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Plant miR167e-5p promotes 3T3-L1 adipocyte adipogenesis
by targeting B-catenin
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Abstract

Adipogenesis is important in the development of fat deposition. Evidence showed that plant microRNAs (miRNAs) could be
absorbed by the digestive tract and exert regulatory effects on animals’ physiological processes. However, the regulation of
plant miRNA on host lipogenesis remains unknown. This study explored the potential function of plant miRNA, miR167e-5p,
in adipogenesis in vitro. The presentation of plant miR167e-5p improved lipid accumulation in 3T3-L1 cells. Bioinformatics
prediction and luciferase reporter assay indicated that miR167e-5p targeted -catenin. MiR167e-5p could not only negatively
affect the expression of 3-catenin but also showed a positive effect on several fat synthesis—related genes, peroxisome prolifera-
tor—activated receptor gamma (Ppary), CCAAT/enhancer-binding protein a (Cebpa), fatty acid-binding protein 4 (Ap2), lipolysis
genes, adipose triglyceride lipase (Azgl/), and hormone-sensitive lipase (Hs/) messenger RNA levels. Meanwhile, lipid accu-
mulation and the expression of the f-catenin and other five fat synthesis—related genes were recovered to their original pattern
by adding the miR167e-5p inhibitor in 3T3-L1 cells. The immunoblot confirmed the same expression pattern in protein levels
in p-catenin, PPAR-y, FAS, and HSL. This research demonstrates that plant miR167e-5p can potentially affect adipogenesis
through the regulation of f-catenin, suggesting that plant miRNAs could be a new class of bioactive ingredients in adipogenesis.
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Introduction 2017), cardiometabolic disease (Scheja and Heeren 2019),

inflammation (Yamashita et al. 2018), and microvascular

Adipose tissue is the basis of energy metabolism in ani-
mals. Its function as an essential endocrine organ is closely
related to metabolic diseases such as diabetes (Perry et al.
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pathology (Yamashita et al. 2018). Adipocytes are the cells
that primarily compose adipose tissue, the primary energy
storage as fat (Fruhbeck et al. 2001). Normal metabolism of
fat body is required for the proliferation and differentiation
of adipocytes to satisfy an organism’s energy needs (Kahn
et al. 2006; Yang and Mottillo 2020). In the animal hus-
bandry field, it is reported that adipose tissue can improve
the quality of meat, such as the taste, juiciness, and softness
of the meat, by enhancing intramuscular fat concentration
(Pietruszka et al. 2015). Studies showed that many genes
were involved in adipogenesis, including peroxisome pro-
liferator—activated receptor-y (PPARy), CCAAT enhancer-
binding protein-a (C/EBPa), adipose triglyceride lipase
(Atgl), and hormone-sensitive lipase (Hsl), among others
(Li et al. 2022). These genes affect adipogenesis through
the mutual transmission network of information, like the
Whnt signaling pathway (Jun et al. 2020; Martinez Calej-
man et al. 2020; Wang et al. 2020; Guo et al. 2022). These
regulations of adipogenesis are initiated by the sequential
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repression of particular genes by some critical regulatory
molecules, such as microRNAs ( Shen et al. 2016; Hao et
al.2019; Qi et al. 2021).

