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A human steroid hormone, ouabain, has been shown to play a role in 
several types of cancer cell behavior; however, its effects on cancer metastasis are 
largely unknown. Here, we demonstrate in human lung cancer cells that sub-toxic 
concentrations of ouabain facilitate cancer cell detachment from the extracellular 
matrix. Ouabain at concentrations of 0-10 pM significantly enhances cell detachment 
in dose- and time- dependent manners, while having minimal effect on cell viability. 
The detachment-inducing effect of ouabain was found to be mediated through focal-
adhesion kinase and ATP-dependent tyrosine kinase pathways. Alpha-5 and Beta-1 
integrins were found to be down-regulated in response to ouabain treatment. Since 
detachment of cancer cells is a prerequisite process for metastasis to begin, these 
insights benefit our understanding of the molecular basis of cancer biology.   
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CHAPTER I 

INTRODUCTION 

Despite advances in chemotherapy, as well as novel strategies to overcome 

lung cancer, this type of cancer remains a leading cause of death (1). The majority of 

deaths of patients with lung cancer are due to metastasis, a process by which cancer 

cells spread from their origin to other parts of the patient’s body (2-5). In order to 

elucidate molecular targets for the development of novel therapies, insights into 

lung cancer cells biology regarding metastasis are very important. Cancer metastasis 

consists of several key components (6, 7). While other steps of metastasis such as 

anoikis, migration, invasion, and cancer cell adhesion to the endothelial surface have 

been intensively studied, the molecular basis of cancer cell detachment from the 

original tumor is largely unknown.  

This early dissemination of cancer cells from their extracellular matrix (ECM) 

was shown to be critical to successful metastasis.  and such a process occurs via the 

cascades of focal adhesion dissociation (8-11). Even though the mechanisms of 

cancer cell detachment are not yet defined, evidence indicates that focal adhesion 

kinase (FAK) and ATP-dependent tyrosine kinase (Akt) play important roles in both 

cell detachment as well as cell motility (12, 13). Activation of FAK or Akt was shown 

to induce focal adhesion disassembly in many cell models (14, 15). Furthermore, 

integrins, proteins linking focal adhesion complex with components of the ECM were 
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shown to be critical for proper cell adhesion. The focal adhesion sites are major 

regulated by FAK resulting in integrin internalization and FAs turn over. Among 

various types of integrins, α5 and β1 integrins have garnered predominant attention 

in cancer research since their activity was shown to be important for adhesion in 

several types of cancer (16-19). Moreover, several evidences indicate that E-cadherin, 

the major protein plays a key role on cell-cell contact usually lose or down-

regulated during cell dissemination processes (20-22). 

Ouabain, an endogenous substance that has been identified as a human 

hormone, has gained increasing attention in cancer research (23-26). Ouabain was 

reported to found in plasma in concentrations ranging from 2-770 pM (27) and was 

shown to sensitize cancer cells to death induced by TNF-related apoptosis-inducing 

ligand (TRAIL) (28). Because of cancer cells in the patient’s body are likely exposed 

to ouabain and there is no report indicating effects of ouabain in regulation of cancer 

cells detachment, the present study aimed to elucidate the possible regulatory role 

of the substance. The knowledge gained from this study may lead to a better 

understanding of cancer biology and may help in the search for new molecular 

targets for novel anticancer strategies. 
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Research Questions 

1. Does ouabain at physiological levels has an effect on H23 non-small cell lung 

cancer cells detachment? 

2. What is the underlying cellular mechanism on the effect of ouabain at 

physiological levels on H23 non-small cell lung cancer cells detachment? 

Objectives 

1. To investigate the effect of ouabain on H23 non-small cell lung cancer cells 

detachment.  

2. To study the underlying mechanism of ouabain on H23 non-small cell lung 

cancer cells detachment.  

Hypothesis 

Ouabain can trigger H23 non-small cell lung cancer cells detachment by 

inducing alteration in adhesion proteins.  

