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The rising global prevalence of metabolic dysfunction-associated steatotic liver disease (MASLD) poses a growing
challenge to healthcare systems, stimulating substantial research efforts to develop reliable diagnostic meth-
odologies. Emerging evidence highlights extracellular vesicles (EVs) as promising non-invasive biomarkers due
to their roles in metabolic regulation and disease progression. This study investigated the diagnostic potential of
serum EV-derived microRNAs (miRNAs) for MASLD detection and staging. We developed a novel diagnostic
approach combining wheat germ agglutinin (WGA)-coupled magnetic beads for EV capture with RT-qPCR
analysis, creating a streamlined two-step protocol that eliminates conventional purification requirements.
MiR-574-3p, miR-542-3p, and miR-200a-3p in serum EVs were significantly elevated in patients with MASLD,
indicating their potential as non-invasive biomarkers. Here, our established platform offers a clinically feasible
solution for EVs isolation and quantitative miRNA analysis, presenting significant advantages in diagnostic ef-
ficiency and practical implementation.

MASLD is associated with chronic kidney disease, cardiovascular dis-
ease, and sleep apnea [1,4]. Early diagnosis is crucial for halting disease

Introduction

Metabolic dysfunction-associated steatotic liver disease (MASLD)
affects one in four adults worldwide, currently has a prevalence rate of
25.2%, and is expected to rise to 33.5% by 2030 [1,2]. In China, the
prevalence has grown from 23.8% in the early 21st century to 32.9% in
2018, with projections indicating a total of 315 million cases by 2030
[3]. This positions China as the country with the fastest-growing rate of
MASLD. This condition is defined by the excessive accumulation of
lipids within hepatocytes and has the potential to advance to more se-
vere pathologies, including metabolic dysfunction-associated steatohe-
patitis, cirrhosis, and hepatocellular carcinoma [4]. Additionally,

progression; however, current diagnostic methods like liver biopsy have
their limitations [5]. Noninvasive assessment tools such as the fatty liver
index and hepatic steatosis index serve as initial screening options, while
imaging techniques like ultrasound and MRI offer more precise evalu-
ations but are not widely accessible [5]. Therefore, it is critical to
develop new diagnostic biomarkers for enhancing early detection and
treatment of MASLD.

Exosomes are a kind of small extracellular vesicles (EVs) with
approximately 100 nm in diameter [6]. They are released from various
cell types and can be found in a variety of biological fluids [6]. Research
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has highlighted their essential roles in intercellular communication by
microRNAs (miRNAs) and other non-coding RNAs [6,7]. MiRNAs, which
are 20-25 nt small non-coding RNAs, could result in mRNA translation
inhibition or degradation [8]. Recent studies have emphasized the sig-
nificance of miRNAs in MASLD disease progression, owing to their ca-
pacity to regulate genes implicated in lipid metabolism, inflammation,
fibrosis, and cell proliferation. In addition, the modulation of miRNAs
through synthetic molecules emerges as a promising therapeutic strat-
egy. Due to the protective effect of the membrane, exosomal miRNAs are
resistant to degradation by ribonucleases and play a significant role in
regulating cell growth, proliferation, and metabolism. These miRNAs
are currently being explored as potential biomarkers for multiple kinds
of disease, including MASLD [7,9].

However, the practical application of exosomal miRNAs as bio-
markers has been limited due to the lack of straightforward capture and
analysis methods. Conventional techniques for isolating and quantifying
exosomal miRNAs tend to be time-consuming, labor-intensive, and
costly, rendering them impractical for clinical settings. In prior studies,
both we [10,11] and Boan Li et al. [12] developed a novel and efficient
approach for capturing and analyzing EVs using wheat germ agglutinin
(WGA)-coupled magnetic beads. We presented a straightforward and
efficient approach for separating and precisely quantifying miRNAs
within EVs derived from serum, utilizing WGA-coupled magnetic beads
and reverse transcription quantitative polymerase chain reaction
(RT-qPCR). Our findings indicate that miR-574-3p, miR-542-3p, and
miR-200a-3p in serum EVs hold potential as promising diagnostic bio-
markers for MASLD.

