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Introduction

Liver fibrosis, a common result of chronic 
liver injury such as hepatitis, metabolic 
dysfunction-associated steatotic liver dis-
ease (MASLD), cirrhosis, and hepatocel-
lular carcinoma, disrupts liver function 
[1]. In liver fibrosis, the characteristic 
excessive extracellular matrix deposition 
is driven primarily by hepatic stellate cell 
(HSC) activation. After injury, HSCs trans-
form into myofibroblasts and overproduce 
type I collagen. The lack of effective anti-
fibrotic therapies highlights the need to 
better understand HSC activation for new 
treatment strategies.

Whereas earlier studies have emphasized 
protein-coding pathways such as TGF-β/
Smad and Wnt/β-catenin in HSC activa-
tion, non-coding RNAs (ncRNAs), includ-
ing microRNAs (miRNAs), have also 
been found to play key roles [2]. Indeed, 
recent years have seen a surge in research 
highlighting the critical involvement of 

miRNAs in the pathogenesis and progres-
sion of liver fibrosis. Numerous miRNAs 
have been found to be dysregulated in 
fibrotic livers, thereby influencing key 
cellular processes such as inflammation, 
oxidative stress, apoptosis, and critically 
HSC activation and excessive extracellu-
lar matrix production [2]. This growing 
body of evidence underscores the poten-
tial of miRNAs to serve as both diagnos-
tic biomarkers and therapeutic targets. 
These 18–22 nucleotide RNAs regulate 
gene expression post-transcriptionally by 
targeting messenger RNAs. Among the 
many miRNAs implicated in liver fibro-
sis, microRNA-223 (miR-223) has notably 
garnered considerable attention, because 
its dysregulation, particularly downreg-
ulation, is consistently observed during 
HSC activation [3], thereby suggesting a 
key role in controlling HSC fibrotic phe-
notypes. This Commentary summarizes the 
mechanistic functions of miR-223 in HSC 
activation and fibrosis, and discusses its 
therapeutic potential.
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Abstract

Liver fibrosis is caused by excessive extracellular matrix accumulation, which in turn is driven by activation 
of hepatic stellate cells. MicroRNAs (miRNAs), a class of small non-coding RNAs, are increasingly recog-
nized as crucial regulators of gene expression in liver pathology, including fibrosis, by influencing intercel-
lular crosstalk. Among these miRNAs, microRNA-223 (miR-223) has emerged as a key regulator of fibrosis, 
beyond its originally recognized role in innate immunity. By traveling between liver cell types via exosomes, 
miR-223 modulates inflammation and fibrosis via Hedgehog, platelet-derived growth factor (PDGF), and 
transforming growth factor-β signaling, and additionally dampens hepatic stellate cell activation by repressing 
glioma-associated oncogene homolog 2, PDGF receptor β, α-smooth muscle actin, and autophagy related 7, 
thereby influencing mechanotransduction and autophagy. However, numerous studies have reported opposite 
results, in which miR-223 promotes fibrosis under certain conditions, thus underscoring the roles of cellular 
environments, expression levels, and competing RNA networks. This Commentary synthesizes the current, 
sometimes contradictory, evidence; outlines how context shapes miR-223’s dual actions; and surveys the 
development of therapeutic strategies, including miRNA mimics, nanoparticle formulations, and extracellular-
vesicle delivery, including major challenges in tissue targeting, cargo stability, and long-term safety. These 
insights together highlight miR-223 as a complex but intriguing target for antifibrotic treatment.
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Biosynthesis and function of 
miR-223 in the normal liver

The conserved miR-223 gene on the X chromosome is reg-
ulated by myeloid transcription factors (PU.1, C/EBP, and 
NFI-A) [4]. This miRNA, first identified in myeloid cells, 
controls granulocyte differentiation and promotes anti-in-
flammatory M2 macrophage polarization. Despite its low 
abundance in many cell types, miR-223 is transferred via 
extracellular vesicles (EVs). These vesicles carry messenger 
RNAs, ncRNAs, and proteins, thus mediating intercellular 
communication. In the liver, hepatocytes absorb neutro-
phil-derived miR-223–enriched EVs through low-density 
lipoprotein receptor and apolipoprotein E interaction [3]. 
In hepatocytes, miR-223 regulates drug and cholesterol 
metabolism and may enhance chromosomal stability and 
consequently decrease hepatocellular carcinoma risk [4]. Its 
roles in HSCs, cholangiocytes, and endothelial cells remain 
unclear and merit further study for therapeutic development.

