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Abstract: Advance therapies which effectively reduce mortality in lung cancer patients become a global health challenge nowadays. Sufficient knowledge regarding cellular and molecular basis of cancer progression and metastasis
would possibly help in the development of novel and effective strategies for the treatment of this disease. This review
focuses on the information regarding the role and mechanism of caveolin-1 (Cav-1) protein on anoikis in Non Small
Cell Lung Cancer (NSCLC). NSCLC accounts of approximately 80% of all diagnosed lung cancer cases which patients
frequently presented with metastatic disease. Like other cancers, caveolin-1 (Cav-1) has been shown to play an important role in regulating cancer-cells behaviors including apoptosis resistance and metastasis. Even though further
investigations as well as in vivo experiments are required, these data are of great interest and may be beneficial to
the development of lung cancer therapy.
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Non small cell lung cancer
Lung cancer is a leading cause of cancerrelated death in the United States and throughout the world. Among them, Non-small-cell lung
cancer (NSCLC) is accounted for approximately
80% of overall lung cancer patients that have
been diagnosed and the rest is small cell lung
cancer (SCLC). Although the rate of growth and
spreading of NSCLC is fewer than that of SCLC,
as the majority type, NSCLC has garnered more
pronounced attention in the cancer research
field. Many patients with an earlier stage of
NSCLC are potentially curable; however, NSCLC
oftentimes relapse at distant metastatic sites,
resulting in the dismal 5-year survival rate of
only 15% for all patients. NSCLC most commonly metastasize to the adrenal glands, pancreas, liver, brain, and bone [1]. Like other cancers, malignant lung cancer cells have an ability
to dissociate from the primary tumor, to invade
adjacent tissue and to survive in the blood or
lymphatic systems that allow them to travel to
distant sites, settle, and to form new colonies.
This phenomenon is termed as metastasis,

which is the cause of 90% of human cancer
deaths [2].
Caveolin-1
Caveolin-1 is a 22-kDa scaﬀold protein essential constituent of caveolae, a flask-shaped (50–
100 nm) invagination that occupies up to 20%
of the cell membrane [3]. Caveolin-1 belongs to
a highly conserved gene family and is coexpressed with caveolin-2 in the cells and tissues of various origins including mesenchymal,
endo/epithelial, and neuronal/glial [4]. The
caveolin-1 gene composes of three exons which
translate into the endoplasmic reticulum (ER) as
a full-length 178 amino acids α-isoform and a βisoform lacking the first 32 amino acids. The
structure of caveolin-1 protein is membranespanning, where both N-termini and C-termini
are exposed to the cytoplasm. A central membrane-spanning domain (TMD), C- and Nterminal membrane attachment domains (MAD)
and three palmitoyl groups at the C-terminus
enable its insertion into the inner leaflet of the
membrane [5]. Caveolin-1 binds to cholesterol
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and sphingolipids within “lipid rafts” which are
considered as specialized “detergent-insoluble
cholesterol- and glycolipid-rich” (DIG) membrane
microdomains [4]. When Cav-1 proteins are
completely translated, they move out from endoplasmic reticulum as monomers, and assemble into higher molecular weight to become
homo or hetero oligomers by using their oligomerization domain (amino acid 61-101), resulting in the forming of striated caveolar coat
structure named caveolae [5]. This particular
structure is of importance in regulating versatile
cellular-transport processes such as cholesterol
efflux, clathrin-independent endocytosis, lipid
and protein sorting [6]. Moreover, Cav-1 is
found in various vesicle-like compartments inside the cell including caveosome, exocytic vesicle, and cytoplasmic/lipid-droplet associated
form.
Cav-1 protein has been shown to function as a
scaffolding protein. The domain that exerts the
interaction between Cav-1 and another partner
molecule is caveolin-1 scaffolding domain (CSD)
(residues 82-101) [3]. Interestingly, an evidence
indicates that only a selected group of peptides
showed high binding affinity to this CSD. The
studies show that the preferable sequences
matched to the CSD of Cav-1 are the following
motifs:
ΦXΦXXXXΦ,
ΦXXXXΦXXΦ,
ΦXΦXXXXΦXXΦ, where Φ is an aromatic residue
(Phe, Tyr or Trp) [7]. Furthermore, a study of
known cav-1 interacting molecules demonstrated that at least such a motif could be found
in their sequence, indicating that these regions
are particularly important for a direct interaction
with the cav-1 [8]. Such interactions are mostly
found to inhibit the interacting protein’s function. The examples of this inhibition effect of
Cav-1 scaffolding activity are tyrosine and serine
kinases [9].
