Proliferation

Cell Prolif., 2014, 47, 506-515 doi: 10.1111/cpr.12143

Plant natural products: from traditional compounds to new emerging drugs in
cancer therapy

L. Ouyang®™", Y. Luot?, M. Tian*? S.-Y. Zhang*, R. Lug, J.-H. Wang§, R. Kasimu§ and X. Li*

*State Key Laboratory of Biotherapy and Department of Urology, West China Hospital, Sichuan University, Chengdu, 610041, China, tShenyang
Yaoda Pharmaceutical Co, Ltd, Shenyang, 11000, China, $Department of Pediatrics, Key Laboratory of Obstetric and Gynecologic and Pediatric

Diseases and Birth Defects of Ministry of Education, West China Second University Hospital, Sichuan University, Chengdu, 610064, China and
§School of Pharmacy, Xinjiang Medical University, Urumgqi, 830054, China

Received 8 June 2014, revision accepted 3 July 2014

Abstract

Natural products are chemical compounds or sub-
stances produced naturally by living organisms.
With the development of modern technology, more
and more plant extracts have been found to be use-
ful to medical practice. Both micromolecules and
macromolecules have been reported to have the
ability to inhibit tumour progression, a novel
weapon to fight cancer by targeting its 10 charac-
teristic hallmarks. In this review, we focus on sum-
marizing plant natural compounds and their
derivatives with anti-tumour properties, into catego-
ries, according to their potential therapeutic strate-
gies against different types of human cancer. Taken
together, we present a well-grounded review of
these properties, hoping to shed new light on dis-
covery of novel anti-tumour therapeutic drugs from
known plant natural sources.

Introduction

Cancer, malignant neoplasia, one of the most deadly
types of disease, encompasses a broad group of syn-
dromes involving unregulated cell population expansion.
A number of plant-derived compounds play important
roles in treatment of cancer, some of the most promising
drugs such as taxol, camptothecin, combrestatin, epipod-
ophyllotoxin and the vinca alkaloids being derived from
plant sources (1,2). In the early 19th century, morphine
was first isolated from opium, opening the door to a
new era in the use of natural products as medicines
(3,4). Anthracyclines, the vinca alkaloids, epipodo-
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phyllotoxin lignans, camptothecin derivatives and tax-
oids, launched before 1997, are still an essential part of
the armamentarium for treating cancers (4). In recent
years, there have been considerable advances in compre-
hension of natural products. In addition, anti-cancer
effects of some examples of dietary components, both in
vitro and in vivo, have also been reported in different
bioactive compounds from plant natural products.

Due to the diversity of natural products, anti-cancer
mechanisms are distinctive in different components. For
example, some dietary compounds including curcumin,
sulforaphane, soy isoflavone and resveratrol may affect
cancer stem cell self-renewal pathways. Some evidence
also suggests that metabolites derived from plants may
have pro-apoptotic properties; such studies have clearly
demonstrated that most chemotherapeutic agents ulti-
mately induce cell death by activation of both extrinsic
and intrinsic apoptotic pathways (5,6). Tested on various
tumour types, these could provide strategies for further
cancer therapy. Chemopreventive agents of cancer stem
cells (CSC), might prove to be helpful drugs to inhibit
angiogenesis or induce apoptosis. Thus, according to
diversity of different mechanisms, we summarize natural
products that may potentially be powerful tools to cure
various types of cancer.

Natural compounds and pancreatic cancer

Pancreatic cancer is a leading cause of cancer-related
death, and many genetic and environmental risk factors
have been associated with it (Fig. 1). Curcumin has the
potential ability to suppress development of pancreatic
cancer; largely it has been shown to target a plethora of
signalling pathways such as those of NF-«B, SPI1,
STAT3, Notch-1, COX-II, ATM/Chkl and WT1 (7.8).
Curcumin treatment may also enhance IL-8 receptors
CXCR1 & CXCR2 on cell surfaces, suggesting that it

© 2014 John Wiley & Sons Ltd



@ I o o (b)

Wl
m OCH,

T S )