MicroRNA (miRNA) is a small single-stranded non-cod-
ing RNA molecule (~21 nucleotides) identified in plants, ani-
mals, and some viruses that functions in RNA silencing and
post-transcriptional regulation of gene expression (Ha and
Kim 2014). It has been revealed that it is widely implicated
in adipogenesis by inhibiting particular genes in the mamma-
lians (Shen ef al. 2016; Hao et al. 2019; Qi et al. 2021). Cur-
rent studies have shown that exogenous miRNAs can regulate
gene expression in cross-kingdom. Host uptake of dietary and
orally administered miRNAs can be absorbed into the body
through the SIDT-1 gene of the stomach (Zhou et al. 2020b;
Chen et al. 2021a). They may also cross the intestinal bar-
rier and enter the blood (Ju et al. 2013; Mu et al. 2014; Luo
et al. 2017). These miRNAs subsequently enter the tissue to
involve in physiological and pathological processes by regu-
lating gene expressions in hosts, such as suppressing influ-
enza viruses (Zhou et al. 2015), replicating novel coronavirus
(Zhou et al. 2020a), tumor growth (Chin ez al. 2016), caste
development (Zhu et al. 2017), atherosclerosis (Hou et al.
2018), and intestinal development (Li ez al. 2019a, 2019b).
The potential of miRNASs’ cross-kingdom transferring and
gene regulation should be considered one of the plants’ valu-
able characteristics in human health and animal husbandry.
Chinese herbs have been found to contain miRNA, which
has been proven to have therapeutic impacts on illness (Zhou
et al. 2020a, 2020b). Some miRNAs in Gmelina arborea
(Dubey et al. 2013) and Curcuma longa (Lukasik and Zielen-
kiewicz 2014) were discovered to hybridize with the various
targets of signal transduction and apoptosis that play a poten-
tial role in preventing diseases such as diabetes mellitus type
2, blood-borne disease, and other urinary infections (Lukasik
and Zielenkiewicz 2014). Oral administration of exosome-
like nanoparticles from grapes containing abundant miRNAs
aids in protecting mice from dextran sulfate sodium (DSS)-
induced colitis via induction of intestinal stem cells through
the Wnt/B-catenin pathway (Ju et al. 2013). Plant miRNAs
derived from various sources, like miR167e-5p, have been
found in animals’ adipose tissue (Luo et al. 2017) and were
previously identified as a regulator of the Wnt signaling path-
way (Li et al. 2019a), which means that they may represent
a potential approach to regulate adipogenesis. Further data
and research are necessary to completely comprehend its
possible influence on adipogenesis. Plant miRNA may help
the knowledge of the molecular processes behind Chinese
herbal medicine and give preventative methods and safer,
more “natural” therapies for metabolic diseases or improve
the level of livestock production.

In this study, we explored the potential involvement of a
plant miR167e-5p in fat metabolism through the p-catenin
pathway with a mouse 3T3-L1 pre-adipocyte cell line, which

has been widely used as an adipocyte differentiation model
in animal studies. The results from this study shed light on
the interaction of exogenous plant miRNA with adipogenesis
and its implicit as a new class of components for regulating
adipogenesis in the future.

Materials and methods

Cell culture and transfection of cells with miR167e-5p Murine
pre-adipocyte 3T3-L1 cells were procured from the Ameri-
can Type Culture Collection (ATCC Manassas, VA) agents
(Beijing Zhongyuan Co., Ltd., Beijing, China). The 3T3-L1
cells were maintained in DMEM with high glucose (1% anti-
biotic/antimycotic solution (Gibco, Grand Island, NY) and
10% fetal bovine serum (Gibco)) at 5% CO, and 37 °C. The
scrambled negative control oligonucleotides, mature plant
miR167e-5p mimics (mature sequence: UGAAGCUGCCAG
CAUGAUCUG), and miR167e-6p antisense chain were syn-
thesized by RiboBio (Guangzhou, China). A 12-well plate
was seeded with 3T3-L1 cells at 5 x 10* cells/well overnight
(70-80% confluency), then transfected with Lipofectamine
2000 (Invitrogen, Carlsbad, CA) according to the manufac-
turer’s instruction. The treatment groups were as follows:
negative control (NC) group (20 pmol/well, scrambled nega-
tive control oligonucleotides), miR167e-5p group (20 pmol/
well, plant miR167e-5p mimics), and miR167e-5p +inhibi-
tor group (20 pmol/well miR167e-5p mimics +40 well
pmol miR167e-5p antisense chain) (n=6). To induce cell
differentiation, cells in different groups were incubated with
DMEM high-glucose medium supplemented with inducers at
0.5 mM isobutyl methylxanthine (IBMX; Sigma, Darmstadt,
Germany), 0.5 mM dexamethasone (Sigma), and 20 nM
insulin (Sigma) for 2 d, followed by further differentiation
with DMEM high-glucose medium plus 20 nM insulin, then
changed the medium with 20 nM insulin every 2 d until day
8. There were six biological repeats per group.

