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ABSTRACT 
 

Background: One of the primary drivers of liver fibrosis is the excessive 
accumulation of ECM, primarily caused by the over-proliferation of HSCs. 
The activation of HSCs by TGF-β has a critical role in initiating fibrosis. Recent 
studies have suggested that miRNA-133a significantly regulates the 
fibrogenesis process, which its downregulation is associated with the 
fibrosis progression. Understanding the role of miRNA-133a provides 
potential therapeutic insights for targeting TGF-β signaling and mitigating 
liver fibrosis. We investigated whether exosomes could attenuate liver 
fibrosis by enhancing the antifibrotic effects of miR-133a. 
Methods: The LX-2 cell line was treated with TGF-β for 24 hours, followed 
by an additional 24 hours of treatment with exosomes. After this treatment 
period, we assessed the mRNA expression levels of α-SMA, collagen 1, and 
miR-133a, as well as the protein levels of p-Smad3. 
Results: TGF-β exposure significantly increased the expression level of α-
SMA and collagen 1 genes and elevated the levels of p-Smad3 protein. 
Additionally, it resulted in a significant downregulation of miR-133a 
compared to the control group. Exosome administration effectively reduced 
the TGF-β-induced upregulation of p-Smad3, α-SMA, and collagen 1 genes, 
but increased miR-133a expression levels. 
Conclusions: Our findings indicate that by partially mitigating the 
downregulation of miR-133a, exosomes can effectively inhibit the persistent 
activation of HSCs. Furthermore, in the context of in vitro liver fibrosis, 
exosomes can suppress the TGF-β/Smad3 pathway, reducing the 
accumulation of ECM. DOI: 10.61186/ibj.4357 

   Keywords: Exosomes, Hepatic stellate cells, Liver fibrosis, MicroRNAs 
 

Corresponding Author: Mahdi Hatami 
Cellular and Molecular Research Center, Medical Basic Sciences Research Institute, Ahvaz Jundishapur University of Medical Sciences, Ahvaz, Iran; 
Tel.: (+98-905) 9150181; E-mail: mahdihatami6268@gmail.com 

 
 

 

INTRODUCTION  

 [
 D

O
I:

 1
0.

61
18

6/
ib

j.4
35

7 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 ib

j.p
as

te
ur

.a
c.

ir
 o

n 
20

25
-0

1-
16

 ]
 

                             1 / 10

http://dx.doi.org/10.61186/ibj.4357
http://ibj.pasteur.ac.ir/article-1-4357-en.html


MiR-133a Reduces Fibrogenesis Saki et al. 

 

 
2 Iran. Biomed. J. 28 (5 & 6): ..-… 

 

iver fibrosis progresses as a result of persistent 

liver damage and injury. In fibrotic conditions, 

parenchymal cells undergo apoptosis or necrosis, 

and the resultant voids are subsequently filled with 

ECM proteins, such as collagen[1,2]. Uncontrolled 

hepatic fibrosis can lead to abnormal tissue remodeling, 

resulting in the formation of irreversible fibrotic tissue. 

If left unaddressed, liver fibrosis significantly 

contributes to the increased mortality rates associated 

with liver cirrhosis and cancer[3]. 

Hepatic fibrosis is primarily driven by HSCs located 

between hepatocytes and endothelial cells. Reactive 

oxygen species generated during the apoptosis or 

necrosis of hepatocytes are identified as key  

activators of HSCs, believed to induce their trans- 

differentiation[4,5]. In a healthy liver, HSCs release ECM 

components in a regulated manner. However, following 

significant tissue injury, they differentiate into 

proliferative, myofibroblast-like cells, and lose their 

characteristic stellate morphology. These transformed 

cells secrete excessive amounts of autocrine activators, 

which further promote the development of fibrosis[6]. 

The TGF-β family, which contains over 30 proteins, 

is a well-established promoter of fibrosis. TGF-β exerts 

its effects via serine/threonine kinase receptors, 

primarily TβRI, TβRII, and TβRIII, located on the cell 

membrane. When TGF-β binds to TβRII, TβRI 

undergoes phosphorylation, which subsequently 

activates Smad3 signaling[7,8]. Smad3C transmits the 

signal to the nucleus, influencing the expression of 

numerous genes and regulating various cellular 

functions, including the activation of HSCs. This 

activation leads HSCs to secrete increased amounts of 

ECM proteins, contributing to fibrosis. Consequently, 

elevated TGF-β levels are associated with the 

progression and severity of hepatic fibrosis[9]. 