- AKT p53
| Green tea catechins |—( )
phosphorylation

-
B ”@i@”
[ oL

Natural compounds in cancer therapy 507
OH
1

i

l

Cell cycle
arrest

Nanog
c-Myc | ——| EGCG —_ JNK
Oct-4 @ cell cycle arrest

t

Figure 1. Natural compounds utilized in pancreatic cancer. Pancreatic cancer is one of the best studied cancers with treatment by natural prod-
ucts. Some well-known products, such as curcumin, capsaicin, green tea catechins and resveratrol regulate it through different mechanisms.

inhibits proliferation of pancreatic cancer cells by inhib-
iting NF-kB and IL-8 receptor internalization (9). In
addition, a further derivative of curcumin, GO-Y030,
has been found to inhibit STAT3 at low doses, where
curcumin itself had little or no effect (10).

Capsaicin, a homovanillic acid derivative, is a princi-
ple pungent constituent of chilli pepper plants, which
has historically been used to treat disease. Mechanistic
studies have revealed that capsaicin targets Trx-ASK1
signalling to induce apoptosis in BxPC-3 pancreatic can-
cer cells. First, it depletes levels of ASK1 endogenous
inhibitor and phosphorylates ASK1 at Thr-845. Then
ASK1 kinase activity increases, leading to activation of
ASK1 downstream molecules such as MKK4/7 and
JNK (11). Capsaicin targets the mitochondrial electron
transport chain to generate reactive oxygen species
(ROS), which activate JNK and disrupt Trx-ASK1
interaction, to induce mitochondrially induced apoptosis
in pancreatic cancer (12).

Green tea catechins can inhibit growth of various
types of cancer by targeting multiple signalling path-
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ways. It inhibits phosphorylation of AKT and p53, lead-
ing to apoptosis and suppression of pancreatic tumour
growth (13). ROS are involved in EGCG-induced cell
death, as EGCG dose-dependently induces ROS genera-
tion in pancreatic cancer cells, and eventually activates
JNK and cell cycle arrest, leading to apoptosis (14,15).
In addition, EGCG significantly inhibits pluripotency
maintenance factors such as Nanog, c-Myc and Oct-4 of
pancreatic CSC, thus inhibiting self-renewal potency of
pancreatic CSCs (16).

Resveratrol induces apoptosis in pancreatic cancer
cells through the mitochondria-dependent pathway, and
generates moderate ROS, which are increased when
resveratrol treatment is combined with ionizing radiation
(17). Resveratrol induces apoptosis in INS-1E insulino-
ma cells by inhibiting AKT signalling (18) and,
resveratrol-induced cell cycle arrest has been associated
with up-regulation of key cell cycle molecules such as
p21/CIP1, p27/KIP1 and inhibition of cyclin D1 expres-
sion, in MIA PaCa-2, PanC-1 and ASPC-1 pancreatic
cancer cells (19). Resveratrol targets FOXO phosphory-
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lation by inhibition of PI3KCI/AKT and MEK/ERK sig-
nalling in pancreatic cancer cells and eventually silences
FOXO protein abrogated resveratrol-induced cell cycle
arrest and apoptosis (20).

Natural compounds and cervical cancer

Cervical cancer is a major threat to the health of
women, perhaps representing the second most common
cancer worldwide. Cervical cancers are thought to arise
from lesions of lengthy persistent HPV infection, identi-
fied as the major aetiological factor in cervical carcino-
genesis (Fig. 2).