MiR-223 in liver injury and 
fibrosis

Liver fibrosis is driven by tissue damage and inflamma-
tion, in which cytokines (e.g., TGF-β, TNF-α, and IL-6) 
from neutrophils and macrophages promote HSC activa-
tion [1]. miR-223 acts as an antifibrotic factor, given that 
miR-223−/− mice have been found to exhibit elevated liver 
injury and fibrosis. Mechanistically, miR-223 suppresses 
neutrophil overactivation in acetaminophen (APAP)-induced 
liver injury [5]. APAP triggers mitochondrial DNA release, 
thereby activating Toll-like receptor 9 in neutrophils and 
inducing  nuclear factor-κB (NF-κB)-mediated inflam-
mation. miR-223, upregulated by NF-κB, silences IKK-α 
and consequently terminates inflammation via a negative 
feedback loop. Consistently, miR-223-knockout mice show 
enhanced susceptibility to APAP-induced injury and ele-
vated liver inflammation. Likewise, in alcohol-induced liver 
injury, miR-223 resolves inflammation by inhibiting the 
IL-6/p47phox pathway and directly targeting IL-6 [6].

Beyond its role in neutrophil function, miR-223 influences 
the broader inflammatory microenvironment contributing to 
liver fibrosis. In a recent study, in the absence of miR-223, 
an increase in macrophages in the liver has been found to 
further exacerbate inflammation and accelerate fibrosis [7]. 
Macrophages contribute to liver fibrosis by secreting TGF-
β1 and other pro-fibrotic cytokines. This dysregulation of 
immune cell recruitment underscores the critical roles of 
miR-223 in modulating immune cell accumulation and sup-
pressing excessive inflammatory responses, thereby limiting 
fibrotic progression in the liver.

Although miR-223 is abundant in neutrophils, it is pack-
aged into EVs and delivered to other liver cells, where it aids 
in resolving inflammation and fibrosis after hepatic injury 
[8, 9]. In a mouse model of chronic liver injury, neutro-
phil-derived miR-223 suppresses NLRP3 inflammasomes in 

hepatic macrophages, thus limiting cytokine release and pro-
moting M2 polarization. Neutrophil ablation prolongs M1 
presence, thereby worsening inflammation, whereas delivery 
of an miR-223 analog has opposite effects. These findings 
challenge the notion that neutrophils are solely detrimental 
in liver inflammation and fibrosis.

Beyond macrophages, hepatocytes also take up neu-
trophil-derived miR-223 via EVs, and consequently con-
tribute to the resolution of inflammation and fibrosis. In a 
high-fat diet mouse model of MASLD, fatty acids and IL-6 
induce miR-223 biogenesis in neutrophils and promote the 
delivery of miR-223-containing EVs to hepatocytes [10]. 
Consequently, myeloid-specific knockout of IL-6 receptor 
α decreases miR-223 expression in hepatocytes and subse-
quently facilitates the activation of miR-223 target genes, 
including transcriptional activator with PDZ-binding motif 
(TAZ). Upregulation of TAZ promotes fibrosis through the 
Yes-associated protein (YAP)/TAZ mechanosensing path-
way, which induces hepatocyte secretion of Indian hedgehog 
(IHH) and activation of hedgehog signaling in HSCs.

MiR-223 in HSC activation

Recent work has highlighted the roles of miR-223 in 
immune cells and hepatocytes in fibrosis. Emerging evi-
dence indicates that miR-223 reaches HSCs via EVs and 
modulates their activation (Figure 1 and Table 1). Strong 
miR-223 downregulation in activated human HSCs sug-
gests an anti-fibrotic role [11]. Despite low intrinsic levels 
of miR-223 in HSCs, exosomal miR-223 from neutrophils 
and natural killer (NK) cells modulates HSC activation. 
Glioma-associated oncogene homolog 2 (Gli2) is a direct 
target of miR-223 in HSCs [12]. Gli2, a GLI-family tran-
scription factor, undergoes nuclear translocation after 
hedgehog signaling and subsequently promotes fibrogen-
esis. miR-223-mediated silencing of Gli2 may block IHH 
from hepatocytes and subsequently limit HSC activation. 
Because miR-223 also impairs TAZ-driven IHH induction 
in hepatocytes, neutrophil miR-223 restricts fibrosis by tar-
geting multiple genes in the TAZ–IHH–Gli2 axis linking 
neutrophils, hepatocytes, and HSCs. YAP/TAZ inhibition 
in myofibroblasts also attenuates liver fibrosis. Therefore, 
neutrophil miR-223 dampens this pathway in hepatocytes 
and HSCs, thereby attenuating the fibrogenic response. 
Nevertheless, whether miR-223 directly regulates TAZ in 
hepatocytes and HSCs remains to be experimentally tested.