Material and methods
Study design and cohort information

The flowchart of the present study is depicted in [Fig. 1]. As shown in
panel A, WGA-coupled magnetic beads were added to human serum
samples, aiming to enrich EVs. RNA extraction was performed for un-
biased small RNA sequencing or RT-qPCR validation. Two indepen-
dent cohorts from the First Affiliated Hospital of Nanjing Medical Uni-
versity were included in the current study for discovery and validation.
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liver biopsy. The exclusion criteria included: 1) excess alcohol (men
>30 g/day and women >20 g/day); 2) patients with other chronic liver
diseases; 3) patients with decompensated liver cirrhosis; 4) individuals
with other severe systemic diseases; and 5) pregnant women. Age- and
gender-matched lean volunteers without MASLD (healthy control, HC)
were enrolled as well. In detail, cohort 1-I (MASLD n =9 and HCn = 9)
set as the discovery subgroup and underwent EVs RNA sequencing,
cohort 1-II (MASLD n = 72 and HC n = 30) served as internal validation
using RT-qPCR, and the independent cohort 2 (MASLD n = 24 and HC n
= 10) turned as another validation group using RT-qPCR as well. Clin-
ical characteristics, including histopathological, demographic, and lab-
oratory findings for both patients diagnosed with MASLD and healthy
controls, were summarized in [Table 1] (cohort 1-II), [Table S1] (cohort
1-I), and [Table S2] (cohort 2). The study received approval from the
Human Research Ethics Committee of the First Affiliated Hospital of
Nanjing Medical University (2018-SR-069) and was conducted
following the Declaration of Helsinki.

Clinical sample collection

To ensure EV integrity, serum samples were centrifuged within 4 h of
collection. Firstly, blood samples were centrifuged at 300 g for 10 min,
followed by 3000 g for another 10 min. Secondly, the supernatants were
carefully transferred to new tubes and stored in an ultra-low-
temperature freezer at —80 °C for further processing.

Separate EVs using WGA-coupled magnetic beads

EVs were separated using WGA-coupled magnetic beads as previ-
ously described [10,11]. To remove cellular debris, serum samples were
first centrifuged for 20 min at 3000 g. Next, 1 mL of serum was incu-
bated with 5 pL of WGA-coupled magnetic beads (C995Y30, Thomas
Scientific) for 1 h at room temperature. Then, the EVs were separated by
placing the tube on a magnet for 5 min and discarding the supernatants.

Table 1
Clinical characteristics of cohort 1-II.

: . A Characteristic MASLD (n = 72) HC (n = 30) P value
The first cohort recruited patients from 2019 Feb to 2022 Nov, and the -
second cohort recruited patients from 2023 Aug to 2024 Jan. Patients Age, median (IQR), years 56 (44-64) 57 (42-65) -
lified with ight or obesity (BMI >24 kg/m?) biected t Male, n (%) 23 (31.9) 10 (33.3) -
qualified with overweight or obesity (BMI >24 kg/m") were subjected to BMI (kg/m?) 2745 + 472 20.87 + 2.80 0.001
evaluating metabolic health status. Written consents were obtained from ALT (U/L) 77.84 + 75.54 22.25 + 23.43 <0.001
those patients enrolled for clinical sample collection and routine follow- AST (U/L) 49.67 + 38.71 24.25 + 11.56 <0.001
up. The inclusion criterion required confirmation of MASLD through Fibrosis stage, n, 0/1/2/3/4  4/8/6/17/37
A
\ sample \
—— VI\(AGA- magnet —
ag RNA sequencing/
B’%ds D extraction |§|T-q|=>cRg
(M (2) D (4) (5)
B
pos miR-374a-5p
<0.05; IR- 3 T FC22; -
Discovery :ugfos ,8 miR-574-3p Validation p<0.05 miR-574-3p Validation
Sequencing — miR-542-3p RT-gPCR |————|miR-542-3p | — | RT-qPCR
HC: 9 miR-6503-5p HC: 30 miR-200a-3p HC: 10
MASLD: 9 miR-200a-3p MASLD: 72 MASLD: 24
Cohort 1 -1 Cohort 1 -1l Cohort 2
Discovery Validation Validation

