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Plant-derived bioactive compounds, often called phytochemicals, are active sub-
stances extracted from different plants. These bioactive compounds can release ther-
apeutic potential abilities via reducing antitumor drugs side effects or directly killing
cancer cells, and others also can adjust cancer initiation and progression via regulat-
ing microRNAs (miRNAs) expression, and miRNA can regulate protein-coding expres-
sion by restraining translation or degrading target mRNA. A mass of research showed
that plant-derived bioactive compounds including tanshinones, astragaloside 1V, ber-
berine, ginsenosides and matrine can inhibit tumor growth and metastasis by rescuing
aberrant miRNAs expression, which has influence on tumor progression, microenvi-
ronment and drug resistance in multifarious cancers. This review aims to provide a

novel understanding of plant-derived bioactive compounds targeting miRNAs and
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1 | INTRODUCTION

Cancer incidence and mortality are yearly growing, global cancer sta-
tistics showed about 18.1 million new cancer cases and 9.6 million
cancer deaths in 2018 (Bray et al., 2018). Recently, precision medicine
including chemotherapy, targeted therapy and immunotherapy have
made tremendous achievements for cancer therapy due to the
advances in genomics, cellular and molecular biology. However, can-
cer with metastasis, multidrug resistance and drug-induced toxicities
are still thought to be the vital cause of cancer therapy failure. There-
fore, it is urgent to find high-efficiency and non-toxic novel anticancer
agents.

Plant-derived bioactive compounds are one of the popular alter-
native treatments for cancer, mostly by increasing host immune
response and reducing harmful effect of chemotherapy such as tradi-
tional Chinese medicine (TCM). Over the last several decades, clinical

research and experiment have confirmed that natural phytochemicals
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shed light on their future clinical applications.

cancer, miRNAs, NcRNA, novel anticancer agents, phytochemicals, tanshinones

could decrease toxicity and enhance the efficacy of radio-chemother-
apy, prolong survival in patient with advanced cancer, and contribute
to prevention, treatment of recurrence and metastasis (J. Liu, Wang,
Zhang, Fan, & Lin, 2015). Plant-derived bioactive compounds are a
class of substances with clear chemical structure extracted from cer-
tain medicinal plants. So far, studies on the anti-cancer effects of bio-
active compounds have confirmed that some phytochemicals,
including tanshinones, astragaloside IV, berberine, ginsenosides and
matrine, showed obvious inhibitory effect on tumor progression.
MiRNAs are small non-coding RNAs (ncRNAs) which are endoge-
nous RNAs of 18-24 nucleotides (nts) that regulate the expression of
one third of protein coding genes through several mechanisms by bind-
ing to complementary sequences in the 3'-untranslated region (3’-UTR)
of messenger RNAs (mRNA). Growing body of experimental evidence
suggest an aberrant expression of miRNAs in plenty of disease such as
cancer, kidney disease, cardiovascular and nervous system disease, dia-
betes and so on, which can act as disease-causing or suppressing gene
(H. Li et al,, 2019). In recent years, more and more studies also have

demonstrated the role of phytochemicals related to regulate miRNAs
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expression. This review systematically showed the current studies on
the relationship between miRNAs and some well-studied natural phyto-
chemicals, to provide a novel understanding about the anti-tumor mech-

anisms of these plant-derived bioactive compounds.

2 | TANSHINONES AND MIRNAS

Tanshinones are the liposoluble components of Salvia miltiorrhiza
(Danshen), a well-known herb in TCM. Since the day they were
detected in the 1930s, more than 40 lipophilic tanshinones and struc-
turally related components have been isolated from Danshen, which
consist of 0.29% tanshinone lIA (T2A), 0.23% cryptotanshinone (CT),
and 0.11% tanshinone | (T1) (S. Xu & Liu, 2013; Y. Zhang et al., 2012)
(Figure 1). T2A, CT and T1 are main bioactive constituents which have
been used for treating stroke, inflammatory diseases, atherosclerosis,
cardiovascular diseases, and cancers (Tian & Wu, 2013).