Beyond the TAZ–IHH–Gli2 pathway, miR-223 may also 
regulate platelet-derived growth factor (PDGF) signaling, 
a pathway that promotes HSC activation, proliferation, 
and migration [12]. Bioinformatic analysis has predicted 
that miR-223 binds the regulatory region of the PDGFRB 
transcript. Overexpression of miR-223 in HSCs decreases 
PDGFRβ levels and inhibits PDGF-BB-induced signaling. 
However, although this result is consistent with bioinfor-
matic predictions, direct binding of miR-223 to the PDGFRB 
transcript in HSCs has not been experimentally validated. 
Nevertheless, their direct interaction has been confirmed in 
vascular smooth muscle cells [12].
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Furthermore, miR-223 exhibits an antifibrotic role by 
regulating cytoskeletal activity [13]. After HSC activa-
tion, α-smooth muscle actin (α-SMA) upregulation drives 
cytoskeletal rearrangement and generates mechanical signals 
that promote fibrogenesis. miR-223 directly suppresses α-
SMA expression in HSCs, and its overexpression decreases 
cell migration, invasion, and contractility by impairing 
myofibroblast mechanotransduction.

Beyond neutrophils, NK cells transfer miR-223 to HSCs 
via EVs, thereby suppressing HSC activation [14]. NK 
cell-derived miR-223 directly suppresses autophagy-re-
lated 7 (ATG7), a central autophagy regulator that recycles 
dysfunctional components. Therefore, exosomal miR-223-
mediated ATG7 downregulation curbs autophagy in HSCs 
and weakens TGF-β-driven activation. However, some stud-
ies have indicated that autophagy can reverse fibrosis, thus 
underscoring the complexity of the miR-223-autophagy-
HSC axis and the need for further investigation.

Beyond transfer via EVs, miR-223 is regulated by ncRNAs 
such as circular RNAs (circRNAs). Circular RNA PWWP2A 
(circ-PWWP2A) acts as a competing endogenous RNA that 
enhances HSC activation and proliferation via sequestering 
miR-223; elevating Toll-like receptor 4; and driving fibro-
genic, inflammatory, and anti-apoptotic responses [15]. 
Another competing endogenous RNA, hsa_circ_0070963, 
has an opposite effect: its overexpression inhibits fibro-
sis, because miR-223 normally suppresses LEM domain-
containing 3 (LEMD3), a negative regulator of TGF-β sig-
naling. By sponging miR-223, hsa_circ_0070963 restores 
LEMD3 and dampens TGF-β-induced HSC activation [16]. 

Notably, downregulation of hsa_circ_0070963 during liver 
fibrosis increases miR-223-3p availability and consequently 
suppresses LEMD3 expression. Subsequently, a decrease 
in LEMD3 attenuates its inhibitory effect on TGF-β sign-
aling, ultimately promoting HSC activation and fibrogene-
sis. Functional analyses have shown that miR-223 enhances 
fibrotic responses and partly reverses the anti-fibrotic effects 
of hsa_circ_0070963. Collectively, these findings suggest 
that hsa_circ_0070963 protects against fibrosis by seques-
tering miR-223, restoring LEMD3 function, and inhibiting 
TGF-β-driven HSC activation. Given these contradictory 
findings, further studies are needed to clarify the regula-
tory interactions between circRNAs and miR-223 in HSC 
activation.

MiR-223 as a therapeutic target 
for liver fibrosis

As previously discussed, miR-223 plays an antifibrotic role 
by regulating multiple biological functions across hepatic 
cell types, and subsequently mitigating inflammation and 
fibrosis. Enhancing miR-223 bioavailability in the dam-
aged liver is therefore a promising therapeutic strategy to 
suppress fibrogenesis. miRNA-based therapies have been 
developed for several liver diseases [17]. Lipid-based nan-
oparticles delivering miR-223 have been found to decrease 
inflammation and fibrosis in murine models of acute and 
chronic hepatic injury [8, 9]. Similarly, adenovirus-mediated 

Figure 1  Roles of miR-223 in suppressing HSC activation. Neutrophil-derived miR-223 can be transferred via EVs to hepatocytes and 
HSCs. In hepatocytes, miR-223 silences expression of TAZ, thus decreasing secretion of IHH, a ligand that stimulates hedgehog signalling 
in HSCs via PTCH binding. In HSCs, miR-223 suppresses the transcription factor Gli2, a mediator of hedgehog signaling. Furthermore, miR-
223 inhibits PDGF and TLR4 signaling, ATG7-mediated autophagy, and cytoskeletal remodeling by α-SMA. These processes are all known to 
promote HSC activation. HSC: hepatic stellate cell; EV: extracellular vesicle; TAZ: transcriptional activator with PDZ-binding motif; IHH: Indian 
hedgehog; PTCH: patched-1 receptor; PDGF: platelet-derived growth factor; TLR4: Toll-like receptor 4; α-SMA: α-smooth muscle actin; ATG7: 
autophagy related 7. Created with BioRender.