The roles of miRNAs are essential to various cellular 

activities, including apoptosis and cell proliferation[10]. 

MiRs typically range from 19 to 22 nucleotides in length 

and interact with the 3'UTR of newly synthesized 

mRNA, thereby preventing its translation. In the context 

of liver fibrosis, miRs play a crucial role in influencing 

the fibrotic response by modulating the expression of 

genes associated with both the progression and 

resolution of fibrosis[11]. MiRs exhibit a dual function in 

liver fibrosis; some are pro-fibrotic, facilitating the 

progression of fibrosis, while others are anti-fibrotic, 

reducing its development. One example is miR-133a, 

which acts as an anti-fibrotic agent by inhibiting the 

expression of the TGF-β gene, reducing the activation 

of HSCs[12,13]. 

 

 

Recently, there has been considerable interest in 

investigating the therapeutic potential of MSCs for the 

treatment of liver diseases. MSCs are a versatile group 

of pluripotent progenitor cells recognized as a promising 

resource for tissue regeneration and repair[14]. Their 

capability to differentiate into various cell types has 

garnered attention as a potentially effective strategy for 

managing hepatic fibrosis. This remarkable ability to 

differentiate makes MSCs a valuable option for 

addressing and potentially reversing fibrotic damage in 

the liver[15]. However, challenges such as high 

production and preservation costs, along with relatively 

long preparation time, created significant barriers to the 

application of MSCs. Research has demonstrated that 

MSCs secrete extracellular vesicles, including 

microvesicles and exosomes, which deliver paracrine 

factors to target cells. These vesicles play a vital role in 

MSC function, thereby facilitating tissue regeneration 

and modulating immune responses[16]. 

Exosomes are small extracellular vesicles, ranging 

from 30 to 100 nm in diameter, and carry a diverse range 

of proteins and other molecules. MSCs are among the 

cell types that produce these vesicles[17,18]. The use of 

exosomes for therapeutic purposes offers several 

advantages over traditional cell therapy, potentially 

mitigating issues such as the risk of transplant rejection 

and supporting a shift toward this innovative 

approach[19]. In traditional cell treatment, direct 

injection of cells can lead to unintended consequences 

that are generally absent in exosome-based therapies. 

Moreover, exosomes are easy to produce and store due 

to their small size and simplicity, making them more 

viable for therapeutic applications[20,21]. 

LPS, primarily derived from bacteria, is well-known 

for its ability to trigger pro-inflammatory responses. It 

activates immune cells and stimulates the release of 

inflammatory cytokines, including TNF-α and IL-6. 

LPS enhances the release of pro-inflammatory factors 

during inflammatory processes, which subsequently 

increases the production of exosomes[20,21]. 

Additionally, studies have shown that preconditioned 

MSCs exhibit more pronounced paracrine effects by 

releasing a greater number of exosomes[22]. 

Consequently, researchers are investigating both LPS-

treated and untreated exosomes to assess their potential 

impact on hepatic fibrosis by activating exosomes  

and MSCs. The goal of this study was to determine 

whether exosome treatment can improve the  

condition by examining its effect on anti-fibrotic 

miRNA levels, specifically miR-133a, in liver-based 

LX2 cells. 
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MATERIALS AND METHODS 

 

Culturing and treating HSCs 
The entire process of experimental design, exosome 

isolation, characterization, and their application in the 

study is schematically illustrated in Figure 1. The 

immortalized hepatic stellate cell line, LX-2, was 

generously provided by Professor S. Friedman. The 

cells were cultured in six-well plates using DMEM 

supplemented with 10% FBS. Following the starvation 

period, the cells were exposed to TGF-β (5 ng/mL)[23] 

for 24 hours. Subsequently, exosomes derived from WJ-

MSCs were diluted in DMEM and used to replace the 

existing medium, followed by an additional 24-hour 

incubation. The experimental design included three 

groups: a control group that received no treatment, a 

group that received TGF-β treatment, and a group that 

received both TGF-β and WJ-MSC exosomes. Before 

extraction, the cells were washed twice with PBS in 

preparation for subsequent studies. 

