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Abstract: Background: Puerarin (Pue) has been reported to be a natural active ingredient with multiple antifibrotic

properties. This work aimed at exploring the function of Pue in oral submucous fibrosis (OSF) treatment. Methods:

Human oral mucosa fibroblasts (hOMF) were induced with transforming growth factor beta1 (TGF-β1) and

intervened with Pue. Expressions of fibrosis-related markers were analyzed by Western blot and IF staining. Cell

viability was characterized by the CCK-8 assay. Expressions of miR-30 family members were quantified by qRT-PCR.

The correlation between fibroblast activation protein (FAP) and miR-30 family expression was evaluated by the

Pearson correlation coefficient. Bioinformatics prediction and dual-luciferase reporter assay were employed to verify

the regulation between FAP and miR-30b-5p. The specific mechanism of Pue on OSF was explored through the

promotion or inhibition of miR-30b-5p. Results: After induction by TGF-β1, hOMF showed upregulated Collagen I,

Collagen III, and FAP expressions, while miR-30 family expression was downregulated with miR-30b-5p being the

most significant. Pue intervention inhibited the excessive proliferation of TGF-β1-induced hOMF, downregulated

FAP, collagen type 3 (COL3A1), collagen type 1 (COL1A1), matrix metalloproteinase 1 (MMP1), and matrix

metalloproteinase 3 (MMP3) expressions, and restored miR-30 family expression. Bioinformatics prediction and dual-

luciferase reporter assay revealed that miR-30b-5p selectively inhibited FAP expression. Mechanistically, miR-30b-5p

mimic suppressed the excessive proliferation of TGF-β1-induced hOMF and declined fibrosis levels. Pue intervention

significantly reversed the promotion of TGF-β1-induced OSF by miR-30b-5p inhibition. Conclusion: Pue mediated

miR-30b-5p targeting FAP against OSF, which provided a theoretical basis for the pathogenesis research and Pue

application in OSF.

Introduction

Oral submucous fibrosis (OSF) is an insidious disease with
various clinical manifestations, such as recurrent oral ulcers,
intolerance to spicy food, and decreased mouth opening [1].
Studies have shown that OSF is a collagen deposition
disorder that affects oral function and the life quality of
patients. Additionally, it carries a risk of developing into
oral squamous cell carcinoma (OSCC) ranging from 7% to
30% [2,3]. Extracting active ingredients from Chinese
medicine for antifibrosis treatment is currently a research
hotspot. It has been found that puerarin (Pue) has a good

antifibrotic effect on multiple organs [4–6]. However, the
function of Pue on OSF remains to be studied.

microRNAs (miRNAs), a group of non-coding RNAs,
can control gene expression. They are highly stable in
human body fluids and hold great potential as biomarkers
for diagnosing and predicting the prognosis of various
diseases [7]. New evidence has suggested that dysregulated
miRNAs may be associated with the development of OSF
[8]. The downregulation of miR-200b may promote the
pathogenesis of Betel Quid-related OSF by regulating
expressions of ZEB2 and myofibroblast markers [9].
Additionally, miR-1246 expression is upregulated in OSF
tissues, making it a therapeutic target in OSF pathogenesis
[10]. The miR-30 family consists of five members and holds
great potential as a developmental and disease-regulatory
factor [11]. miR-30 may inhibit the development of liver
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fibrosis through the inhibition of transforming growth factor
beta (TGF-β) signal [12]. Further studies have revealed that
miR-30a can counteract Wnt1-inducible signaling pathway
protein 1 (WISP1) expression induced by transforming
growth factor beta1 (TGF-β1), thus influencing the
progression of pulmonary fibrosis [13]. However, the
specific mechanism by which the miR-30 family participates
in OSF remains uncertain.

Fibroblast activation protein (FAP) is one of the most
representative secreted products of cancer-associated
fibroblasts (CAFs), closely related to tumor growth and
invasion [14]. Currently, FAP has attracted great interest as
a potential biomarker for cancer detection and a drug target
for cancer treatment [15]. Overexpression of FAP in
fibroblasts leads to the production of extracellular matrix,
which accelerates the development of ovarian cancer and
pancreatic cancer [16]. Studies have shown that the
downregulation of FAP inhibits cell proliferation and
metastasis in OSCC through two signaling pathways [17]. In
addition, differential methylation or expression of FAP is
significantly associated with survival in OSCC patients [18].
In fibrosis-related disease research, miRNA-30a can
downregulate FAP-α expression in lung fibroblasts induced
by TGF-β1 [19]. miR-30a-5p directly targets FAP and
inhibits cell viability, proliferation, invasion, and migration
in OSCC [20]. Therefore, miR-30a-5p may serve as an
inhibitor of the occurrence and progression of oral diseases
and cancer.

