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Plant miR157 inhibits the Proliferation of Hepatoma
Cells HepG2 by Targeting MTDH
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Abstract

the effect of miR157 on MTDH expression in HepG2 cells.

(P<0.01).

Background: MicroRNAs (miRNAs) play key regulatory roles as oncogenes or anti-oncogenes at the posttranscriptional level in
human cancers. Plant miRNAs can regulate mammalian systems across kingdoms. The present study investigated the effects of plant
miRNA157 (miR157) on the viability and proliferation of human hepatoma cells and the underlying mechanisms.

Method: The potential targets of miR157 were predicted by bioinformatics methods; the targeted regulatory relationship between
miR157 and MTDH was detected by dual luciferase reporter assay; hepatoma cells HepG2 were cultured in vitro and divided into control
group (transfected with negative control SNC mimics) and miR157 transfection group (transfected with miR157 mimics). After transfection,
cell counting kit-8 and colony formation were used to detect cell proliferation ability, and RT-gPCR and Western blot were used to detect

Results: miR157 had an inhibitory effect on the proliferative capacity of hepatoma cells HepG2 (P<0.05); dual-luciferase reporter
gene assay showed that MTDH is a target gene of miR157; miR157 could be directly targeted to down-regulate the expression of MTDH

Conclusion: These preliminary pieces of evidence suggest that miR157 inhibits the proliferation of HepG2 cells by targeting MTDH.

Keywords: miRNA; MTDH; Hepatoma cells HepG2; Cross-kingdom regulation.

INTRODUCTION

Hepatocellular Carcinoma (HCC) is one of the most common and
lethal cancers worldwide, especially in Asia [1]. The high mortality rate of
HCC is mainly attributed to the rapid progression of the disease and the
lack of effective treatments. Although currently, surgical resection of the
tumor is the primary treatment for liver cancer, postoperative recurrence
and complications pose significant challenges. Therefore, exploring the
molecular mechanisms underlying HCC is crucial for developing new
treatment strategies.

MicroRNA (miRNA) is a class of endogenous non-coding small RNA
molecules with a length of 20-26 nucleotides that negatively regulates
gene expression at the transcriptional or posttranscriptional level by
complementary pairing with the target mRNA. Moreover, miRNAs play
a critical role in all organisms, including humans [2], plants [3], viruses,
and bacteria [4,5], especially in the occurrence and development of
diseases. miRNAs function by assembling into RNA-Induced Silencing
Complexes (RISCs) and targeting specific mRNAs toward degradation
or translational repression [6]. Recent studies have revealed the cross-
border regulatory role of miRNAs across species. A previous study has
shown that rice miR168a can regulate human genes [7], while plant
miRNAs could be detected in mammals and could be effectuated through
blood circulation [8,9]. Another study found that food storage, processing,
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and cooking processes did not significantly reduce the stability of plant
miRNAs, indicating their strong stability in the digestive system [10].
Thus, it can be deduced that the stability of plant miRNAs depends on
their structural characteristics and the ability to form complexes with
proteins in vivo [11,12].

Compared to animal miRNAs, plant miRNAs show significant
differences in the recognition and binding of target mRNAs and can
guide their degradation [13-15]. In vitro studies have shown that plant-
derived miR167e-5p inhibits the proliferation of colorectal cancer cells
by targeting b-catenin protein [16]. Additionally, plant miR159 detected
in the serum of Western people can significantly inhibit breast cancer
cell proliferation. miR159 down regulates the expression of the proto-
oncogene MYC by targeting the transcription factor 7 gene encoding the
Wnt signaling pathway, thereby suppressing the tumors. Interestingly,
miR159 is highly expressed in various plants, such as broccoli, a widely
accepted anti-cancer food. This study provides a theoretical basis for the
anti-cancer mechanism of broccoli and evidence for the cross-border
regulation of gene expression by plant miRNA[17].

MicroRNA157 (miR157) is a highly conserved miRNA in plants. [t was
first discovered in Arabidopsis thaliana, and similar sequences have been
identified in other plants such as rice, wheat, and corn. Moreover, miR157
affects plant growth and development, including flowering time and leaf
morphology, via the target genes [18].

Herein, we hypothesized that plant miRNAs may be exogenous
regulatory factors that affect animal hepatocyte function. The present
study identified the potential targets of miR157 in humans through
bioinformatics analysis and validated the role of miR157 in hepatoma
cells (HepG2) through in vitro assays. The results indicated a positive
impact of miR157 on human health by regulating the related genes,
suggesting that plant miRNAs may be a new class of bioactive molecules
involved in the epigenetic regulation in humans and animals.

