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MicroRNAs in Liver Fibrosis: Unraveling
Intercellular Crosstalk and the Regulatory

Functions of MicroRNA-223
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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 RNAsS, 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-f3 signaling, and additionally dampens hepatic stellate cell activation by repressing
glioma-associated oncogene homolog 2, PDGF receptor 3, a--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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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-f/
Smad and Wnt/B-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
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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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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-f3, TNF-o, and IL-6)
from neutrophils and macrophages promote HSC activa-
tion [1]. miR-223 acts as an antifibrotic factor, given that
miR-2237" 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-xB (NF-kB)-mediated inflam-
mation. miR-223, upregulated by NF-«kB, silences IKK-a
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 I1L-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-
B1 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
o 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 ITHH
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-THH-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
PDGFR] 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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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 a-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; a-SMA: a.-smooth muscle actin; ATG7:

autophagy related 7. Created with BioRender.

Furthermore, miR-223 exhibits an antifibrotic role by
regulating cytoskeletal activity [13]. After HSC activa-
tion, a-smooth muscle actin (a-SMA) upregulation drives
cytoskeletal rearrangement and generates mechanical signals
that promote fibrogenesis. miR-223 directly suppresses a-
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 (ATGT7), a central autophagy regulator that recycles
dysfunctional components. Therefore, exosomal miR-223-
mediated ATG7 downregulation curbs autophagy in HSCs
and weakens TGF-B-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-f sig-
naling. By sponging miR-223, hsa_circ_0070963 restores
LEMD3 and dampens TGF-B-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-f 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-B-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