T1 could restrain growth in many cancers including gastric can-
cer (GC) and osteosarcoma through suppressing proliferation and
accelerating apoptosis (Jing et al., 2016; W. Wang et al., 2019).
Recent studies demonstrated that T1 could sensitize prostate
cancer (PC) PC-3 and DU145 cells to tumor necrosis factor related
apoptosis inducing ligand (TRAIL) agent induced apoptosis via over-
expression of miR-135a-3p mediated death receptor DR5 (TRAIL-
R2) (Shin et al., 2014).

T2A has presented all sorts of anti-cancer effects including gas-
tric, breast, lung cancer (Yu, Wang, Li, & Tang, 2017). Multiple studies
have demonstrated that T2A could reverse the abnormal expression
of miRNA in cancer cells. T2A treatment inhibited the proliferation of
inflammatory HCT116 and HT-29 colon cancer (COAD) cells by
reducing the expression of tumor necrosis factor o (TNF-a) and inter-
leukin 6 (IL6), which produced by macrophage cell, whereas miR-155
was upregulated and bona fide target gene Phosphatidylinositol-
3,4,5-trisphosphate 5-phosphatase 1 (SHIP1) was downregulated in
macrophage cell. In other words, T2A ameliorates inflammatory
macroenvironment of COAD cells via repression of miR-155
(Tu et al., 2012). T2A also suppressed cell proliferation and induced
cycle arrest in Ec109 human esophagus cancer (ESAC) cells via up-
regulation of miR-122 expression mediated pyruvate kinase M2
(PKM2) down-regulation, which PKM2 play an important role in can-
cer occurrence and development (H. S. Zhang, Zhang, et al., 2016).
Coincidentally, T2A induced hepatocellular carcinoma (HCC) cell death
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FIGURE 1 The chemical
structures of tanshinones

by inducing apoptosis and cell cycle arrest, when T2A treat HCC cells,
miR-30b was down-regulated which was the upstream of tumor pro-
tein 53 (TP53), that is to say the underlying mechanism involved in
T2A death may be miR-30b-p53 pathway (Ren
et al, 2017). Meanwhile, miR-205 was predicted as the regulatory

induced cell

microRNA on surviving expression, recently studies showed that T2A
also induced cell apoptosis by direct upregulation of miR-205 in ovar-
ian carcinoma (OC) TOV-21G cells (N. Li, Yang, Zhang, & Chen, 2018).

CT has been utilized in traditional oriental medicine for treating mul-
tiple diseases, and anti-proliferation and pro-apoptosis activities also
already known to the world in various cancer cells (Y. Zhang et al., 2012).
Mechanism investigation showed that CT suppresses expression of epi-
dermal growth factor receptor (EGFR) plays positive roles involved in
tumorigenesis by upregulating the expression of miR-146a-5p in H1299
non-small cell lung cancer (NSCLC) cells (Qi et al., 2019).

There are more to anti-cancer roles of tanshinones via regulating
miRNAs. Tl, T2A and CT could suppress NSCLC through upregulating
miR-137, which cause cell cycle arrest and increase cell apoptosis. Vari-
ous miRNAs including let-7b, let-7c, miR-32, miR-25, miR-34a, miR-92a,
miR-92b, miR-367, and miR-363 were also significantly up-regulated by
tanshinones (B. Zhang, Ma, et al., 2016). Furthermore, miR-32 was illus-
trated target of aurora kinase A (AURKA) as an anti-oncogene in NSCLC,
and tanshinones inhibits NSCLC via upregulating the expression of miR-
32 mediate AURKA suppression (Ma et al., 2015). In addition, our lab's
further research showed that T1 and T2A can also suppress NSCLC by
up-regulating let-7a-5p expression level through directly targeting
AURKA and BORA, and the upstream transcription factor LIN28B of

let-7 family is downregulated by tanshinones.

3 | OTHERPLANT-DERIVED BIOACTIVE
COMPOUNDS

With the improvement of extraction isolation and identification tech-
nology, an increasing number of natural compounds have discovered.
Tanshinone is not the only one, but there are numerous other plant-
derived bioactive compounds that exhibit extraordinary anti-cancer
activity by rescuing the expression of miRNA. The following is partial
summary about several hot plant-derived bioactive compounds
including Astragaloside 1V, Berberine, Ginsenosides, Matrine that are
currently studied to against cancer through regulating miRNA expres-
sion (Figure 2).
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FIGURE 2 The chemical structures of some phytochemicals

