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Lung cancer is one of the most common and malignant cancers with extremely high morbidity and mortality in both males
and females. Although traditional lung cancer treatments are fast progressing, there are still limitations. Caveolin-1 (Cav-
1), a main component of caveolae, participates in multiple cellular events such as immune responses, endocytosis,
membrane trafficking, cellular signaling and cancer progression. It has been found tightly associated with lung cancer cell
proliferation, migration, apoptosis resistance and drug resistance. In addition to this, multiple bioactive molecules have
been confirmed to target Cav-1 to carry on their anti-tumor functions in lung cancers. Cav-1 can also be a predictor for
lung cancer patients’ prognosis.
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| 1. Introduction

Globally, lung cancer occupies the highest incidence and mortality among all carcinomas in males. In females, the
incidence of lung cancer is the third highest after breast cancer and colorectum cancer, while its mortality is only
secondary to breast cancer L. Besides the original disease, lung cancer patients also tend to have comorbidities, such as
chronic obstructive pulmonary disease, cardiovascular diseases, cerebrovascular disorders and diabetes, which further
threaten their lives 2. In a clinical scenario, lung carcinoma can be classified into small cell lung cancer (SCLC) and non-
small cell lung cancer (NSCLC) based on cell size. They have significant differences in cellular morphology, malignancy
and prognosis. SCLC accounts for approximately 15% of all the patients. The other 85% are NSCLC cases. Compared
with NSCLC, SCLC is more aggressive and malignant, with a low 5-year survival rate of 5%. NSCLC is a large group
containing squamous cell carcinoma (SCC), adenocarcinoma (AC) and large cell lung cancer (LCLC), and it has a good
prognosis through surgical interference at the early stage .

Caveolin-1 (Cav-1) is one of the main constituents of Q-shaped caveolae on the plasma membrane (Eigure 1). The
abnormal expression of Cav-1 detected in lung cancer has been closely linked to cancer progression such as cell
proliferation, migration, apoptosis and drug resistance. Therefore, it is necessary to decipher the detailed correlation
between Cav-1 and lung cancer.
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Figure 1. Structure of caveolae and Cav-1. Caveolae is an Q-shaped structure located on cell membranes. Cav-1 is a
main component of caveolae, consisting of a C-MAD, transmembrane, and scaffolding domains.

| 2. Overview of Caveolae and Cav-1

Caveolae are described as flask-shaped, invaginated structures on the plasma membrane that can also fuse to form
grape-like structure and tubules 4. Caveolae are predominantly located in stressed cells like muscle cells, endothelial



cells, fibroblasts and adipose tissues, but are undetectable in neurons, lymphocytes and kidneys BI€l. Caveolae have
basic roles including membrane trafficking, lipid metabolism and cell signal transduction, and are associated with various
diseases [, Studies have revealed that the main components of caveolae, the caveolins (Cavs) family, contain three
isoforms: Cav-1, Cav-2 and Cav-3. Besides the specificity of caveolae distribution, the Cavs expression also presents
tissue-specific variation. It has been proven that both Cav-1 and Cav-2 are expressed in all tissues excluding skeletal
muscle, while Cav-3 is mainly expressed in striated muscle. Some particular cells or tissues, for instance, the cardiac
muscle and smooth muscle, can simultaneously express Cav-1, Cav-2 and Cav-3 [EIEIL The Cavin family is another
group of key molecules to form the caveolae. The Cavin family includes cavin-1 (polymerase | and transcript release
factor, PTRF), cavin-2 (serum deprivation response protein, SDPR), cavin-3 (serum deprivation response factor-related
gene product that binds to C-kinase, SRBC) and cavin-4 (muscle-restricted coiled-coil, MURC) 2. Cavins can remodel
the plasma membrane by interacting with membrane lipids, and regulate caveolae assembly 2. Cavin-1 can prevent the
degradation of Cav-1 from lysosomal enzymes through interacting with Cav-1 to shape caveolae structure 13l The
complex is fixed firmly to the membrane, which is essential for caveolae formation [324],