  



 

 

CHAPTER II  

LITERATURE REVIEW 

Lung cancer 

Lung cancer is one of the most aggressive cancer, with approximately more 

than 1.6 million new cases diagnosed each year and the major death of this cancer is 

due to colonization of cancer cells in distant organs usually in brain, lymph nodes 

and bones (1-5). The most common cause of lung cancer is long term cigarette 

smoking which accounts for 90% of the patients. The other causes are due to several 

factors including genetic factors, radon gas, asbestos, and air pollution (29, 30). The 

main types of lung cancer are divided into two main type small cell lung cancer 

(SCLC) and non-small cell lung cancer (NSCLC), which are classified by their biological 

and treatment methods. Moreover, NSCLS also subdivided into squamous cell 

(epidermoid) carcinoma, adenocarcinoma and large cell (undifferentiated) carcinoma 

(31). 

Small cell lung cancer (SCLC) is found in approximately 10-15% of the 

patients. The major cause of this type is correlated strongly with cigarette smoking. In 

This type, cancer cell grows rapidly and usually metastasize when diagnosed. Most of 

the patients die within only 2 to 4 months from diagnosis if they do not receive 

proper treatment (32).  The treatment is not a surgical procedure but this type of 
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cancer responds very well to chemotherapy when compared to the other type, Non-

small cell lung cancer (NSCLC) (33).  

Non-small cell lung cancer (NSCLC) is found in 85-90% of all lung cancers and 

is commonly diagnosed at an advanced stage. Surgery may be the treatment of 

choice for an early stage of NSCLC (34). However, even with the surgical treatment 

the recurrence of this type of cancer still found in some patients. It was found that 

most of the relapsed patients died from metastasis at distant organs. The relapse 

may happen before surgery or after surgery indicating that NSCLC is often found as a 

systemic disease at the time of diagnosis (35).  

Metastasis 

Cancer metastasis is the characteristic that cancer cells break away from their 

primary sites and travel to other parts of the body and establish new tumor at new 

sites (9, 36). Lung cancer is more likely to spread than other types of cancer. The 

sites that lung cancer cells usually metastasis is brain, lymph node and bone (37). 

The metastasis of cancer is considering the leading cause of death in patients. Lung 

cancer patients whose have metastatic lesion have an average 5-year survival rate 

less than 15% (38).  

The metastasis cascades can be divided into two main processes. The first 

process is involved in the physical translocation of cancer cells from the original sites 

to other sites. The second process is encompassed with an ability of cancer cells to 

develop and adapt into the new environment (6). 



 

 

6 

 

 

 

 

 

 

 

 

 

 

 

Figure 1 The metastasis cascade 
 

Cancer cells metastasis usually involves the following steps: 

 Detachment: cancer cells must detach from their original tumor site (7).  

 Local invasion: cancer cells can invade the tissue around the initial lesion and 

penetrate through their basement membrane (7).  

 Intravasation: cancer cells must entry into the blood or lymph vessel (7). 

 Circulation: cancer cells must survive in the circulation or lymphatic system and 

move through other parts of the body (7). 

 Arrest and extravasation: the adhesion of cancer cells to capillary wall happen at 
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the target site. Then, cancer cells can invade through the capillary wall and migrate 

into the surrounding tissue (7). 

 Proliferation: cancer cells colonize and divide at the target site to form new tumor 

(7). 

 Angiogenesis: the formation of new blood vessels to supply oxygen and nutrients 

that necessary for growth and survival for new tumor (7).   

Detachment of cancer cell 

In the metastasis cascades, it was indicated that the detachment of cancer 

cells from their parent tumor is an initial step in metastasis (6, 7, 9). The 

dissemination of cancer cells from their extracellular matrix (ECM) was shown to be 

critical to a successful metastasis (30, 39). An adhesion molecule named integrin 

plays a key role in cell-ECM adhesion. Integrin is a family of transmembrane receptor 

that links the intracellular actin-cytoskeleton to their ECM. The area of cell-ECM 

adhesion is known as focal adhesion (FAs) contacts (40). When cancer cells detach 

for metastasis, these FAs must be destabilized (41). E-cadherin is a protein that plays 

a critical role in cell adhesion contact and many studies indicate that during 

metastasis, cancer cells always loss of E-cadherin expression (20, 21). 

Because of the detachment of cancer cells from their ECM is a prerequisite to 

a successful metastasis. Therefore, it is necessary to study proteins that regulate the 

detachment processes. In this review we focus on four proteins that play pivotal 
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roles in cancer cell detachment including integrin, focal adhesion kinase (FAK), ATP 

dependent tyrosine kinase (Akt) and E-cadherin. 

