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Objective This study aims to investigate the roles and the molecular mechanisms of miR-
139-5p and SMOX in hepatic fibrosis (HF). Methods Relative levels of miR-139-5p and
SMOX in in vitro and in vivo HF models were determined by RT-qPCR, Western blot, and

KEY WORDS: immunohistochemical staining. Activation of the hepatic stellate cell (HSC) line HSC-T6 was

Hepatic fibrosis; achieved by lipopolysaccharide (LPS) induction. Subsequently, the regulatory effects of miR-139-

ZII\;E);(S, %3 5p and SMOX on HSC-T6 cell behaviors were examined. The targeting relationship between miR-

ROS: 139-5p and SMOX was ascertained by dual-luciferase reporter assay. Results Downregulated

Hepatic stellate cells miR-139-5p and upregulated SMOX were examined in rat fibrotic liver tissues. MiR-139-5p
significantly inhibited LPS-induced activation of HSC-T6 cells, reduced reactive oxygen species
(ROS) levels, and inhibited cell viability. SMOX is the direct target of miR-139-5p, and is capable
of reversing the protective effect of miR-139-5p, which halts the progression of HF. Conclusions
MiR-139-5p is significantly downregulated in the progression of HF, which subsequently halts
the progression of HF by targeting and downregulating SMOX. Thus, miR-139-5p can serve as a
potential biomarker and therapeutic target of HF.

Introduction hundreds of millions of people (Xiao et al., 2019). Hepatic

fibrosis (HF) is an important link in the progression of chronic
Chronic liver disease is a severe health issue worldwide.  [jver disease, which can deteriorate into cirrhosis and even
It is estimated that globally, chronic liver disease affects liver cancer (Coulouarn & Clement, 2014). At present, liver
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transplantation is the only method for curing decompensated
cirrhosis. However, its application is extremely limited due
to shortages of donated organs and the high medical cost
(Jesudian et al., 2016). HF is usually caused by the imbalanced
production and degradation of the extracellular matrix (ECM),
consisting mainly of collagens in hepatic stellate cells (HSCs)
(Hernandez-Gea & Friedman, 2011). They are the main source
of excessively deposited ECM during the progression of HF.
In patients with chronic liver injuries, a long-term persistent
inflammatory response and oxidative stress activates HSCs and
promotes their transformation to myofibroblast-like cells. As
a result, abundant 0a-SMA, collagens, and elastin are produced
and accumulate, leading to the development of HF (Tsai, Lin,
& Huang, 2010).

Spermine oxidase (SMOX) is a flavin adenine dinucleotide
(FAD)-dependent oxidase involved in polyamine metabolism.
Through the formation of homodimers, SMOX directly
catalyzes spermine to produce spermidine and a large amount
of hydrogen peroxide as the byproduct (Cervelli, Amendola,
Polticelli, & Mariottini, 2012; Leonetti et al., 2017). SMOX is
closely linked with inflammatory response and several types
of tumors (Murray-Stewart et al., 2016). Recent studies have
found that SMOX is upregulated in chronic hepatitis and
hepatocellular carcinoma cases. SMOX is positively correlated
with the severity of clinical symptoms of hepatocellular
carcinoma, suggesting that SMOX may promote the
development of HF (Hu et al., 2018).

MicroRNAs (miRNAs) are short non-coding RNAs
containing 22-23 nucleotides, and they participate in various
biological functions by regulating post-transcription and gene
functions (Jie et al., 2021). Typically, a single-stranded RNA
serves as a mature miRNA that forms RNA-induced silencing
complex (RISC) alongside the Argonaute protein. RISC further
induces degradation or translation inhibition of downstream
targets by binding to their 3’-untranslated region (3°-UTR)
(Suzuki, Katsura, Matsuyama, & Miyazono, 2015). MiR-605 is
a newly discovered miRNA, and its function in HF is currently
unclear.

In the present study, miR-139-5p was found to alleviate the
progression of HF by directly targeting SMOX. Therefore,
we speculated that miR-139-5p targeted SMOX and
inhibited its transcription, thus arresting the development
of HF by decreasing reactive oxygen species (ROS) levels,
downregulating a-SMA and TGF-B in HSCs, and reducing the
massive production and deposition of the ECM.