BIOI  2025 C
o

m
m

en
tary



4� C. Phetkong and C. Ariyachet: DOI: 10.15212/bioi-2025-0060

miR-223 (Ad-miR-223) significantly attenuates fibrosis 
and alleviates inflammation by suppressing PD-1+ CD8+ 
T cells and PD-L1+ macrophages (IBA1+ cells), thus high-
lighting its roles in immune modulation and fibrotic regu-
lation [7]. Given the broad antifibrotic effects of miR-223 
across hepatic cell types, targeted delivery of this miRNA 
to immune cells, hepatocytes, and HSCs might offer a more 
effective therapeutic approach for liver fibrosis and hepatic 
inflammation.

However, EV-based therapies still face several hurdles. 
Because naked miRNAs are rapidly degraded by serum 
nucleases, chemical modification or encapsulation is essen-
tial, yet these steps can alter biological activity. Other 
challenges include improving exosome yield and purity, 
achieving precise tissue-specific delivery without off-target 
gene silencing, maintaining cargo stability, and generating 
comprehensive long-term biodistribution and toxicology 
data. Nevertheless, the platform remains highly promising; 
a recent study has demonstrated the therapeutic potential of 
miR-223-loaded EVs from adipose-derived mesenchymal 
stem cells in mitigating liver fibrosis [18]. These adipose-
derived mesenchymal stem cell-EV miR-223 particles are 
readily taken up by hepatocytes, and subsequently decrease 
lipid accumulation and fibrotic responses in a mouse model 
of MASLD. Similarly, EVs loaded with miR-223 from bone 
marrow stem cells alleviate inflammation and cell death in 
autoimmune hepatitis, probably via miR-223-mediated sup-
pression of NLRP3 and caspase-1 [19].

The clinical translation of miR-223-based therapies will 
require further progress in delivery optimization, dose 
selection, and long-term safety evaluation. Prior experience 
from miRNA-based interventions, including those halted 
because of immune-related toxicity, highlights the impor-
tance of careful risk assessment and therapeutic monitoring. 
Although manufacturing and specificity challenges remain, 
continued advances in RNA therapeutics and delivery plat-
forms offer a promising foundation for the clinical develop-
ment of well-characterized miRNA candidates [20]. Further 
research focusing on optimizing EV engineering for targeted 
delivery and enhanced loading, as well as establishing safe 
and precise delivery methods, will be crucial for translating 
these findings into clinical applications.

Limitations, controversies, and 
future perspectives

In conclusion, miR-223 has emerged as a critical player in 
liver physiology and pathophysiology, particularly in the 
context of liver fibrosis. Although its primary role was ini-
tially associated with immune regulation, its ability to be 
delivered via EVs and exert therapeutic effects on hepatic 
cells is promising. However, several key questions remain to 
be answered, pertaining to clinically relevant dosing ranges, 
optimal treatment durations, and the long-term safety of sus-
tained miR-223 modulation [4]. Delivery platforms that can 
direct miR-223 to hepatocytes, HSCs, and inflammatory sub-
sets with minimal off-target silencing also require rigorous 
optimization. Another clearly identified gap is the absence Ta
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of harmonized fibrosis endpoints and robust dose-response 
data, both of which are essential to guide future experimen-
tal design (Table 2). Filling these gaps will rely on research 
that combines ex vivo human liver slices, organoids from 
patients, and humanized mouse models to understand how 
specific cells respond, as well as multi-omics profiling to 
delineate the related networks, and pharmacokinetic and 
immunogenicity data to establish safety limits. The knowl-
edge gained will enable biomarker-guided, dose-escalation 
trials in well-characterized fibrosis cohorts, wherein circu-
lating miR-223 levels and non-invasive fibrosis scores can 
be used both for patient stratification and real-time moni-
toring of therapeutic responses. Existing discrepancies in 
research findings underscore the need for larger animal and 
human-relevant models to clarify the context-dependent 
actions of miR-223. Furthermore, leveraging advanced tech-
nologies such as single-cell sequencing and bioinformatics 
would enable the construction of detailed gene regulatory 
networks and offer novel insights into the pathogenic mech-
anisms of liver fibrosis. Ultimately, these efforts should pave 
the way to the development of targeted and effective miR-
223-based antifibrotic treatments.
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