Integrin 

Integrin is major cell surface adhesion receptors for ECM. These cell-ECM 

adhesion areas are known as focal adhesion (FAs) contacts (40). Integrin plays crucial 

roles in cell survival and tissue development. Integrin activation leads to critical 

cellular responses including gene expression, regulation of cell survival processes 

including differentiation and proliferation (40, 42). Apart from their physiological roles, 

integrin is also involved in many pathological conditions such as inflammation and 

tumor progression (43).  

Integrin structure is a large heterodimer glycoprotein, consisting of two alpha 

–α and beta –β subunits that link together with non-covalent bonding (40). In 

mammals, 18 α-subunits and 8 β-subunits have been characterized to combine into 

24 cell surface integrin receptors. Each integrin comprises of three domains, 

cytoplasmic portion, single transmembrane portion and extracellular portion (40). 

The adhesion to ECM in each type of integrin is defined by α-subunits while the 

cytoplasmic tail of β-subunits binds to adaptor proteins that connect to the actin 

filaments inside the cell (40).  
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Figure 2 The structure of integrin 
 

Among various types of integrin, α5 and β1 integrins have garnered 

predominant attentions in cancer research area because of their important roles in 

cancer progression in multiple types of cancer including in lung cancer (44, 45). 

Moreover, α5 and β1 integrins demonstrate the predominant role in cell-ECM 

adhesion (16-19). Studies in several cancers including lung cancer indicate that loss of 

β1 integrins expression weakens the ability to adhere to ECM and promote cancer 

cell motility (46).  
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Integrin and focal adhesion turnover 

The invasive property of cancer cells is known to involve with the loss of cell 

adhesion to their original sites, the expression of motile phenotypes and also the 

detachment into blood circulation to travel to other sites of the body (7, 8). Many 

literatures show that before cancer cells detach from their ECM, the focal contacts 

must be disrupted in termed of focal adhesion (FAs) turnover (10, 11).  

It was found that internalization of integrin can facilitates the focal adhesion 

turnover (47). The internalization of integrin is major regulated by focal adhesion 

protein (FAK) (14). FAK plays a major role in FAs turnover which will be discussed in 

detail later.  

The process of integrin internalization occurs after FAK activation. Then 

integrin is internalized into plasma membrane and rapidly trafficked to early 

endosome. After that, they are sorted to recycle or degrade in lysosome, but most of 

the internalized integrin is recycled back to plasma membrane. The result of this 

event leads to cancer cells detaching from their ECM and travelling into blood 

circulation (48, 49). 
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Focal adhesion kinase (FAK) 

Focal adhesion kinase is an intracellular protein tyrosine kinase which is 

recruited at FAs where integrin binds to ECM. The structure of FAK is composed of 

three domains; a focal adhesion targeting (FAT), a kinase domain and a FERM domain. 

FAT domain mediates colocalozation of FAK to FAs (50). FAK is an important protein 

that regulates diverse cellular processes such as survival, proliferation and migration. 

Numerous studies indicated that deregulation of FAK is the key event in the 

development and progression of cancer. It has been reported that an increase in 

expression and/or activation of FAK in cancer are strongly associated with invasive 

and aggressive phenotypes (51, 52). 

 

 

 

 

 

Figure 3 The structure of FAK 
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FAK and focal adhesion (FAs) turnover 

Cumulative evidence indicates that an activation of FAK is the crucial step for 

FAs turnover. FAK was autophosphorylated at Tyr397 and subsequently 

phosphorylated at multiple tyrosine residues within FAK. Phosphorylation at Tyr925 is 

essential for the interaction of FAK with Grb2. the binding of Grb2 to FAK recruits 

dynamin (microtubules binding protein) to FAs. The extension of microtubules to the 

FAs is a key process that facilitates integrin internalization. Thus, the activation of FAK 

at tyr397 is the key to regulate integrin internalization and subsequently FAs turnover 

(10).  