Caveolin-1 and cancer
Sufficient lines of evidences including the in
vivo studies have been shown that Cav-1 expression may attribute to the aggressiveness of
cancer. Evidences regarding the role of Cav-1 in
promoting drug resistance were demonstrated
in human lung carcinoma, ovarian caricinoma,
colon adenocarcinoma and breast adenocarcinoma cell lines. All of these drug resistant variants were found overexpression of Cav-1 [10].
Morover, highly invasive phenotype of lung adenocarcinoma had elevated Cav-1 levels [11].
Strikingly, secreting Cav-1 from prostate cancer
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cells were taken up by tumor cells and endothelial cells was shown to promote tumor angiogenesis [12]. The studies in lung metastases of
mice with prostate cancer were found to have
increased Cav-1 expression compared with the
primary tumor [13]. In human, the lymph node
metastases of human prostate and breast cancers were shown to have a higher Cav-1 level
than those of normal epithelial tissues from
prostate and breast [14]. These in vivo studies
highlighted the role of Cav-1 as an oncogenic
and pre-metastatic potential. Indeed, several
types of cancer in human patients having increased in Cav-1 level were found decreasing in
a survival rate [15]. However, contradictory results have also been obtained from mice with
breast cancer. Genetic deletion of Cav-1 in vivo
was shown to enhance tumorigenesis and lung
metastasis [16]. To reconcile these contradictory findings, researchers proposed that the Cav
-1 levels may vary during the course of tumor
progression and metastasis [17]. In an early
stage of cancer development, the absence or
down-regulation of Cav-1 is necessary for facilitating oncogenic transformation; however, the
re-expression or up-regulation of Cav-1 at later
stages possibly confers the cancer cells’ potential to become drug resistance and metastatic
cancer [13, 17, 18].
The role of Cav-1 in regulating cell survival and
metastasis may be distinguishable between
SCLC and NSCLC. Reduced or absent Cav-1
expression is found in approximately 95% of
SCLC cases. On the other hand, the Cav-1 expression in NSCLC is exceeding 76% of overall
NSCLC cases. In addition, Cav-1 expression in
NSCLC was found well-correlated with the increased cell proliferation and metastatic potential assessed by liquid colony formation assay
[19]. Clinicopathologic profiles of pulmonary
squamous cell carcinomas, which are NSCLC
subtypes, were shown that Cav-1 expression
was associated with poorer prognosis than
those in Cav-1 negative group [20]. The additional studies on the role of Cav-1 also extend
the role of Cav-1 protein to the drug resistance
capacity in NSCLC. In advanced NSCLC patients
treated with gemcitabine-based chemotherapy,
Cav-1 expression was found correlated with
drug resistance and poor prognosis [21].
Role of caveolin-1 on anoikis resistance
As anoikis-resistant capability is the key step
that enables cancer cells to succeed in their
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colonization at the secondary site, an intensive
investigation to explore the mechanisms of
anoikis resistance has been conducted. Most
explanations involving anoikis resistance are
dealing with the integrins, which sense the mechanical forces between cells and extracellular
matrix (ECM). When the cell detaches from their
ECM, the unligated integrins will act as a celldeath starter through the integrin-mediated
death (IMD) process [22]. However, in certain
cancer cells, anoikis resistance occurrs when
the cells obtaining signals from constitutively
activated downstream pro-survival pathways,
such as PI3K, Ras-Erk, NF-kB and Rho GTPase,
such death mediating caused by the loss of integrin signaling can be ignored [23]. The study
that highlighted the role of Cav-1 in sustain Akt
activation by inhibiting serine/threonine protein
phosphatase PP1 and PP2A suggested that Cav1 has a role in a survival pathway [24]. Recently, our colleague have demonstrated that
Cav-1 can directly confer the anoikis resistance
in NSCLC by the interaction with its antiapoptotic partner, Mcl-1 protein, and prevent
the latter protein from the degradation by ubiquitin-proteasomal system [25]. Whether the
direct effect of Cav-1 in stabilizing anti-apoptotic
molecule or sustain the pro-survival signal, Cav1 is an interesting candidate for further study
on its role in controlling anoikis resistance by its
pro-survival characteristic in this particular type
of cancer.