 

WJ-MSC isolation and culture 

Fresh umbilical cords were obtained from a single 

woman who had undergone a full-term cesarean section. 

After washing the cord with PBS to remove 

contaminants, Wharton's jelly was carefully processed. 

It was cut into small fragments, approximately 1 cm in 

size, and transferred to DMEM supplemented with 10% 

FBS and 1% penicillin-streptomycin. These fragments 

were then incubated in a 37 °C incubator with 5% CO2 

for 72 hours to allow the cells to adhere to the surface of 

the culture plates. 

 

Differentiation assays for WJ-MSCs 

In this study, WJ-MSCs from passages 3 to 5 were 

utilized. The cells were cultured in BN media (0012.4-

BN0012.5; Biomedical Engineering, Iran), specifically 

formulated for both adipogenic and osteogenic 

differentiation. To induce osteogenic differentiation, 

WJ-MSCs were seeded in six-well plates at a density of 

20,000 cells/mL and treated with osteogenic media 

twice a week for 21 days. Following this period, the cells 

were fixed in 10% formalin for 10 minutes and stained 

with Alizarin Red (Sigma-Aldrich, USA) at room 

temperature for 45 minutes to assess calcification. In 

parallel, adipogenic differentiation was induced using 

adipogenic media, and the cells were stained with Oil 

Red O to evaluate lipid accumulation. 

 

Identification of WJ-MSCs surface markers 

To identify the surface markers of WJ-MSCs, we 

utilized conjugated monoclonal antibodies according to 

the manufacturer’s protocol, after rinsing the cells with 

PBS. The  employed  antibodies  were  FITC-conjugated  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 
 

Fig. 1. Schematic diagram of the experimental procedure to study the potential effects of exosomes derived from WJ-MSCs on 

activated HSCs in vitro. 
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mouse anti-human CD45, PE-conjugated mouse anti-

human CD44, FITC-conjugated mouse anti-human 

CD105, and PE-conjugated mouse anti-human CD34. 

All antibodies were obtained from Sigma-Aldrich. 

 

LPS-induced activation of WJ-MSCs 
MSCs were exposed to 1 µg/mL concentration of 

LPS, which was first diluted in DMEM in order to 

investigate the effects of LPS preconditioning on MSC 

differentiation[23]. Subsequently, a serum-free medium 

was used to replace the LPS-containing medium for the 

differentiation assays.  

 

Exosomes extraction 

The cells were first cultured in DMEM enriched with 

15% FBS prior to exosome extraction. The 

concentration of FBS was subsequently reduced to zero 

percent before extraction. The collected medium was 

then centrifuged at 300 ×g for 10 minutes. Exosome 

extraction was performed using an EXOCIB extraction 

kit from CIB Biotech Co. (Iran), according to the 

protocols provided by the manufacturer. The isolated 

exosomes were resuspended in 50-200 L of PBS and 

stored at -80 °C. BCA assay kit (Parstous, Iran) was 

used to measure the protein concentration of the 

exosomes.  

 

Exosome characterization 

Exosomes were characterized using TEM and DLS. 

For TEM, exosomes were fixed with 4% 

paraformaldehyde, placed on carbon-coated grids, and 

stained with 1% phosphotungstic acid. Their 

morphology was observed using a Zeiss EM10C 

microscope (100 KV; Germany), confirming their 

characteristic cup-shaped structure. DLS analysis was 

performed using a Zetasizer Nano ZS system (Malvern 

Instruments, UK) to assess size distribution. Exosomes 

were solubilized in PBS with 0.05% Tween-20, diluted 

to 1 µg/mL, and measured at 23 °C. The size distribution 

ranged between 30 and 150 nm and was consistent with 

typical exosome sizes. The protein concentration of the 

exosomes was determined using BCA protein assay kit. 

Exosome identification was conducted by Western 

blotting analysis, employing standard exosome markers, 

CD9 (1:300, Santa Cruz, USA) and CD81 (1:100, Santa 

Cruz). Briefly, 20 μg of protein from each sample was 

separated on a 10% SDS-PAGE, transferred to a PVDF 

membrane, and blocked with 5% non-fat milk at 37 °C 

for one hour. The membrane was then incubated at 4°C 

overnight with primary antibodies against CD9 and 

CD81. Following three 10-minute washing in TBST, the 

membranes were incubated for two hours at 37 °C with 

mouse anti-rabbit IgG-HRP (1:1000, Santa Cruz), 

washed again, and treated with chemiluminescent 

substrates. Blots were visualized using an ECL system. 