3.1 | Astragaloside IV and miRNAs
Astragaloside IV (AS-IV) is a cycloartane-type triterpene glycoside,
and is one of main monomer active substances isolated from Huangqi
(Astragalus membranaceus Bunge) which has been widely illustrated to
showed pharmacological effects in aspect of improve immunity, treat
diabetes, anti-inflammation, anti-oxidant, and so forth (L. Li, Hou, Xu,
Liu, & Tu, 2017). In recent years, a number of pharmacological studies
have confirmed that AS-IV has significant anti-tumor activity and its
value as an anti-cancer drug is gradually reflected (F. Xu et al., 2018).
Studies have showed that AS-IV up-regulates miR-214 and
down-regulates miR-301a expression to suppress the stimulated
capacities of gastric cancer associated fibroblast (GCAF) to MGC-823
human gastric cancer cell that aspect of proliferation, migration and
invasion (Z. F. Wang, Ma, et al., 2017). Furthermore, macrophage
(M-CSF) and inhibitor  of
metalloproteinase 2 (TIMP2) are illuminated targets of miR-214 and

colony-stimulating  factor tissue
miR-301a, the abnormal expression of microRNA can affect M-CSF
and TIMP2 expression accordingly in GCAFs, respectively. AS-IV may
become an effective therapeutic drug for regulating the expression of
miRNA leading to change microenvironment.

Latest studies showed that AS-IV treatment dose-dependently
suppressed cell proliferation of SW620 and HCT116 colorectal can-
cer (CRC) cell lines, and caused cell cycle arrest in GO/G1 phase
(S. Wang, Mou, Cui, Wang, & Zhang, 2018). B7-H3, a member of the

B7 family, which regulates immune responses by participation of
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co-stimulatory and co-inhibitory of T cells, is commonly over-
expressed in a wide range of cancers (Seaman et al., 2017). MiR-29c
can directly bind to B7-H3 and AS-IV could significantly block the
expression of B7-H3 by increasing the expression level of miR-29c,
thereby inhibiting the growth of CRC cell. AS-IV also exhibited
extraordinary effects of miR-134 in CRC (Ye, Su, Chen, Zheng, &
Liu, 2017). In the CRC SW-480 cell line, miR-134 expression level
was observably upregulated upon the treatment of AS-IV, and the
protein level of several key regulators in epithelial mesenchymal
transition (EMT) signaling was decreased, indicating that AS-IV has
an inhibitory effect on EMT. Furthermore, it was found that AS-IV
treatment can enhance the sensitivity of CRC cells to oxaliplatin
(OXA) chemotherapy. cAMP responsive element binding protein
1 (CREB1) is proto-oncogene which is a target gene of miR-134,
knockdown of CREB1 inhibited invasion and migration of SW-480
cells, and also dramatically induced cell apoptosis. In other words,
AS-1V prevented the EMT of CRC by inducing expression of miR-
134, and significantly down-regulated the expression level of
CREB1, thereby increasing sensitivity to OXA chemotherapy.

AS-IV and curcumin also have a synergistic inhibitory effect on
tumor growth in human HCC (S. Zhang et al., 2017). Studies have
showed that the combination of AS-IV and curcumin can up-regulate
miR-122 and down-regulate miR-221 expression compared with con-
trol group, and displayed synergistic inhibitory potency of vascular
endothelial growth factor (VEGF), fibroblast growth factor-2 (FGF-2),
matrix metalloproteinase-2 (MMP-2), hepatocyte growth factor (HGF)
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and thrombosis-related factor tissue factor (TF) and hepatocyte
growth factor (FVII).

3.2 | Berberine and miRNAs

Berberine (BBR) is an alkaloid initially extracted from roots, rhizome,
and stem bark of several plants, such as coptis chinensis and berberis
aristata, which was examined in many clinical trials for treatment of
cancers, diarrhea, cardiovascular diseases, diabetes, hyper-lipemia,
inflammation, schizo-phrenia and so on (Ayati et al., 2017; Luo
et al,, 2014; McCubrey et al., 2017; Yang et al., 2018). The targets and
mechanisms of BBR remain unclean, and miRNAs are potential one of
targets of BBR for cancer therapy.