Based on these findings, TGF-β1-induced human oral
mucosal fibroblasts (hOMF) were treated with Pue to
investigate the role of Pue in regulating FAP expression via
miR-30b-5p in OSF, aiming to enrich insights into the
application of Pue in OSF treatment.

Materials and Methods

Cell culture and treatment
hOMF (CP-H205, Procell, Wuhan, China) were cultured in a
specialized culture medium (CM-H205, Procell, Wuhan,

China) under the condition of 5% CO2 at 37°C. In addition,
hOMF slides were prepared for immunofluorescence (IF)
staining. The miR-30b-5p mimic (HG-MI029666) and its
control, and miR-30b-5p inhibitor (HG-IN029666) and its
control were all bought from HonorGene (Changsha, China).

In the OSF group, hOMF were treated with TGF-β1
(10 ng/mL) (100-21, Peprotech, Suzhou, China) for 48 h
[21]. To determine the suitable concentration of Pue, hOMF
were treated with 0.05, 0.1, 0.15, 0.2, and 0.25 mmol/L (mM)
of Pue (3681-99-0, Chengdu Yuancheng Biotechnology Co.,
Ltd., China) for 48 h [22]. In the Pue group, hOMF were
treated with TGF-β1, followed by treatment with Pue
(0.2 mM) for 48 h. In mimic NC and miR-30b-5p mimic
groups, hOMF were treated with TGF-β1, followed by
transfection with mimic NC and miR-30b-5p mimic using
lipofectamine 2000 (11668019, Invitrogen, Carlsbad, CA,
USA), respectively. In Pue+inhibitor NC and Pue+miR-30b-
5p inhibitor groups, hOMF were treated with TGF-β1,
transfected with inhibitor NC and miR-30b-5p inhibitor
respectively, and treated with Pue.

Quantitative real-time polymerase chain reaction (qRT-PCR)
Total RNA was extracted from hOMF using Trizol reagent
(15596026, Thermo, USA). Reverse transcription was
carried out using an mRNA reverse transcription kit
(CW2569, CWBIO, China), followed by qRT-PCR with
UltraSYBR Mixture (CW2601, CWBIO, China). All primers
used are displayed in Table 1. The mRNA expression was
quantified by 2−ΔΔCt, with either β-actin or U6 serving as
the internal reference.

Western blot
Proteins were extracted from hOMF using RIPA lysate
(AWB0136, Abiowell, Changsha, China) and transferred onto
nitrocellulose (NC) membranes after electrophoretic
separation. After being blocked with 5% skimmed milk
powder, NC membranes were mixed with primary antibodies
overnight at 4°C, including Collagen I (14695-1-AP,
Proteintech, Chicago, IL, USA), Collagen III (ab7778, Abcam,

TABLE 1

Sequences of the primers

Gene name Forward (5′–3′) Reverse (5′–3′)

