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Abstract

Non-Alcoholic Fatty Liver Disease (NAFLD) is a spectrum of liver diseases from sim-
ple steatosis to the most severe form of hepatocellular carcinoma. Liver injuries result-
ing from various factors, including viral infections, alcohol consumption, and metabolic
disorders, trigger the activation of resident immune cells and the recruitment of circulat-
ing immune cells to the liver. This chronic inflammatory environment leads to tissue
damage and the progression of liver fibrosis. Macrophages are highly versatile immune
cells that play a dual role in fibrosis: they contribute to the progression of fibrosis (M1
and Ly6c"9" macrophages) and its resolution (M2 and Ly6¢'®" macrophages). M1 mac-
rophages and those with high surface expression of Ly6C exhibit pro-inflammatory
characteristics, while M2 macrophages and myeloid cells with low expression of Ly6C
mitigate inflammation and inhibit fibrosis progression. Environmental stimuli influence
the complex mechanisms hepatic macrophages regulate the fibrosis they encounter.
Kupffer cells initiate the inflammatory cascade and recruit monocyte-derived macro-
phages, which modulate the propagation of fibrosis and promote fibrinolysis. Addition-
ally, hepatic macrophages interact with other cell types through exosomes, facilitating
the transfer of cellular components that influence the outcome of liver fibrosis. In this
review, the critical role of macrophages in inflammation-induced fibrosis and tissue res-
toration is discussed.
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Introduction

Non-Alcoholic Fatty Liver Disease (NAFLD) is a
long-lasting liver disease characterized by the accumu-
lation of huge amounts of fat in the liver which can
lead to liver-related death, especially among steatone-
crosis and fibrosis-afflicted patients. NAFLD may pro-
gress to a more severe liver condition termed fibrosis 2.
Liver fibrosis is the accumulation of extracellular ma-
trix in response to repeated liver damage. It takes place
when the capacity of the liver to substitute hepatocytes
is overwhelmed and fibrillar collagen is abundantly
accumulated 2. Cellular mechanisms contributing to the
progression of liver fibrosis include the activation of
Hepatic Stellate Cells (HSCs) and their trans-differen-
tiation into myofibroblast-like cells, which produce
large amounts of extracellular collagen and facilitate

fibrosis progression 2.