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

3

O
®)
3
3
)
=
=
<




>
s
3
S
3
&

is
fibrosis
uates + CD8
tten -7 C h-
tly a PD s hig
ignifican resslngIS)’ thl.l cgu-
sign supp * cel otic r 23
23) by Al fibr iR-2
iR-2 ion (IB nd miR A
(Ad-mi mmat hages lation a cts of iRN
infla: p u ffe is m e
R-223 infl acro od ic e thi or
miR-2 viates -L1" m, une me brotl- ry of fer a m ic
alle PD-L! imm antifi elivery ht off hepat
and and s in oad ted d migh and
3 cells its role he br targe HSCs ibrosis
o T T tlng 1ts iven t pes, and iver fibr rdles.
B £ 1ig'h 7. G~ cell ty cytes, or liv ral hu um
oy S lation patic hepato ach seve by ser
= & 2 a he o e n-
m < R © o S lls’ . p . faC ed ] SSE
o g = g’ .g' acrosmune Ceapeutlc P ies Stllll degrald tion is eother
o = = kol im er rap: 'dy ula ity .
o § = Q- g to ctive th n. sed the € rapx encaps aCtIVlty purlty,
o | @ - 8 effe atio V-ba As ar ion or ical and et
g = , 8 E 3 inflamm €r, E iRN. ificatio biOlogl yleld Off‘targ g
o =, 5E P 1 ev d m odi r e ut tin
1 e~ [} .
2 | © & s e 2 How nake ical m alte osom itho nera
3 |g = = 2 5 £8 se mic can exos ery w d gen logy
o ® = [} o) 3 IS e ecau che eps ving elivi . an X1CO .
b o S = a @ a B ses, St K TO ific d llty’ to . ng;
o c =3 @ = 3 < lea se imp ifi tabi nd 181
= ¢ : g 8 % ueleases, <t de Improvir bution s omene:
3 2 = @ o e » = > n et inclu issue-sp Y . on T ial o
25 ER- E 2 |5 3 SE tial, y ges lncise tlssuining Caﬁstrlbu,ns highlyprz)ten“amal
S £ £ S = = & £ 2 llen rec inta bio ain tic chy
o .2 a o 2 2 @ cha ing p al rem cu en e-
= © o = o 5 5 5 o ieving . m term m herap mes ipos
e g 5 3 = § 22 hie ilencing, ng- tfor e thera d adip
= c o = < = = = S ac ilen . lo pla d th T1Ive se are
g g 3 S s E g 2 = 2|2 < es sive the ate -de These : les
c 9 ° g 2 8 3 T | 5 en hen SS, str. ipose 8]. rtic se
g . ¢ 5 S5 5 g | u . g re hele on dipose [1 pa rea
S0 8 8 o= B35S & N mp ert dem a sis 223 dec 1
= 9] £ a ) 23 = 5 28 co Nev has from fibro iR- tly ode
a8 = ) % % o 5 g S = aq ata. tudy EVs iver V m uen se m
= o c 0] % o h T O o - d nts d . li 11-E bSeq ou bone
T § s 5 @ g E‘wa £ ece ade'.atlng ce dsu in a m mbon
S E %) = T S [ 2 < = ar 3-lo tig tem an mn fro n
o s I S © 5 25 Q g = . iR-22 in mi ls es, 5¢5 1 23 th
g E & E g 2 =2 £o g5 5 miR lls in hyma atocyt espon miR-2 ell dea -
QS > @ 7] S o 2 GE) ) = c 5 tem ce esenc b hep brotic r with nd ¢ iated sup
8 = -0 2 g B = o=*a ste m y fibr ed ion a dia
E = =g = 2 g & 2= 2 2% & ived n up nd load atio -me
E8 2 £ g £ E 2 g2 5 S g deriv take ion a EVs amma 223 ill
S = £8 g g E = o E 8 dily ulatio ly, inflan miR ies W
€3 ) £ s o S ES 2 =S ° rea cumula ilar iate via rapi se
> 2 =8 E g o s E 2 5 8¢ inid ac Sim llev bly 9]. d the do
2 = y 8 ) © @ o T 8 2 '5) 23 lipi LD. 1ls a oba 11 se ization, ience
£ 2 [ @ ES < >2c o 9] 55 = AS ce itis, pr se- 3-ba: imiza ienc
® £ L. £ £ b >3 =5 20 tM stem atitis, aspa iR-22 tim Xxper d
=9 24 € s o £ LS g5 3 S £ o ow hep nd ¢ f mi op ior e halte
£ 2 20§ ©8 s 23 2 = |5 s marr une RP3 and n o livery n. Pr hose or-
g2 28 = 50 5 e 32 = e imm NL latio in de ation. t imp
> 2 0 5 2T 7} o9 o g QN = auto, of ans n alu ding he ing.
] = c 7] o 5 £ 5 oL F ion ical tr Tess ev inclu ts t itoring
ge g5y Se 3 S E 2le PR ess1on ¢ ica rog fety mn ligh nitorin
[ < g— Lo g o E_ T O %) < C = o pr Clln r p sa 'OnS7 : h . mo ain,
2= 8= 5 > 2 X = 5 £ 3 The rthe -term enti ity, hig utic rem
ES © 2 &z 7] T O > = © | 8 o © ire fu long intervi icltY’ ape es lat-
= < © n 0X her leng p
S 1 g 5 25w 9".’3'_ Sg&’ quir and ed i dt dt hal ivery -
= = =T c = o (0] > & S e 8  re ion, -bas late t an ity ¢ deliv lop
T B = = ie) £a P 2,8 T £o = lect iRNA e-re en ificity d eve
[ oA S ! = = R e R n sm 1 ics an ical d r
c c Q = (o e & = = g < B P N mi immu ses eC cs inica rthe
@_ngn_E%(Ow %5 IS E_QQ m f im isk as d sp uti lin Fu
@ 2 sz o T S 2 3 E = fro 0 1Sk as an pe c 0]. d
mod_.)*-'w— 2 omj:@ o °m~ e Ir era the 2 te
g © (] = = () S (S
23 g 3 c 282 g g 8 2 Q § |3 T3 becau f carefu faCmﬂngNA th ion for idates [fol' targ fe
- 9Q82-‘=2§°’v‘£@~ 3 9 B N in R ndati andi ing ing sa
< s £ = o EI Q8 8 R %-: 855 S tanhough mdvanceS ing fou iRNA ¢ gineer tablishi lating
m~o;~cf\'mwmamz 2ol It a isi m en es ns
s:gcno-—-—E N £ -o_.—§ c1<h A inued rom ized ing EV 1 as T tra
ez?v.g auwzgwﬁ el ntinu rap cteriz ine BV e ial fo
= =5 Do q = o 5 = c r € = Cco ffe ara tlml, as w ucla
& |< R e S §5% - £57% forms‘gweﬂ'c.hgon A loading, il be cr
8 Nc,“-ggc-y . 223 e ed loading. ions.
s o S5 = =2 : 3] en foc nc ds, ication
g |a T g = 5 & Qo9 m h ha tho ca
o o o ra = 8 = rc en € li
g g g 228 delivory a“ddeliveryl-rgical P and
> = o i} 5 S o i . 1 .
= > 3 Q g g 5 £ &g deliv ecise into ¢ 1es,
= Ee) = - 2 = a o N O dpr . gS rs
g2 8 u 2 2 3 2 2| o g & an findin trove
S € S @ el o ) < z £ g se .
€9 S 2 £ : 3‘35: 5 S the n in
> 3 £, = k) = E%=6 “-"54: Co. S layere
53 = S s 3 3 3 G| <52 ions, ctive el t
fs o - e o= .
= 3 2 G 3 E 9] . cr 1 ini-
8 § (-g g -é 8 o %) % % g [m) Z% Limltat erspe ged as aa_['ticulalr };/as lrlljle
8 3 g F, 5 = Y% o o er p role 0
o s £ g & 5 3 &3 =35 sem-oy’. ility to b
g £3 I 3 S s o f 33| < ol future p R-223 hfll physlol-tsg ey alblht);lepatlc
> o < a 5 = 3 °£c% —'1'85 miR- atho h i ion, i on in to
= <C O S () D o S = 5] = s S = 'On’ d p lthoug latio fects main
= o © o0 = IS Q5 = S | £ 23 lusi an is. A gu ic eff re S,
[0} [0] = 0 (S ions (S
s o ° 35 g g S 28 nc iology 1S. € r tic on ng
© s %5 © 5 S o 3 £ tTTlo £ 0o co iolo TOSIS un eu estions ra -
% % g 3 > Eé 2 % § & §-§ § I'n o phy; liver ﬁbith lmmrt therafl) key qu ) doslntgy of sus
= & 3 EQQ liv w e a an n
Qi ° ] £ S @ s) = € o P Xt O iated d ex Ver lev safe tca
@ S g g s £ 3T = gl s 3 onte ocla S an er, se lly re erm s tha -
<13 8 3 3¢ S @ © 3 c assoc EV wev inica ng-t form sub
%) s o 2 o9 = ° JS S|y € ko ially via ine. Ho cli elo lat tory
] = = S 8 N ® € [0} f1 ed . ng. . to d th p mal ous
Q'S 33 2 =| ] iver 1S1ng. 1 ng an 'Very. ammato or
= |3 s IS} S S & SO © deli om tain ions, eli nfl . I1g e
= 4 s = S £ ) . T T on D 1 re C
(>§ a g = £ £ E o L‘I:_)- ells is p red, pe t durati ion [4]. Cs, and requi e absen
c N S £ <5 ¢ swe en lati HS ine also is th
£ g 8 = NG an atm du tes, ng 18
Qle CI > = £oa be imal tre 23 mo tocy '1encl. ied gap 60
& ) S 3 Z = o < < % oo optim iR-2 to hepa get si dentifie 025-00
- | %= NS kS o 5 = . m 3 -tar i i0i-2
S o s 3% g d 2 ff. 1 i
o S - = s O} | @ - 2 ine iR-2 1o rly /bio
=l SIS b - ta i ima ea 12
E |= | < — 3 ?E St S irect m inim ther cl :10.152
Q > = @ o a < 3 di ith m Ano :DOI:
= Q N 1G] o8 sets w tion. iyachet:
=4 a o fj E e imiza rya
& 5 z $£§ optim dC.A
= B |5 © o ) A 2 tkong an
© eo|x S_ g g £ 3 22
» T [o% © D E
o) = 5 8 o S T
6 = i= o - o
“lg 83 S8 3
s 5
2 g £2 <
_— O
2 (&}
d
4