β-actin ACCCTGAAGTACCCCATCGAG AGCACAGCCTGGATAGCAAC

FAP AGAACCATGCTTTGGAGATACT TTTACTCCCAACAGGCGACC

COL3A1 AAAGGCGAAGATGGCAAGGA TCCTGGGATGCCATTTGGTC

COL1A1 GCAAGAACCCCGCCCGCACC GCTCTCGCCGAACCAGACATGCC

MMP1 AGAAAGAAGACAAAGGCAAGTTGA AAACTGAGCCACATCAGGCA

MMP3 TGAGGACACCAGCATGAACC ATCACCTCCAGAGTGTCGGA

U6 CTCGCTTCGGCAGCACA AACGCTTCACGAATTTGCGT

miR-30a-5p GCGACTGTAAACATCCTCGAC CAGCTGCAAACATCCGACTG

miR-30b-5p TCATGTAAACATCCTACACTCAGC GTCAGCTGAAGTAAACATCCACC

miR-30c-5p ACCATGCTGTAGTGTGTGTAAA AGTAAACAACCCTCTCCCAGC

miR-30d-5p AAACATCCCCGACTGGAAGC AGCAGCAAACATCTGACTGA

miR-30e-5p CCTTGACTGGAAGCTGTAAGGT AGCCTGCCGCTGTAAACAT
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Cambridge, UK), FAP (15384-1-AP, Proteintech, Chicago, IL,
USA), and β-actin (66009-1-Ig, Proteintech, Chicago, IL,
USA). Then, NC membranes were cultured with HRP-labeled
secondary antibodies. Next, they were incubated with Super
ECL Plus detection reagent (AWB0005, Abiowell, Changsha,
China) for imaging in a chemiluminescence imaging system
(ChemiScope6100, CLINX, Shanghai, China). The gray values
of bands were read by Quantity One 4.6.6 (Bio-Rad Inc.,
Hercules, CA, USA). Finally, protein expression was
calculated with β-actin being the internal reference.

Cell counting kit-8 (CCK-8) assay
hOMF were digested and cultured at 37°C (5 × 103 cells/well).
After adhesion, they were treated accordingly for 48 h. Next,
10 μL of CCK-8 reagent (NU679, DOJINDO, Kumamoto,
Japan) was added to the medium. Finally, hOMF were
cultured for 4 h before detection of optical density (OD) at
450 nm by a multifunctional microplate reader (MB-530,
HEALES, Shenzhen, China).

IF staining
After being fixed with 4% paraformaldehyde, cell slides were
mixed with 0.3% Triton X-100 at 37°C. Cell slides were
sealed with 5% BSA and cultured with the primary antibody
of FAP (Ab40778, Abcam, Cambridge, UK) overnight at
4°C. Next, 100 μL of CoraLite 488-conjugated Affinipure
Goat Anti-Rabbit IgG (H+L) (SA00013-2, Proteintech,
Chicago, IL, USA) was added and incubated for 1.5 h. Nuclei

were stained with DAPI reagent (AWI0331a, Abiowell,
Changsha, China) for 20 min. Cell slides were sealed with
glycerin before observation under a fluorescence microscope.

Dual-luciferase reporter assay
The possible binding sites between FAP and miR-30b-5p were
analyzed by TargrtScan (https://www.targetscan.org/).
psiCHECK-2-Hsa-FAP-WT and psiCHECK-2-Hsa-FAP-
MUT were purchased from HonorGene (Changsha, China).
HEK-293T cells were bought from Abiowell (AW-CNH086,
Changsha, China). In our study, HEK-293T cells were co-
transfected with psiCHECK-2-Hsa-FAP-WT or psiCHECK-
2-Hsa-FAP-MUT along with mimic NC or miR-30b-5p
mimic by using lipofectamine 2000. After being cultured for
48 h, cells were lysed and treated by using a dual-luciferase
detection kit (E1910, Promega, Beijing, China). Subsequently,
the activity of both firefly luciferase and Renilla luciferase
was measured consecutively using a chemiluminescence
detector (GloMax 20/20, Promega, Beijing, China).

Statistical analysis
Experimental data were processed by GraphPad Prism 8.0
(GraphPad Software Inc., San Diego, CA, USA) and
represented as mean±SD. t-test and one-way analysis of
variance (ANOVA) were employed for comparison. The
correlation between FAP and miR-30 family expression was
evaluated by the Pearson correlation coefficient. Statistical
significance was determined at p < 0.05.

FIGURE 1. The miR-30 family participated in the disease process of OSF. (A) Collagen I and Collagen III expressions in hOMF were analyzed
by Western blot. (B) miR-30 family and FAP mRNA expressions in hOMF were evaluated by qRT-PCR. (C) FAP expression in hOMF was
evaluated by Western blot. (D) Pearson correlation coefficient analysis of relationship between expression of FAP mRNA and expression of
miR-30 family. The experiment was repeated three times. The data were presented as the mean ± SD. *p < 0.05 vs. Control. n = 3.
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Results

The miR-30 family participated in the disease process of OSF
To establish an in vitro model of OSF, hOMF were induced
with TGF-β1. After induction, Collagen I and Collagen III
expressions in hOMF were significantly upregulated
(Fig. 1A). Furthermore, miR-30 family expression was
downregulated in hOMF after TGF-β1 induction, with miR-
30b-5p showing the most significant decrease. Conversely,
FAP expression was upregulated after TGF-β1 induction
(Figs. 1B and 1C). Finally, the analysis of the Pearson
correlation coefficient displayed a negative correlation
between FAP and miR-30 family expression (Fig. 1D).
These results evidenced that the miR-30 family was involved
in the disease process of OSF.