Methods and Materials

1. Creating an HF rat model in vivo
A total of 12 male Sprague-Dawley (SD) rats weighing 200 +

20 g (Guangdong Medical Laboratory Animal Center) were
randomly assigned to the control group or the HF group, with 6
rats in each group. HF was induced by subcutaneous injection
of 0.3 ml/100 g CCl, three times a week for 8 weeks. Rats in
the control group were subcutaneously injected with isodose
saline. Rats were euthanized, and then, their liver tissues were
harvested.

2. H&E staining

Rat liver tissues fixed in 4% paraformaldehyde were prepared
for tissue sections by embedding in paraffin, immersing the
paraffin sections in xylene twice for 20 min each time, in
anhydrous ethanol twice for 5 min each time, in 75% ethanol
for 5 min, and then finally washing in ddH,O. A hematoxylin-
eosin (HE) staining kit (Sangon Biotech, Shanghai, China,
catalog number: E607318) was used in the present study.
Briefly, sections were stained with hematoxylin for 5 min. After
differentiation and bluing, the sections were washed in ddH,0,
sequentially dehydrated in 85% and 5% ethanol, and stained
with eosin for 5 min. After incubation three times in anhydrous
ethanol, and twice in xylene, the sections were mounted using
neutral gum for observation under a microscope.

3. Cell culture

The rat HSC cell line HSC-T6 (Procell, Wuhan, China, catalog
number: CL-0116) was cultivated in Dulbecco’s modified
Eagle’s medium (DMEM, Procell, Wuhan, China, catalog
number: 164210-500) containing 10% fetal bovine serum
(FBS, Procell, Wuhan, China, catalog number: PM150210)
and 1% penicillin and streptomycin in a humidified incubator
containing 5% CO, and 95% air at 37°C. Cryopreservation
using DMEM containing 40% FBS, 10% dimethyl sulfoxide
(DMSO0), and 55% glucose was performed until the cells were
grown to higher than 80% confluence by trypsin digestion.

4. Cell transfection

MiR-139-5p mimics, miR-139-5p inhibitor, and their negative
controls, mimic-NC and inhibitor-NC, were provided by
RiboBio Co., Ltd. (Guangzhou, China). Lipofectamine®
2000 transfection reagent (Invitrogen; Thermo Fisher
Scientific, Inc.) was used in cell transfection. Briefly, cells
were seeded in a 12-well plate (1 x 10’ cells per well) and
cultured to 80% confluence. After 4-h starvation in serum-
free DMEM, 100 nM transfection mixture containing the
plasmid and Lipofectamine® 2000 reagent was added for
40-min incubation. Fresh medium was replaced at 24 h, and
transfection efficacy was examined by RT-qPCR.

5. 3-(4,5-Dimethylazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT) assay

HSC-T6 cells were seeded in a 96-well plate with 5 x 10°
cells/well cultivated in 200 pL. of DMEM containing 10%
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FBS, and 1% penicillin and streptomycin. Briefly, 15 pl of
MTT solution (15 mg/ml, Sangon Biotech, Shanghai, China,
catalog number: A600799) was added at 6, 12, 18, 24, 30, and
36 h, respectively. After cell culture for 4 h at 37°C, cells in
each well were lysed in 150 puL of DMSO for 10 min at room
temperature, and the optical density at 490 nm was measured
using an HBS-1101 microplate reader (DeTie, China).

6. RT-qPCR

Total RNA in HSC-T6 cells or liver tissues was isolated using
TRIzol reagent (Invitrogen, USA), and 1 pg total RNA was
reversely transcribed to cDNA using the Takara Primescript""
RT reagent kit. Subsequently, qQPCR was performed using a
SYBR Premix Ex Taq™II with Tli RNaseH (Takara Bio, Inc.)
using an ABI Prism 7500 system (Thermo Fisher Scientific,
Inc.). Relative levels were calculated using the 2™**“" method
with glyceraldehyde-3-phosphate dehydrogenase (GAPDH) or
U6 as the internal reference. The primer sequences are listed in
Table 1.