The effect of curcumin on HeLa cells derives signifi-
cant changes in tumour-related proteins linked to cell
metabolism, the cell cycle and carcinogenic process —
curcumin in human papillomavirus associated cells
involves downregulation of viral oncogenes, prevention
of NFkB and AP-1 translocation, and modulation of
apoptosis (21). Curcumin has the ability to down-regu-
late HPV-18 transcription, selectively inhibit AP-1 bind-
ing activity and reverse expression dynamics of c-fos
and fra-1 in HeLa cells (22). Curcumin can reduce
expression of HPV-16, HPV-18, E6 and E7, resulting in
loss of transforming phenotype and cessation of cell
population growth (23). Moreover, curcumin reduces c-
Myc transcription factor and Hsp70 chaperone protein,
activates AIF, releases cytochrome ¢ and enhances apop-
tosis via the mitochondrial pathway with up-regulation
of Bax and down-regulation of Bcl-2 and Bcl-X;. With
IR, curcumin produces increase in ROS, further leading
to sustained ERK 1/2 activation (24). In addition, there
is inhibitory action of curcumin on NF-kB activation,
by degradation of IkB and down-regulation of COX-2
in cancer cell apoptosis (25).
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Resveratrol pre-treatment inhibits cell division
inducing early S-phase arrest, suggesting a role for it in
regulation of cell cycle progression in cervical cancer
cells (26). In addition, COX-1 is over-expressed in cer-
vical cancer cells with treatment of resveratrol, COX-1
inhibition suppressing PGs biosynthesis, an implication
of ionizing radiation, suggesting that COX-1 inhibition
by resveratrol might alter how tumour cells respond to
cytotoxicity of ionizing radiation (27). A further recog-
nized mechanism of resveratrol chemoprevention is reg-
ulation of MMP; reduced expression of MMP-9 is
exerted by it in CaSki cervical cancer cells (28). Activa-
tion of HIF-1oo and VEGF can be reverted by resvera-
trol by inhibition of AKT and ERKI1/2 in cervical
cancer cells, suggesting that resveratrol suppresses
tumour angiogenic activity, at least in vitro. Further-
more, resveratrol can destabilize lysosomes, increase
cytosol translocation and enzymatic activity of cathepsin
L (cat L). Increased cat L activity induces cytochrome c
release from mitochondria, leading to apoptotic cell
death (29). Resveratrol can also be chemopreventive,
chemotherapeutic and radio-sensitizing in treatment of
cervical cancers.

Genistein has demonstrated its chemopreventive
activities in various cancers (30,31). Exposure of HelLa
cells to genistein has resulted in significant dose- and
time-dependent cell population growth inhibition, found
to be mediated by apoptosis and cell cycle arrest at G2/
M phase. In addition, it induces migration-inhibition in
a time-dependent manner by modulating expression of
MMP-9 and TIMP-1 (32). Expression of MMPs and
TIMPs have been shown to be correlated to migration-
inhibitory action of genistein, in HeLa cells (33).
Expression of MMP-9 has been shown to be
significantly down-regulated by 100 mMm genistein in a

Figure 2. Natural compounds utilized in
cervical cancer. Cervical cancer can be regu-
lated by many natural products including
curcumin, resveratrol, and genistein, and rec-
ognized mechanisms are mostly related to
virus transcription, apoptosis and cell cycle
arrest.
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time-dependent manner in HeLa cells. These results are
parallel with genistein-induced suppression of MMP-9
expression in human breast cancer (34).

Natural compounds and breast cancer

Breast cancer is a major public health concern, and ther-
apeutic strategies have significantly improved patient
prognosis (35,36) (Fig. 3). Flavonoids, a family of poly-
phenolic compounds which includes flavones and isof-
lavones, may exert anti-cancer activity (37). Poly-
methoxy flavones (PMFs), a novel flavonoid derived
from sweet orange, has been shown to inhibit growth of
human breast cancers by a Ca**-dependent apoptotic
mechanism, in MCF-7 cells, inducing sustained increase
in concentration of intracellular Ca** caused by both
depletion of endoplasmic reticulum Ca®** stores and
Ca®" influx from the extracellular space (38). In addi-
tion, flavonoid 8-prenylnaringenin (8PN), also has
chemo-preventive activity in cancer and anti-angiogenic
properties with EGF-induced cell proliferation, by
strongly inhibiting activation of the PI3KCI/AKT path-
way in MCF-7 cells.

Extracts of the product known as P. amarus hairy
root, have been demonstrated to display linear concen-
tration- and time-dependent cytotoxicity, with increase
in percentage of apoptotic cells from 26 to 36%, as
determined by annexin V-FITC and propidium iodide.
Observed cytotoxicity correlated well with increased lev-
els of intracellular ROS as well as reduced mitochon-
drial membrane potential (MMP). This suggests an
appreciable anti-proliferative effect of hairy root extract
on MCF-7 cells, by induction of apoptosis, thereby
establishing potential anti-cancer activity of the extract
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(39). Curcumin, as already mentioned has been demon-
strated as an effective drug against various types of
cancer (40).