 

 

 

 

 

 

Figure 4 FAK regulates focal adhesion turnover 
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ATP dependent tyrosine kinase (Akt) 

 ATP dependent tyrosine kinase or Akt is a serine/threonine-specific protein 

kinase which is activated by signaling through phosphatidyl-inositol 3-kinases (PI3-

kinases) (53). The activation of Akt by phosphorylation at serine/threonine residues 

regulates multiple cellular responses such as cell survival, gene expression, 

proliferation and differentiation (54). In cancers, Akt plays crucial roles to promote 

tumor growth, survival, migration and invasion (55). Moreover, Akt has been shown to 

activate transcription factor, Snail, which is known to repress of the E-cadherin gene. 

This repression of E-cadherin can cause cell-cell dissociation (13). Thus, an increase in 

activation level of Akt is strongly correlated with motile phenotype and invasiveness 

of cancer cells. A recent study of Higuchi and colleagues in 2013 demonstrate an 

overexpression of active Akt in fibroblasts increased autophosphorylation of FAK at 

Tyr397 and resulting in FAs turnover.  In addition, this study found that Akt 

knockdown resulting in prevention of FAs turnover (15).  

E-cadherin 

 E-cadherin is expressed by most of normal epithelial tissues and plays a key 

role in cell-cell adhesion. The structure of E-cadherin is composed of a large 

extracellular domain, a transmembrane domain and a cytoplasmic domain. The 

extracellular domain mediates cell–cell contact in the presence of calcium while the 

cytoplasmic domain interacts with the actin cytoskeleton within the cell (56).  
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Figure 5 The structure of E-cadherin 
 

E-cadherin has pivotal roles in epithelial cell behavior, tissue formation, and 

suppression of cancer (57). In cancer cells, loss of E-cadherin promotes metastasis 

(58). Importantly, clinical studies have shown that patients who lost of E-cadherin 

expression had the poor overall survival (59-61).  

Ouabain 

Ouabain, is a member of cardiac glycoside isolated from the ripe seeds of 

African plants Strophanthus gratus and the bark of Acokanthera ouabaio (62). In 

1991 endogenous ouabain-like compound which was identical to the plant-derived 

ouabain was found in the human plasma (63). There are compelling evidences 

indicate that ouabain is synthesized in the adrenal gland (64) and hypothalamus (65). 

It is still unclear about physiological role of endogenous ouabain, but it was found 

that the endogenous ouabain is upregulated in the plasma in response to sodium 

depletion. Moreover, many studies indicate that endogenous ouabain may play a 

http://en.wikipedia.org/wiki/Strophanthus_gratus
http://en.wikipedia.org/wiki/Acokanthera
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role in causing hypertension and cardiac hypertrophy (66). Plasma concentrations of 

endogenous ouabain seem to vary in the range of 2-770 pM whereas, the average 

concentration of endogenous ouabain in normal condition was found at 30 pM (27, 

67). An elevated concentration of endogenous ouabain was found under different 

conditions such as congestive heart failure, essential hypertension and renal failure 

(68). 

At the present, ouabain and its related cardiotonic steroids have garnered an 

increasing attention in cancer research. A growing body of evidence indicates that 

ouabain has an anti-cancer activity against many cancers. For example treatment of 

ouabain results in cell cycle inhibitor and growth arrest in breast cancer cell (69). 

Furthermore, the study of Huang and colleagues indicated that ouabain induced a 

significant loss of mitochondrial membrane potential and subsequently caused a 

sustained reactive oxygen species production and a severe apoptosis in human 

prostate cancer cell (24).  

Accumulative evidence indicates that treatment with ouabain at high 

concentration resulting in cell detachment and death (70, 71). In the recent study in 

2014 of Heredia and colleagues demonstrate that ouabain treatment in epithelial 

renal canine cells (MDCK) at 300 nM induced tight junction (TJs) disassembly through 

internalization and degradation of the TJs protein (72). These data leads to a 

question whether ouabain at physiological concentrations can regulate the 
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detachment of cancer cells from their sites of adhesion because of the detachment 

of cancer cells is the first requirement in cancer metastasis. Therefore, this study 

aims to investigate the effect of ouabain at its physiological concentrations in the 

regulation of cancer cells detachment and hopefully the results from this study may 

fulfill the understanding of endogenous ouabain in cancer biology. 