7. Western blot

Total proteins in HSC-T6 cells or liver tissues were
isolated using radioimmunoprecipitation (RIPA) buffer
(Beyotime Institute of Biotechnology, China) containing
phenylmethylsulfonyl fluoride (PMSF) and protease
inhibitor. Protein concentrations were measured using a
bicinchoninic acid (BCA) protein assay kit (Beyotime
Institute of Biotechnology, China). Protein samples (50 pg)
were loaded on sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE) gels, electrophoresed, and
subsequently transferred to polyvinylidene difluoride (PVDF)
membranes at 300 mA. Non-specific antigens on PVDF
membranes were blocked by immersing in Tris-buffered saline
(TBS) containing 0.1% Tween-20 (TBST) and 5% skim milk.
After immunoblotting with primary antibodies (1:1000) at
4°C overnight and secondary antibodies (1:1000) at room

Table 1. Primers used in this study

Gene Primes (5’—3)

Rno-miR-139-5p-F TCTACAGTGCACGTGTCTCCAG

SMOX-F CGGGGAAAATGGAAACGTCAG

SMOX-R ACTTTGCATACCGTCCGTACT

0o-SMA-F CAGCTATTGCCGTTCCAATTGA

a-SMA-R CCAGGGCTTCATCATTGCA

TGF-B-F CGAGCTCGGTGGAAGGTCTCATTTTATTG
TGF-B-R CCCAAGCTTGGGATGTAAAAGACAAACAATG
GAPDH-F GGCACAGTCAAGGCTGAGAATG

GAPDH-R ATGGTGGTGAAGACGCCAGTA

U6-F ACGCAAATTCGTGAAGCGTT

temperature for 1 h, band exposure was performed using the
Bio-Rad Universal Hood II Gel Doc Imaging system, and
grey values were analyzed using ImageJ 1.8.0.112 software
(U.S. National Institutes of Health, Bethesda, MD, USA).
The antibodies were purchased from Abclonal (Abclonal,
Wuhan, China), and the catalog numbers were as listed: SMOX
(A11677); a-SMA (A2319); TGF-p (A18692); GAPDH
(A19056); and the secondary antibody was HRP Goat Anti-
Rabbit IgG (H+L) (AS014).

8. Masson staining

Rat liver tissues were dewaxed and dehydrated in xylene and
ethanol with gradient concentrations (100%, 85%, 75%, and
30%). After nuclei staining using Weigert’s iron hematoxylin
solution for 5-10 min, and washing in flowing water, sections
were later counterstained with Ponceau S and acid fuchsin
for 5-10 min. Following washing in 2% acetic acid aqueous
solution, differentiation in 1% phosphomolybdic acid solution
for 3-5 min, staining in aniline blue WS for 5 min, and
washing in 0.2% acetic acid aqueous solution, sections were
washed in 95% ethanol and anhydrous ethanol. Sections were
permeabilized using xylene, mounted using neutral gum and
observed under a microscope.

9. Inmunohistochemical staining

Rat liver sections were incubated in xylene 3 times for 15 min
each time, dehydrated in anhydrous ethanol twice for 5 min
each time, 85% ethanol for 5 min, and 75% ethanol for 5 min.
After washing in ddH,O, sections were immersed in citrate
buffer (pH 6.0, Sangon Biotech, Shanghai, China, catalog
number: E673000) for 15-min for antigen retrieval. They were
then incubated in 3% H,O, in the dark for 25 min, and blocked
in 3% BSA (Sangon Biotech, Shanghai, China, catalog number:
E661003) at 37°C for 30 min. Incubation of primary antibodies
was performed at 4°C overnight, and then, sections were
washed in phosphate-buffered saline (PBS, pH 7.4) for 5 min
for 3 times, and incubated with horseradish peroxidase (HRP)-
labeled secondary antibodies at room temperature for 2 h. Later,
sections were counterstained with diaminobenzidine (DAB)
and hematoxylin for 3 min. After dehydration in ddH,0O, 75%
ethanol for 5 min, 85% ethanol for 5 min, anhydrous ethanol
for 5 min twice, and n-butanol for 5 min, and permeabilization
in xylene for 5 min, sections were mounted using neutral gum.
Positive staining of cells was observed under a microscope
(XSP-8CA, Shanghai Optical Instrument Co., Ltd.).

10. Dual-luciferase reporter assay

The wild-type plasmid pGL3-SMOX-WT was constructed
by amplifying complementary sequences in the SMOX 3°-
UTR and promoter region of miR-139-5p and cloning them
into the pGL3 3’-UTR (Genechem Inc., Shanghai, China). The
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mutant-type plasmid pGL3-SMOX-Mut was constructed using
a site-directed mutagenesis kit (Sangon Biotech, Shanghai,
China, catalog number: B639281). Wild-type and mutant-
type plasmids were co-transfected into cells with miR-139-
5p mimics or mimics-NC for 48 h. Relative firefly and Renilla
luciferase activities were measured using the Dual-Luciferase
Reporter Gene Assay Kit (Promega, Madison, WI, USA).

