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Abstract
Liver fibrosis is a disease process that, without adequate treatment, can lead to liver failure and can be life-
threatening. This disease is reversible and appropriate therapy can prevent further liver damage. Liver transplant 
therapy is the only treatment for an end-stage liver disease that works, but it has various obstacles and limitations 
in its implementation. Therefore, nowadays, mesenchymal stem cells (MSCs) have become a hope of therapy for 
liver fibrosis. Our literature review describes the pathomechanism of liver fibrosis and the steps of its resolution, 
accompanied by the possible role of MSCs in supporting the process. The activation of several complex pathways 
regulates liver fibrosis, and its resolution, involving Transforming Growth Factor (TGF)-β, signal transducer and 
activator of transcription-3, and Wnt/β-catenin signaling is involved in Hepatic Stellate Cells (HSCs) activation, 
which are precursors of myofibroblasts (MFs) and causes fibrosis. The presence of the High-mobility group box-1 
pathway, which also induces the production of proinflammatory cytokines and the role of matrix metalloproteinases 
(MMPs)/tissue Inhibitors of MMPs s and Syndecan-1, is incorporated into the extracellular matrix (ECM). In repairing 
liver damage, four steps of liver fibrosis resolution are required, such as preventing further damage, restoring the 
intrahepatic balance of inflammation, removing and inactivating MFs, and ECM degradation associated with arresting 
the eight pathways of the fibrosis mechanism. MSCs can help resolve liver fibrosis and speed up wound healing, 
increase hepatocyte survival, and suppress HSCs activation by blocking fibrosis mechanism pathways such as 
TGF-β and pro-inflammatory factors such as tumor necrosis factor-alpha, interferon-gamma, IL-6, IL-17, and IL-23, 
in addition to an elevated level of an anti-inflammatory factor like IL-10.
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Introduction

Scar formation is a response of liver tissue 
to repeated and continuous liver injury or chronic liver 
disease (CLD), which leads to liver failure [1]. CLD 
can be induced by Hepatitis B and C infection, fatty 
liver disease (FLD), whether caused by alcohol or 
not, and autoimmune diseases (such as autoimmune 
hepatitis, primary sclerosing cholangitis, and primary 
biliary cirrhosis) [2], [3]. The scar tissue is induced by 
an increase of extracellular matrix (ECM) synthesis, 
such as fibrillar collagen, primarily collagen I and 
III. This deposition of ECM will cause interaction of 
macrophages, myofibroblasts (MFs), and epithelial cells 
that lead to hepatocellular dysfunction. This condition is 
a morphological feature of liver fibrosis [1], [4], [5].

Liver fibrosis is one of the top ten diseases 
that causes death in the world and still no satisfactory 
definitive treatment. Epidemiological data show that 
liver fibrosis causes more than one million deaths per 
year, or equal to 2% of total deaths worldwide [6], [7] 
Liver fibrosis can be reversible as evidenced by current 
clinical and histological findings. To avoid further liver 
damage, it is crucial to assess the extent of liver fibrosis 

and prescribe the proper treatment [2], [8]. At present, 
the most effective treatment option for liver fibrosis is 
liver transplantation [9]. However, liver transplantation 
has many limitations, such as the limited number 
of liver donors, expensive cost, and rejection by 
the immune system [7], [9], [10]. The discovery of 
isolation, propagation, and preservation methods of 
mesenchymal stem cells (MSCs), as well as research 
on their potential in regenerative therapy gives hope for 
their use as alternative therapy for patients with liver 
disease [7], [11].

Recent studies reported that MSCs provide 
a new alternative pattern for controlling inflammation, 
repair, and regeneration of liver fibrosis. By increasing 
hepatocyte survival and inhibiting the activation 
of Hepatic Stellate Cells (HSCs), MSCs help to 
accelerate wound healing [4], [5] Several preclinical 
researches using MSCs have been conducted and 
given an indication that MSCs can support liver fibrosis 
regression [12]. Therefore, it has been considered 
important to evaluate treatment response in clinical 
trials [8]. Aspects of the cellular heterogeneity of 
MSCs and the complex nature of MSCs make this cell 
very interesting to be studied [12]. To give us a better 
understanding of the pathomechanism of liver fibrosis 
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and its resolution, this article discusses the cellular 
mechanism of fibrosis and liver fibrosis resolution, 
as well as the role of MSCs therapy on the fibrosis 
resolution.

Pathomechanism of Liver Fibrosis

Liver fibrosis develops by activating several 
complex pathways intended to repair damaged liver 
tissue but ultimately results in uneven scarring [13]. 
Liver injury triggers the activation of several subsets 
of innate immune cells, including macrophages, 
neutrophils, eosinophils, natural killer (NK) cells, 
dendritic cells (DCs), and innate lymphoid cells, as well 
as adaptive immunity cells, including T lymphocytes 
(T cells), regulatory T (Treg) cells, B lymphocytes, 
regulatory B cells, and T helper (Th) cells [14]. 
Destruction of hepatocytes initiates fibrosis that results 
in the release of inflammatory cytokines and the 
activation of liver macrophages (Kupffer cells or KCs); 
activation and transformation of HSCs into fibrogenic 
and proliferative MFs; and leukocyte migration to the 
injury site. Activated HSCs release reactive oxygen 
species (ROS), cytokines, and chemokines in addition 
to fibers and a significant amount of ECM proteins, 
that is, Type I, III, and IV collagen, elastin, fibronectin, 
and laminin, as well as proteoglycans, which promote 
inflammation process [13], [15]. Liver fibrosis has 
numerous intricate mechanisms that involve both cellular 
and extracellular signaling [15], including transforming 
growth factor (TGF-β), signal transducer and activator 
of transcription (STAT3), Wnt/β-catenin, apoptotic, 
matrix metalloproteinases (MMPs) dan tissue Inhibitors 
of MMPs (TIMPs), Syndecan-1 (SDC1), and regulation 
of high-mobility group box 1 (HMGB1) pathways.