Oil Red O staining The differentiated cells were washed with
PBS and then fixed with 4% paraformaldehyde for 30 min at
room temperature (RT). The fixed cells were incubated with
0.5 mL of 1% filtered Oil Red O for 30 min at RT. Cells were
washed two times with PBS, and the strained fat droplets
in the cells were visualized and photographed under light
microscopy (Nikon TE20000, Tokyo, Japan). Further, iso-
propanol (200 pL/well) was used to extract cellular Oil Red
O and detect optical absorbance at 490 nm for quantification
analysis. There were three biological repeats per group.

Triglyceride assay The differentiated cells were rinsed with
PBS, and 100 pL of lysis buffer was added to each well. The
cell lysates’ triglyceride contents were assayed by Food Tri-
glyceride Assay Kit (Applygen, Beijing, China); total protein
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per sample was measured by a standard BCA method (Pro-
tein Detection Kit; BioTeke Corporation, Beijing, China) for
normalization of triglyceride concentration. According to
the protocol provided in the kit, the assays were performed
in 96-well plates, and readouts were obtained on a micro-
plate reader (Thermo Labsystems MK3; Thermo Fisher
Scientific, Inc., Waltham, MA) at a wavelength of 510 nm.
There were five biological repeats per group.

RNA isolation The total RNA of cell samples was extracted
using TRIzol reagent (Invitrogen) following the manufac-
turer’s instructions. The quantity and quality of RNA were
evaluated on an ND-2000 NanoDrop Spectrophotometer
(NanoDrop Technology, Wilmington, DE) and 0.8% agarose
gel electrophoresis. All prepared RNA samples were stored
in a— 80 °C freezer for downstream analysis. There were six
biological repeats per group.

QPCR analyses Total RNA (2 pg) was reverse-transcribed
for complementary DNA (cDNA) synthesis by using
M-MLYV Reverse Transcriptase kit (Promega, Madison, WI)
with OligodT18 (for messenger RNA (mRNA)) or a specific
stem-loop RT primer (for miR167e-5p). The miRNA- and
mRNA-specific primers were designed with Premier Primer
5.0 (Premier Software, San Francisco, CA) and synthesized
at Sangon Biotech (Shanghai, China) (Table 1). qPCR was
performed on a Bio-Rad CFX Manager 3.1 instrument
(Applied Biosystems, Waltham, MA) with U6 as an inter-
nal control for miRNA or Gapdh for mRNA. Reactions
contained 2 pL. cDNA (fivefold diluted), 10 pL 2 X GoTaq
gPCR Master Mix (Promega), and 0.4 pL of each primer

(10 Mm). The thermal profile of real-time PCR involved an
initial denaturation step at 95 °C for 5 min, followed by 40
cycles at 94 °C for 15 s, 15 s at the corresponding annealing
temperature extension at 72 °C for 30 s, followed by a quick
denaturation at 95 °C for 10 s, plus a slow ramp from 60 to
95 °C to generate a melting curve to confirm the specificity
of the amplified product. A negative control without a tem-
plate was included in gPCR for both miRNA and mRNA. All
reactions were performed in triplicate. The 2722 method
was employed for the expression analysis. There were six
biological repeats per group.