11. Lentivirus infection

Overexpression lentivirus plasmid GV367-SMOX (GeneChem
Inc., Shanghai, China) was generated by cleavage of GV367
plasmid using Agel/Nhel, and GV367 was used as a blank
control. Lentivirus packaging was performed using a second-
generation lentivirus packaging kit (GeneChem, Shanghai,
China). The lentiviral plasmid, packaging vector, and envelope
vector were mixed at a 4:3:2 ratio for a total DNA mass of 20
ng, and were then incubated with 1 ml of Lenti-Easy Packaging
Mix (Shanghai GeneChem Co., Ltd.) for 15 min. The mixture
was then incubated for another 20 min in Lipofectamine®
2000, and inoculated into 293T cell culture medium for 6 h at
37°C. 293T cells were seeded in a 12-well plate at a density
of 2.5 x 10° cells/well and cultured to 80% confluence. After
incubation in serum-free DMEM for 4 h, cells were transfected
with lentiviruses for 3 days, as described above. Transfected
cells were filtered using a 0.45-uM mesh, and were then
concentrated at 70,000 x g and 4°C for 2 h. The supernatant
was collected to measure the viral titers. HSC-T6 cells grown
to over 80% confluence were cultured with diluted lentiviruses,
and GFP-labeled cells with lentivirus transfection rate > 80%
at 72 h were collected. The transfection efficacy of SMOX was
finally verified by RT-qPCR.

12. Measurement of ROS levels

HSC-T6 cells were seeded in a 24-well plate and cultured to
80% confluence or higher. Next, 10 umol/L dichlorodihydro-
fluorescein diacetate (DCFH-DA) was added, and the plates
were incubated at 37°C for 30 min. Green fluorescence signals
in 5 randomly selected fields per well were observed under a
fluorescence microscope (magnification = 100 x). ROS levels
were measured by calculating the mean fluorescent intensity (MFI).

13. Measurement of the activity of SMOX

Broken cells was mixed with 5 umol luminol and 20 pg HRP in
100 mM glycine buffer, and incubated at 37°C for 2 min. Using
the dual-sampler system, cell lysate and prepared SMOX mixture
were each examined by a Promega GloMax microplate reader, and
added spermine, then followed by measurement of the cumulative
intensity of chemiluminescence for 20 s. The results are compared
with the standard curve of H,O, to obtain the active oxygen level.

14. Statistical processing
The data are expressed as the mean + standard deviation (SD)

from 3 replicates and were processed by GraphPad Prism
8.0 software. Differences between groups were compared by
Student’s t-test. A significant difference was determined at p <
0.05.

Results

1. Establishment of rat HF model and HF cell model
The HF model in rats was established by subcutaneous
injection of CCl,, followed by collection of rat liver tissues
for H&E and Masson staining. In the HF group, images of
stained rat liver tissues revealed fibrosis surrounding the
portal area, obvious fibrous septa, and disarranged lobular
structure, indicating the successful establishment of the HF
model (Figure 1A, 1B). Immunohistochemical staining showed
increased positive expression of a-SMA in liver tissues of HF
rats (Figure 1C). Rat liver tissues were collected for extracting
total RNA and proteins. As expected, we detected significantly
upregulated a-SMA in the liver tissues of HF rats (Figure 1D,
1E). The results suggested that the rat liver fibrosis model was
established successfully. In lipopolysaccharide (LPS)-induced
HSC-T6 cells, significantly upregulated a-SMA confirmed the
activation of HSCs (Figure 1F, 1G).

2. SMOX is upregulated HF model and miR-139-5p
directly targets SMOX

We detected the expression level of SMOX in rat and
cellular HF model. The results of RT-qPCR, western blot and
immunohistochemical staining showed that the mRNA and
protein levels of SMOX were significantly increased in the
HF rats (Figure 2A-2C); The expression level of SMOX in
cellular HF model was also significantly increased (Figure 2D,
2E). There were three fragments of the miR-139-5p promoter
region that were complementarily paired with SMOX 3’-UTR,
as predicted using Targetscan 7.2 (Figure 2F). As shown by
dual-luciferase reporter assay, co-transfection of miR-139-5p
mimics and pGL3-SMOX-WT decreased the luciferase activity
by 41%. However, miR-139-5p did not influence the luciferase
activity in pGL3-SMOX-MuT, confirming the targeting
relationship between miR-139-5p and SMOX (Figure 2G). The
results showed that SMOX is upregulated HF model and miR-
139-5p directly targets SMOX.