Copyright © 2025, Avicenna Journal of Medlical Biotechnology

Immune cells and liver fibrosis

Macrophages play contradictory roles in regulating
liver fibrosis; they promote it through the production of
IL-1B and TNF-a by M1 macrophages, while M2 mac-
rophages can reverse liver fibrosis 7. Different subsets
of T cells also influence the outcome of fibrosis: Thl
cells exhibit pro-inflammatory characteristics, Th2
cells release 1L-13 and IL-4 to promote fibrogenesis,
and Th17 cells produce IL-17, which activates HSCs
and macrophages. In cases of chronic hepatic damage,
despite the early apoptosis-inducing effects of Natural
Killer (NK) cells on HSCs, these cells are ultimately
considered to promote fibrosis. The changes in the
number of immune cells in the context of liver fibrosis
determine the persistence of inflammation. A decrease
in NK cells and CD8* cytotoxic T cells, along with an
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increase in CD4* memory T cells, underscores the ne-
cessity of inflammation for the continuation of liver
fibrosis 8 Hepatocytes secrete IL-8, CXCL1, and
CXCL2 to promote the recruitment of neutrophils,
which is followed by increased myeloperoxidase ac-
tivity, reactive oxygen species production, and the
formation of neutrophil extracellular traps, all contrib-
uting to the progression of inflammation. Dendritic
cells, which perform antigen presentation to naive T
cells, play paradoxical roles in NASH, they release
TNF-a, MCP-1, and IL-6 during the initial phases of
liver damage to promote inflammation, but in the re-
gression phases of liver injury, they facilitate fibrosis
regression. Natural Killer T (NKT) cells, a component
of acquired immunity, drive fibrosis progression
through the secretion of IFN-y, IL-4, IL-15, VCAM-1,
CXCL16, and osteopontin, as well as through an over-
active Hedgehog pathway. B cells exhibit dual roles in
regulating liver inflammation by presenting oxidative
stress-derived epitopes to CD4* helper T cells and re-
leasing IL-10 to inhibit CD8* T cell-mediated inflam-
mation. However, they also produce anti-oxidative
stress epitopes, such as 1gG, to mitigate inflammation °.
Dysregulation of matrix metalloproteinases, which
promote matrix degradation, and tissue inhibitors of
matrix metalloproteinases govern extracellular matrix
remodeling, leading to the deposition of extracellular
matrix components. Another contributing mechanism
to liver inflammation and fibrosis is the disruption of
immune tolerance mediated by regulatory T cells and
dendritic cells, which instigate liver fibrosis 1°. Despite
the complex involvement of the immune system in
liver inflammation, this study aims to briefly discuss
the roles of macrophages. Kupffer cells, the resident
macrophages of the liver, are responsible for maintain-
ing liver homeostasis through the phagocytosis of
apoptotic cells and pathogens. They mediate the liver's
homeostatic state through immune regulation via IL-10
production, phagocytosis of gut-derived invading sub-
strates and facilitating hepatic repair and regeneration.
The production of TGF-f and PDGF by Kupffer cells
leads to HSC activation. Furthermore, Kupffer cell-
derived IL-6 and TNF-a contribute to the persistence of
inflammation. Additionally, Kupffer cells are activated
through the sensing of apoptotic hepatocyte signaling
and NF-xB activation, promoting inflammation #5711
13

Liver macrophages, including Kupffer cells and
monocyte-derived macrophages, constitute the hepatic
macrophage pool. However, in response to chronic
liver injury and inflammation, these macrophages
adopt ambivalent functions, including those of M1 and
Ly6chieh (lymphocyte antigen 6 complex, locus C1)
monocytes. Following the cessation of the inflammato-
ry response, macrophages acquire M2 and Ly6c'" phe-
notypes to promote tissue repair 4. In mice, Ly6CMo"
monocytes, which correspond to CD14"dh CD16'"
human monocytes, are considered pro-inflammatory.

In contrast, Ly6C'®¥ monocytes and their human coun-
terparts, as CD141°% CD16"9" monocytes, patrol along
blood vessels and promote fibrosis regression due to
their elevated expression of matrix metalloproteinases,
phagocytosis-associated genes, and growth factors,
extending beyond the M1 and M2 phenotypes °. Tradi-
tionally, macrophage polarization states were catego-
rized as M1 or M2. M1 macrophages (classically acti-
vated macrophages) are pro-inflammatory and contrib-
ute to tissue injury, while M2 macrophages (non-
classically activated macrophages) are involved in tis-
sue remodeling and efferocytosis, thereby inhibiting
inflammation 26,

HSCs are non-parenchymal liver cells residing in
the sub-endothelial space of Disse (also known as the
perisinusoidal space) and interact with liver macro-
phages upon activation 7. Following we provide an
update on the critical role of macrophages in liver fi-
brosis, as well as their interactions with other liver
cells.

NAFLD spectrum and prevalence

NAFLD is a spectrum of liver disorders, ranging
from Non-Alcoholic Fatty Liver (NAFL), and Non-
Alcoholic Steatohepatitis (NASH) to liver fibrosis,
cirrhosis, and Hepatocellular Carcinoma (HCC). Due
to the strong association between NAFLD and type 2
diabetes, hyperlipidemia, obesity, and hypertension,
NAFLD is considered a metabolic syndrome 8. NAFL
is distinguished when the liver contains >5% steatosis
without the presence of fibrosis. NAFL is usually be-
nign and without significant risk of mortality. NAFL
can progress to NASH (non-alcoholic steatohepatitis),
characterized by at least 5% hepatic steatosis, accom-
panied by hepatocyte ballooning and liver inflamma-
tion. NASH may be followed by more advanced com-
plications including liver fibrosis, cirrhosis, and HCC.
When defining NAFLD, it must be considered that
people who consume abundant quantities of alcohol
must be excluded from this spectrum 120,