 

qRT-PCR analysis 

To generate cDNA templates, we employed a cDNA 

synthesis kit following the extraction of total RNA using 

the RNA Isolation Kit; both kits were obtained from 

Yekta Tajhiz, Iran. The genes studied included α-SMA, 

collagen 1, and miR-133a. As per the manufacturer's 

guidelines, qRT-PCR was performed using the 

QuantStudio™ 3 System (ABI, USA) and SYBR Green 

master mix (Ampliqon, Denmark). The primer 

sequences for these genes were designed by Sinaclon 

Company, Tehran, Iran (Table 1). 

 

Western blotting 

HSCs were lysed using RIPA buffer supplemented 

with protease and phosphatase inhibitors. The BCA 

assay was employed to precisely quantify the protein 

concentration. Following this process, the protein 

samples were resolved using SDS-PAGE (30 µg per 

lane) and transferred to PVDF membranes.  After   three 

washes with TBST, the membranes were incubated at  

4-5 °C overnight with a primary antibody specific for  

p-Smad3, diluted at  1:1500. Subsequently, a   secondary  
 

 
                                      Table 1. Primer sequence for RT-PCR 
 

Gene Primer sequence PCR product 

size (bp) 

COLA1 
F: 5′-TGAAGGGACACAGAGGTTCA-3′ 

R: 5′-ACGATCAACTCCAGGAGAA-3′ 
188 

   

α-SMA 
F: 5′-CAAGTCCTCCAGCGTTCTGA-3′ 

R: 5′-GCTTCACAGGATTCCCGTCTT-3′ 
196 

   

Hsa‐miR-133a F: 5′-CTTGGTCCCCTTCAACCAAG-3′ 149 

   

U6 F: 5′-GCAGCACATATACTAAATTGG-3′ 168 

   

GAPDH 
F: 5′- TCGGAGTCAACGGATTTGGT-3′ 

R: 5′- TTCCCGTTCTCAGCCTTTGAC-3′ 
181 

                                        F: forward; R: reverse 
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Fig. 2. Immunophenotyping and differentiation abilities of WJ-MSCs. (A) Flow cytometry analysis showing the expression of CD44 

and CD105 and the reduced levels of CD34 and CD45 on the surface of WJ-MSCs. (B) Oil red O staining demonstrating clear red 

intracellular lipid deposits in WJ-MSC adipocytes after 21 days. (C) Alizarin Red S staining indicating significant orange-red calcium 

deposits in WJ-MSC osteocytes at day 21. 

 

 

antibody was applied at a dilution of 1:10,000. An ECL 

reagent (Bio-Rad, USA) was used to detect the 

antibodies. 

 

Statistical analysis 

The experiments were conducted in triplicate. 

Statistical comparisons were performed using GraphPad 

Prism 9.0 software, employing ANOVA, Tukey's HSD 

test, and presenting the data as mean ± SEM for the data. 

Statistical significance was determined with a p value of 

less than 0.05. 

 

 

RESULTS  

 

WJ-MSCs characterization 

Surface marker expression and in vitro cell 

differentiation capabilities were assessed in this section. 

By the third passage, WJ-MSCs had developed into 

spindle-shaped monolayers, with fibroblast-like cells 

firmly adhering to the flasks. The MSCs were found to 

be positive for the stem cell markers CD34 and CD45, 

as determined by flow cytometry analysis. However, the 

MSCs did not express CD44 or CD105, which excludes 

populations derived from endothelial or hematopoietic 

cells, confirming the isolation of MSCs (Fig. 2A). After 

21 days of culture, Oil Red O staining revealed an 

abundance of lipid droplets, indicating that WJ-MSCs 

can differentiate into adipocytes (Fig. 2B). In addition, 

the induction of differentiation into osteoblasts, 

followed by Alizarin Red staining, revealed a significant 

calcium deposit, which is characteristic of osteogenic 

differentiation and confirms the process of  

osteogenic differentiation (Fig. 2C). 

 

Exosome characterization 
Exosomes exhibited a spherical shape, as measured by 

TEM, with diameters ranging from 50 to 200 nm (Fig. 