3. MiR-139-5p weakens SMOX expression and its
ability to degrade spermine

We detected the expression level of Rno-miR-139-5p,
suggesting that it was significantly down regulated in both
rat model and cell model (Figure 3A, 3B). The transfection
efficiency of rno-miR-139-5p mimics or mimic-NC was
detected (Figure 3C), and the transfection of mimics and
the negative control suggested that rno-miR-139-5p could
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Figure 1. Establishment of rat HF model and cellular HF model

Notes: (A) HE staining of rats HF model; (B) Masson staining of rats HF model; (C) a-SMA immunohistochemical staining of rats HF model; (D) RT-qPCR
detection of a-SMA expression in rats HF model; (E) Western blot detection of a-SMA expression in rats HF model; (F) RT-qPCR detection of a-SMA expression
in cellular HF model; (G) Western blot detection of a-SMA expression in cellular HF model. ***: P < 0.001.

significantly down regulate the mRNA and protein levels of  spermine (Figure 3F). As demonstrated by the above findings,
SMOX (Figure 3D, 3E). In addition, overexpression of miR-139- ~ miR-139-5p targeted SMOX, and thus downregulated the mRNA
5p significantly decreased the ability of HSC-T6 cells to degrade  and protein levels and the enzymatic activity of SMOX.
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Figure 2. Expression level of SMOX in HF models and the targeting relationship between miR-139-5p and SMOX
Notes: (A) SMOX mRNA expression in rats HF model; (B) SMOX protein expression in rats HF model; (C) SMOX immunohistochemical staining of rats HF
model; (D) SMOX mRNA expression in cellular HF model; (E) SMOX protein expression in cellular HF model; (F) Target prediction by Targetscan 7.1; (G) Dual
luciferase reporter assay between miR-139-5p and SMOX. **: P < 0.01; *** P < 0.001.

A B C

Figure 3. Expression level of Rno-miR-139-5p in HF models and the regulation of miR-139-5p on SMOX
Notes: (A) Rno-miR-139-5p expression in rats HF model; (B) Rno-miR-139-5p expression in cellular HF model; (C) Transfection efficiency of Rno-miR-139-
5p mimics and its NC; (D) Relative SMOX mRNA level in cellular HF model transfected Rno-miR-139-5p; (E) Relative SMOX protein level in cellular HF model
transfected Rno-miR-139-5p; (F) SMOX enzyme activity of HF cellular model transfected with Rno-miR-139-5p. *: P < 0.05; **: P < 0.01; *** P < 0.001.
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4. MiR-139-5p effectively reverses the activation
progression of HSC-T6 cells

HSC-T6 cells were transfected with miR-139-5p mimics,
miR-139-5p inhibitor, or NC, followed by LPS induction.
Transfection efficacy was examined by RT-qPCR (Figure 4A).
Interestingly, overexpression of miR-139-5p significantly
suppressed the viability of HSC-T6 cells, and knockdown
of miR-139-5p enhanced their viability (Figure 4B). The
ROS level was downregulated by miR-139-5p mimics and
upregulated by miR-139-5p inhibitor (Figure 4C). Transfection
with miR-139-5p mimics significantly downregulated mRNA
and protein levels of SMOX, a-SMA and TGF-f, and their
expression levels were upregulated by knockdown of miR-
139-5p (Figure 4D, 4E). It is suggested that miR-139-5p can
effectively decreased the activation of HSC-T6 cells.

5. Overexpression of SMOX effectively reverses the
ability of miR-139-5p to inhibit the activation of
HSC-T6 cells

To investigate the involvement of SMOX in HF progression, we co-
intervened SMOX by lentivirus transfection and then miR-139-5p
by plasmid transfection. The mRNA level of SMOX was examined
to determine the co-transfection efficacy (Figure 5A). Interestingly,
overexpression of SMOX enhanced cell viability (Figure 5B),
enhanced ROS levels (Figure 5C), and upregulated mRNA and
protein levels of a-SMA and TGF-8 in HSC-T6 cells (Figure 5D,
5E). More importantly, the regulatory effects of miR-139-5p on
HSC-T6 cells were reversed by overexpression of SMOX. Therefore,
we confirmed that overexpression of SMOX reversed the inhibitory
effect of miR-139-5p on LPS-induced activation of HSC-T6 cells by
enhancing ROS levels and promoting cell activation.