 



 

 

CHAPTER III  

MATERIALS AND METHODS 

Materials 

1. Chemicals and Reagents 

 Ouabain, concanamycin A (CMA), 3-(4,5-dimethylthiazol-2-yl)-2,5-

diphenyltetrazolium bromide (MTT), Hoechst 33342 and propidium iodide (PI) were 

obtained  from Sigma Chemical, Inc. (St. Louis, MO, USA). Matrigel was obtained from 

Becton Dickinson, Inc. (Mississauga, Ontario, Canada). Rabbit monoclonal antibody to 

integrin, p-FAK, FAK, p-Akt and Akt were obtained from Cell Signaling Technology, Inc. 

(Danvers, MA, USA). 

2. Equipment 

 Automated cell counter (TC 10TM Bio-Rad Laboratories, Inc., Hercules, CA, USA), 

autopipette: 0.2-2 µl, 2-20 µl, 20-200 µl and 100-1,000 µl and pH meter CG 842 

(Schott, Elmsford, NY,USA), cell culture plate: 6-well and 96-well, carbon dioxide 

incubator,  conical tube: 15 ml and 50 ml and pipette tips for 2-10 µl, 10-100 µl, 20-

200 µl and 200-1,000 µl (Corning Inc., MA, USA), Centrifuge (Z 383, Hermle 

labortechnik Gmbh, Weihngen, Germany), fluorescence microscope (Olympus IX51 

with DP70, Olypus America Inc., Center valley, PA, USA), microplate reader (Wallac 

1420, Perki Elmer Inc., MA, USA), Laminar flow cabinet (Bosstech scientific 

instruments, USA). 
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Methods 

1. Cell culture 

 Human lung adenocarcinoma H23 cell was obtained from the American Type 

Culture Collection (ATCC, Manassas, VA, USA). H23 cell was cultured in RPMI-1640 

medium. The medium was supplement with 10% fetal bovine serum, 2mM L-

glutamine, 100 IU/ml penicillin and 100 µg/ml streptomycin (Gibco, MD, USA) in 37 °C 

with 5% CO2. H23 cells were subculture when they reach 80-90% confluence. 

2. Cell viability assay 

 Cell viability was evaluated using MTT assay. Briefly, H23 cells were seeded at 

a density of 104 cells/well in 96-well plate, incubated for 12 h. After that, they were 

treated with different concentrations of ouabain for 12 h. Cell viability was 

determined by incubation with MTT solution (5.0 mg/ml in phosphate-buffered saline 

(PBS)) and incubated at 37°C for 4 h. The optical density was then determined by a 

microplate reader (Anthros, Durham, NC, USA) at 570 nM, and the percentage of 

viable cells was calculated relative to control cells as follow equation. 

         Cell viability (%) =    OD570 of treatment  x 100 

                         OD570 of control 

3. Nuclear staining assay 

  Apoptotic and necrotic cell death were determined by Hoechst 33342 and PI 

co-staining. After treated H23 cells with different concentrations of ouabain, cells 

were incubated with 10 µM of Hoechst 33342 and 5 µg/ml of PI for 30 min at 37°C. 
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Apoptotic cells with condensed chromatin and/or fragmented nuclei and necrotic 

cells with PI-positive were visualized and scored under a fluorescence microscope 

(Olympus IX51 with DP70). The Percentage of apoptotic and necrotic cells were 

calculated as follow. 

Apoptotic cell (%) = number of apoptotic cells in treatment   X 100 

              number of apoptotic cells in control    

   Necrotic cells (%) = number of necrotic cells in treatment      X 100  

            number of necrotic cells in control 

4. Cell-ECM adhesion assay 

 Cell-ECM adhesion assay was performed as follows. Briefly, matrigel was 

thawed at 4°C for 12 h, diluted to final concentration at 0.2 µg/ml, spread evenly on 

the surface of 96-well plates, and incubated at 37°C for 12 h. Cells were treated with 

non-toxic concentrations of ouabain, then trypsinized to produce single cells and 

immediately seeded  onto matrigel-coated plate. Cells were allowed to adhere to 

the matrigel for 30 min at 37°C, then the cells were washed three times with PBS. 

Adherent cells were evaluated by MTT assay and scoring under an inverted 

microscope (Olympus IX51 with DP70). Percentage of adherent cells was calculated 

as follow. 