Western blot analysis Total protein was isolated from 3T3-L1
cells using RIPA buffer with 1 nM phenylmethylsulfonyl fluo-
ride (PMSF) and quantified with a BCA Total Protein Assay
Kit (Thermo Fisher). The 30 pg protein per sample was sup-
plemented with f-mercaptoethanol boiled for 10 min, resolved
on 5% and 10% sodium dodecyl sulfate—polyacrylamide gel
electrophoresis (SDS-PAGE), respectively, then transferred to
a polyvinylidene difluoride (PVDF) membrane. The PVDF
membranes were probed with primary antibodies against
human B-catenin (1:500, D260137; Sangon Biotech), PPAR-y
(1:1000; CST, Danvers, MA), FAS (1:1000; CST), and ATGL
(1:1000; CST), followed by HRP-conjugated secondary anti-
body. GAPDH (1:50,000; Bioworld Technology, St. Louis
Park, MN) was served as a control for equal loading. The
probed PVDF membranes were evaluated using a multicolor
fluorescence chemiluminescence gel imager (ProteinSimple,
San Jose, CA). The densitometry of the band was measured
using ImageJ and normalized to GAPDH. There were six bio-
logical repeats per group.

Table 1 qPCR primers D

Accession number

Primer sequences (5'—3’) Amplicon (bp)

miR167e-5p Stem-

GTCGTATCCAGTGCGTGTCGTGGAGTC 71

loop RT primer GGCAATTGCACTGGATACGACCAGATC

miR167e-5p MIMATO0001721 F: TGAAGCTGCCAGCATGAT 68
R: ATCCAGTGCGTGTCGTGGA

P-catenin NM_007614 F: ACCTCCCAAGTCCTTTATG 105
R: CCTCTGAGCCCTAGTCATT

Cebpa NM_001287514.1  F: TGGACAAGAACAGCAACGAG 127
R: TCACTGGTCAACTCCAGCAC

Ppary XM_036165927.1  F: CCAAGAATACCAAAGTGCGATCA 133
R: CCCACAGACTCGGCACTCAAT

Ap2 NM_024406.3 F: AAGAAGTGGGAGTGGGCTTTG 184
R: CTCTTCACCTTCCTGTCGTCTG

Hsl XM_030242180.1  F: GCTCATCTCCTATGACCTACGG 142
R: TCCGTGGATGTGAACAACCAGG

Atgl NM_025802.3 F: GGAACCAAAGGACCTGATGACC 138
R: ACATCAGGCAGCCACTCCAACA

U6 NR_004394 F: CTCGCTTCGGCAGCACA 71

R: AACGCTTCACGAATTTGCGT
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Bioinformatics analysis The NCBI GenBank database was
used to get full-length cDNAs of the pig/human/mouse
genes. MiR167e-5p-matched locations in the full CDS/UTR
of the transcripts were analyzed by miRanda and TargetScan
software. The software utilized some common parameters
to identify whether a transcript was a miR167e-5p target.
The initial “seed rules” criteria for target identification were
base pairing between the “seed” (the core sequence includ-
ing the first 2 to 8 bases of the mature miRNA) and the target
(Smalheiser and Torvik 2006).

Dual-Luciferase Reporter Assay Based on the predicted
miRNA-mRNA binding sequences, normal sequences
bearing a miR167e-5p seed binding site or with the binding
site of miR167e-5p on the p-catenin 3-UTR deleted were
generated by two complementary chemically synthesized
primers (Sangon Biotech) as follows: Wt-mmu-f-catenin-
3'-UTR-sense TCGAGTTGTATCTAAAGTCCGGTGTTG
CCAGCTTCAGTTGGTTCCTGT, Wt-mmu-p-catenin-
3'-UTR-antisense CTAGACAGGAACCAACTGAAG
CTGGCAACACCGGACTTTAGATACAAC Del-mmu-f-
catenin-3'-UTR-sense TCGAGTTGTATCTAAAGTCCG
GTGTTGCAGTTGGTTCCTGT, and Del-mmu-f-catenin-
3'-UTR-antisense CTAGACAGGAACCAACTGCAACAC
CGGACTTTAGATACAAC. The typical 3'-UTR sequence
with the miR167e-5p binding site (wild type, Wt) and the
3'-UTR sequence with the deleted miR167e-5p binding site
(deleted, Del) of f-catenin gene were cloned into luciferase
reporter plasmids, respectively. In brief, the complementary
oligonucleotides were resuspended with a ratio at 1:1 (1 mg/
pL each) in annealing buffer (10 mM Tris, pH 7.5~ 8.0,
50 mM NaCl, 1 mM EDTA) and heated at 95 °C for 10 min.
The temperature was then gradually lowered to room tem-
perature. Annealed products were cloned into the pmirGLO
vector (Promega) downstream from the firefly luciferase
coding region (between Xhol and Xbal sites). HeLa cells
were seeded in 96-well cell culture plates (4 x 10* cells per
well) and cultured in RPMI 1640 (Life Technologies, Grand
Island, NY) with 10% fetal bovine serum (FBS). On the
next day, the recombinant pmirG'O-3'-UTR vector (100 ng/
well) mixed with their corresponding miR167e-5p mimics
or NC (3 pmol/well; RiboBio) was transfected to the seeded
cells with Lipofectamine 2000 (Invitrogen) by following a
recommended procedure. Cells were harvested at 24 h after
transfection, and the luciferase activity was detected using
a Dual-Luciferase Reporter Assay kit (Promega) accord-
ing to the recommended manufacturer’s instruction. The
firefly luciferase activity (firefly luciferase activity/Renilla
luciferase activity) was normalized and compared with the
pmirGLO vector for its relative activity. There were eight
biological repeats per group.