NAFLD imposes a great health burden on societies
worldwide. Based on a research study conducted by Ge
et al, it was estimated that NAFLD prevalence would
increase dramatically from 1990 to 2017 with the high-
est prevalence observed in many territories including
East Asia and the Middle East 2. Furthermore,
NAFLD prevalence and mortality highly increased in
the United States 223, These findings underscore the
critical need for healthcare professionals to implement
thorough measurements in managing this disease.

Inflammation initiation

Diverse innate and adaptive immune cells are impli-
cated in liver fibrosis. The innate immune cells of the
liver serve as the first line of defense against invading
injuries. However, when chronic damage takes place,
Endoplasmic Reticulum (ER) stress (unfolded protein
response), Reactive Oxygen Species (ROS), and lipid
overload especially free fatty acids, induce liver in-
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flammation initiation. A disruption occurring in the
equilibrium of ROS production and antioxidant mech-
anisms causes molecular damage and leads to fibrosis
development 2427, The main instigators of liver in-
flammation are attributed to several factors including
Free Fatty Acids (FFAs) and bacterial-derived lipopol-
ysaccharide that activate immune cells through interac-
tion with Damage-Associated Molecular Patterns
(DAMPs) and Pathogen-Associated Molecular Patterns
(PAMPs), respectively leading to initiation of liver
inflammation. Gut dysbiosis and adipose tissue dys-
function accelerate inflammation progression 282°, Fur-
thermore, leukocytes recruitment (macrophages, neu-
trophils, T cells) trigger tissue damage in NAFLD 30-%,
Hepatocyte cell death is mediated by oxidative stress
and FFAs deposition which are a result of mitochon-
drial dysfunction observed in NAFLD 230, In addition,
an inequity between reactive nitrogen species and reac-
tive oxygen species leads to fibrosis %,

The liver resident macrophages termed Kupffer cells
are the most abundant resident macrophages in this
organ. They are hepatic sentinels against exogenous
and endogenous danger signals. They are characterized
as F4/80*, CD11pnermediate - CD45% and C-type lectin
domain family 4, member f (CLECA4F) positive cells.
They become activated after recognizing Lipopolysac-
charide (LPS) by toll-like receptor 4 (TLR4) and
transmitting signals through myeloid differentiation
primary response protein 88 (MyD88) dependent or
MyD88 independent pathways, thereby initiating the
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inflammatory cascade and activation of HSCs 424,
Macrophages acquire the pro-inflammatory phenotype
by ROS production, phagocytosis, elevated expression
of adhesion molecules, and cytokines to decrease dan-
ger signals. Macrophages' anti-inflammatory pheno-
type secrete TGF-p, and IL-10 and accomplish apoptot-
ic cell phagocytosis to decrease inflammation. Howev-
er, as a result of persistent inflammation, inflammatory
monocytes secrete TGF-B to mediate the activation of
fibroblasts. M2 macrophages are fibrogenic subsets
driving fibrosis perpetuation via profibrotic mediators
and matrix metalloproteinases prevention (Figure 1) 3+
36

In addition, other metabolites such as adipokines,
and cholesterol through scavenger receptors A and
CD36, and DAMPs e.g., ATP, mitochondrial DNA,
and high mobility group box 1 originated from injured
hepatocytes and free fatty acids via TLRs induce the
activation of Kupffer cells %738, Activated Kupffer cells
produce transforming growth factor-f1 (TGF-B1),
platelet-derived growth factor (PDGF), interleukin-1
(IL-1), monocyte chemoattractant protein 1 (MCP1),
IL-12 and tumor necrosis factor-alpha (TNF-a) essen-
tial for HSCs proliferation and recruitment. Kupffer
cells gelatinases and chitotriosidase expression also
induce collagen type | production and HSCs activation,
respectively. Kupffer cells-derived TGF-B1 also stimu-
lates the differentiation and activation of fibroblasts .
In addition, activated Kupffer cells also serve as a
source of IL-6 and inducible Nitric Oxide Synthase
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Figure 1. Monocyte and macrophage of the liver in the progression and restoration of fibrosis.