Cav-1 is identified as one of the main components of caveolae with 22kDa molecular weight, and the Cav-1 gene is
located at the D7S522 locus on chromosome 7 (7q31.1) with three exons 8. Cav-1 plays multiple roles in immune
responses, endocytosis, membrane trafficking, cellular signaling, and is also related to specific diseases such as
atherosclerosis, pulmonary hypertension and Alzheimer’s disease B2, Particularly, Cav-1 is found to be associated with
cell differentiation, proliferation, migration and invasion in cancers 18, The roles of Cav-1 in cancers are controversial. In
some cancers, such as colorectal cancer 12 and ovarian cancer 28, Cav-1 expression is down-regulated, suggesting that
Cav-1 can inhibit such cancer development. Interestingly, it is elevated in other malignancies such as endometrial
carcinoma 9, hepatic cancer 29, preast cancer 24, prostate cancer 2, and pancreatic cancer 22, in which Cav-1
propels cell growth and migration and results in cancer deterioration. This dual role has been found to be stage-
dependent, since Cav-1 is downregulated and performs tumor-suppressor function at the early stage, while at the later
stage, Cav-1 is up-regulated and plays oncogenic roles 18],

The context-dependent role of Cav-1 is seen also in lung cancer. Cav-1 expression is greatly reduced in lung cancer
compared with the normal pulmonary tissue, and its expression in cancer tissues with different histological types and
stages also shows variation (Table 1). The expression of Cav-1 in parenchyma is higher in SCLC than in NSCLC, and is
lower at the advanced stage than at the early stage. Even in the same tissue, its expression in individual cells can be
distinct from each other, shown by immunohistochemistry (IHC) staining. Furthermore, it can also be totally absent in
some other cases [231241123] | |Jung cancer, Cav-1 is found to act on multiple downstream effectors, such as epidermal
growth factor receptor (EGFR) [28, extracellular regulated protein kinases (ERK) (24, focal adhesion kinase (FAK) 28] and
protein kinase B (AKT) 28 to mediate key aspects of cancer progression. Due to these functions, Cav-1 can be
considered to act as a target for lung cancer therapy.

Table 1. The diversity of Cav-1 expression in non-cancer tissues and lung cancer tissues of different grades and types.

Tumor Cav-1 positive Number/Total Sample

Tissue Type Histological Type Grade Number Reference
16/16(100%) 29
15/19(78.9%) 29
Non-cancer
tissue 20/20(100%) 31
20/20(100%) [E2]
AC v 23/116(19.8%) 1251
AC -1 19/43(44.19%) 29
scc -1 34/107(31.7%) &3]
AC+SCC+others_ (LF:LC, ASC and IV 60/115(52.2%) [20]
Lung cancer carcinoid)
tissue
AC+SCC+LCLC -1V 105/160(65.7%) 1
AC+SCC+LCLC Il and/or IV 12/73(16.4%) [24]
AC+SCC+LCLC+ASC -1 69/140(49.3%) 2]

B

SCLC -V 49/70(70%) 35



ASC: adenosguamous carcinoma.

| 3. Cav-1 Regulates Lung Cancer Cell Proliferation

Cell proliferation is a cycle that consists of G1, S, G2 and M phases, which can usually be regulated by cyclin (cyclin A, B,
D and E) and cyclin-dependent kinase (CDK; CDK1, 2, 4 and 6) protein families. Abnormal expression of these regulators
can lead to uncontrolled cell proliferation, and then tumor development [2EI37[38],