The relationship of Cav-1 and Mcl-1 that has
been investigated by our group leading us to
take Mcl-1 into account that Mcl-1 may be the
downstream target of Cav-1 and function
dependently with Cav-1 in contributing to
anoikis resistance. Based-on clinical and in vitro
study of NSCLC, two main types of protein that
frequently found overexpressed in this type of
tumor are Cav-1 and Myeloid cell leukemia -1
(Mcl-1) proteins [26, 27, 32]. Mcl-1 is a prosurvival member of the Bcl-2 family that was
initially identified as an immediate-early gene
expressed during PMA-induced differentiation of
ML-1 myeloid leukemia cells [28]. The ability of
Mcl-1 that can inhibit apoptosis is involved with
its ability to sequester proapoptotic proteins Bcl2 homologous antagonist killer (Bak) and Bcl-2associated protein X (Bax) which localizes at the
mitochondrial membrane and in the cytoplasm,
respectively. Mcl-1 is strikingly linked with poor
prognosis of human breast cancer, in which the
high level of Mcl-1 was shown to relate to high
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tumor grade and poor survival of breast cancer
patients [29]. Moreover, in various kinds of cancer cell line, Mcl-1 stabilization by GSK-3β inactivation allows Mcl-1 to be more pronounced
effects in tumorigenesis [30]. The evidence in
the role of Mcl-1 on NSCLC tumorigenesis stem
from the study of NSCLC resected from the patients. In the group of specimens that were
evaluated, Mcl-1 seems to be overexpressed in
larger proportion compared to a Bcl-2 overexpressed subgroup [31]. NSCLC cell lines including A549, H460 and H1299 that are abundant
in Mcl-1 protein were found dramatically increased in an apoptotic rate when using antisense targeting Mcl-1 oligonucleotide [27].
Interestingly, Mcl-1 has been shown by sufficient studies to be necessary in inhibiting
anoikis in cancers [33, 34]. The overexpression
of Mcl-1 in human lung cancer H460 cells
strongly reduce cell apoptosis after detachment,
while the short hair pin RNA-mediating Mcl-1
reduction dramatically enhances anoikis response in such cells [25]. These results align
with the response from the differential expression of Cav-1 affecting the cell viability after the
detachment that we previously demonstrated in
H460 cells [35], then supporting our recent
study that Cav-1 and Mcl-1 may work dependently on anoikis regulation.
During anoikis, the decrease of Cav-1 was reported in many studies [25, 35, 37]. This reduction was significant in the anoikis initiation.
When properly formed, Cav-1 resides in the
caveolae with a slow turnover rate and may be
reduced via endosomal and ubiquitinproteasomal pathways [36]. However, the study
by Mundy et al. showed that targeting Cav-1 to
the lysosome is not necessary to alter the degradation rate of Cav-1 [38]. Also, we performed
the experiment in detached NSCLC cells and
found that Cav-1 degradation during anoikis
involved the ubiquitin proteasomal system but
not transcription-related mechanism [25, 37],
suggesting that the ubiquitin-proteasomal pathway was the primary mode of Cav-1 downregulation after cell detachment in NSCLC.
Role of reactive oxygen species and nitric oxide
on caveolin-1
Since mediators presenting in the microenvironment of the primary tumor are likely to impact
anoikis behaviors of the cancer cells, studies
regarding the effect of species frequently found
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anoikis, NO inhibited Cav-1 down
-regulation in such study was
shown to responsible for NOmediated anoikis resistance [37]
(Figure 1).

