
Abstract. As lung cancer is the most common malignancy
worldwide and high mortalities are the result of metastasis,
novel information surpassing the treatment strategies and
therapeutic agents focusing on cancer dissemination are of
interest. Lung cancer metastasis involves increased motility,
survival in circulation and ability to form new tumors.
Metastatic cells increase their aggressive features by utilizing
several mechanisms to overcome hindrances of metastasis,
including epithelial to mesenchymal transition (EMT), increased
in cellular survival and migratory signals. Sufficient amounts
of natural product-derived compounds have been shown to have
promising anti-metastasis activities by suppressing key
molecular features upholding such cell aggressiveness. The
knowledge regarding molecular mechanisms rendering cell
dissemination together with the anti-metastasis information of
natural product-derived compounds may lead to development
of novel therapeutic strategies.

Lung cancer causes mortality in the estimated number of 1.5
million every year (1, 2). It has been widely accepted that in
most aggressive malignancies, metastasis becomes the
highlighted topic of research interests. In lung cancer, the
metastasis-related death is found to be as high as 90% of all
lung cancer mortality and approximately 70% of lung cancer
patients are found with local lymph node metastasis or

distant spreading of cancer at the time of first diagnosis (3).
According to such contexts, metastasis is an important
impediment for the successful therapy of lung cancer and,
thus, understanding of the underlying molecular basis in
regulation of lung cancer dissemination may lead to
discovery of novel effective targeted therapies. 

Lung cancer is generated from normal lung epithelial cells
that undergo multiple genetic damages and finally transform
to uncontrolled proliferating cells with abnormal growth and
aggressive behaviors in the airway of lungs. Lung cancer
consists of two major types: non-small cell lung cancer
((NSCLC); 85% of all lung cancer cases) and small-cell lung
cancer ((SCLC); about 15%) (4, 5). According to the
histological classification, NSCLC can be divided into three
major subtypes: squamous cell carcinoma, adenocarcinoma
and large-cell carcinoma (4). The importance of classification
is revealed to treatment strategy and prediction of cancer
outcome. At the present day, surgery, radiation, chemotherapy
and targeted therapy are used in lung cancer treatment;
however, despite the fact that multiple approaches have been
used for lung cancer treatment, the clinical outcomes of the
current therapies are still not at satisfactory level.

Many widely prescribed chemotherapeutic agents have
been discovered by investigating the potential compounds
from plants, marine organisms, microorganisms and animals
or developing from the natural product-derived lead
compounds (6). In line with such a concept, several natural
product-derived compounds have been currently evaluated
and their anti-cancer activities have been focused on newly
discovered mechanisms with the hope that they can be used
or, at least, lead to better strategies against cancer (Table I).

Mechanism of Metastasis

Until now, the mechanism of metastasis of lung cancer is still
not understood at a sufficient level. Although the appearance
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and phenotype of the metastatic cancer cells found in other
parts of the body is similar to that of primary tumor cells,
metastatic lung cancer cells have several different molecular
features. With the same feature of certain proteins and
chromosome defects found in original lung cancer cells, the
metastatic cells possess specific signals that enhance their
ability to metastasize. Such mechanisms allow the cells to
disseminate from their original site. In general, lung cancer
cell metastasis involves the common following steps as found
in most solid tumors, which are (i) detachment from
extracellular matrix (ECM), (ii) local migration and invasion,
(iii) intravasation into blood or lymphatic systems, (iv)
survival in circulatory system (resistant to anoikis), (v)
extravasation at metastatic site and (vi) proliferation and
formation of new tumor. The illustration of complicated
processes of metastasis is shownin Figure 1. 

The metastatic cells require special properties to overcome
hindrances, with the most important being their ability to
survive in detached conditions, invade and generate new
tumors. Recent studies have shown that adaptive cell features
changing from epithelial-like to mesenchymal phenotypes
named “epithelial to mesenchymal transition” (EMT) (7-9)
and cancer stem cells (CSCs) (8, 10-13) play critical roles in
facilitating cancer cell dissemination. In addition, the
augmentation of survival mechanisms, including Protein
kinase B (AKT), ERK and anti-apoptotic protein members
of the Bcl-2 family, have been intensively shown to increase
metastasis ability of lung cancer cells (14-18). 