Cav-1 is involved in the lung cancer cell cycle. Typically, in a majority of NSCLC cell lines (H460 and A549), Cav-1 has
oncogenic characteristics that facilitate lung cancer cell proliferation. In H460 cells, Cav-1 knockdown can reduce the
expression of cyclin D1 and proliferating cell nuclear antigen (PCNA, a regulator of DNA replication during cell division).
Subsequently, most cells pause at the G1/S stage, thus inhibiting cell proliferation B2, In paclitaxel-resistant A549 cells,
Cav-1 knockdown results in decreased proliferation by reducing cyclin D1 expression and inhibiting AKT phosphorylation.
As a result, the dividing cells are arrested at the GO/G1 phase and the number of cells in the S or G2/M phase is
dramatically reduced 9. While in SCLC cell lines (SCLC-R1, H446), Cav-1 can play dual roles on regulating cell
proliferation. The proliferation inhibition is found in Cav-1-knockdown SCLC-R1 and RAL cells. Due to Cav-1
downregulation, the cyclin D1 and CDK4 levels are both reduced. Meanwhile, the expression and phosphorylation of the
signal transducer and activator of transcription 3 (STAT3), a key transcription factor targeting gene CCND1 (can encode
cyclin D1), are also decreased. Reduced expression of cyclin D1 can eventually lead to slow cell division. These factors
contribute to cell growth arrest all together 21, Such cases indicate that Cav-1 knockdown can inhibit lung cancer cell
proliferation via negatively regulating the cell cycle, which suggests a probably positive correlation between Cav-1 and
lung cancer cell proliferation. However, Sun et al. drew a completely opposite conclusion in H446 cells. They found that
Cav-1 over-expression could decrease pERK1/2 expression and make most cells arrest at the G2/M phase, and finally
inhibit cell proliferation 2. In the study, they also found that Cav-1 over-expression could lead to estrogen receptor (ER)
and progesterone receptor (PR) reductions. Estrogen and progesterone have been reported to stimulate cell proliferation
in breast cancer by elevating cyclin G1 expression 22, However, the direct evidence of Cav-1-mediated cell proliferation
by acting on ER and PR still lacks. This is probably the reason why this cell line behaves contrary to the others. Cav-1 can
also facilitate lung cancer cell proliferation via other pathways. In A549 and GLC-82 cells, Cav-1 can function as one of
the plasma membrane components to mediate EGFR endocytosis with the help of prostaglandin E2 (PGE2), to induce its
nuclear translocation. Then EGFR can interact with STAT3 in the nucleus and promote STAT3 activation, leading to
enhanced cell proliferation. Thus, Cav-1 ablation will impair EGFR accumulation within the nucleus and restrain cell
proliferation 48], Cav-1 over-expression can increase GLC-82 cell proliferation, and an obvious tumor growth was also
observed in mice models transplanted with such cells 28, In A549 and SK-MES-1 cells, by RT-gPCR, IncRNA HOTAIR
expression was checked and shown to be increased by Cav-1. Then, as was shown in the results of CCK-8 and transwell
assays, they can synergistically facilitate cell proliferation and viability 24,

| 4. Cav-1 Participates in Lung Cancer Metastasis

Cell migration is a process that can take place in both physiological and pathological conditions, such as early embryo
development, tissue repair, immune response, inflammatory response and cancer metastasis 4. Metastasis consists of a
series of events that can be described as follows: cancer cells detach from extracellular matrix (ECM), then invade locally
into the stroma by secreting matrix metalloproteinases (MMPs) to degrade ECM, later intravasate into blood or lymphatic
vessels and survive within the circulation, and finally the cells extravasate and generate a metastatic lesion at a distant
site (Figure 2) 481471, There are three different routes for metastasis, namely, direct seeding, the hematogenous pathway
and lymphocytic pathway. Lung cancer undergoes metastasis through either blood vessels or lymphatic vessels in most
cases. The most common sites that the secondary lung cancer preferentially occurs are bones, liver, brain and adrenal
glands 48], A clinicopathological test has unveiled that Cav-1-positive lung AC patients tended to have worse tumor, node,
and metastasis (TNM) stage in comparison to the negative patients 2. Hence, Cav-1 may play a significant role in lung
cancer cell migration.
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Figure 2. The pattern of lung cancer metastasis. (a). The preferential sites of lung cancer metastasis, include brain, liver,
bones and adrenal glands; (b). Cav-1 participates in lung cancer metastasis. The lung tumor epithelial cells can undergo
epithelial to mesenchymal transition (EMT) to become more invasive transformed cells, then invade locally into the stroma
by extending motive pseudopods and secreting MMPs to degrade ECM, later intravasate into blood or lymphatic vessels
and survive within the circulation, and finally extravasate and generate a metastatic lesion at a distant site. Cav-1 can
inhibit TGF-B signaling-mediated EMT via inducing the internalization and degradation of TBR-1. Cav-1 over-expression
can increase the Snail level to repress the E-cadherin level, further to facilitate EMT, and can also increase the
lamellipodia and filopodia formation by elevating pAKT and pFAK expression, leading to enhanced cell invasiveness. Cav-
1 absence can prevent VEGFR-2 from binding VE-cadherin and permits VEGFR-2 to be phosphorylated by VEGF, thus to
enhance endothelial cell growth and lead to angiogenesis. Cav-1 knockdown can reduce E-cadherin to attenuate cell
adhesion and lead to EMT.