Natural compounds and ovarian cancer

Due to the lack of significant symptoms in its early
stages and absence of effective biomarkers for early
detection, ovarian cancer is often diagnosed late (41)
(Fig. 4). Rauwolfia vomitoria (Rau) extract has anti-can-
cer effects, which reduce cell population growth dose
dependently, as shown in three tested ovarian cancer cell
lines; it also completely inhibited formation of colonies
in soft agar. Moreover, apoptosis was induced in a time-
and dose- dependent manner and was the predominant
form of Rau-induced cell death.

A number of anolide natural products, including
Withaferin A (WA), steroidal lactone extracted from the
medicinal plant Withania somnifera, have been found to
exert anti-cancer effects in a variety of cancer cells (42).
WA inhibits cell population growth and colony forma-
tion of CaOV3 and SKOV3 cells by inducing apoptosis
and cell cycle arrest. These changes are correlated with
down-regulation of Notchl, Notch3, Cdc25C, total and
phosphorylation of AKT, and Bcl-2 proteins (43).

Honokiol, one of the major phenolic constituents of
magnolia bark, has a number of pharmacological effects
such as being antioxidant, anti-thrombotic, anti-inflam-
matory, xanthine oxidase inhibitory, and with anxiolytic
effects; it has remarkable activity on ovarian tumour
cells, both in vivo and in vitro (44). Honokiol also sig-
nificantly suppresses cell proliferation, induces apoptosis
in ovarian tumour cells, restrains tumour growth and
inhibits angiogenesis in vivo (45).

Figure 3. Natural compounds utilized in
breast cancer. Poly-methoxy flavones
(PMFs) inhibit growth of human breast cancer
via Ca2*-dependent apoptotic mechanism in
MCF-7 cells. 8PN also has potential capaci-
ties in anti-angiogenic properties with EGF-
induced cell proliferation by strongly inhibit-
ing activation of the PI3K/Akt pathway. In
addition, with treatment of curcumin, MCF-7
cells have shown reduced expression of anti-
apoptotic Bcl-2 protein and increased expres-
sion of Bax/Bcl-2 ratio.
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Figure 4. Natural compounds utilized in ovarian cancer. In ovarian cancer cells, Withaferin A can inhibit population growth and colony forma-
tion of CaOV3 and SKOV3 cells by inducing apoptosis and cell cycle arrest through down-regulation of Notchl, Notch3, Cdc25C, total and phos-
phorylation of Akt, and Bcl-2 proteins. Honokiol has many effects on ovarian tumours, such as being antioxidant, anti-thrombotic, anti-
inflammatory, xanthine oxidase inhibitory, having an anxiolytic effect, which can significantly suppress cell proliferation.

Natural compounds and lung cancer

Lung cancer, the leading cause of cancer-related death
worldwide, is divided into two major types, small cell
lung cancer and non-small cell lung cancer (NSCLC).
BAlthough it may lack significant symptoms at early
stages, early diagnosis is still the most important key
factor for improving survival of lung cancer patients
(Fig. 5). Numbers of herbal plants have traditionally
been frequently used to treat lung diseases, including
cancer, as folk remedies and medicines. Toona sinensis
leaf extract, a bioactive fraction, has been shown to have
anti-cancer effects against lung and prostate cancer cells,
as well as to induce apoptotic cell morphological
changes, sub-G1 accumulation, and PARP cleavage
(46). Ocimum gratissimum (OG) (Lamiaceae), an aro-
matic, perennial herb, activates apoptotic signalling mol-
ecules such as caspase-3 and caspase-9 in A549 cells
(47).