The integration of mMIiRNA-mRNA profiles showed that 347
upregulated and 93 downregulated miRNAs were confirmed in BBR-
treated GC cells: 38 upregulated and 49 downregulated in the
multiple myeloma (MM) (Luo et al., 2014; Yang et al., 2018). Multiple
studies exhibited that BBR is able to modulate miRNA function in
U266 and RPMI-8266 MM cells. BBR inhibits proliferation, induces
cell cycle arrest and apoptosis through negatively regulates NF-xB via
Set9 (lysine methyltransferase)-mediated lysine methylation, which
leads to downregulate miR-21 and Bcl-2 levels (Hu et al., 2013). Like-
wise, treatments with BBR also could downregulate miR-21 levels
possibly through interleukin 6 (IL6)/signal transducer and activator of
transcription (STAT3), and led to increase programmed cell death
6 (PDCD6), a predicted miR-21 target as a tumor-suppressor gene in
different cancer by inhibiting STAT3 activation, resulting in suppress
the protein 53 (P53) signaling pathway (Gu et al., 2017). Furthermore,
a number of studies showed that some miRNA cluster play a pivotal
role in BBR-treated MM cells. The miRNAs clusters including miR-
19a-92a, miR-99a~125b, miR-17-92, and miR-106b-25 were mark-
edly downregulated in BBR-treated MM cells, likely via tumor protein
53 (TP53), Erb and MAPK signaling pathways, and miR-106b-25 clus-
ter effectively suppressed P38 MAPK and phosphor-P38 MAPK
which plays an important role in myeloma growth, survival, and drug
resistance (Feng et al., 2015; Gu et al., 2017; Yin et al., 2018).

BBR is also able to drug-induce the abnormal expression of
miRNA in HCC cells HepG2. MiR-21-3p was upregulated after BBR
treatment in HCC cells, and directly decreases the expression of
methionine adenosyltransferase 2A (MAT2A) and MAT2B, which
result in reduced S-adenosylmethionine (SAM) contents, thereby
suppressing growth and induced apoptosis (T. F. Lo, Tsai, &
Chen, 2013). The of miR-23a

p53-inducable transactivation of tumor suppressive genes by BBR

up-regulation may mediate
treatment, and induces cell cycle arrest and cell death in HCC cells
(N. Wang et al., 2014).

Several studies have suggested that BBR could modulate miRNA
expression and function in OC. In the cisplatin-resistant SKOV3 OC
cells, decreased miR-21 expression and increased PDCD4 expression,
a direct target of miR-21, resulting in sensitizes cells to cisplatin (DDP)
after BBR treatment (S. Liu, Fang, Shen, Xu, & Li, 2013). Likewise, BBR
could enhance the sensitivity of DDP through inhibiting miR-93

expression and function, and its target PTEN was upregulated as an
important tumor suppressor in OC A2780 cells (Q. Chen, Qin, Fang, &
Li, 2015).

Accumulated studies illustrated that BBR can be potential therapeu-
tic agents for human CRC. BBR is able to downregulate miR-429 expres-
sion level and cause to suppress the progression of human CRC.
Meanwhile, BBR showed prominent effect on the expression of miRNAs
including miR-152, miR-29a, miR-429, and their corresponding DNA
methyltransferases (DNMTs), especially miR-29a more obviously was
downregulated (Huang, Liu, Gong, Wu, & Wen, 2017; H. Liu, Huang,
Wu, & Wen, 2016). The combination of second generation heat shock
protein 90 (Hsp90) inhibitor, NVP-AUY922 and BBR, can enhance
the antiproliferation activity of drug through inducing of miR-296-5p
mediate multiple oncogenic signaling pathways in CRC cells
(Su et al., 2015).

BBR can also inhibit the proliferation, induce apoptosis and cell
cycle arrest by reversing miRNA expression in other cancer cells. BBR
significantly increased miR-21-3p and decreased aryl hydrocarbon
receptor (AhR) activation, thereby suppressing the increase of func-
tional cytochrome P450 A1l (CYPA1) protein expression in MCF-7
breast cancer (BC) cells (S. N. Lo et al., 2017). Recently, BBR was also
found to suppress proliferation and metastasis of endometrial cancer
(EC) cell line AN3 CA and HEC-1-A through miR-101 was upregulated
and cyclooxygenase-2 (COX-2) was downregulated, and miR-101
directly target COX-2 (Y. Wang & Zhang, 2018). In particular, BBR
treatment significantly induced miR-203 overexpression, and its target
Bcl-w is decreased, resulting in reduces DDP resistance of SGC-
7901and BGC-823 GC cells (You, Xie, Zhang, Zhu, & Jiang, 2016).