Anoikis Regulatory Mechanism

Anoikis is the molecular event of programed cell death
triggered by the loss of appropriate cell contact to extracellular
matrix or basement membrane. The process of anoikis involves
the lack or diminishment of integrin-mediated survival signals
(19). This death is found in most adherent cells, including solid
tumor cells (20); therefore, anoikis has been recognized as a
key impediment of cancer metastasis. Molecules like focal
adhesion kinase (FAK), anti-apoptotic protein MCL-1 and
caveolin-1 (CAV-1) have been shown to inhibit anoikis in lung
cancer cells. Regarding FAK, it is a focal adhesion-associated
protein, encoded by PTK2 gene (protein tyrosine kinase). FAK
acts as an essential early protein that co-localizes with integrins
on the cytoplasmic domain and facilitates migration through
transmission of integrin signaling. FAK is recruited and
activated by signaling from integrin. The major
phosphorylation site of FAK is identified as tyrosine 397 (Tyr
397). After FAK auto-phosphorylation, activated FAK forms a
complex with SRC family kinases, which generate multiple
downstream signaling through phosphorylation of other
proteins to regulate cell survival (21). In lung cancer cells, FAK
was shown to enhance cell survival in detached conditions via
PI3K/AKT and MAPK-ERK pathways (22). 

Recently, CAV-1 protein, a main component of caveolae, has
been demonstrated to negatively control anoikis response in
NSCLC cells (23, 24). In mechanistic detail, CAV-1 was
shown to inhibit anoikis in lung cancer cells by its binding
on and stabilizing of anti-apoptotic MCL-1 protein (25). The
direct interaction of CAV-1 protects MCL-1 from ubiquitin-
proteasomal degradation (25). Other possible mechanism of
CAV-1 on anoikis resistance is that the protein can up-
regulate the insulin-like growth factor-I receptors and
enhance its downstream AKT signaling (26). Together with
the facts that CAV-1 was shown to be highly expressed in
metastatic and advanced stage cancer (27-29) and its
expression was linked with poor prognosis (30, 31),
suppressing this protein may be a potential way to overcome
anoikis resistance and, as a consequence, inhibit metastasis. 

Mounting evidence has demonstrated the activity of
natural products in attenuation of cancer metastasis. Among
several potential nature-derived compounds, curcumin [1], a
compound isolated from the rhizome of turmeric (Curcuma
longa), has garnered considerable attention over the past
decade. Curcumin has been shown to sensitize anoikis in
lung cancer cells by mediating Bcl-2 down-regulation (32).
The study provided evidence that treatment of lung cancer
cells with non-toxic concentrations of curcumin enhanced the
degradation of Bcl-2 protein via ubiquitin-proteasomal
degradation that, finally, resulted in the sensitization of
anoikis (32). 

The compound derived from Angelica dahurica root,
imperatorin [2], was shown to increase anoikis response of
lung cancer cells and inhibit anchorage-independent growth
of lung cancer cells by down-regulation of MCL-1 protein
(33). Likewise, artonin E [3], a compound obtained from
Artocarpus gomezianus, and ecteinascidin 770 [ET-770, 4]
isolated from marine tunicate Ecteinascidia thurstoni, were
demonstrated to have anoikis sensitizing activity by
decreasing the MCL-1 protein their non-toxic concentrations
in NSCLC cells (34, 35). Recently, renieramycin M [RM, 5],
a bistetrahydroisoquinolinequinone separated from marine
blue sponge Xestospongia sp., was reported as a potential
anti-metastatic agent by sensitizing anoikis-resistant lung
cancer cells to anoikis by suppressing survival proteins p-
ERK and p-AKT, along with anti-apoptotic proteins Bcl-2
and MCL-1 (36). Interestingly, ET-770 [4] and RM [5]
consisted of similar chemical skeleton. The corresponding
cytotoxicity and anti-cancer mechanism toward lung cancer
potentially derived from the bistetrahydroisoquinoline core.
A natural flavone isolated from the root of Scutellaria
baicalensis known as Oroxylin A [6] was found to sensitize
A549 cells to anoikis by inactivating the c-Src/AKT/HK II
pathway (37). Furthermore, a mixture of flavonoids extracted
from Korean Citrus aurantium was also reported to induce
apoptosis of NSCLC (A549) cells involving protein cleaved
caspase-3 and p-p53 (38). 
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EMT and Migratory Suppression

EMT is a process of epithelial cells undergoing phenotypic
change to mesenchymal cells. In general, EMT occurs during
embryonic development, wound repair and pathological
events, such as fibrosis and cancer (39). 