BIOI 2025

Table 2 Knowledge gaps and future research directions for miR-223 in liver fibrosis

Area of focus Current Gap

Proposed Research Direction

Cell specificity
cell type
ncRNA interaction
unclear direct gene targets

Target network
and miRNA pleiotropy

Clinical evidence

Therapeutic window
duration

Delivery strategy
off-target effects

Drug approval process

Dual antifibrotic and profibrotic roles depending on
Unclear crosstalk with other classes of ncRNAs and
Insufficient understanding of downstream signaling
Limited data from human tissues and models
Undefined optimal dosing regimen and treatment
Inefficient targeting, poor stability, and risk of

Lack of preclinical data to support clinical translation

Elucidate cell-specific functions through single-cell and
spatial transcriptomic profiling

Investigate interactions with circRNAs and IncRNAs;
experimentally validate direct miR-223 targets

Integrate multi-omics approaches to define gene
regulatory networks; functionally confirm miR-223 targets
Use human liver organoids, ex vivo human liver slices,
and patient-derived cells for translational validation
Perform dose-ranging, PK, and persistence studies to
optimize therapeutic parameters

Engineer EVs or nanoparticles with specificity to
hepatocytes or HSCs and enhanced delivery stability
Implement GLP-compliant toxicology and initiate
IND-enabling studies, per FDA/EMA regulatory standards

ncRNAs: non-coding RNAs; circRNAs: circular RNAs; IncRNAs: long non-coding RNAs; miRNA: microRNA; EVs: extracellular vesicles;
HSC: hepatic stellate cell; PK: pharmacokinetics; GLP: Good Laboratory Practice; IND: Investigational New Drug; FDA/EMA: U.S. Food and

Drug Administration/European Medicines Agency.

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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