4.1. Cav-1 and Angiogenesis

Like other cancers, lung cancer is composed of parenchyma and stroma. Parenchyma is the real tumor mass that
consists of true neoplastic cells. The major components of stroma are connective tissues and blood vessels. They can
support and nourish the parenchymal portion. To meet the nutritional requirements, new blood vessels in lung cancer are
constantly formed based on the existing networks in the stroma, which can also provide pathways for cancer cell
hematogenous migration BABABI |y addition, the vasculature in cancers is more permeable than that in normal tissues,
therefore making it easier for cancer cells to migrate 22, Vascular endothelial growth factor (VEGF) family proteins can be
secreted by tumor cells. They can bind to the VEGF receptor (VEGFR) on the endothelial cell membrane to regulate
endothelial cell proliferation and migration, which is regarded as angiogenesis [521541[55],

Some studies have demonstrated the links between Cav-1 and the angiogenesis that occurs in lung cancer. In Lewis lung
carcinoma (LLC) cells (NSCLC cell line), cavtratin, the scaffolding domain peptide of Cav-1, can inhibit endothelial nitric
oxide synthase (eNOS) function and subsequently block NO production, eventually to prevent LLC cells leakage and
decrease angiogenesis B2BSIBTBE] |n Cav-1-knockout mice transplanted with LLC cells, the Cav-1 absence prevents
VEGFR-2 from binding VE-cadherin (a protein that can interact with VEGFR-2 and lead to its dephosphorylation) and
permits VEGFR-2 to be phosphorylated by other factors such as VEGF families, thus to enhance endothelial cell growth
and lead to angiogenesis. Such mice also show microvascular hyperpermeability BIE%, These findings imply that Cav-1
can negatively regulate lung cancer angiogenesis and prevent tumor cell leakage.

4.2. Cav-1 and Pseudopods Formation

Pseudopods, including filopodia, lamellipodia and invadopodia, are cellular protrusions that can mediate cell motility and
sensation 42, Filopodia and lamellipodia have similar functions but are structurally different. Filopodia are finger-like



protrusions while lamellipodia are flatter and broader, both of which are important for cell migration 1. There are complex
and massive molecules associated with pseudopods formation. FAK is a non-receptor tyrosine kinase that is up-regulated
in various cancers, and involved in tumor cell proliferation, migration and survival. By recruiting the downstream molecules
paxillin and talin, FAK is able to modulate focal adhesion dynamics to control cell motility 253l |t can also interact with
the p85 subunit of phosphatidylinositol 3-kinase (PI13K) to phosphorylate AKT B4I65 AKT can mediate actin organization
by acting on Girdin, an actin-binding protein 81671 Actin polymerization and rearrangement eventually trigger the
generation of pseudopods 6869,

Cav-1 can mainly induce the formation of filopodia and lamellipodia, thus enhancing NSCLC cell migration. In NO-treated
H460 cells, Cav-1 expression is upregulated, which subsequently elevates phosphorylated FAK (pFAK) and
phosphorylated AKT (pAKT) levels. As a result, such cells generate more filopodia and show stronger motility and
invasiveness [28. In H23 cells, with a fluorescence microscope, the lamellipodia number is observed to be increased due
to Cav-1 over-expression, which can elevate pAKT expression leading to enhanced cell invasiveness 9. Similar to the
aforementioned results, Ho et al. also reported that in the highly-invasive lung AC cell lines (CL1-5 and CL1-5F4), Cav-1
expressed higher than that in the low-invasive cell lines (CL1-0 and CL1-1). Such high expression of Cav-1 induced the
formation of filopodia and eventually enhanced cell motility. Additionally, they demonstrated that the lipid existence was
indispensable for Cav-1-mediated filopodia formation 4. On the contrary, in H460 and H292 cells, chrysotobibenzyl-
induced Cav-1 downregulation leads to decreases in pFAK and pAKT, which suppresses filopodia generation and cell
migration (Z2],

4.3. Cav-1 and EMT

During EMT, cells lose their original characteristics and gain mesenchymal properties. The original cobblestone-like
epithelial cells are converted to spindle-like mesenchymal cells. The expression of epithelial markers, such as E-cadherin,
are downregulated, while mesenchymal markers such as N-cadherin, Vimentin, Snail, Slug, Twist and alpha-smooth
muscle actin (a-SMA) are over-expressed. Such cells can also secrete MMPs to degrade the basement membrane, thus
permitting the cells to invade and migrate [Z3IZ475](76]