MATERIALS AND METHODS
Cell Culture

The human hepatoma cell line HepG2 was obtained from the Cell
Resource Center, Institute of Basic Medical Sciences, Chinese Academy
of Medical Sciences. The cells were cultured in DMEM medium (Solarbio,
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Beijing, China) supplemented with 10% fetal bovine serum (FBS; PAN,
Adenbach, Germany) and antibiotics (100 U/mL penicillin and 100 pg/
mL streptomycin) at 37 °C in an atmosphere containing 5% CO, under
standard conditions. Subsequently, the cells were harvested for further
experiments upon reaching 80% confluency. miR157 mimics and
negative control SNC were synthesized by Shanghai GenePharma Co., Ltd
(Shanghai, China).

Cell Transfection

1 x 10° HepG2 cells were seeded into 6-well plates for 24 h
and transfected with 10 nM synthetic 2’-O-methylated miR157
(5’-UUGACAGAAGAUAGAGAGCAmC-3") mimics and synthetic
2’-0-methylated scrambled SNC mimics (negative controls) using
Lipofectamine RNAIMAX transfection reagent (Invitrogen™, Shanghai,
China), according to the manufacturer’s instructions. Subsequently, the
cells were harvested 48-72 h later for downstream assays.

Cell Proliferation and Colony Formation Assays

Cell viability was measured using the CCK-8 assay (Beyotime,
Shanghai, China). HepG2 cells were seeded in 96-well plates at a density
of 5 x 103/well (n = 6/group) and cultured for 1, 2, 3, 4, and 5 days,
respectively, after transfection. Then, 100 pL of CCK-8 reagent was added
to the cells, and the absorbance was measured at 450 nm on a microplate
reader Multiskan FC Thermo Scientific to calculate the number of viable
cells. For colony formation assay, hepatoma cells were seeded in six-
well culture plates at a density of 3000 cells/well (n = 3/group). After
incubation at 37 °C for 14 days, the colonies were washed twice with
phosphate-buffered saline (PBS), fixed with 4% paraformaldehyde for
30 min, and stained with 0.5% crystal violet. After drying, the images of
the stained cell colonies were captured with a camera. The number of
colonies was calculated using Image] software.

miR157 Target Prediction

The target genes of miR157 were predicted using the miRanda
(http://www.microrna.org/) database.

Dual-Luciferase Reporter Gene Assay

The miRanda database predicted thatthe MTDH was directly regulated
by miR157. For reporter gene assays, HepG2 cells were co-transfected
with pmirGLO firefly luciferase reporter (MTDH WT/MTDH MUT) and
miR157 mimics or negative control miR-SNC in 24-well plates using
Lipofectamine RNAiMAX. The cells were harvested 48 h post-transfection
and analyzed for relative luciferase activity using the luciferase assay kit
(Solarbio) on a multifunction microplate reader (TECAN M1000). Firefly
luciferase activity was normalized to renal luciferase activity in each well.

RT-qPCR Detection

Total RNA was extracted from HepG2 cells using a total RNA
extraction kit (Tiangen, Beijing, China) and reverse transcribed into cDNA
using the Hifair® III 1st Strand cDNA Synthesis SuperMix for qPCR (gDNA
digester plus) reverse transcription system (Yeasen, Shanghai, China).
Then, RT-qPCR was performed using ArtiCanA™ SYBR qPCR Mix (Tsingke,
Beijing, China). miRNA was extracted using MiPure Cell/Tissue miRNA
Kit (spin column type) (Vazyme, Nanjing, China), and cDNA was reverse
transcribed using miRNA 1st Strand cDNA Synthesis Kit (by stem-loop)
(Vazyme, Nanjing, China) and the reverse transcription primer sequence
of GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACGTGCTC.
The target gene was amplified using miRNA Universal SYBR qPCR
Master Mix (Vazyme, Nanjing, China). U6 and GAPDH were the internal
reference genes for miR-297 and mRNA, respectively. The relative
gene expression was determined using the 2724¢" method. The primer
sequence of the MTDH gene was F: GATGAAGGAGCCTGGGAAACTAA, R:
CAGGAAATGATGCGGTTGTAAGT; the primer sequence of GAPDH gene
was F: GGAGTCCACTGGCGTCTTCA, R: GTCATGAGTCCTTCCACGATACC;

the forward primer sequences of miR157 and U6 were:
CCGCGCGTTGACAGAAGATAGA and CTCGCTTCGGCAGCACATATA,
respectively, and the reverse primer were provided by the Kkit.

Western Blot Analysis

Total protein was extracted from cells in a high-performance RIPA
lysis buffer (Solarbio). Proteins were separated by 10% SDS-PAGE
and then transferred to PVDF membranes (EMD Millipore, MA, USA).
Subsequently, the membranes were blocked with 5% skim milk in TBST
buffer (pH 7.5; 100 mM NaCl, 50 mM Tris, and 0.1% Tween-20) for 2
h at room temperature, probed with the primary antibodies [MTDH
(13860-1-AP, Proteintech, Rosemont, IL, USA) and GAPDH (ab9485,
Abcam, Cambridge, MA, USA)] overnight at 4 °C, and then incubated
with appropriate secondary antibodies (ab6721, Abcam) for 2 h at room
temperature. Finally, the immunoreactive bands were visualized by
enhanced chemiluminescence (ECL, CWBIO, Jiangsu, China) and detected
by e-blot.