The TGF-β signaling pathway is critical for 
HSCs activation [16]. TGF-β is a profibrogenic cytokine 
that causes fibrosis by activating the SMAD signaling 
pathway. It has also been shown to mediate the 
transformation of mesothelial cells through the epithelial 
mesenchymal transition into MFs in CLD [16], [17]. The 
decapentaplegic homologous protein (SMAD) 2/3–4 
pathway is one of the intracellular pathways that are 
activated by TGF-β. This pathway can interact with 
other transcription factors (coactivators/corepressors) 
in the nucleus to regulate the formation of MFs, leading 
to an increase in MFs and an increase in connective 
tissue growth factor, which is what causes fibrosis [18]. 
Recent studies report that prolonged inflammation can 
induce Type-2 macrophage (M2) cells to release several 
growth factors, especially TGF-β, as potent mediators 
for the activation and differentiation of HSCs into MFs, 
which produce ECM [19]. TGF-β also increases the 
expression of pro-fibrogenic markers, such as α-SMA, 
MMPs, and TIMPs [20] (Figure 1).

Many protein ligands, such as cytokines, 
growth factors, interferons (IFNs), and peptide 
hormones, activate the Janus kinase (JAK) transduction 
pathway/STAT pathway, which regulates a variety of 
cellular processes, including cell growth, proliferation, 
differentiation, and apoptosis [21]. Numerous cellular 
processes, including MFs cell proliferation, liver cell 
survival, and induction of angiogenesis, are significantly 
influenced by STAT3, which also functions as a pro-or 
anti-inflammatory signal in regulating the onset and 
progression of liver fibrosis [21], [22]. It is known that 
JAK2 phosphorylates and activates STAT3, which is 
thought to encourage the proliferation of hepatocytes. 
Liver NF-kB-inducing kinase (NIK) may be activated in 
CLD by hepatocellular stress and liver inflammation. 
Active NIK will limit hepatocyte proliferation by inhibiting 
the JAK2/STAT3 pathway [22], [23]. Other research 
has demonstrated that IL-17 increases the STAT3 
signaling pathway, encouraging Kupffer cells to release 
TGF-β and activating HSCs to generate MFs through 
promoting collagen synthesis. STAT3/IL-6 signaling 
regulates hepatocyte proliferation and is linked to acute 
and chronic liver fibrosis.

Furthermore, IL-22 produced by Th17 cells and 
STAT3 induces HSCs senescence in liver fibrosis [16]. 
Various studies have shown that T17  cells and γδ T 
cells (15%~25% of liver T cells) produce IL-17A. T17 
promotes the formation of hepatic granulomas by 
secreting IL-17A. Furthermore, the absence of IL-17A 
signaling has been linked to decreased liver fibrosis 
in murine schistosomiasis [24]. Patients’ fibrotic tissue 
samples frequently reveal elevated levels of STAT3. It 
is known that STAT3 functions independently as well 
as in conjunction with TGF-β, among other signaling 
networks [21]. Datasets from the past 10  years of 
research suggest that STAT3 and its associated 
cytokines have complex biologic effects on various 
factors that cause fibrosis. These examinations likewise 
show that using STAT3 inhibitors in a liver injury model 
leads to promising activity against, so the STAT3 
pathway is a viable objective for treating fibrotic illness 
in patients [22] (Figure 1).

A protein known as β-catenin is an adhesion 
molecule and transcription factor. The Wnt protein 
controls the transcription factor activity of this protein, 
which is often released into the ECM. β-catenin is 
usually found in the cytoplasm, which is necessary 
for the development of organisms and is evidenced 
by embryonic death due to defects in gastrulation in 
β-catenin-deficient mice. Postnatal liver development 
requires Wnt/β-catenin signaling. This was seen in 
mice with a considerable reduction in liver weight due 
to β-catenin deletion in hepatocytes. The signaling 
network of Wnt/β-catenin, which is also involved in 
HSCs activation, causes mesenchyme depleted of 
β-catenin to express more of the HSCs marker α-SMA 
and to deposit more collagen in the developing liver [25] 
(Figure 1).
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Apoptosis is a physiological response to 
remove damaged/old cells and maintains liver tissue 
homeostasis, which is essential in liver growth and 
regeneration by producing growth signals and increasing 
the development of progenitor cells. Liver fibrosis with 
different etiologies shows an increase in apoptosis. 
For example, in the case of hepatitis, in the acinar 
perivenous area of hepatocytes, there is an increase 
in apoptosis as a cytoprotective mechanism in clearing 
infections that occur in the liver [26]. Cell apoptosis is 
mediated by extrinsic and intrinsic signaling pathways. 
The extrinsic pathway involves specific ligands that 
activate their receptors (death receptors), including 
tumor necrosis factor 1 receptor, TNF TNF-related 
apoptosis-inducing ligand (TRAIL-R), and Fas as an 
apoptosis-inducing ligand receptor. Then, a death-
inducing signaling complex is formed from an adapter 
molecule that binds to an apoptotic signaling molecule, 
which initiates apoptosis by activating caspase-8, which 
in turn activates caspase-3. Meanwhile, the intrinsic 
apoptotic pathway involves organelle dysfunction, for 
example, lysosomal permeabilization, mitochondrial 
dysfunction, and other organelle disorders. Among 
these organelles, mitochondria is the protagonists in the 
initiation and development of apoptosis. Mitochondrial 
dysfunction generates ROS, excess ROS is harmful 

and cause lipotoxicity, DNA damage, and protein 
damage. By causing the mitochondrial permeability 
transition pore (mtPTP) to open, mitochondrial 
dysfunction makes it possible for proapoptotic proteins 
like cytochrome c to be released into the cytoplasm. 
The apoptosome complex is formed in the presence 
of cytochrome c, activating factor protein-1, and 
caspase-9, which activate the effector caspase-3 and 
induce apoptosis [27] (Figure 1).