3.3 | Ginsenosides and miRNAs
Ginsenosides are commonly believed to be the main bioactive constit-
uent of ginseng which is widely used in orient as a traditional herb.
The root of ginseng is abundant in ginsenosides, and novel structures
continue to be determined. Ginsenosides have been isolated are clas-
sified into two categories: protopanaxatriol and protopanaxadiol,
according to their glycosylation pattern (Dai, Zhang, Williams, Yuan, &
Wang, 2017; Mohanan, Subramaniyam, Mathiyalagan, & Yang, 2018).
Ginsenosides are associated with virous biological activities, such as
tumorigenesis, angiogenesis and inflammation, but its underlying
mechanism remain unclear. In recent vyears, some types of
ginsenosides, including ginsenoside 20(S)-Rg3 (20(S)-Rg3), ginsenoside
Rh2 (Rh2) and ginsenoside Rd (Rd), have been clearly demonstrated to
inhibit cancer initiation and progression via regulating miRNA expres-
sion (Yi, 2019).

20(S)-Rg3, a steroidal saponin extracted from red ginseng, displays
stereospecificity which showed antidiabetic and anticancer and readily
dissolves compare with 20(R)-Rg3, has been proved to possess anti-
tumorigenesis through impacting the expression of miRNA in different
cancer (Y. Zhang, Yang, Wang, & Song, 2019). 20(S)-Rg3 reversed
EMT to inhibit the migration and invasion of OC cells SKOV3 and
3A0 via antagonizing DNMT3A-mediated downregulation of miR-145
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to suppress target gene FSCN1 expression (J. Li, Lu, et al., 2017).
Furthermore, recent studies showed that 20(S)-Rg3 could also posi-
tively regulated miR-532-3p and miR-324-5p to antagonize the War-
burg effect, which is one of the major metabolic features for cancers,
and the overexpression of miR-532-3p reduced HK2 and PKM2
expression, miR-324-5p reduced PMK2 and IncRNA H19 expression,
cause to repress tumorigenesis in OC cell SKOV3 and A2780 (Zheng
et al,, 2018; Zhou et al., 2018). What's more, Rg3 inhibited oral squa-
mous cell carcinoma (OSCC) cell SCC-9 and HSC-5 viability, prolifera-
tion and EMT process, but induced apoptosis via downregulating miR-
221 and upregulating TIMP3, leading to inactivate PIBK/AKT and
MAPK/ERK signal pathways (Cheng & Xing, 2019).

Rh2 is also one of the key components isolated from red ginseng
with demonstrative therapeutic effects on various cancers, and its
molecular targets and underlying mechanism continue to be illustrated
(Y. S. Wang, Lin, et al., 2017). In human glioma cells (GBMLGG) U251,
14 human miRNAs were positively impacted and 12 were negatively
impacted in miRNA array assay after Rh2 treatment, and Rh2 has
been verified to inhibit proliferation and promote apoptosis in part
through up-regulation of miR-128 and down-regulation of E2F3a
which is a miR-128 target gene (Wu, Wu, Hu, Li, & Feng, 2011). Simi-
larly, miRNA microarray analysis indicated that 44 and 24 miRNAs
including let-7d, miR-150, miR-32 were upregulated and let-7e,
miR-21, miR-486-5p were downregulated, displaying changes in
Rh2-treated NSCLC cells (I. S. An, An, Kwon, Kim, & Bae, 2013). Fur-
thermore, Rh2 was able to mediate the three specified drug-resistant
miRNAs including miR-222, miR-34a and miR-29a expression to ease
the drug resistance of breast cancer (Wen et al., 2015). In addition,
Rh2 could also suppress PC3 and DU145 (PC) cell growth via suppres-
sion of miR-4,295 mediated to activate CDKN1A, which plays a piv-
otal role in the manage of cell cycle arrest and has been proved to be
a miR-4,295-targeting gene (Q. Gao & Zheng, 2018). Recent studies
investigated the effects of Rh2 on growth and progression of the
human medulloblastoma (MBC) cell Daoy, Rh2 could down-regulate
miR-31 to inhibit the Wnt/p-catein signaling pathway, which lead to
attenuate the proliferation and migration, promote apoptosis of MBC
cell (Y. Chen, Shang, Zhang, & Zhang, 2018). MiR-491 was up-
regulated in HCC after Rh2 treatment, and EGFR signaling was
inhibited which has been related to tumorigenesis, resulting in Rh2
efficiently suppresses the progression of HCC in vitro and vivo
(W. Chen & Qiu, 2015). Further studies showed that Rh2 also
upregulated miR-146a-5p expression, and miR146a-5p over-
expression enhances Rh2-induced anti-proliferation and the apoptosis
of the liver cancer cell (W. Chen, Chu, Li, & Qiu, 2018). At the latest,
Rh2 could also generate anti-metastasis activity via miR-491 regulates
hypoxic tumor microenvironment in lung cancer cells A549 and
H1299 (Y. Chen et al., 2019).