Fig. 1. Workflow for the investigation of the serum exosomal miRNAs. Abbreviations: HC: healthy control; MASLD: metabolic dysfunction-associated steatotic
liver disease; FC: fold change; AUC: area under curve.
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Finally, phosphate-buffered saline (PBS) was used to wash the EVs on
the WGA-coupled magnetic beads.

EVs characterization

EVs were eluted by 500 mM N-acetyl-p-glucosamine elution buffer
from WGA-coupled magnetic beads. Subsequently, the EVs was char-
acterized by transmission electron microscopy (TEM), nanoparticle
tracking analysis (NTA), and Western Blotting as previously reported
[10,11]. In brief, a Hitachi 7500 TEM was applied to visualize the shape
and size of EVs. EVs containing samples were prefixed with a solution
supplemented with 5% bovine serum albumin and 2.5% glutaraldehyde,
then postfixed with 2% osmium tetroxide, followed by routine dehy-
dration, and embedding. Ultrathin sections ranging from 80 to 90 nm in
thickness were ideal choices for further TEM analysis. NTA is an alter-
native method to analyze the size and concentration of EV particles
based on the Nanosight NS300 system (Malvern, UK). The antibodies
utilized for Western Blotting in this study included CD9 (20597-1-AP,
Proteintech), TSG101 (28283-1-AP, Proteintech), CD63 (52090S, CST),
ALIX (12422-1-AP, Proteintech), GM130 (11308-1-AP, Proteintech),
and the horseradish peroxidase-conjugated secondary antibodies
(ab205718, Abcam).

Small RNA sequencing & RT-qPCR

A total of 18 samples in cohort 1-I were prepared for small RNA
sequencing. In addition, cohort 1-II and cohort 2 were used for valida-
tion, using RT-qPCR. TRIzol Reagent (Invitrogen, USA) was used to
extract total RNA from EVs as manual. The OneDrop-2000 spectropho-
tometer (NanoDrop Technologies) was used to assay the quantity and
purity of the extracted RNA. Small RNA sequencing was performed by
BGI (Shenzhen, China), and the RT-qPCR for the selected miRNAs was
carried out by the miRNA 1st Strand ¢cDNA Synthesis Kit (Vazyme
Biotech, China) and the miRNA Universal SYBR qPCR Master Mix
(Vazyme Biotech, China). The primers for the miRNAs were obtained
from Thermo Fisher Scientific (USA).

Statistical analysis

GraphPad Prism 9.0 was used to analyze the data and the p-value of
less than 0.05 was considered statistically significant. Statistical ana-
lyses were performed using Student’s t-tests and one-way ANOVA, fol-
lowed by Tukey’s test, while considering sample distribution and
variance.
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Results
WGA-coupled magnetic beads isolated EVs from serum

Previous studies have shown that EVs are abundant in glycoproteins
and can bind to various lectins, including WGA [10,11]. An innovative,
user-friendly, and highly efficient methodology for capturing EVs from
serum and urine by WGA-coupled magnetic beads was developed [10,
11]. In this study, the EVs in the serum of patients with MASLD and
healthy volunteers was captured by WGA-coupled magnetic beads
[Fig. 1]. Subsequently, TEM, NTA, and Western blotting was performed
to characterize the isolated EVs. The EVs exhibited a bilayer membrane
structure with about 100 nm diameter [Fig. 2A-B]. According to NTA
analysis, the concentration and size of the EVs isolated by the
WGA-coupled magnetic beads had no difference between MASLD and
healthy controls [Figure S1]. Furthermore, western blotting indicated
exosomal markers, including CD9, TSG101, ALIX, and CD63, presented
in the exosomes, while the GM130, the marker for Golgi
apparatus-derived membrane-bound vesicles, was not detected in the
exosomes [Fig. 2C]. In conclusion, the EVs in the serum were success-
fully captured by WGA-coupled magnetic beads.