In NSCLC cell lines, Cav-1 can exert dual roles on EMT progression. In A549 cells, transforming growth factor-3 (TGF-)
can bind to the TGF-f receptor-1 (TBR-1) on the cell membrane, which triggers EMT by upregulating Vimentin, Snail and
Slug, and downregulating E-cadherin. Cav-1 can also combine with TBR-1 to induce its internalization and further cause
its degradation mediated by ubiquitin-proteosome, thus blocking TGF-§ signaling pathway. In contrast, syntenin, a scaffold
protein that can interact with multiple membrane receptors, is able to prevent TBR-1 internalization and degradation by
disassociating the TBR-1/Cav-1 complex, finally to facilitate lung cancer progression U8 A metastasis-associated
protein called EF-hand domain-containing protein D2 (EFHDZ2) is found to inhibit Cav-1 mRNA and protein expressions,
and subsequently upregulate Snail and Vimentin as well as downregulate E-cadherin in A549 cells to enhance EMT.
Additionally, Cav-1 re-expression can partly reverse EFHD2-induced EMT 2. E-cadherin can link to pB-catenin on the cell
membrane and then strengthen cell adhesion. In H460 cells, Cav-1 knockdown can reduce E-cadherin and increase 3-
catenin, hence, attenuating cell adhesion leading to EMT process BIBY The aforementioned studies suggest an
inhibitory role of Cav-1 in regulating EMT in NSCLC. However, in some occasions, Cav-1 may function as a positive
regulator. In H157 cells, Cav-1 over-expression can increase the Snail level, which further represses the E-cadherin level
to facilitate EMT and migration (12 Conversely, in Cav-1-knockdown H460 and 95D cells, decreased pEGFR,
pERK1/2, MMP-2 and MMP-9 levels can be measured by western blot and reduced cell invasion can be observed by
transwell assay 8384l |n Cav-1 over-expressed SCLC cell line H446, EMT-associated characteristics such as low E-
cadherin expression and high MMP-3 expression can be detected, resulting in enhanced cell invasion (85,

4.4. Cav-1 Regulates Cell Movement via Multiple Molecules

There are some other pathways involved in Cav-1-mediated NSCLC cell motility. Located on the cell membrane, caveolae
can sense the alteration of mechanical stress, and Cav-1 can be phosphorylated responding to several stimuli, thus, to be
involved in multiple cellular events . Sinha et al. found that mechanical stress over Hela and mouse lung endothelial
cells flattened caveolae to buffer the tension and freed Cav-1 B8, In A549 and CL1-5 cells, elevated hydrostatic pressure
(which mimics increased interstitial fluid pressure that is seen in many solid cancers) can increase phosphorylated Cav-1.
Then, through Cav-1/AKT/ERK axis, the aquaporin-1 (AQP1) level is elevated, which can impel cell migration B2, In A549
cells, Cav-1 and protein arginine methyltransferase 5 (PRMT5) can synergistically facilitate the exteriorization of Eno-1, a
glycolytic enzyme that can promote lung cancer cell migration. Eno-1 is further methylated by PRMT5 and then degrades
the ECM for cell invasion 88, Hydrogen peroxide (H,O,) and hydroxyl radical (:OH) are two key exogenous reactive
oxygen species (ROS). In H460 cells, Cav-1 over-expression can elevate pAKT expression and subsequently suppress
the production of H,O, and -OH. The dysregulation of ROS negatively influences the expression of vascular endothelial



cell adhesion molecule-1 (VCAM-1). VCAM-1 can promote the adhesion between endothelium and cancer cells. Hence,
its ablation makes such an attachment become loose, leading to promoted cell migration and invasion B2, H,0, and
another ROS superoxide anion (O,™) can decrease the Cav-1 level by enhancing its ubiquitination in H460 cells. Cav-1
downregulation then decreases pAKT, and results in attenuated cell migration and invasion. Nevertheless, -OH treatment
can produce entirely opposite results in comparison with the other two ROS Y. Cav-1 can also function to inhibit lung
cancer cell migration. In H1299 cells, Cav-1 can interact with DLC-1, an anti-metastasis protein, to co-localize in caveolae

and form a complex. It can inhibit tumor cell migration probably by enhancing the tumor suppressive role of Cav-1 in these
cells [,