The most significant enzymes in the 
extracellular pathway of collagen degradation are 
MMPs [28]. Most MMPs are released as pro-enzymes, 
which are then activated in the extracellular environment. 
Inflammatory cells such as monocyte-derived 
macrophages, macrophages, and neutrophils, as well 
as HSCs (the body’s main producers), KC, epithelial 
cells, fibroblasts, and endothelial cells, and these cells 
can all create MMPs. From liver damage, inflammation, 
fibrosis, cirrhosis, and hepatocarcinogenesis to disease 
resolution and liver regeneration, several MMPs are 
engaged in the many stages of liver illness. Where 
the vast majority of the underlying mechanisms are 
unidentified, MMPs can be employed as “direct” 
(describes ECM problems) and “indirect” (describes 
aberrant liver function) indicators for accurate 
diagnosis and staging of liver fibrosis because of the 

Figure 1: Eight proposed pathways that are involved in liver fibrosis
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varied expression of various MMPs at various disease 
stages [29]. TIMPs prevent the action of MMP. There 
are four TIMPs (TIMP1-TIMP4) that can interact with 
multiple subsets of MMPs, as opposed to 25 MMPs 
in mammals. Animals with Timp1 overexpression or 
knockout developed more severe liver fibrosis, and 
Timp3-KO mice developed more severe fibrosis despite 
higher MMP activity overall. TIMPs can influence 
myofibroblast activation and ECM turnover directly or 
indirectly by regulating cellular mechanisms that control 
cell proliferation, migration, and survival [28] (Figure 1).

Syndecans are a family of proteoglycans 
(syndecans 1–4) in mammals, which structurally have 
three domains: An extracellular domain (ectodomain), a 
transmembrane domain, and a cytoplasmic domain [30]. 
Numerous physiological and pathological processes 
are influenced by SDC1. SDC1 changes how various 
growth factors and their receptors work by binding to the 
ECM. In mice with SDC1 overexpression, decreased 
cell proliferation slowed the healing process. SDC1 
also prevents the initial stages of liver fibrogenesis by 
upregulating MMP-14 and preventing TGF-β from being 
flagged. FLD non-alcoholic, cirrhosis, and HCC all cause 
a rise in serum protein expression and concentration, 
which makes them helpful as diagnostic indicators for 
liver fibrosis [31]. Increased expression of syndecans 
and cytokines results from glycosaminoglycan side 
chains in the extracellular domain of syndecans binding 
to inflammatory cytokines and chemokines, triggering 
feedback signaling and forming syndecan-chemokine 
complexes, resulting in a stable chemokine gradient. 
The interaction between leukocytes and endothelial 
cells is mediated by syndecans through selectins, 
which slows down leukocyte movement and ultimately 
stops leukocyte rolling. Adherent leukocytes initiate 
transmigration directed by a stable chemokine gradient 
to the site of inflammation [32]. SDC1 also causes 
TGF-β to decrease by inhibiting growth factor activation 
due to the bonds formed between the heparan sulfate 
chain on SDC1 that binds TGF-β [31] (Figure 1).

As a damage-associated molecular 
pattern, HMGB1 controls immunological responses, 
encourages chemotaxis, and causes antigen-specific 
responses [33]. Numerous acute and chronic liver 
disorders and after reperfusion of the liver graft result 
in markedly increased serum HMGB1 levels [33], [34]. 
In response to necrotic injury or tissue regeneration, 
HMGB1 can be released from cells either actively or 
passively [34]. Conditions that can cause the production 
of HMGB1 include chronic inflammation, which causes 
Kupffer cells (like M2) to secrete HMGB1. By attracting 
PMNs, monocytes, and macrophages or by shifting 
the Treg/Th17 balance in a favor of Th17 dominance 
through TLR4-IL-6 can induce the production of pro-
inflammatory cytokine and harming hepatocytes, HBV 
infection can cause hepatocyte apoptosis that results 
in a passive release of HMGB1. This exacerbates 
inflammation and liver injury can lead to liver fibrosis 
[33]. Exogenous HMGB1 can proliferate fibroblasts, 

decrease MMP-1 levels, and increase TIMP-1 mRNA 
expression by acting as a profibrogenic molecule. It 
was demonstrated that HMGB1 treatment increased 
the expression levels of Type I and III collagen, elastin, 
and fibronectin. HMGB1 treatment also increased the 
expression levels of  TGF-β1 and internal signaling 
molecules such as SMAD 2 and 3, the phosphorylated 
SMAD 2/3 complex, and NF-κB [34]. HMGB1 levels in 
plasma or serum are markedly increased in some acute 
and chronic liver disorders. Inhibiting the synthesis and 
release of HMGB1 or disrupting the HMGB1 signaling 
pathway with its receptor are a few examples of how 
HMGB1 might be employed as a therapeutic target to 
treat profibrogenic illness [33], [35]. Recent research 
has demonstrated the utility of HMGB1 as a biomarker 
for the detection of liver disease [33] (Figure 1).