Pue affected the expression of miR-30/FAP axis in OSF
To screen for suitable experimental concentrations, hOMF was
treated with 0, 0.05, 0.1, 0.15, 0.2, and 0.25 mM of Pue for 48 h,
and the cell viability was analyzed by CCK-8 assay. As a result,
Pue showed a proliferation-promoting effect on hOMF when
the concentration of Pue was 0.05–0.2 mM. However, when
the concentration of Pue was 0.25 mM, the pro-proliferative
extent of hOMF was significantly reduced. Therefore,
0.2 mM Pue was chosen for subsequent experiments
(Fig. 2A). After TGF-β1 induction, hOMF exhibited excessive
proliferation. However, this excessive proliferation was
inhibited with Pue intervention (Fig. 2B). qRT-PCR analysis
revealed that TGF-β1 induction reduced miR-30 family
expressions. However, Pue intervention restored miR-30

family expression, with miR-30b-5p exhibiting the greatest
recovery. Combined with the results in Fig. 1B, miR-30b-5p
was selected for subsequent experiments. In addition, Pue
intervention also reversed the TGF-β1-induced upregulation
of FAP mRNA expression (Fig. 2C). Furthermore, analysis of
fibrosis-related genes revealed that TGF-β1 induction
promoted the high expressions of COL3A1, COL1A1,
MMP1, and MMP3. However, Pue intervention inhibited
TGF-β1-induced fibrosis promotion (Fig. 2D). Consistent
with the results in Fig. 2C, IF staining showed that Pue
intervention also reversed the TGF-β1-induced promotion of
FAP expression (Fig. 2E). In general, Pue affected the miR-
30/FAP axis in OSF.

miR-30b-5p regulated FAP expression
miR-30b-5p was proved to have binding sites on the 3′-UTR
of FAP according to TargetScan (Fig. 3A). To confirm its
targeting effect on FAP, HEK-293T cells were transfected
with FAP-WT or FAP-MUT, along with either mimic NC
or miR-30b-5p mimic. When co-transfected with FAP-WT,
the relative luciferase activity was reduced in the miR-30b-
5p mimic group. Nevertheless, it was not changed in the
miR-30b-5p mimic group when co-transfected with FAP-
MUT (Fig. 3B). The above proved that miR-30b-5p could
regulate FAP expression.

miR-30b-5p targetedly regulated FAP to affect TGF-β1-induced
OSF
To explain the function of miR-30b-5p in OSF, hOMF were
induced by TGF-β1 and transfected with miR-30b-5p mimic

FIGURE 2. Pue affected the miR-30/FAP axis in OSF. (A) The toxic effects of Pue on hOMF were evaluated using the CCK-8 assay. &p < 0.05
vs. 0 mM. (B) The proliferation of hOMF was assessed by CCK-8 assay. (C) miR-30 family and FAP mRNA expressions in hOMF were
determined by qRT-PCR. (D) mRNA expressions of COL3A1, COL1A1, MMP1, and MMP3 in hOMF were analyzed by qRT-PCR. (E)
FAP protein expression in hOMF was identified by IF staining. Scale bar: 25 μm. Magnification: 400 ×. The experiment was repeated three
times. The data were presented as the mean ± SD. *p < 0.05 vs. Control. #p < 0.05 vs. OSF. n = 3.
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or its control. miR-30b-5p mimic transfection effectively
inhibited the excessive proliferation of hOMF induced by
TGF-β1 (Fig. 4A). Moreover, miR-30b-5p overexpression
led to the downregulation of COL3A1, COL1A1, MMP1,
and MMP3 mRNA expression, as well as the decrease in
FAP protein expression (Figs. 4B–4D). The above identified
that miR-30b-5p targetedly regulated FAP to affect TGF-β1-
induced OSF.

Pue inhibited TGF-β1-induced OSF through the miR-30b-5p/
FAP axis
To investigate the regulatory mechanism of Pue on TGF-β1-
induced OSF, hOMF were induced with TGF-β1, transfected

with miR-30b-5p inhibitor or its control, and then treated
with Pue. Compared with the Pue+inhibitor NC group,
hOMF proliferation was enhanced in the Pue+miR-30b-5p
inhibitor group (Fig. 5A). Additionally, miR-30b-5p
expression was downregulated in hOMF of the Pue+miR-
30b-5p inhibitor group, confirming the successful silencing
of miR-30b-5p (Fig. 5B). In hOMF of the Pue+miR-30b-5p
inhibitor group, COL3A1, COL1A1, MMP1, and MMP3
mRNA expressions were upregulated compared with the
Pue+inhibitor NC group (Fig. 5C). Moreover, FAP, Collagen
I, and Collagen III expressions were also upregulated in
hOMF of the Pue+miR-30b-5p inhibitor group in contrast
to the Pue+inhibitor NC group (Figs. 5D–5E). The above
illustrated that Pue inhibited TGF-β1-induced OSF through
the miR-30b-5p/FAP axis.