3A). Further analysis of the size distribution of the 

isolated exosomes, conducted using a zeta sizer, 

revealed that approximately 70-80% of the exosomes 

had diameters between 75 and 80 nm (Fig. 3B). The 

expression levels of protein markers CD9 and CD81 

were significantly higher in the exosomes than  

WJ-MSCs, as determined by Western blotting analysis  

(Fig. 3C). 

 

Effect of TGF-β and exosome on liver fibrosis 

markers 
The expression levels of the fibrosis markers α-SMA 

and collagen 1 were significantly elevated in the 

presence of TGF-β (5 ng/mL) compared to the control 

group (Fig. 4). This increase in the mRNA levels of the 

two markers correlates with TGF-β-induced liver 

fibrosis. However, treatment with WJ-MSC-derived 

exosomes at a concentration of 50 μg/mL resulted in 

reduced expression levels of collagen 1 and α-SMA by 

1.76 and 3.26 folds, respectively (Fig. 4A and 4B). 

Although there was a substantial decrease in α-SMA 

expression level in the LPS + exosome-treated group 

compared to the control group, no significant changes 

were observed in collagen 1 expression in this treatment 

group. 
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Fig. 3. Exosome characterization. (A) Visualization of the shape and size of the vesicles by TEM. (B) Size analysis by the Malvern 

Zetasizer, showing that approximately 85% of the exosomes are between 70 and 75 nm. (C) Western blotting analysis for CD9 and CD81 

protein markers in WJ-MSC-exosome. 

 
 

Effect of TGF-β and exosome on miR-133a 

expression 

The real-time PCR results indicated that the 

administration of TGF-β (5 ng/mL) decreased the 

expression level of miR-133a in LX2 cells (Fig. 4). In 

contrast, treatment with LPS + exosome (50 μg/mL) 

resulted in a 1.08-fold increase in the miR-133a 

expression level (Fig. 4C). 

 

Effect of TGF-β and exosome on Smad3 level 

In LX2-HSC cells, we investigated the effect of 

exosomes on TGF-β signaling. Our results indicated that 

the level of p-Smad3 significantly increased by 5.87-

fold compared to the control group, following TGF-β 

treatment (Fig. 5). However, when WJ-MSC-derived 

exosomes were administered, the quantity of p-Smad3 

decreased significantly to 2.86-fold relative to the 

control (Fig. 5A). Furthermore, p-Smad3 level was 

notably lower in the cells treated with LPS + exosome 

(50 μg/mL) compared to those treated with exosome 

alone, resulting in a reduction of 1.94-fold. 

 

 

DISCUSSION 

 

HSCs play a central role in mediating fibrosis-

promoting lesions resulting from liver damage. These 

essential mesenchymal cells, located in the space of 

Disse within the liver, significantly contribute to 

fibrogenesis. The progression of liver fibrosis is 

accelerated by pro-fibrogenic cytokines, which 

stimulate the proliferation and differentiation of HSCs 

into myofibroblast-like cells[24]. Due to its function as an 

inhibitor of liver fibrosis, miR-146a has recently 

received attention in hepatic research[13,23]. Our 

understanding of the functional role of miR-133a during 

HSC activation remains limited, despite its increasing 

significance. Numerous studies have indicated that 

multiple pro-fibrogenic pathways can activate 

HSCs[25,26]. In this context, it has been shown that TGF-

β is a key regulator that stimulates the synthesis of ECM 

proteins by HSCs. Additionally, the involvement of 

miRNAs in the regulation of TGF-β signaling in  

HSCs  has   previously   been   established[27]. It has been 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 

Fig. 4. Evaluation of the mRNA expression levels of COLA1, α-SMA, and miR-133a in the LX2 cell line in the presence of TGF-β 

and exosomes. Data from three replicates (mean ± SEM) were compared to the control. GAPDH was used as a reference gene (***p < 

0.001, ****p < 0.0001, ##p < 0.01, ###p < 0.001). 

 [
 D

O
I:

 1
0.