In addition, ethanol and ethyl acetate extracts of
Polygonum cuspidatum (Polygonaceae) show scavenging
effects in A549 and H1650 cells (48). Likewise, the
ethyl acetate fraction (EAF) of wampee peel exhibits
high antioxidant and anti-cancer activities in lung cancer
A549 cells. EAF has revealed DPPH radical scavenging
activity, reducing power and superoxide scavenging
activity (21). Riccardin D is a macrocyclic bisbibenzyl
compound extracted from the liverwort Dumortiera hir-
sute. Riccardin D effectively inhibits proliferation inva-
sion and migration of NSCLC cells. Further, riccardin D
induces apoptosis of NSCLC cells; this has been shown
by increase in cells with externalization of phosphatidyl-
serine and by terminal deoxynucleotidyl transferase
dUTP nick-end labelling (TUNEL) positive in H460 xe-
nografts, inhibiting activity of DNA topo II in H460 and
A549 cells. Moreover, analysis of apoptotic proteins has
shown that riccardin D activates the caspases cascade
signalling pathway as demonstrated by increase in
cleaved caspase-3 and cleaved PARP in NSCLC cells in
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Figure 5. Natural compounds utilized in lung cancer. In lung can-
cer, Ocimum gratissimum activates apoptosis signalling molecules such
as caspase-3 and caspase-9 in AS549 cells. Riccardin D effectively
inhibits proliferation and ability of invasion and migration of non-small
cell lung cancer cells, which can induce apoptosis through activating
the caspase cascade signalling pathway.

vitro. Also, inhibitory effects of riccardin D on expres-
sion of MMP-2 and MMP-9 have been verified in H460
xenografts in mice and reduction in vascular endothelial
growth factor (VEGF) and ERK1/2 may possibly associ-
ate with inhibition of MMPs and NSCLC growth (49).

Natural compounds and prostate cancer

Prostate cancer is a major malignancy, which tends to
reveal itself in older men. At present, usual clinical
treatments are far from sufficient. Hence, it is important
to search for new and better drugs against it (Fig. 6).
Magnolol is a lignan with phenolic hydroxyl groups,
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extracted from root and stem bark of the oriental herb
Magnolia officinalis (50). This compound has been
shown to inhibit prostate cancer cells by causing their
apoptosis. It inhibits Akt enzyme activity, reduces Ser
phosphorylation in pro-apoptotic protein Bad, and sig-
nificantly inhibits activity of p-EGFR, p-PI3K and p-
Akt. Interestingly, it does not affect viability of normal
human prostate epithelial PrEC cells (50). Alkaloids are
natural products containing nitrogen atoms. Many of
them exhibit considerable activities against prostate can-
cer. Mahanine, a plant carbazole alkaloid, inhibits cell
population expansion by inducing apoptosis of both
androgen-responsive LNCaP and androgen-independent
PC-3 cells. A mechanistic study has shown that maha-
nine inhibits phosphorylation of PIP3-dependent kinase
1 (PDK1), resulting in deactivation of Akt and down-
regulation of Bcl-X; (51).

Many clinical and animal studies have shown that
diet-derived flavonoids play a beneficial role in prevent-
ing or inhibiting oncogenesis. Quercetin, silibinin, pro-
toapigenone and celastrol all inhibit prostate cancer cell
proliferation. Three active tetracyclic triterpenoids have
been isolated from oleogum resin of Boswellia carterii;
they are 3-oxo-tirucallic acid, 3o-acetoxy-tirucallic acid
and 3B-acetoxy-tirucallic acid (52,53).

Natural compounds and colorectal cancer

Cancer chemoprevention using dietary factors has
received much attention as an effective approach to
reduce incidence of malignancy of colorectal cancer
(54,55). The flavonols quercetin and phytoalexin resve-
ratrol are used in this kind of cancer therapy. Quercetin
is the most largely studied compound in foods. In vitro,
quercetin has been shown to inhibit growth and prolifer-
ation of CRC cells such as human adenocarcinoma HT-
29, COLO 201, LS-174T, HCT-116, SW480 and Caco-

Figure 6. Natural compounds utilized in
prostate cancer. Magnolol inhibits prostate
cancer cells by induction of apoptosis through
inhibiting Akt enzyme and p-EGFR, p-PI3K
and p-Akt activity, reducing Ser phosphoryla-
tion in pro-apoptotic protein Bad. Mahanine
inhibits cell population growth by inducing
apoptosis  of  both  androgen-responsive
LNCaP and androgen-independent PC-3 cells
by inhibiting phosphorylation of PDKI,
which results in deactivation of Akt and
down-regulation of Bel-X.