Small RNA sequencing of EVs in the serum

Exosomes in the serum of 9 healthy individuals and 9 patients with
MASLD were captured by WGA-coupled magnetic beads and subse-
quently performed small RNA-sequencing. As the result shown in
[Fig. 3A], miRNAs in serum EVs could clearly distinguish MASLD pa-
tients from HCs by principal component analysis. The volcano plot
identified 19 dysregulated miRNAs, including 8 upregulated and 11
downregulated [Fig. 3B]. The heatmap also demonstrated a consistent
trend of differentially expressed miRNAs in the 9 healthy individuals
and 9 patients with MASLD [Fig. 3C].

GO analysis and KEGG enrichment analysis of the functions of
dysregulated miRNAs in the serum exosomes

The PANTHER database was employed to analyze the GO and KEGG
pathways that are associated with the dysregulation of miRNAs. The
miRNAs found to be upregulated in serum exosomes are primarily linked
to the regulation of transcription from RNA polymerase II promoters and
the biosynthesis of unsaturated fatty acids, among other functions
[Fig. 4A]. In contrast, the downregulated miRNAs in serum exosomes
are mainly associated with the regulation of transcription from RNA
polymerase II promoters, the Hippo signaling pathway, and the TGF-
beta signaling pathway, among others [Fig. 4B]. These findings indi-
cate that the differentially expressed miRNAs in EVs may be involved in
transcriptional regulation and the inflammatory response related to the

Cc EVs
— HC g
— MASLD z o<
o I =
TSG101|== == ==
CD9 | o= o=
o N

T T T T 1 ALIX |se

500 1000 1500 2000 2500 -e
Bin centre (nm) GM130|Z|

Fig. 2. Identification of EVs isolated by WGA-coupled magnetic beads. (A) TEM analysis of exosomes isolated by WGA-coupled magnetic beads. Scale bar 100
nm. (B) NTA quantification of exosomes isolated by WGA-coupled magnetic beads. (C) Western blotting analysis of exosomes (30 pg) isolated by WGA-coupled

magnetic beads and cell lysate (60 pg). Data from three independent experiments.
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Fig. 3. Small RNA analysis of exosomes from MASLD patients and HC. (A) PCA analysis. (B) Volcanic plot analysis. (C) Heat map of exosome differential

miRNAs. Blue represents decreased miRNAs; red represents increased miRNAs.

progression of MASLD.

Biomarker-validation phase of the miRNAs in the serum exosomes for
MASLD

To evaluate the diagnostic potential of the 19 dysregulated miRNAs
in serum exosomes for detecting MASLD through RNA sequencing, we
conducted ROC curve analysis. As shown in [Table 2], the area under the
curve (AUC) values for miR-374a-5p, miR-574-3p, miR-542-3p, miR-
6503-5p, and miR-200a-3p exceeded 0.8, leading to their selection for
further investigation. Subsequently, these five miRNAs were validated in
a larger cohort consisting of 72 MASLD patients and 30 healthy volun-
teers using RT-qPCR [Fig. 1]. As depicted in [Fig. 5A], the expression
levels of miR-574-3p, miR-542-3p, and miR-200a-3p were significantly
upregulated in serum EVs derived from MASLD patients, in contrast to
those from healthy volunteers. Conversely, no statistically significant
variations were observed in the levels of miR-374a-5p and miR-6503-5p
between the two groups, as illustrated in [Fig. SA-E]. Furthermore, ROC
curve analysis revealed that the expression levels of miR-574-3p, miR-
542-3p, and miR-200a-3p in serum EVs effectively distinguished MASLD
patients from healthy volunteers [Fig. 5F] and [Table 3]. Moreover, the
combined model of the three miRNAs exhibited the highest discrimi-
natory power in distinguishing MASLD patients from healthy individuals
by the binary logistic regression analysis [Fig. 5F] and [Table 3].