Cell adhesion (%) = OD570 of treatment  x 100 

                OD570 of control 
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 Cell count (%)      =  number of adherent cells to matrigel in treatment  x 100 

                                number of adherent cells to matrigel  in control 

 

5. Cell-ECM detachment assay 

 Suspended cells (5×103 cells/well) were seeded on matrigel-coated 96-well 

plates for 12 h. Cells were then treated with non-toxic concentrations of ouabain for 

6 h. After that, cells were dissociated from matrigel by incubated with 0.1% trypsin at 

37°C for 8 min. The remaining cells were determined using MTT assay and scored 

under an inverted microscope (Olympus IX51 with DP70). Percentage of remaining 

cells was calculated as follow. 

Remaining cells (%) = OD570 of treatment  x 100 

                   OD570 of control 

Cell count (%) = number of remaining cells adhesion to matrigel in treatment  x 100 

number of remaining cells adhesion to matrigel in control 

6. Western blot analysis 

 After specific treatments, cells were washed twice with cold PBS and 

incubated with lysis buffer containing 20 mM TrisHCl (pH 7.5), 1% Triton X-100, 150 

mM sodium chloride, 100 mM phenylmethyl sulfonyl fluoride, and protease inhibitor 

cocktail (Roche Molecular Biochemicals, Indianapolis, IN, USA) for 40 min on ice, 

collected whole cell lysates and centrifuged at 12,000 rpm at 4°C for 15 min. The 

supernatants of the whole cell lysates were collected and assayed for protein 
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content using the BCA protein assay. Loading dye was added to equal amounts of 

protein from each sample then, denatured by heating at 95°C for 5 min. The proteins 

containing loading dye were separated 10% SDS-polyacrylamide gel electrophoresis 

(SDS-PAGE). After separation, the proteins were transferred onto nitrocellulose 

membranes (Bio-Rad, Hercules, CA, USA) and then, blocked the nonspecific proteins 

with 5% nonfat dry milk in TBS-T (25 mM TrisHCl pH 7.5, 125 mM sodium chloride 

and 0.05% Tween 20) for 1 h at room temperature. The membranes were then 

washed three times with TBS-T for 8 min and incubated with primary antibody 

overnight. The membranes were then wash three times with TBS-T and then, 

incubated with secondary anti-rabbit antibody for 2 h. Following the incubation, the 

proteins were then visualized using an enhanced chemiluminescence detection kit. 

 For analysis of western blot, β-actin was loaded to confirm equal amount of 

protein in each sample. Then, the data obtained from measuring intensity of western 

blot band were dividing by the value of its non-treated control. Therefore, the 

control in each experiment would have the value equal to 1. The relative protein 

level was calculated as follow. 

The relative protein level =  intensity of band in each treatment 

                                         intensity of its non-treated control  
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7. Statistical analysis 

 Data were presented as the means ± S.D. from three independent 

experiments. Statistical analysis was carried out using one-way ANOVA following post 

hoc test for comparing more than two groups and independent sample t-test for 

comparing between two groups. Determined the statistical significant at p<0.05. SPSS 

18.0 (SPSS Inc., Chicago, IL, USA) was used for all statistical analyses. 
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Experimental design  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6 Experimental design of this study 
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Conceptual framework 

 

 

 

 

 

 

 

 

 

 

 

Figure 7 Conceptual framework of this study 

Investigation on the cytotoxic effect of ouabain in H23 and HaCat cells.  

To evaluate an effect of ouabain on H23 and HaCat cell viability. The cell 

viability was determined by MTT assay. Non-toxic concentrations of ouabain on H23 

cells were used in further experiments. 

Investigation the mode of cell death in response to ouabain treatment in H23 

cells. 

Ouabain 

Proteins involving adhesion 

Integrins ; E-cadherin 

 Cell-ECM detachment 

Detachment regulatory proteins 

p-FAK ; p-Akt 

Lung cancer cell 

detachment 
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To determine whether of non-toxic concentrations of ouabain cause 

apoptosis and necrosis on H23 cells. Mode of cell death was evaluated by 

Hoechst/PI co-staining assay. Then, determined the mode of cell death by observed 

under fluorescence microscope. 

Investigation the effect of ouabain on cell-extracellular matrix (ECM) 

detachment. 