Discussion

OSF is a potential oral malignancy involving multiple factors
such as chronic trauma, infection, and inflammation, and is
characterized by progressive fibrosis of the submucosal
tissue [23]. Recently, natural active ingredients have shown
potential in OSF treatment [24–26]. This study
demonstrated that Pue was a promising alternative drug for
OSF treatment, the benefits of which were achieved through
miR-30b-5p targeted inhibition of FAP expression.

TGF-β regulates important physiological processes in
normal cells and tissues, such as tumor suppression.
However, the occurrence of tumors counteracts the
antitumor effect of TGF-β [27]. Furthermore, in the later
stages of the tumor, TGF-β can promote metastasis
by enhancing epithelial-mesenchymal transition and
angiogenesis [28]. A study has found that TGF-β1 is a key

FIGURE 3. miR-30b-5p regulated FAP expression. (A) TargetScan
prediction of binding sites between miR-30b-5p and FAP. (B) The
regulation of FAP by miR-30b-5p was confirmed through a
dual-luciferase reporter assay. The experiment was repeated three
times. The data were presented as the mean ± SD. *p < 0.05 vs.
FAP-WT+mimic NC. n = 3.

FIGURE 4. miR-30b-5p targetedly regulated FAP to affect TGF-β1-induced OSF. (A) The proliferation of hOMF was measured by CCK-8
assay. (B) miR-30b-5p expression in hOMF was analyzed by qRT-PCR. (C) mRNA expressions of COL3A1, COL1A1, MMP1, and MMP3 in
hOMF were determined by qRT-PCR. (D) FAP protein expression in hOMF was analyzed byWestern blot. The experiment was repeated three
times. The data were presented as the mean ± SD. *p < 0.05 vs. mimic NC. n = 3.
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regulatory factor in OSF pathogenesis. TGF-β1 induces
fibrotic gene expression and collagen production in buccal
mucosal fibroblasts (BMF) [29]. In fibrosis-related diseases,
compared to healthy tissues, the expression of MMP2, actin
alpha cardiac muscle 3 (ACTA3), COL1A2, and MMP1 is
significantly higher in fibrotic tissues [30]. Among various
etiological factors, betel nut is the major causative factor in
OSF development. Betel nut alkaloids can increase TGF-β
secretion, and TGF-β can activate the differentiation of
myofibroblasts in the oral mucosa [31]. In this study, TGF-
β1 induced upregulation of COL3A1, COL1A1, MMP1,
MMP3, and FAP expressions in hOMF. These suggested
that TGF-β1 induced the activation and differentiation of
hOMF, leading to an imbalance between collagen
degradation and synthesis, thus promoting the development
of OSF.

The miR-30 family plays an essential role in cancer, bone
metabolism, pulmonary fibrosis, and so on. They influence

important biological processes like proliferation,
differentiation, and metastasis by controlling multiple target
genes [32–34]. Upregulation of miR-30 expression can
suppress the motility and metastasis of cancer, thereby
improving the survival and outcomes of patients [35].
Additionally, miR-30 suppresses the progression of breast
cancer via the regulation of FK506-binding protein 3
(FKBP3) expression [36]. Members of the miR-30 family
can inhibit breast cancer invasion by regulating genes
related to bone metastasis [33]. Moreover, the miR-30
family inhibits excessive lung vascular permeability in the
pre-metastatic stage by directly targeting Skp2 [37]. In this
study, bioinformatics prediction revealed binding sites
between miR-30b-5p and the 3′-UTR of FAP. Furthermore,
dual-luciferase reporter assay results displayed miR-30b-5p
inhibition on the downstream target FAP expression.
Pearson correlation coefficient further validated the
significant negative regulation of FAP expression by miR-30