Statistical analysis The ANOVA with the least significant
difference (LSD) test was used for multiple comparisons
(the same superscripts denoted a not-significant difference
(P>0.05), and different superscripts denoted a significant
difference (P <0.05); *P <0.05 was considered statistically
significant). Data were presented as mean =+ standard error
of the mean (SEM), and all data analyses were performed
via GraphPad Prism software 8.0 (GraphPad Software, San
Diego, CA).

Results

Plant miR167e-5p regulates adipogenesis in 3T3-L1 cells.

To investigate the role of miR167e-5p in adipogenesis,
3T3-L1 cells were transfected with synthetic miR167e-5p
mimics and treated with differentiation inducers to induce
differentiation. The development of lipid droplets was
observed using Oil Red O after 8 d. The miR167e-5p mimic
group demonstrated a significant increase in lipid droplets in
3T3-L1 cells (P <0.05), as compared to that in the control
(NC) and the group with miR167e-5p + inhibitor (Fig. 14,
B; P<0.05). A similar pattern of change was observed in
the triglyceride assay; i.e., the triglyceride levels in cells
were considerably higher in the miR167e-5p mimic group,
whereas they were lower in the NC group and miR167e-
5p +inhibitor group (Fig. 1C, P <0.05).

Plant miR167e-5p directly targets B-catenin. With miRanda
and TargetScan software, the analyzed results showed that
miR167e-5p potentially targets -catenin, a key molecule in
the Wnt/p-catenin pathway. A putative conserved binding
site was detected in S-catenin from various species (Fig. 2A).
We calculated the minimum free energy of binding to be
less than — 20 kcal/mol. Luciferase reporter assay showed
that the luciferase activity of the Wt group was significantly
reduced to nearly 50%, compared to luciferase activity in
the Del group after being exposed to miR167e-5p mimics
(Fig. 2B, P<0.05).

Evaluation of gene expression in 3T3-L1 cells transfected
with plant miR167e-5p.

To pinpoint changes in adipogenesis affected by
miR167e-5p, we evaluated the changes of expression of 5
fat marker genes, plus f-catenin. As expected, the expression
of the target gene f-catenin was affected negatively (Fig. 3B,
P <0.05) after exposure to miR167e-5p (Fig. 34, P <0.05).
The reduction was recovered by adding a miR167e-5p
inhibitor (Fig. 3B, P <0.05), which indicated that miR167e-
5p probably could affect adipogenesis in cells through the
degradation of f-catenin mRNA. As shown in Fig. 3C-E,
the relative expression was upregulated in the fat marker
genes Cebpa, Ppary, and Ap2 compared to the control group
(P<0.05). In our reverse experiment, the expression of these
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Figure 1.