Resolution Process of Liver Fibrosis

Liver fibrosis resolution can be thought of as a 
two-way and reversible process because fibrosis occurs 
when MFs overproduce ECM in response to wounding 
healing [28], [36]. The fibrotic process involves 
inflammatory cells and liver MFs, such as Kupffer cells 
and matrix-degrading MMPs [36]. On resolution of 
fibrosis, MFs are inactivated and cleared by NK cells, T 
cells, and macrophages [37]. An important mechanism 
required for the effective resolution of fibrosis can be 
broadly divided into four steps, that is, preventing the 
ongoing damage, restoring the intrahepatic equilibrium 
from inflammation, removing and deactivating MFs, 
and ECM degradation (Figure 2).

One important factor for balancing toward 
resolution of fibrosis is a cessation of chronic liver 
injury [28], [38], for example, antiviral treatment of HBV-
induced liver fibrosis [28]. In rat fibrosis models, toxicity 
(e.g., carbon tetrachloride [CCl4], thioacetamide), 
cholestasis (e.g., bile duct ligation), or metabolic 
stress all cause fast fibrosis reversal within days after 
cessation (e.g., choline-methionine-deficient diet). 
Chronic injury is accompanied by the release of pro-
inflammatory signals (such as HMGB1), hepatocytes’ 
stimulation of inflammatory signaling cascades (such 
as TGF-β), and the release of various cytokines and 
chemokines. These processes end once liver damage 
has stopped. Experimental mouse models were used 
to study the processes of liver fibrosis progression and 
remission, enabling targeted therapies. In the mouse 
model, an injury induces a regenerative mechanism [38]. 
Treating the fibrotic ECM directly can help reduce the 
pathological effects of the lesion when the etiology is 
unclear, or there is no effective treatment for the cause 
of the injury [28].

Due to the recovery of hepatocyte cells and the 
influence of nearby non-parenchymal cells, changes in 
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the resolution’s pro-inflammatory microenvironment 
may occur, allowing restorative and anti-inflammatory 
mediators to take over. The acquisition of a restorative 
phenotype by macrophages, characterized by high 

expression of matrix metalloproteinases (MMPs), 
growth factors (supporting hepatocyte recovery), and 
phagocytosis-associated receptors, was one of the 
most prominent phenotypes. In contrast, macrophage 

Figure 2: The four steps resolution process of liver fibrosis

Figure 3: MSCs’ role in pathways involved in liver fibrosis
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differentiation toward restorative cells may be further 
aided by myofibroblast phagocytosis and/or hepatocyte 
apoptosis. There is also an increase in the number 
of DC and NK cells in the liver with the regression of 
liver fibrosis. At the same time, MMP-9 expression 
is supported by DC for matrix degradation. Through 
natural-killer Group 2 member D and TRAIL, NK cells 
activate apoptosis and age MFs. T cells that express 
the T cell receptor gamma delta also use the Fas/FasL 
interaction to cause myofibroblast apoptosis [38].

HSCs, which change into MFs, are the primary 
cells in the liver that produce collagen. The key to 
fibrosis regression is the inactivation of MFs, and three 
possible mechanisms have been proposed: apoptosis, 
aging, and inactivation. The MFs phenotype of aging 
is characterized by decreased expression of cell cycle 
and fibrogenic genes, making it susceptible to NK cell-
mediated apoptosis. MFs undergo apoptosis during 
fibrosis regression, driven by NK, T, and possibly CD8+ 
cytotoxic T cells as well as the loss of anti-apoptotic 
signals. In addition, about half of MFs become inactive 
and revert to a “silent” HSCs phenotype; however, 
these inactivated HSCs remain “primed,” which means 
that on fibrogenic stimulation, they can more readily 
reactivate into MFs [38], by inhibiting TGF-β, STAT3, 
Wnt/β-catenin, the apoptotic pathway can remove and 
inactivate MFs.

TIMP-1 and TIMP-2 expression rapidly 
decreased during the recovery process, but matrix-
degrading MMPs continued to be expressed. This 
increased matrix degradation and collagenase activity 
in the liver was necessary for fibrosis reversibility [36]. 
MMP, a family of enzymes with different substrate 
affinities for matrix components, is the most significant 
degrading effector. Restorative macrophages supply 
these fibrinolytic mediators, especially MMP12 and 
MMP13, in addition to releasing anti-inflammatory 
mediators. However, distinct MMPs can also be 
expressed by HSCs and neutrophils. However, some 
advanced fibrosis factors, such as collagen cross-
linking and elastin deposition, provide some resistance 
to matrix degradation [38]. The matrix remodeling 
process may persist as part of wound healing in the 
absence of additional injury and finally result in the 
resolution process of fibrosis [28].