Kupffer cells become activated after recognizing LPS, adipokines, cholesterol, DAMPs, and free fatty acids. Activated Kupffer cells produce TGF-31,
PDGF, IL-1, MCP1, IL-12, and TNF-a essential for HSCs proliferation and recruitment. Kupffer cells-derived TGF-B1 also stimulates the differentia-
tion and activation of fibroblasts. The reciprocal interplay between hepatic macrophages and HSCs perpetuates fibrosis. Indeed, Kupffer cells assist
HSCs activation, survival, and pro-fibrogenic phenotype maintenance through TGF-p, oncostatin M, PDGF, TNF-a, IL-1B, TNFSF12A, and EGFR
ligand secretion. In turn, activated HSCs release CCL2, hyaluronan, IL-6, and TGF-f which are essential for monocytes recruitment, activation, and
polarization. Furthermore, Kupffer cells-derived CCL2 and CCL5 contribute to Ly6c™9" monocytes infiltration to the liver that promotes hepatic in-
flammation. In normal conditions, Ly6c'® monocytes have been shown to contribute to fibrosis regression by matrix metalloproteinases MMP9 and
MMP12 expression and induction of phagocytosis of cellular debris namely efferocytosis. M2 macrophages are stimulated by IL-13, IL-10, and IL-4.
Matrix metalloproteases expression by M2 macrophages facilitates wound healing. TGF-B, arginase-1 (Argl), and IL-10 produced by M2 macrophag-

es contribute to anti-inflammatory characteristics.
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(iNOS) expression. Indeed, iNOS stimulates Nitric
Oxide (NO) production which together with ROS pro-
duce Reactive Nitrogen Species (RNS) and stimulates
the HSCs activation “°. The reciprocal interplay be-
tween hepatic macrophages and HSCs perpetuates fi-
brosis. Indeed, Kupffer cells assist HSCs activation,
survival, and pro-fibrogenic phenotype maintenance
through TGF-B, oncostatin M, PDGF, TNF-a, IL-1p,
TNF superfamily member 12 (TNFSF12A) and Epi-
dermal Growth Factor Receptor (EGFR) ligand secre-
tion. In turn, activated HSCs release C-C motif chemo-
kine ligand 2 (CCL2), hyaluronan, IL-6, and TGF-$
which are essential for monocytes recruitment, activa-
tion, and polarization. Activated HSCs also contribute
to inflammation persistence through secreting CCL21
and IL-1B. CCL21 helps to recruit immune cells to
sites of inflammation. In addition, NLRP3 inflam-
masome activation leads to IL-1B secretion that assists
inflammation perpetuation 442, This positive feedback
loop preserves hepatic inflammation and fibrosis 3.
Furthermore, Kupffer cells-derived CCL2 and CCL5
contribute to Ly6cM" monocytes infiltration to the liver
that promotes hepatic inflammation (Figure 1) 3.

Inflammatory monocytes/macrophages in fibrosis progres-
sion

Kupffer cells TLR signaling, and activation cause
upregulated levels of CCL2 or MCP1 production.
These mediators induce the recruitment of Monocyte-
derived Macrophages (MoMFs) which are character-
ized by Ly6c, C-X3-C motif chemokine receptor 1
(CX3CR1), C-C chemokine receptor 2 (CCR2), and
CD11b expression and accomplish macrophage replen-
ishment upon injury. Based on their Ly6c expression,
Ly6chgh monocytes equal to CD14M" CD16'°" human
monocytes contribute to inflammation propagation 4445,
A research study conducted by Baeck et al deduced
CCL2 as a chemokine indispensable for Ly6c™"d" pro-
fibrogenic monocytes infiltration that hinders fibrosis
resolution “6, This subset is crucial for determining
fibrosis fate; because they are characterized as the main
proliferative macrophage subset expressing iNOS 7.