Plant miR167e-5p regulates adipogenesis in the 3T3-
L1 cells. 3T3-L1 cells were transfected with negative control (NC),
miR167e-5p, and miR167e-5p+miR167e-5p inhibitor groups and
treated with differentiation inducers for 8 d. (A, B) Quantification of
lipid droplets by staining with Oil Red O (n=3, scale bars, 200 px).
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(C) Triglyceride concentration in adipocytes and adjusted by protein
content (n=5). The same superscripts denoted a not-significant dif-
ference (P> 0.05); different superscripts denoted a significant differ-
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Figure 2. MiR167e-5p targets p-catenin. (A) The predicted target
B-catenin 3'-UTR and miR167e-5p among different species. Con-
struction of the luciferase reporter plasmid carrying the wild-type
(Wt) or Delete (Del) miR167e-5p complementary site. (B) Lucif-

three genes was recovered after the addition of inhibitor in
the miR167e-5p group (P <0.05). The same significant
upregulation pattern was observed in two lipolysis-related
genes, Atgl and Hsl, in the miR167e-5p group (P <0.05),
even though the expression failed to restore the inhibitor
group after the addition of the inhibitor (Fig. 3F, G).

Protein expression in 3T3-L1 cells after transfected with
plant miR167e-5p.

To further confirm the function of miR167e-5p on adi-
pogenesis, we detected the protein expression levels of
B-catenin, PPAR-y, FAS, and ATGL by Western blot. The
result showed that the expression of f-catenin was reduced
in the miR167e-5p-over-expressed group, and the inhibitor
could restore this reduction (Fig. 4A, B; P <0.05). On the

erase activities in HeLa cells co-transfected with luciferase reporters
described in (A) and miR167e-5p mimics or NC (firefly luciferase
activity/Renilla luciferase activity, *P <0.05, n=8).

contrary, PPAR-y, FAS, and ATGL protein expression lev-
els were increased by miR167e-5p over-expression, and the
inhibitor diminished this increment (Fig. 4A, C-E; P <0.05).

Discussion

Adipocyte has a much more unexpected “native collar.” It
releases a wide range of protein factors and signals termed
adipokines, fatty acids, and other lipid moieties linked to
energy balance and the inflammatory response (Trayhurn
2005). Genetic evidence in humans connects several Wnt
pathway members to body fat distribution, obesity, and
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Figure 3. MiR167e-5p suppresses pJ-catenin and promotes fat-
related gene expression. The 3T3-L1 cells were transfected with NC,
miR167e-5p, and miR167e-5p+miR167e-5p inhibitor and treated
with differentiation inducers for 8 d. (A) qPCR analysis of relative

metabolic dysfunction, suggesting that this pathway also
has functions in adipocytes (Bagchi et al. 2020). Canoni-
cal Wnt/B-catenin signaling is a well-studied endogenous
regulator that inhibits adipogenesis and reduces adipocyte
deposits. Activation of the Wnt/B-catenin signaling path-
way inhibits adipogenesis, while disruption of Wnt signaling
leads to spontaneous adipogenesis. Stabilizing free cytosolic
[-catenin can activate the Wnt/p-catenin signaling pathway
and further repress adipogenesis by preventing the induc-
tion of downstream genes, PPAR-y and C/EBP-a, along the
pathway (Jeon et al. 2016). In 3T3-L1 adipocytes, this lipid
accumulation and inhibited fat synthesis factors accompa-
nied the induction of B-catenin, effectively reversed by the
[-catenin inhibitor (Shen et al. 2019). Our study is consistent
with previous results that suppression of p-catenin expres-
sion increased the expression levels of PPAR-y, C/EBP-a,
and FAS in 3T3-L1 cells. Furthermore, our results also show
that the increased fat synthesis is accompanied by increased
fat decomposition, in which ATGL and HSL are responsi-
ble for TG’s breakdown in adipose tissue, and miR167e-5p
significantly up-regulated these critical enzymes. Inhibi-
tion of plant miR167e-5p by small molecules substantially

miR167e-5p levels. (B—-G) qPCR analysis of relative fat-related gene
mRNA levels. The same superscripts denoted a not-significant differ-
ence (P> 0.05); different superscripts denoted a significant difference
(P<0.05). ND: no detected, n==6.