Role of MSC in Liver Fibrosis Resolution

MSCs are immunomodulatory and multipotent 
cells that resemble fibroblasts; they can multiply rapidly 
in vitro when certain circumstances are met [39]. MSCs 
used in medicine come from the following sources: MSCs 
from adult tissues (peripheral blood, adipose tissue [AT], 
bone marrow, and dental pulp) and MSCs from neonate 
tissues (placenta, amnion, and umbilical cord) [40]. MSCs 

have Immunoprivileged such as HLA-DR (−) expression, 
trilineage differentiation (adipogenic, osteogenic, and 
chondrogenic), low levels of MHC Class  I, and lacked 
molecules MHC class  II [11], [41], [42]. Due to their 
plasticity, immunoregulation, characteristic surface 
antigen phenotypes of CD73, CD90, and CD105, 
as well as their lack of expression of costimulatory 
molecules necessary for immune recognition, such 
as CD80, CD86, and CD40, MSCs can mobilize 
inflammatory or anti-inflammatory capabilities, based on 
the local microenvironment [11], [41], [43]. By reducing 
the generation of tumor necrosis factor-alpha (TNF-α), 
interferon-gamma (IFN-γ), and IL-10, MSCs improve the 
responsiveness of Th2 cells. MSCs have demonstrated 
great immunomodulatory potential in addition to their 
regeneration abilities, and they have shown promising 
therapeutic results, although they call for extremely large 
cell numbers and diverse individual responses [40]. 
MSCs can suppress the immune system only after 
being triggered by inflammatory cytokines; they lack this 
ability by nature [43].

When cultured in liver conditions, MSCs can 
differentiate hepatogenically and can be isolated from a 
variety of tissues. By reestablishing liver differentiation 
and the activity of immunomodulators, anti-inflammatory, 
anti-fibrotic, antioxidant, and anti-apoptotic actions in 
liver cells, MSCs restore liver capability [39]. Exosomes 
produced by MSCs include a variety of payloads, such as 
lipids, proteins, and nucleic acids, which influence target 
cell behavior through diverse signaling pathways [11]. 
Even though MSCs suppress the immune system and 
promote angiogenesis in hepatocellular carcinoma, MSCs 
may promote the beginning and progression of tumors 
by inhibiting the Wnt signaling pathway [39]. IL-10, an 
anti-inflammatory cytokine, and TNF-α, IFN-γ, IL-6, IL 17, 
and IL 23 production were all markedly downregulated 
by MSCs (Figure 3) [11], [14], [39]. Paracrine effects in 
MSCs-derived secretions, such as the protein mediators 
hepatocyte growth factor (HGF), TGF-  β, indoleamine 
2,3-dioxygenase (IDO), and prostaglandin 2 (PGE2), 
are also essential for immunoregulation and anti-
inflammatory signaling [11], [39]. MSCs homing capacity, 
survival rate, and paracrine effects in vitro and in vivo, 
as well as their capacity to enhance cell proliferation and 
liver function, can all be enhanced by using chemicals, 
hypoxia, inflammation in the microenvironment, and gene 
modification to protect them from injury caused by harsh 
microenvironments [39]. In injured liver tissue, many 
inflammatory reactions are detected and are the main 
cause of fibrosis and liver failure. Recent research has 
demonstrated that MSCs immunomodulatory abilities 
can decrease inflammation in the liver and chronic 
diseases through a variety of methods [44], [45]. Another 
research treatment with AT-derived MSCs showed an 
increase in liver function, a decrease in IL-1β and TNF-
α, which describes an anti-inflammatory effect, and an 
increase in IL-10, which describes the downregulation of 
inflammatory cytokines [46].
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MSCs play a therapeutic role in this situation 
by secreting beneficial substances. Exosomes of the 
MSCs, for example, are used to deliver microRNA 
into cells, promoting liver regeneration and assisting 
in the repair of liver structure [47]. Several studies 
have shown that MSCs have an effect on the fibrosis 
signaling pathway and stimulate the highest levels of 
HGF. TGF-β concentrations decreased significantly 
3 days after treatment with various MSCs doses and 
higher MSCs doses (2 × 106 MSCs) resulted in the 
lower TGF-β levels compared to a lower MSCs dose (1 
× 106 MSCs) [19]. Bavarsad et al. used activated HSCs 
to assess the therapeutic effect of WJ-MSCs exosomes 
pretreated with TGF-β1 in vitro on ECM protein reduction 
by inhibiting TGFβ1/SMAD signaling in activated HSCs. 
Low levels of TGFβ were found to increase the anti-
fibrotic capacity of WJ-MSCs exosomes [43]. Another 
study by Yang et al. used a mouse liver model infected 
with the tapeworm Echinococcus multilocularis (E. 
multilocularis) to activate HSCs and increase collagen 
deposition around the lesion, both of which contribute 
to severe liver fibrosis. The administration of adipose-
derived stem cells effectively reduce liver damage and 
fibrosis in mice by regulating the SMAD7 signaling 
pathway and decreasing levels of TGF-β receptor 
activation, aHSCs, and ECM deposition [48]. Therefore, 
MSCs inhibit HSCs activation and reduce fibrosis by 
reducing TGF-β release (Figure 3).

Conclusion

Liver fibrosis is a complicated process involving 
eight pathways of liver fibrosis mechanisms in response 
to intracellular and extracellular microenvironment 
changes, including TGF-β, STAT3, Wnt/β-catenin, 
apoptosis, MMPs, TIMPs, SDC1, and HMGB1. In 
the mechanism of liver fibrosis, these pathways are 
associated with hepatocyte damage, activation and 
differentiation of HSCs into proliferative MFs, and 
increased synthesis and accumulation of ECM, which 
lead to fibrosis, except SDC1, whose overexpression 
inhibits TGF-B. For effective fibrosis resolution, four 
crucial steps are required, such as preventing ongoing 
damage by eliminating etiologic factors, inhibiting 
apoptotic dan HMGB1 pathways, restoring the 
intrahepatic equilibrium from inflammation by inhibiting 
TGF-β, STAT3, apoptosis, HMGB1, and increasing 
syndecan 1 pathway, removing and deactivating 
MFs by inhibiting TGF-β, STAT3, Wnt/β-catenin, the 
apoptotic pathway, and ECM degradation. MSCs 
therapy supports the resolution of liver fibrosis without 
causing side effects by releasing beneficial substances. 
Exosomes of the MSCs, for instance, are utilized to 
deliver microRNAs into cells, inhibit HSCs activation, 
promote hepatocyte survival by differentiating into 
hepatocyte-like cells, and assist in liver structural repair. 