To further validate the diagnostic effect of the miR-574-3p, miR-542-
3p, and miR-200a-3p, the RT-qPCR was performed in another cohort
[Table S2]. Consistent with the previous results, the expression levels of
miR-574-3p, miR-542-3p, and miR-200a-3p were significantly upregu-
lated in serum EVs derived from MASLD patients [Figures S2A-C], and
the Area Under Curve (AUC) of the combined model of the three miRNAs
by ROC curve analysis was 0.9672 [Figure S2D] with 91.67% sensitivity
and 100% specificity [Figure S2E].

Analysis of miR-574-3p, miR-542-3p, and miR-200a-3p expression
patterns in the serum exosomes based on the degree of fibrosis stage

We investigated the variations in serum exosomal miRNA concen-
trations among MASLD patients with differing degrees of disease
severity. Elevated alanine aminotransferase (ALT) and aspartate
aminotransferase (AST) levels are nonspecific indicators of hepatocel-
lular damage. In nonalcoholic fatty liver disease (NAFLD) and nonal-
coholic steatohepatitis (NASH), ALT and AST levels may be elevated two
to four times above the upper limit of normal [13]. However, our study
found that the expression levels of miR-574-3p, miR-542-3p, and
miR-200a-3p in exosomes did not correlate with the ALT and AST con-
centrations in the blood [Figure S3]. In terms of fibrosis severity,
miR-542-3p was significantly increased in MASLD patients with fibrosis
stage 2 or higher compared to those with fibrosis stage less than 2, and
this trend continued with a significant increase in miR-542-3p and
miR-200a-3p in patients with fibrosis stage 3 or higher compared to
those with fibrosis stage less than 3, whereas miR-574-3p remained
unchanged [Fig. 6A-C].

Discussion

MASLD, the most common liver disease worldwide, presents signif-
icant public health challenges due to its links to hepatitis, cirrhosis, and
liver cancer [1,2]. The prevalence of MASLD is steadily rising within our
population, with approximately 4% of new cases being reported annu-
ally [2]. Notably, regional differences in prevalence rates reflect lifestyle
variations; economically developed eastern and southern regions exhibit
higher rates than central and western areas [2]. Over the past two de-
cades, China’s economic growth and changes in lifestyle have led to a
marked rise in MASLD cases [3]. Early detection is crucial for effective
intervention; however, there is a significant lack of diagnostic tools for
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Fig. 4. PANTHER analysis performed a Gene Ontology and KEGG annotation of the identified DEGs. Abbreviations: DEG: differentially expressed gene; BP:

biological process; CC: cellular component; MF: molecular function.

the timely identification of conditions. Our study introduces a
straightforward and efficient method for isolating and accurately
quantifying miRNAs in EVs from serum, confirming that miR-574-3p,
miR-542-3p, and miR-200a-3p in serum EVs may serve as promising
diagnostic markers for MASLD.