EMT is classified into three different subtypes: 1) Type 1
EMT: This type occurs during embryonic development and
organogenesis; 2) Type 2 EMT: This type associates with
tissue repair and fibrosis; 3) Type 3 EMT: This type
associates with cancer progression and metastasis.

EMT characteristics can be identified by the change of
cell morphology and expression of EMT markers. During
EMT, epithelial cells undergo remarkable morphological
conversion from cobblestone-like epithelial morphology to
elongated-like mesenchymal morphology. The crucial
hallmark of EMT is the loss of E-cadherin, a cellular
junction protein typically expressed in epithelial cells. In
addition, EMT-phenotypic cells increase the expression of
mesenchymal markers, such as N-cadherin and vimentin, as
well as up-regulate transcriptional factors, namely Snail and
Slug (39-42). The alteration of cell components, including
adhesion molecules and cytoskeleton, makes the cells lose
their polarity and acquired high migratory ability, thus
facilitating cancer cell metastasis. 

Focusing on cancer metastasis, accumulating evidences
have indicated the roles of EMT in cancer aggressiveness
and metastasis; EMT is being considered as the underlying
cause of the high mortality rate of cancer (7-9). EMT elicits

distinct behaviors leading to cancer cell metastasis, including
increased cell motility (migration and invasion) and anoikis
resistance. Previous studies have demonstrated that loss of
E-cadherin expression has been shown to decrease cell
polarity and promote individual cell migration and invasion
(43-46). Accordingly, the increased expression of N-cadherin
results in a less stable cell-cell adhesion, which promotes cell
motility and invasion by maintaining the steady-state level
of active Rac1 (45, 46). Similar to N-cadherin, vimentin,
type III intermediate filament protein, plays a predominant
role in the changes in cell shape, adhesion and motility by
maintaining FAK activity and Rac1 activation (47, 48).

During EMT process, lung cancer cells enhance their
expression of mesenchymal transcription factors, such as,
Slug, Snail and Twist. Besides, the increase of proteins like
vimentin, fibronectin and alpha-smooth muscle actin (α-
SMA), as well as the reduction of E-cadherin, have been
shown to induce cell morphology change toward spindle shape
and detachment of the cells form their basement. Focusing on
cancer invasion, the augmented N-cadherin found in EMT
cells encourages invasive and metastasis behaviors (49). EMT
was also shown to increase cell invasive ability by triggering
matrix metalloproteinases (MMPs), such as MMP-2, MMP-3
and MMP-9 (50). In NSCLC, the low vimentin level was
found to be a predictor of better survival in primary NSCLC
(51). EMT phenotypes in primary cells of lung cancer have
been shown to link with anoikis and chemotherapeutic
resistance (52, 53). Focusing on cancer cells and their
environment interplays, EMT can be induced by several
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Figure 1. Cancer metastatic process. Metastasis is a complicated multistep process beginning with cancer cell detachment from extracellular matrix
(ECM), migration, invasion and extravasation to the circulation. When the cancer cells reach secondary sites, they adhere, intravasate and begin
dividing to form new tumors.
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extracellular signals, including transforming growth factor-β1
(TGF-β1), interleukin-6 (IL-6) and nitric oxide, cancer-
associated immune cells and fibroblasts (54-56). 