Pro-inflammatory factors such as TNF-α, IFN-γ, IL-6, 
IL-17, and IL-23 production is decreased, and the anti-
inflammatory cytokine interleukin (IL)-10  secretion is 
significantly increased by MSCs. MSCs not only reduce 
damage to the liver but also reduce the severity of 
fibrosis, leading to the resolution of fibrosis in the liver.

Acknowledgments

We thank Firda Asma’ul Husna who has 
facilitated the preparation and publication process of 
this article.

References

1.	 Salas-Villalobos TB, Lozano-Sepúlveda SA, Rincón-
Sánchez AR, Govea-Salas M, Rivas-Estilla AM. Mechanisms 
involved in liver damage resolution after hepatitis C virus 
clearance. Med Univ. 2017;19(75):100-7. https://doi.
org/10.1016/j.rmu.2017.05.005

2.	 Cheng JY, Wong GL. Advances in the diagnosis and treatment 
of liver fibrosis. Hepatoma Res. 2017;3(8):156-69. https://doi.
org/10.20517/2394-5079.2017.27

3.	 Koyama Y, Xu J, Liu X, Brenner DA. New developments on the 
treatment of liver fibrosis. Dig Dis. 2016;34(5):589-96. https://
doi.org/10.1159/000445269

	 PMid:27332862
4.	 Sun H, Shi C, Ye Z, Yao B, Li C, Wang X, et al. The role 

of mesenchymal stem cells in liver injury. Cell Biol Int. 
2022;46(4):501-11. https://doi.org/10.1002/cbin.11725

	 PMid:34882906
5.	 Sa’dyah NA, Putra A, Dirja BT, Hidayah N, Azzahara SY, 

Irawan RC. Suppression of transforming growth factor-β by 
mesenchymal stem-cells accelerates liver regeneration in liver 
fibrosis animal model. Univ Med. 2021;40(1):29-35. https://doi.
org/10.18051/UnivMed.2021.v40.29-35

6.	 Asrani SK, Devarbhavi H, Eaton J, Kamath PS. Burden of liver 
diseases in the world. J Hepatol. 2019;70(1):151-71. https://doi.
org/10.1016/j.jhep.2018.09.014

	 PMid:30266282
7.	 Wang J, Sun M, Liu W, Li Y, Li M. Stem cell-based therapies 

for liver diseases: An overview and update. Tissue Eng 
Regen Med. 2019;16(2):107-18. https://doi.org/10.1007/
s13770-019-00178-y

	 PMid:30989038
8.	 Sun YM, Chen SY, You H. Regression of liver fibrosis: Evidence 

and challenges. Chin Med J (Engl). 2020;133(14):1696-702. 
https://doi.org/10.1097/CM9.0000000000000835

	 PMid:32568866
9.	 Wang R, Song F, Li S, Wu B, Gu Y, Yuan Y. Salvianolic acid A 

attenuates CCl4-induced liver fibrosis by regulating the PI3K/
AKT/mTOR, Bcl-2/Bax and caspase-3/cleaved caspase-3 
signaling pathways. Drug Des Devel Ther. 2019;13:1889-900. 
https://doi.org/10.2147/DDDT.S194787

	 PMid:31213776
10.	 Hawxby A, Rubin EM, Piao D, Hawxby A, Wright H, Rubin EM. 

https://oamjms.eu/index.php/mjms/index


� Husein and Liem. Pathomechanism of Liver Fibrosis and Mesenchymal Stem Cells

Open Access Maced J Med Sci. 2023 Jan 09; 11(F):86-94.� 93

Perspective review on solid-organ transplant: Needs in point-
of-care optical biomarkers. J  Biomed Opt. 2018;23(08):1-14. 
https://doi.org/10.1117/1.JBO.23.8.080601

	 PMid:30160078
11.	 Cao Y, Ji C, Lu L. Mesenchymal stem cell therapy for liver 

fibrosis/cirrhosis. Ann Transl Med. 2020;8(8):562. https://doi.
org/10.21037/atm.2020.02.119

	 PMid:32775363
12.	 Lukomska B, Stanaszek L, Zuba-Surma E, Legosz P, 

Sarzynska S, Drela K. Challenges and controversies in 
human mesenchymal stem cell therapy. Stem Cells Int. 
2019;2019:9628536. https://doi.org/10.1155/2019/9628536

	 PMid:31093291
13.	 Sepulveda-Crespo D, Resino S, Martinez I. Strategies targeting 

the innate immune response for the treatment of hepatitis 
C virus-associated liver fibrosis. Drugs. 2021;81(4):419-43. 
https://doi.org/10.1007/s40265-020-01458-x

	 PMid:33400242
14.	 Hu C, Wu Z, Li L. Mesenchymal stromal cells promote liver 

regeneration through regulation of immune cells. Int J Biol Sci. 
2020;16(5):893-903. https://doi.org/10.7150/ijbs.39725