Exosomes, a subtype of EVs, play a crucial role in intercellular
communication through the transfer of proteins and RNAs. miRNAs
represent a highly conserved class of small, tissue-specific, non-coding

RNAs that regulate the expression of numerous functionally related
genes. Hepatic-derived exosomal miRNAs have been shown to be closely
associated with the development and progression of NAFLD through
multiple mechanisms. The characterization of miRNAs in the exosomes
suggests their potential as multifunctional biomarkers for NAFLD,
therapeutic targets in clinical settings, and predictors of patient prog-
nosis [14-16]. Ahmed M. Samy et al. isolated exosomes from plasma
using ultracentrifugation and reported that exosomal miR-122 and
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Table 2

The diagnostic value of serum exosomal miRNAs of MASLD and HC.
miRNAs AUC Standard error 95%CI

Down Up

miR-374a-5p 0.877 0.088 0.703 1
miR-510-3p 0.790 0.110 0.575 1
miR-574-3p 0.809 0.102 0.608 1
miR-100-5p 0.778 0.113 0.557 0.999
miR-542-3p 0.833 0.095 0.647 1
miR-6503-5p 0.846 0.097 0.656 1
miR-758-5p 0.796 0.107 0.587 1
miR-200a-3p 0.802 0.111 0.584 1
miR-1224-5p 0.265 0.121 0.029 0.502
miR-99b-5p 0.167 0.097 0 0.356
miR-3127-5p 0.099 0.094 0 0.284
miR-1185-2-3p 0.173 0.098 0 0.366
miR-548m 0.247 0.119 0.014 0.48
miR-3144-5p 0.123 0.088 0 0.297
miR-216b-5p 0.037 0.042 0 0.12
miR-873-3p 0.160 0.098 0 0.352
miR-378h 0.235 0.114 0.011 0.458
miR-608 0.222 0.115 0 0.448
miR-1295a 0.210 0.117 0 0.439

miR-128 were upregulated, while miR-200, miR-298, and miR-342 were
downregulated in patients with nonalcoholic fatty liver and NASH
compared to normal controls [15]. Similarly, Jeong-An Gim et al. iso-
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significant potential as promising diagnostic biomarkers for MASLD.

In the investigation of the pathogenesis of MASLD, the traditional
‘second strike theory’ is progressively being superseded by the ‘multiple
strike theory’ [17]. Within this framework, epigenetic factors, particu-
larly miRNAs, emerge as essential components of epigenetic regulation.
Research indicates that miRNAs are widely involved in fatty acid and
cholesterol metabolism, glucose homeostasis, and insulin secretion [18].
Our study revealed significant differences in the levels of serum exoso-
mal miR-574-3p, miR-542-3p, and miR-200a-3p between MASLD pa-
tients and healthy controls, as well as correlations with the severity of
MASLD. Alessandra Tessitore et al. found miR-574-3p gradually in-
creases as the severity of the disease during the transition
NAFLD-NASH-HCC [19]. Zhou et al. found that miR-574-5p is signifi-
cantly upregulated in serum exosomes and positively correlates with
collagen deposition and alpha-SMA expression in liver tissues during
fibrosis [20]. Li et al. discovered that miRNA-574-5p targets HOXC6
expression, thereby inhibiting lipid uptake in hepatocytes and miti-
gating non-alcoholic fatty liver disease [21]. Ji et al. demonstrated that
miR-542-3p is significantly upregulated in hepatic fibrosis, promoting
the activation of hepatic stellate cells, and facilitating the progression of

Table 3
The diagnostic value of serum exosomal miR-574-3p, miR-542-3p, miR-200a-3p
of MASLD and HC.

. ) . ) A . miRNA AUC Standard 95%CIL
lated exosomes from serum using an exosome isolation kit and identified error
exosomal miRNAs correlated with inflammation, steatosis, ballooning, Down  Up
and nonalcoholic fatty liver disease activity scores (NAS) [16]. How- miR-574-3p 0.833  0.046 0.742  0.923
ever, current techniques for isolating and quantifying exosomal miRNAs miR-542-3p 0.903  0.027 0.849  0.957
ften time-consuming, labor-intensive, and costly, limiting their miR-200a-3p 0825 0,070 0686~ 0.962
are otten time-cor 8 ¢ > Y & miR-574-3p + miR-542-3p 0.943  0.017 0910 0976
practicality in clinical settings. In this study, we developed a novel and miR-574-3p + miR-200a-3p 0.931  0.020 0.892  0.970
efficient approach for capturing and analyzing EVs using WGA-coupled miR-542-3p + miR-200a-3p 0.919  0.032 0.857  0.982
magnetic beads combined with RT-qPCR. Our findings demonstrate that miR-574-3p + miR-542-3p + miR-  0.963  0.014 0.936  0.991
miR-574-3p, miR-542-3p, and miR-200a-3p in serum EVs hold 200a-3p
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Fig. 6. Serum exosomal miR-542-3p and miR-200a-3p increased in advanced fibrosis. Data from three independent experiments were presented as mean + SD.