© 2014 John Wiley & Sons Ltd
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2 cells and, to a lower extent, of non-transformed cells
such as rat intestinal epithelial cells, and human foetal
colon cells (FHC) (56,57). Several mechanisms have
been proposed to explain anti-proliferative effects of
quercetin. These include: (a) cell cycle arrest in GO/GI,
G2/M, and S phases; (b) inhibition of proliferation sig-
nal transduction pathway-associated enzymes; (c) reduc-
tion in inflammatory metabolite formation by inhibition
of Cox-2 activity and expression, lipoxygenase and
iNOS activities, and eicosanoid biosynthesis; (d) interac-
tion with type II oestrogen receptors (ER); (e) down-
regulation of expression of cell cycle genes CDC6,
CDK4 and cyclin DI; (f) up-regulation of tumour-sup-
pressor genes for breast cancer type 2 susceptibility pro-
tein and mucin 2, and down-regulation of Ras oncogene
and survive expression; (g) down-regulation of the B-
catenin pathway; (h) rearrangement of cytoskeleton actin
microfilaments [320] and tubulin microtubules; and (i)
inhibition of P-glycoprotein, a membrane transporter
that extrudes chemotherapeutic drugs (58—61). In CRC
cells, quercetin is also capable of reducing cell migra-
tion. Interestingly, inhibition of cell proliferation by
quercetin has in some cases shown a biphasic response
(62). In CRC cells, resveratrol has (a) growth-inhibitory
activity; (b) induces differentiation; (c) arrests cell pro-
liferation and neoplastic transformation; (d) arrests the
cell cycle in the S, G1/S, G2/M or, less frequently, in
S/G2 phase of cell cycle; (e) induces apoptosis; and (f)
presents anti-angiogenic, anti-invasion and anti-meta-
static characteristics; (g) capability of modulating
MAPK-transduction pathways (63-60).

Natural compounds and oral cancer

Oral squamous cell carcinoma (OSCC) is the most com-
mon cancer of the oral cavity, accounting for more than
300 000 new cases annually. Based on currently available
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clinical assessment and treatment methods, the disease is
usually only diagnosed at advanced stages, causing high
morbidity and mortality. Hinokitiol is a natural compo-
nent isolated from Chamacyparis taiwanensi. It has sig-
nificant anti-microbial and cytotoxic activities against oral
pathogens and oral squamous cell carcinoma cells and
low cytotoxic effects to normal human oral keratinocytes
(67). Treatment with hinokitiol produces cytotoxic effects
in murine P388 lymphocytic leukaemia cells, and also
blocks androgen receptor signal transduction inhibiting
growth of prostate cancer cell LNCaP (68).

Goniothalamin (GTN) is a plant bioactive styryl-lac-
tone with potent anti- tumourigenesis effects on several
types of cancer. In GTN-treated Ca9-22 OSCC cancer
cells, a number of concentration- or time-dependent
mechanisms seem to emerge, such as cell proliferation
inhibition; sub-G1 population and annexin-V-intensity
significant increase; intracellular ROS level induction;
mitochondrial membrane depolarization and significant
increase in gamma-H2AX intensity revealed by analysis
of DNA double strand breaks (69).

In some popular folk medicine, Terminalia catappa
leaves (TCE) are believed to possess anti-cancer activi-
ties. Treatment by ethanolic extracts of TCE on SCC-4
oral cancer cells, has been analysed, revealing that TCE
treatment inhibited cell migration/invasion capacities and
protein levels of MMP-2, MMP-9 and u-PA. Further
studies also indicated that TCE inhibited phosphoryla-
tion of ERK1/2, JNK1/2 and Akt, while expression of
nuclear protein NF-kB, c-Jun and c-Fos were inhibited
(70).