	 PMid:2071558
15.	 Nathwani R, Mullish B, Kockerling D, Forlano R, Manousou P, 

Dhar A. A review of liver fibrosis and emerging therapies. EMJ. 
2019;4(4):105-16. https://doi.org/10.33590/emj/10310892

16.	 Zhangdi HJ, Su SB, Wang F, Liang ZY, Yan YD, Qin SY, 
et al. Crosstalk network among multiple inflammatory mediators 
in liver fibrosis. World J Gastroenterol. 2019;25(33):4835-49. 
https://doi.org/10.3748/wjg.v25.i33.4835

	 PMid:31543677
17.	 Gupta P, Sata TN, Yadav AK, Mishra A, Vats N, Hossain MM, 

et al. TGF-β induces liver fibrosis via miRNA-181a-mediated 
down regulation of augmenter of liver regeneration in hepatic 
stellate cells. PLoS One. 2019;14(6):e0214534. https://doi.
org/10.1371/journal.pone.0214534

	 PMid:31166951
18.	 Shi X, Young CD, Zhou H, Wang X. Transforming growth factor-β 

signaling in fibrotic diseases and cancer-associated fibroblasts. 
Biomolecules. 2020;10(12):1666. https://doi.org/10.3390/
biom10121666

	 PMid:33322749
19.	 Hermansyah D, Putra A, Muhar AM, Retnaningsih, Wirastuti K, 

Dirja BT. Mesenchymal stem cells suppress TGF-β release to 
decrease α-SMA expression in ameliorating CCl4-induced liver 
fibrosis. Med Arch. 2021;75(1):16-22. https://doi.org/10.5455/
medarh.2021.75.16-22

	 PMid:34012193
20.	 Kanmani P, Kim H. Probiotics counteract the expression 

of hepatic profibrotic genes via the attenuation of TGF-β/
SMAD signaling and autophagy in hepatic stellate cells. PLoS 
One. 2022;17(1):e0262767. https://doi.org/10.1371/journal.
pone.0262767

	 PMid:35051234
21.	 Bharadwaj U, Kasembeli MM, Robinson P, Tweardy DJ. Targeting 

Janus kinases and signal transducer and activator of transcription 
3 to treat inflammation, fibrosis, and cancer: Rationale, progress, 
and caution. Pharmacol Rev. 2020;72(2):486-526. https://doi.
org/10.1124/pr.119.018440

	 PMid:32198236
22.	 Zhao J, Qi YF, Yu YR. STAT3: A key regulator in liver fibrosis. 

Ann Hepatol. 2021;21:100224. https://doi.org/10.1016/j.
aohep.2020.06.010

	 PMid:32702499
23.	 Xiong Y, Torsoni AS, Wu F, Shen H, Liu Y, Zhong X, et al. 

Hepatic NF-kb-inducing kinase (NIK) suppresses mouse 
liver regeneration in acute and chronic liver diseases. Elife. 
2018;7:e34152. https://doi.org/10.7554/eLife.34152

	 PMid:30070632
24.	 Sun L, Gong W, Shen Y, Liang L, Zhang X, Li T, et al. IL-17A-

producing γδT cells promote liver pathology in acute murine 
schistosomiasis. Parasit Vectors. 2020;13(1):334. https://doi.
org/10.1186/s13071-020-04200-4

	 PMid:32611373
25.	 Nishikawa K, Osawa Y, Kimura K. Wnt/β-catenin signaling 

as a potential target for the treatment of liver cirrhosis using 
antifibrotic drugs. Int J Mol Sci. 2018;19(10):3103. https://doi.
org/10.3390/ijms19103103

	 PMid:30308992
26.	 Kelly DA. Hepatocellular death: Apoptosis, autophagy, necrosis 

and necroptosis. In: Radu-Ionita F, Pyrsopoulos NT, Bontas E, 
Tintoiu IC, editors. Liver Diseases a Multidisciplinary Textbook. 
Romania: Springer; 2020. p. 37-51.

27.	 Hu SJ, Jiang SS, Zhang J, Luo D, Yu B, Yang LY, et al. Effects 
of apoptosis on liver aging. World J Clin Cases. 2019;7(6):691-
704. https://doi.org/10.12998/wjcc.v7.i6.691

	 PMid:30968034
28.	 Jun JI, Lau LF. Resolution of organ fibrosis. J  Clin Invest. 

2018;128(1):97-107. https://doi.org/10.1172/JCI93563
	 PMid:29293097
29.	 Geervliet E, Bansal R. Matrix metalloproteinases as potential 

biomarkers and therapeutic targets in liver diseases. Cells. 
2020;9(5):1212. https://doi.org/10.3390/cells9051212

	 PMid:32414178
30.	 Charchanti A, Kanavaros P, Koniaris E, Kataki A, 

Glantzounis G, Agnantis NJ, et al. Expression of Syndecan-1 in 
chronic liver diseases: Correlation with hepatic fibrosis. In Vivo. 
2021;35(1):333-9. https://doi.org/10.21873/invivo.12264

	 PMid:33402482
31.	 Regős E, Abdelfattah HH, Reszegi A, Szilák L, Werling K, 

Szabó G, et al. Syndecan-1 inhibits early stages of liver 
fibrogenesis by interfering with TGFβ1 action and upregulating 
MMP14. Matrix Biol. 2018;68-69:474-89. https://doi.
org/10.1016/j.matbio.2018.02.008

	 PMid:29454902
32.	 Gopal S. Syndecans in inflammation at a glance. Front Immunol. 