Figure 4. Rno-miR-139-5p effectively reverses the activation progression of HSC-T6 cells
Notes: (A) Transfection efficiency of Rno-miR-139-5p mimics, inhibitor and their NC; (B) Cell viability of HSC-T6 HF model transfected with rno-miR-139-
Sp mimics, inhibitor and their NC; (C) ROS level of HSC-T6 HF model transfected with rno-miR-139-5p mimics, inhibitor and their NC; (D) Rno-miR-139-
5p, SMOX mRNA, a-SMA mRNA and TGF- mRNA level in HSC-T6 HF model transfected with rno-miR-139-5p mimics, inhibitor and their NC; (E) SMOX,
o-SMA and TGF-B expression in HSC-T6 HF model transfected with rno-miR-139-5p mimics, inhibitor and their NC. *: P < 0.05; **: P < 0.01; *** P <

0.001.
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Figure 5. Overexpression of SMOX effectively reverses the ability of miR-139-5p to inhibit the activation of HSC-T6 cells
Notes: (A) Lentivirus infection efficiency of SMOX overexpression; (B) Cell viability of HSC-T6 HF model transfected with SMOX or rno-miR-139-5p; (C)
ROS level of HSC-T6 HF model transfected with SMOX or rno-miR-139-5p; (D) Rno-miR-139-5p, SMOX mRNA, a-SMA mRNA and TGF-B mRNA level in
HSC-T6 HF model transfected with SMOX or rno-miR-139-5p; (E) SMOX, a-SMA and TGF- expression in HSC-T6 HF model transfected with SMOX or rno-

miR-139-5p; *: P < 0.05; **: P < 0.01; *** P < 0.001.

Discussion

As an important link in chronic liver diseases, HF is the
main cause of the onset and death of patients with chronic
viral hepatitis or obesity-related fatty liver disease. Without
active interventions, HF ultimately leads to liver cirrhosis and
hepatocellular carcinoma (Hernandez-Gea & Friedman, 2011;
Lim & Kim, 2008). HF is a complex and dynamic process
involving various types of cells (Lee, Wallace, & Friedman,
2015), but the specific pathogenesis has not yet been fully
elucidated. Inflammatory response and oxidative stress are
the key factors driving the development of HF (Nielsen et
al., 2019). During the progression of HF, abundant ROS are
produced by damaged parenchymal liver cells. This directly

activates the redox-sensitive signaling pathways in HSCs,
which then results in the activation of HSCs and positive
expression of ECM (Brenner et al., 2011). With the increased
incidence in liver cirrhosis and the huge economic burden, it
is a challenging task to reverse and alleviate HF by monitoring
potential biomarkers.

The tumor-related roles of miRNAs have been extensively
explored, and a growing number of studies has shown the
vital functions of miRNAs in mediating signaling pathways
responsible for activating HSCs (Jiang, Ai, Wan, Zhang, & Wu,
2017). Men et al. (Men et al., 2017) showed that miR-145 is
upregulated in primary rat HSCs and TGF-f-induced activated
HSCs in vitro, and it stimulates HSC activation and HF by
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targeting KLF4. Wang et al. (Wang et al., 2021) found that a
deficiency in miR-223 accelerates HF induced by chronic CCl,
induction. Overexpression of miR-223 downregulates Gli2 and
PDGFRA/B, thus suppressing the activation and proliferation
of HSCs. MiR-223 inhibits HF by targeting multiple genes in
hepatocytes and HSCs, thus providing a potential therapeutic
target for HF. He et al. (He, Shu, Zhou, Zhang, & Yang, 2021)
proved that miR-139-5p blocks TGF-B-induced activation of
HSCs by targeting PMP22.