FIGURE 5. Pue inhibited TGF-β1-induced OSF through the miR-30b-5p/FAP axis. (A) The proliferation of hOMF was detected by CCK-8
assay. (B) miR-30b-5p expression in hOMF was assessed by qRT-PCR. (C) mRNA expressions of COL3A1, COL1A1, MMP1, and MMP3 in
hOMF were determined by qRT-PCR. (D) Protein expression of FAP in hOMF was measured by IF staining. Scale bar: 25 μm. Magnification:
400×. (E) Protein expressions of Collage I and Collage III in hOMF were assessed by Western blot. The experiment was repeated three times.
The data were presented as the mean ± SD. *p < 0.05 vs. Pue+inhibitor NC. n = 3.
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family members. FAP-α is selectively expressed in sites of
tissue remodeling and repair, and it promotes
tumorigenesis. FAP-α was regarded as a therapeutic target
for diseases associated with fibrosis dysregulation [38].
Studies have shown that miR-30a attenuates TGF-β1-
induced activation of lung fibroblasts by targeting FAP-α
[39]. In this study, successful transfection of miR-30b-5p
mimic resulted in downregulation of TGF-β1-induced FAP
accumulation in hOMF, identifying the negative regulation
of miR-30b-5p on FAP expression in OSF.

Pue, a bioactive component of Radix puerariae, has
various pharmacological effects, including vasodilation,
neuroprotection, cardioprotection, bone protection,
anticancer, and so on [40]. Research has revealed that Pue
can reduce proliferation and induce apoptosis of bladder
cancer cells by upregulating miR-16 and consequently
inhibit the nuclear factor-kappa B (NF-κB) pathway [41].
Additionally, Pue upregulates the expression of miR-155-3p,
promoting the differentiation and bone formation of
marrow mesenchymal stem cells in rats undergoing bone
transplantation [42]. Pue and its derivatives have also been
studied for their inhibitory effects on organ fibrosis. It has
been found that the extract of Radix puerariae can improve
paraquat-induced pulmonary fibrosis by downregulating the
expression of miR-21 [43]. Furthermore, Pue has been
shown to prevent myocardial fibrosis in mice by reducing
NF-κB and TGF-β1 expressions in the heart [44]. In type 2
diabetic rats, Pue alleviates liver fibrosis by the TGF-β
signaling pathway inhibition [45]. However, there have been
few reports on the role and mechanism of Pue in OSF. In
this study, 0.05–0.2 mM Pue had no cytotoxicity on hOMF,
which was consistent with literature reports [22,46]. 0.2 mM
Pue intervention effectively suppressed the excessive
proliferation of TGF-β1-induced hOMF, alleviated collagen
deposition, upregulated miR-30 family expression, and
downregulated FAP expression, thereby delaying the
progression of fibrosis. In subsequent mechanistic studies,
Pue intervention significantly reversed the promotion of
TGF-β1-induced OSF by the miR-30b-5p inhibitor. These
findings suggested that Pue had the potential to treat OSF
by modulating the miR-30b-5p/FAP axis, making it a
promising treatment for OSF.

This study still has some limitations. Firstly, we have
investigated the in vitro effect of Pue on OSF, and further in
vivo studies are needed to clarify its therapeutic potential.
Secondly, the exact molecular mechanisms underlying the
interaction between Pue, miR-30b-5p, and FAP in OSF
require further exploration. For example, the mechanism by
which Pue promotes miR-30b-5p expression and whether
Pue regulates the miR-30b-5p/FAP axis by interfering with
other signaling pathways need to be explored through
functional analysis. Thirdly, the potential side effects and
toxicological profiles of Pue should be further investigated
in pre-clinical studies before clinical application. Fourthly,
MMP1 and MMP3 have been widely studied in fibrotic
diseases [47,48]. However, other members in MMP family
may participate in OSF. Due to the limit of source and time,
we have only assessed the two molecules here. The function
of other members in MMP family on OSF will inspire us to
do the work ahead. Finally, Pue has a short half-life, fast

elimination in vivo, and short binding time with the target.
Therefore, the structural modification of Pue to improve its
efficacy and bioavailability is a research direction for the
later development of new drugs against OSF.

Conclusion

In summary, our study demonstrated that Pue had a
significant inhibition on OSF through the downregulation of
FAP and its downstream targets, including COL3A1,
COL1A1, MMP1, and MMP3. This effect was mainly
achieved through the upregulation of miR-30b-5p and
inhibition of FAP signaling. These findings will enrich the
understanding of the application of Pue in OSF and other
fibrotic diseases.
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