61
18

6/
ib

j.4
35

7 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 ib

j.p
as

te
ur

.a
c.

ir
 o

n 
20

25
-0

1-
16

 ]
 

                             6 / 10

http://dx.doi.org/10.61186/ibj.4357
http://ibj.pasteur.ac.ir/article-1-4357-en.html


Saki et al. MiR-133a Reduces Fibrogenesis 

 

 
Iran. Biomed. J. 28 (5 & 6): ..-… 7 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 
 

Fig. 5. Effect of one hour exosome treatment on TGF-β-

induced Smad3 phosphorylation in the LX2 cell line. The results 

from three replicates (mean ± SEM) were analyzed with a 

significance threshold of p < 0.05. GAPDH protein was used as 

an internal control (****p < 0.001, ##p < 0.01, and ###p < 0.001). 

 
 

demonstrated that increased level of miR-101 inhibits 

TGF-β signaling in HSCs by targeting and reducing the 

expression of TRI and KLF6[28], two essential 

transcriptional activators in the TGF-β pathway. 

Similarly, miR-19b inhibits the expression of Smad3 

and TGF-RII, preventing TGF-β signaling. Moreover, 

TGF-β-treated HSCs exhibit lower levels of α-SMA and 

collagen 1 because of targeting TGF-β2 by miR-378a. 

Suppressing pro-fibrotic miRNAs may represent a 

promising therapeutic strategy for treating liver 

fibrosis[29]. He et al. have demonstrated that the 

substantial inhibition of miR-21 in mice with hepatic 

schistosomiasis markedly reduces liver fibrosis[30]. 

In the field of liver fibrosis research, characterizing 

WJ-MSCs and their exosomes is a crucial step toward 

understanding the therapeutic potential of these cells. 

Our study meticulously adhered to the guidelines 

established by the International Society for Stem Cell 

Research for WJ-MSC characterization, which included 

evaluating surface marker expression and assessing 

differentiation potential. The confirmation of CD44 and 

CD105 expression, along with the absence of CD34 and 

CD45, is consistent with the identification of MSCs and 

is a commonly observed finding across various 

studies[31-33]. This consistency in surface marker 

expression underscores the reliability of these markers 

for MSC identification. The WJ-MSC ability to 

differentiate into adipocytes and osteoblasts, as 

demonstrated by Oil Red O and Alizarin Red staining, 

is a hallmark of MSC plasticity. This multilineage 

differentiation capacity is a key characteristic of MSCs 

and has widely been reported in the literature[34]. The 

capability of WJ-MSCs to differentiate into these 

lineages emphasizes their potential for tissue 

regeneration and repair, corroborating findings from a 

previous study that underline the therapeutic potential of 

MSCs in various diseases[35]. 

Exosome characterization is a pivotal aspect of our 

study, as these extracellular vesicles are increasingly 

recognized for their role in cell-to-cell communication 

and potential therapeutic applications. The spherical 

shape and size distribution of the exosomes, as observed 

using TEM and DLS, are typical features of exosomes 

and align with the findings from other studies[36,37]. The 

predominance of exosomes with diameters ranging from 

70 to 75 nm is noteworthy, as this size falls within the 

expected range for exosomes. This finding further 

validates the isolation and characterization of exosomes 

in our study. 

The impact of TGF-β on liver fibrosis marker genes, 

such as α-SMA and collagen 1α, has been well-

documented in the literature[38]. TGF-β is a master 

regulator of fibrosis, and its ability to induce the 

expression of these markers is a central mechanism in 

the fibrotic process[39,40]. Our findings that TGF-β 

significantly upregulates these markers are in agreement 

with previous studies highlighting the consistent 

profibrotic effects of TGF-β[39,40]. The reduction in 

collagen 1α and α-SMA gene expression following 

treatment with WJ-MSCs exosomes suggests an anti-

fibrotic effect of these exosomes. This is a remarkable 

result that is consistent with the previous findings[41,42], 

as it demonstrates the potential of MSC-derived 

exosomes to counteract TGF-β-induced fibrosis.  

The mechanism by which exosomes exert the aqnti-

fibrotic effect may be due to the transfer of anti-fibrotic 

molecules, such as miRNAs, to target cells, a hypothesis 

that warrants further investigation. When our results  

are compared to those of the study that used models of 

cholesterol-induced liver fibrosis, it is evident that  

TGF-β consistently and significantly influences the 

upregulation of liver fibrosis markers, specifically 

collagen1 and α-SMA. This consistency of results from 

different experimental paradigms highlights the central 

role of TGF-β in the pathogenesis of liver fibrosis. The 

observed increase in these markers indicates the 

activation of HSCs and the promotion of a fibrotic 

environment, which is a hallmark of the progression of 
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liver fibrosis. This outcome suggests that the 

mechanism of action of WJ-MSC derived exosomes 

may be independent of the initial trigger of fibrosis, 

emphasizing their broad applicability as a therapeutic 

agent. The reduction in α-SMA and collagen 1 

expression after exosome treatment implies the 

modulation of profibrotic signaling pathways, possibly 

through the inhibition of TGF-β signaling. These 

mechanistic insights create opportunities for further 

research into the specific molecular cargo of WJ-MSCs 

exosomes, which could be used to combat liver fibrosis. 