Figure 1. The scheme representing effects of reactive oxygen species
and nitric oxide in regulation of cancer cell anoikis through a caveolin-1dependent pathway. In the attached condition, hydroxyl radical enhances
cancer cell migration and invasion by increasing the level of caveolin-1
protein, while hydrogen peroxide and superoxide anion play an opposite
effect. Under cell detachment condition, the loss of cell-extracellular
matrix interaction mediates caveolin-1 down-regulation and anoikis. Endogenous hydrogen peroxide functions in maintaining caveolin-1 level
which subsequently suppressed anoikis. Also, exogenous hydrogen peroxide and nitric oxide sustains such caveolin-1 level and inhibited anoikis
response of the cells. During anoikis, caveolin-1 inhibits anoikis via Mcl-1
and/or Akt-dependent pathways.

in cancer environments on Cav-1 and cell behaviors like anoikis is of interest. Nitric oxide
(NO), reactive nitrogen species often found in
cancer environments, has been shown to be
elevated in many human metastatic lung cancers [39-41]. Endogenous NO could be synthesized from amino acid L-arginine by NO synthases [44, 45]. The evidences indicate the role
of NO in a regulation of several physiological
and pathological processes [44, 45]. In certain
cases, endogenous NO in appropriate amounts
has been reported to inhibit apoptosis in several
cell types [46, 47]. Likewise, the study found
that NSCLC cells treated with NO donors resulted in an increasing rate of anoikis resistance and an opposite effect could be found
with NO inhibitors [37]. NO was shown to inhibit
Cav-1 reduction after cell detachment by interfering with Cav-1 ubiquitination through the
process regarding with protein S-nitrosylation
[37]. As the cancer cells transfected with Cav-1overexpressing plasmid showed a sufficient
increase in Cav-1 and correlated resistance to
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In terms of reactive oxygen species (ROS), ROS such as superoxide anion, hydrogen peroxide,
and hydroxyl radical have been
shown to be associated with
several cancer cell behaviors.
Indeed, ROS were found in a
surrounded area of cancer cells
since a high level of such mediators are produced by immune
cells and cancer cells in response to inflammation [48, 49].
A level or ROS has been shown
to be dramatically up-regulated
in the cancer-related tissue in
comparison to that of normal
tissue [50]. In attached lung cancer cells, cellular hydroxyl radical
up-regulates the Cav-1 expression and promotes cell migration
and invasion in NSCLC cells
while superoxide anion and hydrogen peroxide played a negative role on cell migration and
invasion by decreasing cellular
Cav-1 level [51].

The evidence also highlights the role of endogenous hydrogen peroxide in reducing Cav-1 ubiquitination after cell detachment [35]. Cellular
hydrogen peroxide and hydroxyl radical were
shown to increase during NSCLC cell detachment. However, only hydrogen peroxide played a
role in sustaining Cav-1 level during anoikis
process and contributed anoikis resistance
[35]. The transcriptional regulation should also
take into account in the anoikis context; however, cav-1 mRNA level was shown to be unchanged during cell detachment [37, 52]. Taken
together, the mode of Cav-1 reduction during
cell detachment was mainly due to the ubiquitin
-proteasomal degradation pathway. Also, the
detached lung cancer cells treated with exogenous hydrogen peroxide rendered cells resistant
to anoikis by sustained Cav-1 level [35].
A distinct role of hydrogen peroxide in NSCLC is
of interest since in detached condition, hydrogen peroxide sustained Cav-1 level [35] while in
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attached cell condition, hydrogen peroxide
played an opposite effect [51]. These phenomenons fit with the explanation that detachment of
the cells caused signal triggering Cav-1 degradation through the ubiquitn-proteasomal pathway and hydrogen peroxide could attenuate the
process. While in the absence of detached signaling, the Cav-1 protein is quite stable in cellular caveolae [36] and could be degraded in response to oxidative stress mediated by superoxide anion and hydrogen peroxide [51] (Figure 1).
Summary
Understanding functions and underlying mechanisms which protein regulates cancer progression and metastasis are prerequisite to the development of novel cancer therapies. Even
though clinical and in vivo data are of necessity,
this knowledge based on cellular and molecular
investigations offered a potential opportunity to
develop a new strategy in treating NSCLC by
targeting Cav-1 protein. Indeed, the present
review indicated the possible role of Cav-1 in
regulation anoikis resistance in NSCLC cells.
Also, the impact of cancer microenvironmentderived mediators on cancer cell behaviors described in this review might draw an interest
toward investigating those reactive species as a
possible target in supporting lung cancer treatments.
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