restored the fat synthesis genes, Cebpa, Ppary, and Ap2,
even though the mRNA expression of Azgl and Hsl was
restored unsuccessfully by the inhibitor. The inhibitor can
only competitively bind to miR167e-5p partially unless a
dosage of inhibitor beyond cell capacity is provided. Protein
results confirmed that miR167e-5p promoted fat metabo-
lism. These findings re-emphasized the data above that
miR167e-5p probably enhances fat synthesis accompanied
by an increase in adipolysis by inhibiting the p-catenin
expression. That assures that fat synthesis and adipolysis are
always in a dynamic balance state to co-regulate adipogen-
esis in the body under physiological conditions (Pistor et al.
2015). In addition, adipogenesis is a complicated physiologi-
cal process that involves several genes, intimate linkage and
interconnection, and the inter-regulated message network
(Jun et al. 2020; Martinez Calejman et al. 2020; Wang et al.
2020; Guo et al. 2022).

The mechanism by which Chinese herbal medicine
treats diseases has remained a mystery. The research on
cross-kingdom regulation of plant miRNAs and the study
of influenza and novel coronavirus inhibition by honeysuckle
miR2911 provide new insights into the disease-treating
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mechanisms of herbal medicine (Zhou et al. 2020a, 2020b).
We have discovered that plant miR167e-5p can directly tar-
get pf-catenin to promote adipogenesis, which plays a criti-
cal role in the Wnt/B-catenin signal pathway. MiR167e-5p
downregulates the B-catenin expression to inhibit Wnt/p-
catenin signaling and promotes 3T3-L1 preadipocyte adipo-
genesis. This finding is also in agreement with the reports
that the f-catenin gene activates the canonical Wnt/B-catenin
pathway to inhibit the crucial adipogenic transcription factor
PPAR-y and C/EBP-a expression to suppress adipogenesis
(Yamashita et al. 2018; Guo et al. 2022). The results bring
broad prospects to explore more plant-derived miRNAs that
could affect fat regulation, exploring their mechanisms to
keep fat content at a reasonable level, considering health
features for humans. However, the concept of plant miRNA
regulation in cross-kingdom is relatively new in adipogen-
esis and health, and we are just beginning to define the indi-
vidual steps in this process.

Many Chinese herbs and woody plants have been frequently
used in animal husbandry to increase output. Mulberry leaf
powder in finishing pigs’ diets increased growth performance,
as evidenced by higher final body weight, and improved car-
cass attributes, as evidenced by higher slaughter weight,
carcass weight, carcass yield, and fatty acid composition in

pork (Chen et al. 2021b). Diet-derived plant miRNA has
been found in abundance in numerous tissues, including fat
and muscle (Luo et al. 2017), which might be essential com-
ponents regulating meat quality. Research on plant miRNAs
linked to meat development can help livestock become leaner,
store less fat, and improve the carcass’s quality and the meat’s
flavor. A previous study has found that 16 maize miRNAs,
including miR167e-5p in pig abdominal fat and muscle,
exhibited relatively high abundance (Luo ef al. 2017). Our
data demonstrated that plant miR167e-5p overexpression
increased droplet formation and triglyceride content to pro-
mote lipid accumulation. The phenotype mentioned above
was significantly decreased when miR167e-5p was inhibited
by a plant miR167e-5p inhibitor. All those results imply that
plant miR167e-5p can induce adipogenesis. It is favorable for
developing and using woody feed in livestock production or
Chinese herbal herbs in illness treatment.

Conclusions
In conclusion, we discovered that miR167e-5p showed a

positive effect on adipogenesis that promotes fat metabo-
lism by targeting B-catenin and further blocking metabolite
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pathway. Our findings shed light on the role of plant miRNA
in adipocyte biology to be favorable for a potential to
develop and use the woody feed in livestock production or
Chinese herbs in illness treatment.
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