Macrophages adopt different phenotypes depending
on their microenvironmental stimuli. Interferon-Y
(IFN-Y), LPS, and IL-12 induce M1 macrophages po-
larization which is characterized by the production of
iNOS, TNF-a, IL-1p, IL-6, I1L-12, IL-8, and IL-15 and
participate in pathogen elimination and inflammation
propagation. These macrophages, also known as classi-
cally activated macrophages, are distinguished by their
cell surface expression markers, including CD86,
CD80, TLR4, TLR2, Interleukin-1 Receptor (IL-1R),
and major histocompatibility complex class 1l (MHC-
I1). In addition, they secrete chemokines like CCLS5,
CCL2, CCL3, CCL4, C-X-C motif ligand 8 (CXCLS8),
CXCL9, CXCL10 and CXCL11. M1 macrophages also
trigger HSC activation by secreting TGF-p and facili-
tating fibrosis progression 452,

Restorative monocytes/macrophages in fibrosis regression

Macrophages are highly plastic immune cells capa-
ble of both promoting and reversing liver inflammation
and fibrosis. Ly6cMd" monocytes can polarize to
Ly6c'™ monocytes equal to CD14°% CD16M9" human
monocytes that are implicated in fibrosis regression 4.
These monocytes have been shown to contribute to
fibrosis regression by matrix metalloproteinases
MMP9 and MMP12 expression and induction of phag-
ocytosis of cellular debris namely efferocytosis.
Ly6c'™ monocytes exhibit anti-fibrotic characteristics
corroborated by the observation that they express
CD47/Macrophage Migration Inhibitory Factor (MIF)
and Insulin-like Growth Factor 1 (IGF1) 5.

M2 macrophages also known as non-classically ac-
tivated macrophages are stimulated by IL-13, 1L-10,
and IL-4. M2 macrophages express CD163, CD206,
dectin-1, scavenger receptors and CCR2. Matrix metal-
loproteases expression by M2 macrophages facilitates
wound healing. TGF-B, arginase-1 (Argl), and IL-10
produced by M2 macrophages contribute to anti-
inflammatory characteristics . In addition, in a re-
search study conducted by Wan and colleagues, it was
reported that M2-polarized Kupffer cells induce M1
Kupffer cells apoptosis to inhibit inflammation 2. In
general, M2 macrophages are anti-inflammatory due to
IL-13, IL-4, IL-10, and TGF-B secretion, and assist
wound healing *°. Due to the high versatility of M2
macrophages, they are further subdivided into M2a,
M2b, M2c, and M2d. M2a and M2b macrophages reg-
ulate immune responses, and M2c macrophages pro-
mote wound healing and tissue remodeling. In addi-
tion, this subgroup of macrophages suppresses immune
responses. M2d macrophages are implicated in angio-
genesis and assist tumor development *°. Due to the
aforementioned dual paradoxical characteristics of
macrophages in exacerbating and ameliorating liver
inflammation and fibrosis, an approach that targets
inflammatory macrophages or promotes the polariza-
tion of restorative macrophages holds great potential in
mitigating the disease.