ns: p > 0.05; *p < 0.05; **p < 0.01.

fibrosis through the inhibition of BMP-7 [22]. Ye et al. reported that
miR-200a-3p is significantly upregulated in fibrotic liver tissue, playing
a pivotal role in liver fibrogenesis by repressing the expression of EGFR,
STAT3, CTNNB1, and TP53 [23]. Liao et al. discovered that
miR-200a-3p modulates hepatic stellate cell activation and potentially
influences liver fibrosis pathogenesis through the inhibition of IncRNA
Gpr137b-ps and CXCL14 [24]. Additionally, Huang et al. demonstrated
that miR-200a-3p contributes to steatosis development by directly tar-
geting the 3-UTR of CYP3A4 [25]. These findings suggest that exosomal
miR-574-3p, miR-542-3p, and miR-200a-3p may play significant roles in
the occurrence and progression of MASLD.

This study has several limitations, especially the small sample size,
despite the current data suggesting the potential of serum exosomal
miR-574-3p, miR-542-3p, and miR-200a-3p in distinguishing MASLD. A
more comprehensive study with a larger cohort is needed to validate
these miRNAs as potential biomarkers for MASLD prior to clinical
application. Additionally, the absence of follow-up data is another
limitation; without it, we cannot determine whether serum exosomal
miR-574-3p, miR-542-3p, and miR-200a-3p are associated with the
progression of MASLD. In addition to MASLD, the liver may be affected
by a variety of other diseases, such as viral hepatitis and drug-induced
liver injury, which may also lead to changes in miRNAs of serum exo-
somes. The samples collected in this study also lack diversity. To utilize
serum exosomal miR-574-3p, miR-542-3p, and miR-200a-3p as diag-
nostic biomarkers for MASLD, it is necessary to include a broader range
of sample types to evaluate the accuracy and precision of these miRNAs
as diagnostic biomarkers. Moreover, although previous studies have
reported that miR-574-3p, miR-542-3p, and miR-200a-3p are involved
in the occurrence and progression of MASLD [19-25], no research to
date has elucidated the functions of exosomal miR-574-3p, miR-542-3p,
and miR-200a-3p in intercellular communication during the pathogen-
esis of MASLD. Finally, although our methodology is relatively
straightforward, RT-qPCR-based techniques still necessitate the use of
Applied Biosystems Real-Time PCR Instruments. In future research en-
deavors, we aspire to devise a methodology for detecting serum exoso-
mal miR-574-3p, miR-542-3p, and miR-200a-3p utilizing test strips in
conjunction with WGA-coupled magnetic beads. This advancement
would empower high-risk individuals to regularly monitor their risk of
developing MASLD in the comfort of their homes or within the com-
munity through urine testing.

The pursuit of a non-invasive test for assessing MASLD risk has been
ongoing for over 20 years. Our study indicates that serum exosomal
miRNAs have the potential to serve as biomarkers for the presence of
MASLD, potentially simplifying the process of direct examination and
pathological testing for a definitive diagnosis. We validated the

expression levels of miR-574-3p, miR-542-3p, and miR-200a-3p in the
exosomes of MASLD patients using RT-qPCR. The results showed that
serum exosomal miRNAs were significantly elevated, indicating their
potential as specific and sensitive biomarkers for diagnosing MASLD.
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