| 5. Cav-1 Involved in Lung Cancer Therapy

Current treatments of lung cancer include surgery, chemotherapy, radiotherapy and targeted therapy. The traditional
surgical resection of the tumor is generally recommended for early-stage lung cancer (especially NSCLC) patients 221,
First-line drugs containing platinum (e.g., cisplatin and carboplatin) plus paclitaxel, and other chemotherapeutic agents
such as gemcitabine, vinblastine and docetaxel are routinely applied for NSCLC chemotherapy 23194l Targeted drugs
aimed at EGFR mutation, regarded as EGFR tyrosine kinase inhibitors (EGFR-TKI), are also well studied 22!, However, a
major obstacle called multiple drug resistance (MDR) can usually affect drug efficacy when using these drugs as
treatment.

5.1. Cav-1 and Drug Resistance

A high Cav-1 level has been shown to be associated with drug resistance during the treatment process of numerous
cancers such as lung cancer, esophageal cancer 28, colorectal cancer 24 and renal carcinoma 28, Cav-1 can enhance
drug resistance in some NSCLC cell lines. In the parental paclitaxel-sensitive A549 cells, caveolae are absent. However,
both caveolae and Cav-1 are upregulated in paclitaxel-resistant A549 cells, which implies a potential relationship between
Cav-1 and paclitaxel resistance 9. Conversely, Cav-1 knockdown in such paclitaxel-resistant A549 cells can induce
apoptosis by increasing Bax and decreasing Bcl-2, thus, making the cells become sensitive to paclitaxel 2. In PC-9 cells
treated by gefitinib and erlotinib separately, Cav-1 knockdown results in attenuated cell proliferation and migration, and
they become more sensitive to gefitinib and erlotinib. These are probably the consequences of Cav-1 downregulation-
mediated decreases of pEGFR, pERK and pAKT. The same results were also observed in tumor-implanted nude mice
treated exclusively with gefitinib 199, |n H292 cells, NO exposure can upregulate Cav-1, pAKT and Bcl-2, finally trigger
chemo-resistance against doxorubicin and etoposide as well as promote cell survival, which were assessed by Hoechst
33342 staining and flow cytometry 1041,

Unlike the aforementioned observations, some papers have also reported that Cav-1 can negatively regulate drug
resistance in NSCLC cell lines. A high Cav-1 level could contribute to the entry of albumin and nab-paclitaxel (albumin-
bound paclitaxel) into H23 lung cancer cells, therefore, enhancing cell apoptosis; while drug resistance is shown in these
cells following Cav-1 reduction 292, According to such a mechanism, a novel approach has been designed to maximize
the efficacy of fenretinide. In A549 cells, Cav-1 upregulation can efficiently increase the absorption of fenretinide
encapsulated by albumin shells, thus promoting fenretinide-induced toxicity in A549 cells 2231, p-glycoprotein (P-gp) can
transport drugs from the cytosol to the matrix. Over-expression of P-gp can promote drug efflux, lower the intracellular
drug concentration, reduce drug’s cytotoxicity, hence, leading to drug resistance [84I[193] |t has been reported that P-gp is
found highly expressed in caveolae-rich areas and can interact with Cav-1. Such an interaction can inhibit P-gp-mediated
drug efflux to decrease drug resistance. For example, in doxorubicin-resistant Hs578T breast cancer cells, Cav-1 over-
expression can reduce the activity of P-gp and corresponding doxorubicin resistance 1981971 \When the combination of
Cav-1 with P-gp is interrupted, the function of P-gp can be reactivated. In A549 and H460 cells, Cav-1 with lysine 176-to-
arginine (K176R) mutant fails to form the Cav-1/P-gp complex, thus P-gp functions normally to accelerate the efflux of
substrates (i.e., paclitaxel and doxorubicin). Moreover, they also found that Cav-1 K176R mutant could influence Cav-1
oligomerization, which is essential for caveolae structure and is probably the cause for inducing the disassociation of Cav-
1 and P-gp [108],

