAFs into profibrotic and proliferative states, which fosters a fibrotic TME and causes immunosup-

pression. ADAM17-mediated shedding of EGFR ligands, including AREG, by cancer cells promotes formation 

of TAMs. TAMs induce cancer cell invasion by secreting CXCL chemokines. Moreover, TADCs-derived AREG 

increased cancer progression. AT2, alveolar type 2; CAFs, cancer-associated fibroblasts; CXCL, C-X-C motif 
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chemokine ligand; EGFR, epidermal growth factor receptor; HSCs, hepatic stellate cells; IL, interleukin; ILC2s, 

type 2 innate lymphoid cells; ST2, IL-33 receptor; TADCs, tumor-associated dendritic cells; TAMs, tumor-asso-

ciated macrophages; Th2, T helper 2; TME, tumor microenvironment; Treg, regulatory T. The figure was created 

in https://BioRender.com. 
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Abbreviations 

The following abbreviations are used in this manuscript: 

ADAM A disintegrin and metalloprotease 

AKI Acute kidney injury 

AREG Amphiregulin 

α-SMA α-smooth muscle actin 

CCl4 Carbon tetrachloride 

CKD Chronic kidney disease 

DKD Diabetic kidney disease 

ECM Extracellular matrix 

EGF Epidermal growth factor 

EGFR Epidermal growth factor receptor 

EMT Epithelial-mesenchymal transition 

EoE Eosinophilic esophagitis 

ERK Extracellular signal-regulated kinase 

FPC Fructose, palmitate, and cholesterol-rich 

HB-EGF Heparin-binding EGF-like growth factor 

HSCs Hepatic stellate cells 

IBD Inflammatory bowel disease 

IIM Inflammatory myopathy 

IL Interleukin 

ILC2s type 2 innate lymphoid cells 

IPF Idiopathic pulmonary fibrosis 

MAIT Mucosal-associated invariant T 

MAPK Mitogen-activated protein kinase 

MASH Metabolic dysfunction-associated steatohepatitis 

PI3K Phosphoinositide 3-kinase 

PLCγ Phospholipase C-γ 

RNAi RNA interference 

SAMiRNASelf-Assembled-Micelle inhibitory RNA 

SSc Systemic sclerosis 

SSc-ILD Systemic sclerosis-associated interstitial lung disease

TBI Total-body irradiation 

TGF transforming growth factor 

Th T helper 

TKI Tyrosine kinase inhibitor 

TME Tumor microenvironment 
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