As EMT phenotypes have been strongly linked to anoikis
resistance and other aggressive behaviors of cancer cells,
compounds that can suppress EMT is of interest for the
development of anti-metastasis approaches. Several natural
products have been shown to have abilities to suppress EMT
in lung cancer cells. A bibenzyl 4,5,4’-trihydroxy-3,3’-
dimethoxybibenzyl [TDB, 7], isolated from Dendrobium
ellipsophyllum, has been demonstrated to inhibit EMT and
sensitize lung cancer cells to anoikis (57). Treatment of lung
cancer cells with non-toxic concentrations of TDB significantly
suppressed EMT markers, namely vimentin and Snail, while
increased the level of E-cadherin. Also, such a decrease in
EMT phenotypes was shown to induce anoikis and decrease
cell growth in detached conditions by reduction of activated
protein kinase B (p-AKT) and activated extracellular signal-
regulated kinase (p-ERK) (57). Gigantol [8], extracted from
Dendrobium draconis, and known bibenzyl compounds,
including moscatilin [9], chrysotobibenzyl [10], chrysotoxine
[11] and crepidatin [12], isolated from Dendrobium pulchellum,

have been demonstrated to suppress EMT in a lung cancer cell
model and such suppression resulted in the induction of anoikis
and decreased growth in an anchorage-independent manner
(58, 59). The EMT inhibition of moscatilin [9] was recently
described via mesenchymal cell markers’ suppression,
including vimentin, Slug and Snail (60). In addition, 2,3,5-
trimethoxy-4-cresol [TMC, 13], a substituted phenol obtained
from Taiwanese edible fungus Antrodia cinnamomea, was
reported as an effectively lung cancer migratory suppressing
agent by reducing protein expression of AKT, MMP-2 and
MMP-9 in conjugation with enhancing E-cadherin and TIMP-
1 protein expression in A549 cancer cell line at subtoxic
concentrations (61). Similar results were observed from the
anti-metastatic study in A549 cells of deoxyelephantopin [14],
a sesquiterpenelactone from Elephantopus scabe. This complex
natural lactone suppressed the activation of p-ERK1/2 and p-
AKT and exhibited down-regulation of NF-kB, IkBα MMP-2,
MMP-9, uPA and uPAR. In addition, deoxyelephantopin [14]
was associated with the up-regulation of TIMP2 without
changing the TIMP1 protein level (62). Moreover, bufalin [15],
a cardiotonic steroid originally isolated from serous fluid of
Chinese toad, found as a component in Chan Su (a traditional
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Chinese medicine), was recently investigated for its anti-
metastasis effects on NCI-H460 lung cancer cells where
suppression of MMP-2, MMP-9, MAPKs and NF-kB was
observed (63). Several natural flavonoids have been
investigated as potential anti-metastasis agents toward various
lung cancer cell lines. Epicatechin-3-gallate [16], a natural
flavonoid found in green tea, was reported to reverse the TGF-
β1-induced EMT and up-regulated epithelial markers, such as
E-cadherin (64). Moreover, flavone components in Scutellaria
baicalensis, including baicalein [17] and wogonin [18],
induced down-regulation of MMP-2 and MMP-9 in both A549
and H1299 cells (65). 

Cancer Stem Cells (CSCs)

Accumulative evidence have pointed out the importance of
small sub-populations within tumors with stem cell properties
named “Cancer Stem Cells (CSCs)” on the process of
carcinogenesis, cancer progression and metastasis (66). In lung
cancer, the specific side-population has been isolated from
lung cancer cell lines with CSC properties (67, 68).

The properties of CSCs are similar to those of normal stem
cells within tissues. CSCs have the ability to self-renewal and
can produce differentiated progeny through their pluripotency
(69). It has been demonstrated that these CSCs in lung cancer
resist to chemotherapeutic agents and have high tumorigenic
potential (12, 70). Also, the lung CSCs were shown to have
augmented ability to move to other tissues (8, 12, 71). The
most important characteristic of CSCs is their ability to
generate a new tumor. As a result of their self-renewal and
differentiation capabilities, CSCs are believed to initiate
tumor, as well as generate new tumors, at distant parts of the
body. Nowadays, this new paradigm of CSCs has become the
most interesting topic in research, clinical assessments and
drug discovery and development, in particular, in lung cancer. 