5.2. Cav-1 and Cell Senescence

Cell senescence refers to a physiologically inactive state and such cells undergo irreversible growth arrest 129 Therefore,
cell senescence can be regarded as a novel method of interrupting cancer cell proliferation and treating cancers 119, |n
general, bleomycin can modulate Cav-1 expression, give rise to cell senescence and act as an anti-tumor agent 2114, |n
A549 cells, bleomycin treatment can elevate the Cav-1 level and then downstream molecules p53 and p21 (12,
Additionally, the Cav-1-induced activation of the p53/p21 pathway has been previously demonstrated to inhibit the function
of CDK and inactivate DNA polymerase & (a key regulator of DNA replication) to cause cell cycle arrest in NIH3T3



fibroblast cells 13, Additionally, Cav-1 is also found to interact with MGr1-Ag on plasma membrane in the bleomycin-
treated A549 cells. Their binding can potentially lead to cell senescence, however, further work is still required 141,

5.3. Multiple Cav-1-Targeted Agents

In the previous context, it has been discussed that multiple endogenous and exogenous agents can modulate Cav-1
expression to regulate lung cancer progression. There are also several natural bioactive compounds that can function
similarly. They all target Cav-1 to inhibit NSCLC progression (Table 2). Some of them can inhibit lung cancer cell migration

and invasion, such as chrysotobibenzyl and gigantol. Chrysotobibenzyl, a compound isolated from Dendrobium
pulchellum, can suppress Cav-1 expression and then lead to the downregulation of integrin 1, B3, av and downstream
effectors pFAK and pAKT, thus inhibiting H292 and H460 cell migration 2. In H460 cells, gigantol, a bibenzyl compound
from Dendrobium draconis, can cause a decrease in Cav-1 levels and then pAKT to subsequently suppress Cdc42
expression and filopodia formation, finally to attenuate cell motility 131, Others can elevate lung cancer cells' apoptotic
rates, including dendrofalconerol A (DF-A), moscatilin, zinc, cordycepin, jorunnamycin A and ethanolic extract of Antrodia
cinnamomea (EEAC). DF-A, a methanol extracted from Dendrobium falconeri, can elevate the sensitivity of H460 cells to
anoikis by means of decreasing Cav-1, pAKT and Bcl-2 levels M8 Moscatilin, isolated from Dendrobium
brymerianum, can also induce anoikis by reducing pro-survival proteins pATK, pERK and Mcl-1 via a Cav-1-dependent
pathway in H460 cells 117, Zinc can sensitize H460 cells to anoikis by suppressing Cav-1 and pAKT 18] |n A549 cells,
cordycepin, an adenosine analog, can raise Cav-1 expression. Cav-1 then elevates phosphorylated JNK (p-JNK) that can
further prevent Foxo3a phosphorylation and enhance its nuclear translocation. In the nucleus, Foxo3a can increase the
expression of Bax and caspase-3, then the cells exhibit reinforced apoptosis 119, Jorunnamycin A is an extract
from Xestospongia sp., which can suppress Cav-1 expression to inhibit EMT and survival in H460, H292 and H23 cells
(1201 By decreasing Cav-1 expression, EEAC can make A549 cells more sensitive to paclitaxel treatment and slow down
cell viability 1211,

Table 2. Various Cav-1-targeted approaches to suppressing NSCLC progression.

Agent Cell Line Mode of Action Reference
H,0, and O, H460 H,0, and O, —~ Cav-1! -~ pAKT!~ migration!| [20]
. H460 Chrysotobibenzyl - Cav-1! - integrin 1, B3, av. [z21
Chrysotobibenzyl H292 - pFAK! and pAKT! - migration!
Gigantol H460 Gigantol - Cav-1. -~ pAKT! - CDC42: - EMT! and migration! [118]
DF-A H460 DF-A - Cav-11, Mcl-1:and Bcl-21 - anoikis1 az2
Moscatilin H460 Moscatilin— Cav-1! - IV_Ic_I-ll - pAKT!{,pERK| - 171
anoikist
Zinc H460 Zinc - Cav-1, - pAKT! — anoikist [us]
Cordycepin A549 Cordycepin—~ Cav-11 —» p-JNK1 - Foxo3at — 119

Baxt — apoptosis?®

H460

Jorunnamycin A H292 Jorunnamycin A- Cav-1! - p».QKTl,pERKl - 120
EMT! and apoptosist
H23
EEAC A549 EEAC- Cav-1i— chemosensitivity to paclitaxels 121
Albumin-encapsuled A549 Cav-1 promotes albumin-encapsuled fenretinide uptake into cell - 103
fenretinide apoptosist
Bleomycin A549 Bleomycin~ Cav-11 -~ p531, p211 - senescence? 112
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