Statistical Analysis

Statistical analysis was performed using IBM SPSS Statistics 26 and
GraphPad Prism 8.0 software. Data are presented as mean * Standard
Deviation (SD) of at least three independent experiments. Statistical
evaluation methods used one-way analysis of variance or two-tailed
Student’s t-test; p < 0.05 was considered significant, and p < 0.01 was
considered highly statistically significant.

RESULTS

Overexpression of miR157 inhibits the Proliferation of
HepG2 Cells

In order to elucidate the role of miRNAs in inhibiting cell proliferation,
we analyzed the effect of miR157 on the proliferation of HepG2 cells. Cell
counting kit-8 (CCK-8) assay showed that the cell survival rate in the
miR157 transfection group was significantly lower than in the control
group, as shown in Figure 1.
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Figure 1: Effect of miR157 on the proliferation ability of HepG2
cells. The data are expressed as mean * SD (n = 3/group). **p <
0.01, compared to the untreated soybean group; p, ns indicates no
significant differences between the two groups.

Overexpression of miR157
Formation of HepG2 Cells

Inhibits the Colony

The biological function of the cells was assessed based on the effect
of miR157 on the colony formation of HepG2 cells. The number of cell
colonies in the miR157 transfection group was significantly smaller than
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Figure 2: Effect of miR157 on colony formation of HepG2 cells. The data are expressed as mean + SD (n = 3/group). *p < 0.05, compared to the

untreated soybean group.

that in the control group (Figure 2). Colony formation is an effective
method to detect cancer cell proliferation activity and determine the
independent survival ability of the cancer cells. The results showed that
miR157 effectively inhibits the growth of HepG2 cells.

MTDH is a Downstream Target of miR157

A dual-luciferase reporter gene assay verified whether MTDH is
a true downstream target of miR157, as predicted by bioinformatics
methods. Moreover, the MTDH gene is closely related to the occurrence
of liver cancer. The putative binding sites of the gene and miR157 are
shown in Figure 3A. In order to determine whether miR157 mediates
the negative regulation of MTDH expression by binding to the putative
site in the 3’-untranslated region (UTR) of MTDH mRNA, we fused the
UTR containing the binding site downstream of the renal luciferase
gene in the reporter plasmid and introduced point mutations into the
corresponding sites as a control group. The renal and firefly luciferase
genes were used as the reporter and reference genes, respectively (Figure
3B). The relative activity of renal luciferase was determined to assess the
regulatory effect of miR157 on MTDH expression. As shown in Figure 3C,

overexpression of miR157 significantly reduces the luciferase activity
compared with the stable negative group (SNC) group. Importantly, the
mutation in the binding site did not significantly inhibit the luciferase
activity in the miR157 or the SNC group. These results suggested that
plant miR157 directly binds to the 3’-UTR of the MTDH gene and mediates
gene silencing.

Overexpression of miR157 in HepG2 Cells Down
Regulates the Expression of MTDH

To investigate the impact of miR157 on the in vitro growth of HepG2
cells, miR157 mimics and negative controls were transfected into the
cells. Following transfection, miR157 expression in the liver cancer cell
line notably increased compared to the SNC group (Figure 4A). The
heightened miR157 expression led to down regulation of MTDH mRNA
and protein levels in HepG2 cells. Real-time quantitative polymerase
chain reaction (RT-qPCR) (Figure 4B) and Western blot (Figure 4C)
results showed that the expression of MTDH in the miR157 group was
significantly lower than in the control group.
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Figure 3: MTDH is one of the target genes of miR157. (A) Predicted binding sites between miR157 and target gene MTDH. (B) Construction diagram
of luciferase reporter plasmid carrying wild-type (WT) or mutant (MUT) MTDH 3’-UTR. (C) Effect of miR157 on luciferase activity of dual-luciferase
reporter gene. Data are expressed as mean + SD (n = 3/group). **p < 0.01 indicates a significant difference between the two groups; ns indicates no

statistically significant difference between the two groups.
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Figure 4: miR157 inhibits the growth of HepG2 cells by downregulating the expression of MTDH. (A) The expression of miR157 was measured by

RT-qPCR. (B) Effect of miR157 on MTDH mRNA level in HepG2 cells.

(C) Effect of miR157 on MTDH protein level in HepG2 cells. Data are expressed as mean * SD (n = 3/group). **p < 0.01 indicates a significant

difference between the two groups.