miR-139-5p was recently discovered and analyzed for its
biological functions. Wu et al. (Wu, Zhang, Chen, & Ha, 2020)
reported that the expression level of miR-139-5p decreased
significantly in hepatocellular carcinoma, directly targeted
SLITRK4, and affected the proliferation and invasion of
hepatocellular carcinoma cells through miR-139-5p/SLITRK4.
The research of Wei et al. (Wei et al., 2020) confirmed that up-
regulation of miR-139-5p protects diabetic mice from liver
tissue damage and oxidative stress through inhibiting Notch
signaling pathwaypathway in HCC growth and progression and
may provide new targets for us to better arrange the progression
of HCC. Through literature review, it was determined that the
role of miR-139-5p in the development of HF has been rarely
reported. He et al. (He et al., 2021) reported that miR-139-5p
targets the 3’UTR of PMP22 and inhibits PMP22 expression;
miR-139-5p hinders TGF-B-induced HSCs activation through
targeting PMP22 and modulates TGF-B-induced hepatic
stellate cell activation and CCl 4-induced hepatic fibrosis in
mice.Here, we first established an in vivo HF model through
subcutaneously injecting CCl, in rats. Downregulated miR-
139-5p and upregulated a-SMA and TGF-3 were observed
in the liver tissues of HF rats compared with those of the
controls. In LPS-induced HSC-T6 cells, miR-139-5p was
significantly downregulated. Overexpression of miR-139-5p
markedly inhibited the viability of activated HSC-T6 cells,
and downregulated mRNA and protein levels of a-SMA and
TGF-B. As expected, the opposite results were obtained after
knockdown of miR-139-5p. The activation of HSCs was
reflected by the viability and expression levels of a-SMA
and TGF-B, respectively. Therefore, miR-139-5p effectively
alleviated the activation of HSC-T6 cells and the progression
of HF.

SMOX is a member of the polyamine oxidase family. It
produces a large amount of hydrogen peroxide in the cytoplasm
and nucleus, and it is an ROS precursor, and thus causes
DNA damage repair, inflammatory response, and is involved
in cancer-related signaling pathways (Murray-Stewart et al.,
2016). Sierra et al. (Sierra et al., 2020) found that SMOX-
deficient mice have a significantly reduced spermidine level
in the stomach and decreased inflammation induced by
Helicobacter pylori. In addition, treatment of the SMOX

inhibitor in human gastric organs indicated that SMOX is
correlated with the activation of B-catenin, and suggests that
SMOX promotes H. pylori-induced carcinogenesis of gastric
cancer by causing inflammation, DNA damage, and activation
of B-catenin signaling.

Zhang et al. (Zhang et al., 2019) reconstructed a general
genome-scale metabolic model of colorectal cancer (CRC),
which revealed that SMOX is the key factor that alters the
metabolism in the microenvironment of CRC. Fratini et al.
(Fratini et al., 2019) reported that overexpression of SMOX
induces cell stress through imbalanced ROS production
in neuroblastoma (NB) cells and a SMOX transgenic
mouse model. They also confirmed that upregulation of the
apoptosis antagonistic transcription factor (AATF) is driven
by overexpressed SMOX in NB cells and total-SMOX mice,
indicating that SMOX serves as a novel anti-apoptotic marker
in NB cells. Hu et al. (Hu et al., 2018) proposed that SMOX
is overexpressed in hepatocellular carcinoma (HCC) cell lines
and clinical specimens of HCC, and promotes the proliferation
of HCC cells by regulating the PI3K/AKT signaling pathway.

Consistently, our findings showed that SMOX was
upregulated in rat fibrotic liver tissues, and was also upregulated
in activated HSC-T6 cells. This indicated that SMOX
could be involved in the progression of HF. As predicted by
Targetscan 7.2, miR-139-5p may bind with the SMOX 3’-
UTR. Transfection of miR-139-5p mimics downregulated
mRNA and protein levels of SMOX, and reduced the ability to
degrade spermine in HSC-T6 cells. Knockdown of miR-139-
Sp yielded the opposite results. It is suggested that miR-139-
5p directly targets SMOX, and reduced its mRNA and protein
levels as well as activity. In addition, overexpression of SMOX
in HSC-T6 cells significantly enhanced ROS levels and the
activation of HSC-T6 cells. More importantly, overexpression
of SMOX reversed the inhibitory effect of miR-139-5p on LPS-
induced activation of HSC-T6 cells.

Conclusion

MiR-139-5p is significantly downregulated in the progression
of HF, which slows the progression of HF by targeting and
downregulating SMOX. Thus, miR-139-5p can serve as a
potential biomarker and therapeutic target of HF.
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