Due to their stem cell-like properties of tumorigenic
potential and pluripotency, CSCs are believed to be key
players of cancer metastasis and relapse (8, 10-13). Several
CSC makers have been used to identify the CSC population
in lung cancer, including cellular expression of CD44,
CD133 and CD166 (67-71). Also aldehyde dehydrogenase
(ALDH) activity and expression have been shown to indicate
stemness in lung cancer (67-71). In NSCLC, the CD44-
possitive cells have been shown to have enhanced stem cell-
like properties (72).

Currently, CSCs, as well as their behaviors, were shown to
be regulated through the interaction with their
microenvironment. In detail, the activity of self-renewal and
differentiation can be modulated in response to the signals
form environment (72). Focusing on lung cancer, evidence
has shown that hypoxic conditions increased the population
of CSCs through the activation of insulin-like growth factor
1 (IGF1) receptor (73). Also, the important biological

mediator nitric oxide was found to enhance stem cell-like
phenotypes in NSCLC cells (56). The study by
Yongsanguanchai et al. revealed that exposure of lung cancer
cells with a long-term low dose of nitric oxide gradually
increased the CSC makers and phenotypes in a time-and
dose-dependent manner. Interestingly, this study demonstrated
that induction of CSCs by nitric oxide is reversible. By
withdrawal of nitric oxide after long-term treatment, the
increase in CSCs was found to reverse to the baseline level
comparable with the non-treated cells (56), thus suggesting
the dynamic response of the CSCs to their environment. 

In terms of molecular views, the molecular pathway found
in normal stem cells, such as Wnt (74, 75), Notch (76, 77),
Hedgehog (78) and PI3K/AKT, have been shown to regulate
stem cell properties in lung cancer. The role of Wnt signal
has been intensively elucidated in lung CSC regulation. Wnt
was shown to control the expression of stem cell
transcription factor Oct4 in lung CSCs (74). Also, the
regulatory effect of Wnt has been demonstrated in several
lung cancer cells, while the blockage of Wnt signal in lung
CSCs was shown to inhibit growth and exhibit anti-cancer
activity (79-81). For Notch signaling, its function was
positively linked with the proliferation of CD133-possitive
lung CSCs (76). The inhibition of Notch in CD133-possitive
lung cancer cells resulted in growth halt and sensitive
response to chemotherapy (76). Accordingly, cisplatin
treatment of lung cancer cells resulted in enriched CD133-
possitive population through Notch signaling (82). The
central cell survival signal AKT has been indicated as a
principle regulator for stemness in lung CSCs. Studies in
several NSCLC cell lines and primary human tumors grown
in nude mice have shown that AKT is an essential upstream
activator of Sox-2 in regulation of lung cancer stem-like
phenotypes (83). Besides, the microRNA-31 was shown to
inhibit lung CSCs through the suppression of PI3K/AKT
(84). These evidences suggested the potential molecular
targets for targeted therapy focusing on lung CSC.

In NSCLC, the plant-derived compound isolated form
Dendrobium draconis, gigantol [8] was shown to reduce
cancer stem cell-like phenotypes through AKT suppression
(85). Gigantol at its non-toxic concentrations was shown to
suppress CSC phenotypes and CSC makers CD133 and
ALDH1A1 in lung cancer cells. Moreover, the suppressed
CSC phenotypes were found as a consequence of AKT
inhibition, which, in turn, decreased the cellular levels of
pluripotency and self-renewal factors Oct4 and Nanog (85). 

Conclusion 

The current molecular technologies, as well as the discovery
of new paradigms in cancer cell biology, have emphasized the
potential of targeted therapy for treatment of cancers. Although
several questions remain unanswered, including the key
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pathways in controlling EMT and CSCs and the effect of
environmental factors, the defined regulatory pathways
underlying lung cancer metastasis form the critical basis for the
development of novel strategies in overcoming lung cancer.

Nature has been long recognized as a very important and
attractive source of new therapeutic compounds due to the
chemical diversity found in plants, animals, marine organisms
and microorganisms allowing us to select the compounds for
our specific targets. This review concludes the currently
focused molecular mechanisms in the area of lung cancer
metastasis and provides information of potential natural
derived compounds for anti-metastatic approaches. The
provided information may support further investigations and
development for using such compounds in cancer therapy. 
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