DISCUSSION

The current results showed that miR157 significantly decreases the
mRNA and protein levels of MTDH, thereby inhibiting the proliferation
of liver cancer HepG2 cells. These findings provide new evidence for
the cross-kingdom regulatory functions of plant miRNAs in mammals,
especially in tumor suppression. miRNAs are critical negative regulators
in the physiological and pathological processes in plants and animals. The
current results support the controversial cross-kingdom regulatory role
of plant miRNAs in animals. Plant and animal miRNAs exhibit significant
differences in processing and splicing methods, sequences, precursor
structures, evolutionary origins, and biogenesis mechanisms [19-21].
For example, plant miRNAs are methylated on the ribose sugar of the
3’ terminal nucleotide, stabilizing the naked plant miRNAs compared
to animal miRNAs [22]. Methylation is mediated by HUA ENHANCER 1
(HEN1) [23], the methylated miRNA/miRNA* duplex is exported from the
nucleus to the cytoplasm by Hasty (HST), a plant homolog of Exportin-5
and loaded into the cytoplasmic Ago protein 1**. Compared with animal
miRNAs, plants consist of 10 Ago family members; among these, Agol
is the main effector of miRNA-mediated silencing response [13,25].
Most other plant Ago proteins might also exhibit RNA cleavage activity
[15]. In addition, plants package miRNAs into secreted plant-derived
exosome-like nanoparticles (PELNs) [26] or exosomes [27], rendering
miRNAs resistant to harsh internal conditions, such as the acidic stomach
environment, varying temperatures, and nucleases [28]. This stability

provides favorable conditions for the regulation of plant miRNAs in
mammals.

To date, miRNAs have been known to regulate the developmental
and physiological processes, especially in tumors. A previous study
indicated a connection between the abnormal expression of miRNA
and intracellular signal transduction pathways and tumorigenesis, and
the overexpression or silencing of miRNA can affect tumor progression
[29]. HCC is the second leading cause of cancer-related deaths, with a
continually increasing incidence worldwide. The traditional treatments
include surgical resection and liver transplantation, but they are not
sufficiently effective for many patients. Approximately 50% of HCC
patients receive sorafenib or lenvatinib in the first line and regorafenib,
cabozantinib, or ramucirumab in the second line systemic therapy
[30,31]. Although emerging systemic therapies, including new molecular
targeted monotherapies (for example, dorafenib), new immuno-
oncology monotherapies (such as durvalumab), and new combination
therapies (for instance, durvalumab plus tremelimumab), are beneficial,
their efficacy in HCC is limited, thereby necessitating novel treatment
approaches [32]. The ability of hepatocytes to readily absorb small
nucleic acids has opened up new therapeutic avenues to combat HCC. For
example, miRNAs, which play a regulatory role in cancer development,
seem promising in miRNA-based treatments in HCC [33-35].

To the best of our knowledge, this study, for the first time,
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demonstrated the mechanism of plant miR157-mediated inhibition of
liver cancer cell proliferation by targeting MTDH. miR157 is a conserved
and highly expressed miRNA in the plantkingdom with potential biological
functions. Previous studies have shown that other plant miRNAs, such as
gma-miR159a and MIR1564a, also show similar cross-kingdom regulatory
capabilities in mammals [36-38].

Metadherin (AEG-1/MTDH/LYRIC) is a key oncogene in liver cancer
cells.Itisatransmembrane protein containing 582 amino acids, distributed
throughout the cytoplasm, perinuclear region, nucleus and nucleolus, and
Endoplasmic Reticulum (ER) and regulated by miRNA. The oncogenic
function of Metadherin is effectuated by activating cell proliferation,
survival, migration, and metastasis and through phosphatidylinositol-
3-kinase/AKT (PI3K/AKT), NF-«kB, Mitogen-Activated Protein Kinase
(MAPK), and Wnt signaling pathways [39]. The overexpression of MTDH
is associated with adverse clinical manifestations in various cancers [40].
For example, overexpression of MTDH has been observed in melanoma
[41], glioma [41], neuroblastoma [42], breast cancer [43], prostate
[44], esophagus [45], stomach [46], and liver [47]. Reportedly, MTDH is
overexpressed in > 90% of human HCC compared to normal liver and
plays a central role in regulating cancer pathogenesis [47]. In this study,
miR157 significantly reduced the expression of MTDH, further confirming
its ability to inhibit the proliferation of liver cancer cells.

CONCLUSION

This study provides new evidence supporting the theory that plant
miRNAs exert cross-kingdom regulatory functions in mammals. We
demonstrated that plant miR157 inhibits liver cancer cell proliferation
by targeting MTDH. Together, these findings suggest that various plant
miRNAs can be considered nutrients that have been overlooked for
centuries and should be explored in-depth for disease prevention and
treatment.
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