Rd is only individually studied contact with miRNA in cancer, but
also exhibits high anticancer activity through influencing other molec-
ular signaling (Phi et al., 2019). Rd treatment inhibits cell migration
and invasion via decreasing the expression of miR-18a, and Smad2
expression level was downregulated which be a direct target of miR-
18ain 4 T1 BC cells (P. Wang et al., 2016).

3.4 | Matrine and miRNAs

Matrine is a main alkaloid isolated from Sophora flavescens and has
been proved to present antitumor activity in various cancer including
GC, BC, NSCLC, COAD, but its mechanisms of action still lacked
accord (Rashid, Xu, Muhammad, Wang, & Jiang, 2019). Last decade,
matrine has been recognized that caused tumor cell death by up-
regulating or down-regulating the cancer related miRNA expression
level. For example, 68 miRNAs were upregulated, and 60 miRNAs
were downregulated after matrine treatment in the SGC-7901 GC cell
line (H. Li et al., 2014). Coincidentally, matrine can also alter miRNA
expression profiles in the A549 human NSCLC, eventually causing the
proliferation inhibition (Y. Q. Liu et al., 2014).

Matrine induced cell apoptosis and cell cycle arrest to inhibit BC
cell line MCF-7 growth in a concentration-dependent manner, miR-21
was downregulated and its important downstream target phosphatase
and tensin homolog (PTEN) was upregulated (L. Q. Li et al., 2012). Fur-
thermore, matrine combined with sorafenib synergistically increases
cytotoxic effects against HCC cells HepG2 and Hep3B by the sup-
pression of miR-21 mediate to positively regulate PTEN (Lin
et al., 2014). In addition, studies showed that there exist a correlation
between miR-126 and matrine in NSCLC-derived cell lines, matrine
can recover the expression of miR-126 which is often downregulated
in NSCLC cells, and target VEGF was accordingly downregulated,
resulting in cell cycle arrest and promoting apoptosis (Q. An
et al.,, 2016). Recently, studies indicated that matrine could also inhibit
cell proliferation and invasion and induce cell apoptosis, at least par-
tially, via suppressing miR-19b-3p expression and the subsequent
induction of PTEN in human A375 and SK-MEL-2 MMC cell lines
(Wei et al., 2018).

4 | CONCLUSION AND PERSPECTIVE

In overall objective of this review is to exhibit the inhibitory effect of
some well-studied plant-derived bioactive compounds on cancer initi-
ation and progression by regulating multiple miRNAs (Table 1). Among
these miRNAs regulated by natural compounds, miR-21 was the most
presented miRNA that has been extensively investigated in different
cancers, and PTEN is the common target genes regulated by miR-21.
Another interesting observation is that the mechanism research of
downstream signaling pathway is poor, but related to various anti-
cancer mechanism (Figure 3). In short, the expression of miRNAs was
regulated appears as a strong molecular mechanism by these natural
monomers which participate in cancer biology.