The modulation of miR-133a expression by TGF-β 

and exosome treatment is another significant finding of 

the present study. The downregulation of miR-133a by 

TGF-β is consistent with its role as an anti-fibrotic 

miRNA, since its suppression would facilitate 

fibrogenesis[43]. The increased expression level of miR-

133a in exosomes derived from LPS-preconditioned 

MSCs is a distinctive finding that highlights our study. 

This observation indicates that LPS preconditioning 

could enhance the anti-fibrotic properties of exosomes, 

likely by modifying their composition. Exosomes, 

enriched with elevated levels of miR-133a or other 

beneficial molecules, may play a crucial role in 

modulating fibrotic pathways and mitigating liver 

fibrosis. A comparison between our findings and other 

studies examining the impact of miR-193a-5p and miR-

381-3p on liver fibrosis involving 42 patients with liver 

fibrosis reveals the complex interplay of various 

miRNAs in the pathophysiology of fibrosis[43]. Our 

results showed that TGF-β administration reduced miR-

133a expression, suggesting an antifibrotic function for 

this miRNA. Conversely, the overexpression of miR-

193a-5p and miR-381-3p in the Wang et al. study 

(involving 42 patients) promotes fibrogenesis, as 

evidenced by increased HSC proliferation and 

migration, along with a decrease in apoptosis[43]. The 

diverse effects of these miRNAs underscore the 

complex regulatory networks that control liver fibrosis 

and the potential for targeting specific miRNAs as a 

therapeutic approach. The elevated expression level of 

miR-133a following exosome treatment in our study 

suggests that exosomes may contain factors involved in  

the fibrotic effects of TGF-β, likely through the 

upregulation of miR-133a. 

The effects of exosomes on Smad3 phosphorylation 

provide a mechanistic insight into their anti-fibrotic 

action. Smad3 is a key mediator of TGF-β signaling, and 

its phosphorylation is essential for the transduction of 

fibrotic signals[41,44]. Decrease in p-Smad3 expression 

levels observed after exosome treatment, especially in 

the LPS + exosome group, suggests that exosomes can 

disrupt TGF-β signaling, a key pathway in liver fibrosis. 

This finding is in line with previous studies[45,46] in 

which the impact of exosomes on Smad3 

phosphorylation was investigated and emphasized the 

novelty of our research. Conversely, treatment with WJ-

MSCs exosomes significantly reduced the p-Smad3 

level, indicating that these exosomes contain factors 

capable of inhibiting the TGF-β/Smad3 pathway. The 

additional reduction in p-Smad3 level observed in the 

LPS + exosome treatment group, suggests a potential 

synergistic effect between LPS and exosomes in 

inhibiting Smad3 phosphorylation. These results 

highlight the therapeutic potential of exosomes in 

alleviating liver fibrosis by modulating key fibrogenic 

signaling pathways.  

 

 

CONCLUSION 
 

 The present study enhances the understanding of liver 

fibrosis by emphasizing the pivotal roles of HSCs and 

the therapeutic potential of WJ-MSCs and their derived 

exosomes. The unique properties of these exosomes 

show promise in reducing key fibrotic markers, such as 

collagen 1α and α-SMA, suggesting a novel approach to 

mitigating fibrogenesis. Our findings illustrate how 

exosome-mediated alterations in miR-133a and the 

dephosphorylation of Smad3 can disrupt TGF-β 

signaling. Notably, the increased anti-fibrotic effects 

observed with LPS-preconditioned exosomes highlight 

their potential for enhancing therapeutic outcomes 

through the strategic manipulation of exosomal content. 

This research positions MSC-derived exosomes as 

targeted therapeutic agents, warranting further 

investigation into their mechanisms and clinical 

applications in the treatment of hepatic fibrosis. 
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