Macrophages therapeutic targeting

There have been several strategies proposed to miti-
gate liver fibrosis. The primary therapeutic approaches
focus on reducing the activation of Kupffer cells
through modulation of the gut-liver axis. These strate-
gies include preventing monocyte recruitment via
CCL2-CCR?2 inhibition, directing macrophage polari-
zation from a pro-inflammatory to a restorative pheno-
type, and the transplantation of autologous monocyte-
derived macrophages as well as bone marrow-derived
macrophages. All of these strategies aim to alleviate
liver inflammation and fibrosis 813455354,

Macrophages are compelling targets for liver in-
flammation, as they play crucial roles in the progres-
sion and regression of liver fibrosis. Therefore, any
agent that targets macrophages may have the potential
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to alleviate liver fibrosis. A summary of some pharma-
cological interventions is presented in table 1.

Exosomes-mediated cellular crosstalk in liver fibrosis

The interaction between monocytes/macrophages
and other cell types plays a crucial role in determining
the fate of fibrosis. Liver sinusoidal endothelial cells
express delta-like canonical Notch ligand 4 (DLL4),
and the signaling pathways involving Notch, TGF-B,
and LXR promote the trans differentiation of mono-
cytes into Kupffer cells, which are recruited to the in-
jured liver to expedite fibrosis progression. Further-
more, HSC-derived IL-1B and TNF-a enhance the dif-
ferentiation of monocytes into Kupffer cells. Macro-
phages release PDGF, TGF-B, and ROS, which induce
HSC activation. In turn, HSCs release CCL2 to pro-
mote the infiltration and activation of macrophages.
This creates a positive feedback loop in which macro-
phages support HSC survival, while HSCs inhibit mac-
rophage phagocytosis, thereby perpetuating inflamma-
tion 4365, Additionally, macrophages facilitate Endothe-
lial-to-Mesenchymal Transition (EndMT) in endotheli-
al cells, a process characterized by increased invasive-
ness and migration, cytoskeletal reorganization, and
loss of cellular adhesion, all of which contribute to
HSC activation. Endothelial cells upregulate Vascular
Adhesion Protein-1 (VAP1) and the integrin 04 subunit
VLA-4, further stimulating monocyte recruitment.
Macrophages, in turn, mediate endothelial disruption

4385 Despite the complex interplay between macro-
phages and various immune cells that govern inflam-
mation, the following section aims to elucidate macro-
phage-mediated communication through exosomes.
Reason: Improved clarity, vocabulary, and technical
accuracy while correcting grammatical and punctuation
errors.

Due to the importance of secreted exosomes in cell-
cell communications, in the following section, the ef-
fect of exosomes derived from either macrophages or
other cellular sources on liver fibrosis outcome will be
explained. Exosomes are types of extracellular vesicles
ranging in size from 30-100 nm which contain multiple
types of cargo including proteins, lipids, and nucleic
acids, and assist intercellular communication. Exosome
cargoes (e.g., miRNAs) influence the recipient cells
and may stimulate or inhibit liver fibrosis %8, Chen et
al showed that exosomes derived from THP-1 (human
leukemia monocytic cell line) macrophages treated
with LPS altered miR-103-3p and could therefore
stimulate HSCs activation and proliferation . Jiayi et
al observed that LPS-mediated stimulation of THP-1
cells promotes exosomes secretion rich in miR-155-5p
which elevates oxidative stress, collagen synthesis as
well as migration and proliferation of HSCs °. These
studies corroborate macrophage-derived exosomes in
the progression of hepatic fibrosis. In another study by
Wan et al, they showed that miR-411-5p in M2 macro-