2020;11:227. https://doi.org/10.3389/fimmu.2020.00227
	 PMid:32133006
33.	 Ni YA, Chen H, Nie H, Zheng B, Gong Q. HMGB1: An 

overview of its roles in the pathogenesis of liver disease. 
J  Leukoc Biol. 2021;110(5):987-98. https://doi.org/10.1002/
JLB.3MR0121-277R

	 PMid:33784425
34.	 Inkaya AC, Demir NA, Kolgelier S, Sumer S, Demir LS, 

Ural O, et al. Is serum high-mobility group box 1 (HMGB-1) level 
correlated with liver fibrosis in chronic hepatitis B? Medicine 
(Baltimore). 2017;96(36):e7547. https://doi.org/10.1097/
MD.0000000000007547

	 PMid:28885322
35.	 Lee WJ, Song SY, Roh H, Ahn HM, Na Y, Kim J, et al. 

Profibrogenic effect of high-mobility group box Protein-1 
in human dermal fibroblasts and its excess in keloid 
tissues. Sci Rep.  2018;8(1):8434. https://doi.org/10.1038/
s41598-018-26501-6

	 PMid:29849053
36.	 Nimbalkar VV, Shelke RP, Kadu UE, Gaikwad PM. A  review 

on liver fibrosis: It’s pathogenesis, resolution and experimental 
models. IJPPR Human. 2018;12(4):94-114.

37.	 Cordero-Espinoza L, Huch M. The balancing act of the 



F - Review Articles � Narrative Review Article

94� https://oamjms.eu/index.php/mjms/index

liver: Tissue regeneration versus fibrosis. J  Clin Invest. 
2018;128(1):85-96. https://doi.org/10.1172/JCI93562

	 PMid:29293095
38.	 Tacke F, Trautwein C. Mechanisms of liver fibrosis resolution. 

J  Hepatol. 2015;63(4):1038-9. https://doi.org/10.1016/j.
jhep.2015.03.039

	 PMid:26232376
39.	 Hu C, Wu Z, Li L. Pre-treatments enhance the therapeutic 

effects of mesenchymal stem cells in liver diseases. J Cell Mol 
Med. 2020;24(1):40-9. https://doi.org/10.1111/jcmm.14788

	 PMid:31691463
40.	 Rodríguez-Fuentes DE, Fernández-Garza LE, 

Samia-Meza JA, Barrera-Barrera SA, Caplan AI, Barrera-
Saldaña HA. Mesenchymal stem cells current clinical 
applications: A systematic review. Arch Med Res. 2021;52(1):93-
101. https://doi.org/10.1016/j.arcmed.2020.08.006

	 PMid:32977984
41.	 Andrzejewska A, Lukomska B, Janowski M. Concise review: 

Mesenchymal stem cells: From roots to boost. Stem Cells. 
2019;37(7):855-64. https://doi.org/10.1002/stem.3016

	 PMid:30977255
42.	 Rowland AL, Miller D, Berglund A, Schnabel LV, Levine GJ, 

Antczak DF, et al. Cross-matching of allogeneic mesenchymal 
stromal cells eliminates recipient immune targeting. Stem 
Cells Transl Med. 2021;10(5):694-710. https://doi.org/10.1002/
sctm.20-0435

	 PMid:33369287
43.	 Bavarsad SS, Jalali MT, Nejad DB, Alypoor B, Rezaei HB, 

Mohammadtaghvaei N. TGFβ1-pretreated exosomes of 
Wharton jelly mesenchymal stem cell as a therapeutic strategy 

for improving liver fibrosis. Hepat Mon. 2022;22(1):1-12. https://
doi.org/10.5812/hepatmon-123416

44.	 Yang Y, Zhao Y, Zhang L, Zhang F, Li L. The application of 
mesenchymal stem cells in the treatment of liver diseases: 
Mechanism, efficacy, and safety issues. Front Med (Lausanne). 
2021;8:655268. https://doi.org/10.3389/fmed.2021.655268

	 PMid:34136500
45.	 Liem IK, Oktavina R, Zakiyah, Anggraini D, Deraya IE, Kodariah 

R, et al. Intravenous injection of umbilical cord-derived 
mesenchymal stem cells improved regeneration of rat liver after 
2aaf/ccl4-induced injury. Online J Biol Sci. 2021;21(2):317-26. 
https://doi.org/10.3844/ojbsci.2021.317.326

46.	 De Luna-Saldivar MM, Marino-Martinez IA, Franco-Molina MA, 
Rivera-Morales LG, Alarcón-Galván G, Cordero-Pérez P, et al. 
Advantages of adipose tissue stem cells over CD34+ mobilization 
to decrease hepatic fibrosis in Wistar rats. Ann Hepatol. 
2019;18(4):620-6. https://doi.org/10.1016/j.aohep.2018.12.005

	 PMid:31147180
47.	 Chen ZK, Chen DZ, Cai C, Jin LL, Xu J, Tu YL, et al. BMSCs 

attenuate hepatic fibrosis in autoimmune hepatitis through 
regulation of LMO7-AP1-TGFβ signaling pathway. Eur Rev Med 
Pharmacol Sci. 2021;25(3):1600-11. https://doi.org/10.26355/
eurrev_202102_24870

	 PMid:33629329
48.	 Yang N, Ma W, Ke Y, Liu H, Chu J, Sun L, et al. Transplantation 

of adipose-derived stem cells ameliorates Echinococcus 
multilocularis-induced liver fibrosis in mice. PLoS Negl Trop 
Dis. 2022;16(1):e0010175. https://doi.org/10.1371/journal.
pntd.0010175

	 PMid:35100287

https://oamjms.eu/index.php/mjms/index