Actually, our lab's previous studies proved that tanshinones can
suppress NSCLC through upregulating let-7, miR-32, miR-137, miR-
146a-5p, and miR-32 was illustrated target of AURKA, miR-146a-5p
was illustrated target of EGFR as an anti-oncogene (Ma et al.,, 2015;
Qi et al,, 2019; B. Zhang, Ma, et al., 2016). Further, our findings also
showed that T1 and T2A inhibit NSCLC via Upregulation of let-7a-5p
targeting AURKA, and Lin28B-let-7-AURKA/BORA/MYC pathway
was clarified in aspect of tanshinones treat NSCLC molecular
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FIGURE 3 Functional roles of
miRNAs in various cancer. Selected
miRNAs and their molecular partners
or genomic targets are shown for
cancer progression, drug resistance,
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mechanism. Furthermore, our latest findings suggest that T1 and T2A
inhibit NSCLC by down-regulating PD-L1 through miR-449a, which
indicates that tanshinones may be involved in blocking immune check-
point to suppress NSCLC. In following studies, we will seek whether
tanshinones can involve in regulating other ncRNA while regulating
miRNA expression. All in all, tanshinones may soon be the new star of
cancer drugs.

Interestingly enough, most of the plant-derived bioactive com-
pounds are small molecules (SM), and multidisciplinary researchers
pay close attention to the miRNA-SM association studies. Neverthe-
less, biological experiment approach to identify the binding of miRNA-
SM remain time-consuming and laborious, so it is a promising strategy
to develop a computational prediction model of miRNA-SM associa-
tion. In recent years, many computational methods have been devel-
oped to predict associations between phytochemicals and miRNAs
(Guan, Sun, Ming, Li, & Chen, 2018; Lv et al., 2015). For example, a
novel computational model of HeteSim-based inference for SM-
miRNA Association prediction (HSSMMA) which can capture the
semantics information under each path and predict potential
miRNA-SM associations based on all the considered paths in the het-
erogeneous network (Qu et al., 2019). Similarly, a novel model named
Symmetric Nonnegative Matrix Factorization for Small Molecule-
MIRNA Association prediction (SNMFSMMA) was proposed, and case
study results demonstrated the reliable predictive power of the model
(Zhao, Chen, Yin, & Qu, 2020). More usefully, synergistic drug

TIVED
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combinations can also be further predicted based on the miRNA-SM
association.

In addition to the plant-derived bioactive compounds and related
microRNAs summarized in this review, newfound phytochemicals
have been widely reported recently. Luteolin is a representative that
has anti-tumor properties possibly involved the elevated expression
of miR-203 on BC and upregulated miR-384 expressions on CRC
(G. Gao, Ge, Li, & Liu, 2019; Yao, Rao, Zheng, & Wang, 2019), and it
could also suppress tumorigenesis and promote apoptosis of NSCLC
cells by upregulation of miR-34a-5p (Z. Q. Jiang et al., 2018). More
than one, species of phytochemicals, such as baicalein and quercetin,
showed excellent anti-cancer effect via regulating miRNA expression
(Jiang, Song, Guo, Wang, & Lu, 2018; Nwaeburu, Abukiwan, Zhao, &
Herr, 2017). Today, plant-derived bioactive compounds are important
sources to develop therapeutic approaches and new drugs. A variety
of plant-based foods in the diet can contribute to reduce the risk of
chronic diseases, including cancer. Phytotherapy is gaining acceptance
among scientists. Most of the supportive evidences show that the
development of anticancer drugs from medicinal plants have many
superiorities including the following: non-toxic side and remarkable
anti-cancer effect. For instance, paclitaxel and curcumin is already
very excellent phytochemicals as natural anti-cancer drugs in clinical
cancer therapy. In addition, previous research showed that phyto-
chemicals can significantly inhibited cancer progression including lung,

breast, colorectal, liver cancer and so on, its underlying mechanism
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partly may be to suppress the occurrence of a certain cancer-
promoting signaling pathway and participate in immune response, and
or resulting in sensitizes cancer cells to chemotherapeutic drugs via
up or down-regulating miRNAs expression level. Yet, most of them
are still at the experimental stage and thus many problems may occur.
Promising research hotspot include low bioavailability and high diffi-
culty in complete purification that need to be considered, co-
treatment of multiple drugs synergistically reduces side effects, and
improvement of pharmacological effects are interesting fields to
future investigate. This review will contribute to a novel understand-
ing of natural phytochemicals targeting miRNAs and shed light on
their future clinical applications.
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