Natural compounds and hepatocellular
carcinoma

Hepatocellular carcinoma (HCC) accounts for 70-85%
of the total liver cancer burden, and is another of the
leading causes of cancer-related death worldwide. Sadly,
treatment available for advanced HCC remains disap-
pointing (11). Epigallocatechin gallate (EGCG), also
known as epigallocatechin 3-gallate, is a well-studied
poly-phenolic in relation to treatment for HCC. EGCG
induces apoptosis and cell cycle arrest, and exhibits
anti-angiogenic and anti-metastatic potential to HCC
cells. Paradoxically, EGCG seems to exert its cytostatic
effects against cancer cells by pro-oxidant activity,
although it has strong antioxidant properties (71). In
addition, a number of animal studies have shown that
EGCG prevents chemical-induced HCC.

Quercetin is one of the best-studied polyphenols, it
is found in onions, apples, berries, tea and red wine. It
seems to exert its chemopreventive potential by inhibi-
tion and induction of survival and death signalling path-
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ways, respectively, in liver cancer cells. Moreover, in
animal studies, quercetin has been shown to protect
from DEN- or AFB-induced liver carcinogenesis, mainly
due to its strong antioxidant activity and consequent pre-
vention of ROS-induced DNA mutation in genes critical
to cell cycle control, such as p53 (72). Curcumin is the
principal curcuminoid of the spice turmeric, one of the
most well-studied plant polyphenols regarding its effects
on HCC. Its suppression of HCC cells is largely due to
inhibition of abnormal cell proliferation and apoptosis
by modulation of relevant signalling pathways. More-
over, studies both in vitro and in vivo have demonstrated
anti-angiogenic and anti-metastatic properties of curcu-
min against hepatocarcinogenesis (73).

Conclusions and perspectives

Despite years of effort at fighting cancer, it remains the
one of the htree most deadly diseases of world, recogni-
sed as possessing 10 characteristic hallmarks (74). Inter-
estingly, growing evidence supports key roles for plant
natural products against cancer in its typical hallmarks.
Paclitaxel, a microtubule-stabilizing compound, can
induce expression of inflammatory genes in monocytes
and tumour cells, corresponding to the hallmark of
tumour-promoting inflammation (75). Also metabolites
derived from plants may possess pro-apoptotic proper-
ties and have great potential for possible applications in
cancer prevention, such as extracts of Solanum murica-
tum (Pepino) (76). Meliacine (MA), a substance present
in leaf extracts of Melia azedarach L., reduces viral load
and abolishes inflammatory reactions and neovascular-
ization, displays anti-herpetic and immunomodulatory
activities, impedes VEGF transcription, and therefore
interferes with the angiogenic process (77). Methanolic
extract of Rhizophora apiculata has been evaluated by
using BI16F-10 melanoma-induced lung metastasis
model in C57BL/6 mice, indicating that natural products
can affect the metastatic process (78). Moreover, crude
extract, ethyl acetate fraction and flavonoids, isolated
from leaves of Scutia buxifolia, protect against chromo-
some damage induced by H,O, in human lymphocytes,
by analysing cell population growth rate, cell viability,
mitotic index and chromosomal instability (79).

Future targeted therapy would be used some syn-
thetic molecules to target specific proteins in tumour
growth and progression (80). However, the vast majority
of common tumours have been found to be dependent
on multiple signalling pathway redundancies and adap-
tive mechanisms rather than a single ‘targetable’ onco-
genic activation, either rendering tumours primarily
resistant to targeted drugs or facilitating acquired resis-
tance to cell signalling inhibition after only a few
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months treatment. These results bring the re-emergence
of natural products in oncology (81). Recently, some
studies have demonstrated that natural products statically
tend to target proteins with a high number of protein—
protein interactions that are particularly essential to an
organism (81); this can prove that using natural products
may be a further potential therapeutic strategy in cancer.

Natural compounds derived from plant organisms
provide an inestimable source of chemical structures
with a variety of different anti-cancer effects; some typi-
cal plant products and their mechanisms for being used
as anti-tumour agents have been summerised. It is hoped
that more efficient and effective application of natural
products will improve the drug discovery process. With
increasing applications of molecular biological tech-
niques for availability of novel compounds and combi-
natorial chemistry approaches, there will be further
developments in the use of novel natural products and
chemical libraries based on natural products for future
drug discovery.
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