Table 1. Therapeutic agents targeting macrophages

Type of impact on

Pharmacological agent Result Reference
macrophages
GR-MD-02 Direct Macrophage Galectin 3 antagonist, Improvement in liver (55)
stiffness
Cenicriviroc Direct Monocyte CCR2/CCR5 antagonist, Improvement in liver fibrosis (56)
Anti-CD163-1gG— . Corticoid delivery to macrophages, Diminution of hepatocyte
Direct N h ] N (57)
dexamethasone ballooning, inflammation and fibrosis
. . NF-xB inhibitor, Hepatic inflammation, fat accumulation, fibrosis,
Curcumin Direct A - (6)
and insulin resistance decrease
1,25-dihydroxy-vitamin D3 Direct NF-xB inhibitor, Hepa.tlc 1rTﬂamr.nat10n, fat accumulation, fibrosis, ©)
and insulin resistance decrease
Emricasan Direct Pan-caspase inhibitor (58)
Antibiotics, problo_tlcs, fec_al mlt_:roblota Direct Kupffer cells inhibitor (6)
transfer, sequestration of bile acids
Liraglutide Indirect Glucagon-like peptide 1 agonist, NASH improvement (59)
- - Peroxisome proliferator-activated receptor Y agonist, Inflammation,
g iz s hepatocyte ballooning, and fibrosis improvement G,
Obeticholic acid Indirect Farnesoid X receptor agonl_st, NASH_resqutlon, improvement in (61)
liver fibrosis
- . Phosphodiesterase Inhibitor, Improvement in steatosis,
ey e s inflammation, hepatocyte ballooning and fibrosis (62)
Selonsertib Indirect Apoptosis signal-regulating _klr_]ase 1 antagonist, Fibrosis 63)
alleviation
Elafibranor indirect Peroxisome prollferator—ac_twated receptor a and O agonist, NASH (64)
improvement
Pirfenidone Indirect Decreasing effects on TGF-8 (58)
Sorafenib Indirect Multi-kinase inhibitor inhibits the TGF-B1/Smad3 pathway and (58)

targets the Raf/Mek/Erk pathway
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phages-derived exosomes impeded HSC activation
through Calmodulin-regulated spectrin-associated pro-
tein 1 (CAMSAP1) inhibition and the ensuing down-
regulation of collagen and a-smooth muscle actin (o-
SMA) in HSCs ™. Liu and coworkers reported that
miR-192-5p expression in exosomes originated from
lipotoxic hepatocytes stimulated pro-inflammatory M1
macrophages polarization via Rictor (rapamycin-insen-
sitive companion of mammalian target of rapamycin)/
Akt/FoxO1 (forkhead box transcription factor O1)
pathway 72. It has been shown that lipids-mediated
death receptor 5 induction in hepatocytes assists extra-
cellular vesicles secretion which in turn instigates pro-
inflammatory macrophage polarization 7. Lysosomal
dysfunction caused by cholesterol mediates hepato-
cytes exosomal miR-122-5p release that induces M1
macrophages polarization and increases inflammation
74

According to Chen and co-workers research study,
LPS-induced macrophage activation and exosomal
miR-500 release led to HSCs activation and prolifera-
tion in CCly4 (carbon tetrachloride)-induced mice liver
fibrosis model through MFN2 targeting . Benbow and
colleagues also confirmed that exosomes derived from
activated HSCs stimulated macrophages' inflammatory
TNF-a and IL-6 expression and migration 6. Moreo-
ver, miR-148a in mesenchymal stem cells-derived exo-
somes facilitates macrophage phenotype switching
from the pro-inflammatory M1 to anti-inflammatory
M2 subset by Kruppel-Like Factor 6 (KLF6) and signal
transducer and activator of transcription 3 (STAT3)
inhibition transcription factors ”’. In conclusion, the
source of exosome-producing cells in different micro-
environments causes the alteration of miRNAs contents
which induces fibrosis induction or restoration.

Conclusion

Macrophages are regarded as the most critical im-
mune cells in the regulation of liver fibrosis. Different
subsets of pro-inflammatory and anti-inflammatory
macrophages play opposing roles in the progression
and resolution of liver fibrosis. Therefore, strategies
that inhibit the harmful effects of inflammatory mono-
cytes, while promoting restorative monocytes or target-
ing their intercellular communication, could be promis-
ing avenues for alleviating the disease. However, fur-
ther in-depth studies are necessary to identify the vari-
ous monocyte subsets and the cellular pathways in-
volved in fibrosis.
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