 To elucidate the effect of ouabain on lung cancer cell-ECM detachment, H23 

cells were treated with non-toxic concentrations of ouabain. The effect of ouabain 

on cell-ECM detachment was determined by cell-ECM adhesion and cell-ECM 

detachment assays. 

Investigation the effect of ouabain on cell-cell dissociation. 

To elucidate the effect of ouabain on cell-cell dissociation. H23 cells were 

treated with non-toxic concentrations of ouabain for 6 h. Cells were then photograph 

by inverted microscope to determine cell-cell dissociation. 

Investigation on molecular mechanisms that induced by ouabain in H23 non-

small cell lung cancer.  

 To identify the underlying mechanism of ouabain on lung cancer cells 

detachment. Western blot analysis is performed to evaluate the level of following 

proteins consist of  p-FAK,  FAK, p-Akt, Akt, integrins and e-cadherin.  



 

 

CHAPTER IV 

RESULTS 

1. Effect of ouabain on the viability of human lung cancer H23 cells.  

 Firstly, I characterized the effects of ouabain on the survival of human lung 

cancer H23 cells. Because previous studies have reported the concentrations of 

ouabain and ouabain-like substances in human plasma to range from 2-770 pM, the 

concentration range of 0-50 pM of ouabain was selected for use in the present study. 

H23 cells were cultured in the presence and absence of ouabain (0-50 pM) for 12 h, 

and cell viability was determined by MTT assay. Figure 7A shows that when H23 cells 

were treated with ouabain, at concentrations ranging from 0-10 pM, neither 

cytotoxicity nor proliferative effects were observed. A significant decline in cell 

viability was detected in the cells treated with 50 pM ouabain, with approximately 

70% of the cells remaining viable. Accordingly, the Hoechst33342 and PI staining 

assay indicated that ouabain at concentrations 0-10 pM did not cause apoptosis or 

necrosis (Figure 8B and C). 
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Figure 8 Effect of ouabain on cytotoxicity in lung cancer H23 cells. 

  A: Effect of ouabain on H23 cell viability. Cells were treated with different 

concentrations (0-50 pM) of ouabain for 12 h. The cell viability was analyzed using 

the MTT assay. B: Apoptotic and necrotic cell count from Hoechst33342/PI staining of 

ouabain-treated in H23 cells for 12 h. C: The pictures of Hoechst33342/PI staining of 

ouabain-treated in H23 cells for 12 h. The data are the mean ± S.D. (n = 3). * p<0.05 

versus the non-treated control. 

2. Ouabain enhanced lung cancer H23 cells detachment.  

 To elucidate the effect of ouabain on lung cancer cell detachment, I 

performed cell-ECM adhesion and detachment assays.  For cell-ECM adhesion assay, 

cells were incubated with ouabain at non-toxic concentration (0-10 pM) for 0-6 h and 

were subjected to the cell-ECM adhesion assay. After trypsinization, cells were 

allowed to adhere to the matrigel surface for 30 min and the adhered cells were 

C 
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determined by MTT assay and cell counting. Figure 9 shows that treatment with 

ouabain significantly reduced the number of adhered cells in dose- (Figure 9 A-C) and 

time-dependent manners (Figure 9 D-F). Treatment with ouabain at 5 and 10 pM 

reduced the adhesion of cells to approximately 65% and 50%, respectively (Figure 9 

A and B).  

 Furthermore, I elucidated the effect of ouabain on cancer cell detachment 

using cell detachment assay. Cells were sparsely seeded in order to avoid cell-cell 

contact. After 12 h incubation, the cells were incubated with 0-10 pM ouabain for 6 h 

and were dissociated from matrigel surfaces by incubating with 0.1% trypsin at 37°C 

for 5-10 min. The percentage of remaining cells to total cells was assessed by MTT 

assay and cells scored under an inverted microscope. Figure 10 shows that treatment 

with ouabain significantly enhanced the detachment of the cells in dose-dependent 

manner. Together, these results suggest that ouabain at physiological concentration 

weakened lung cancer cell adhesion to ECM surface and facilitate detachment.  
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Figure 9 Effect of ouabain on H23 cell adhesion. 

H23 cells were exposed to ouabain at different concentrations for 6 h and 

subjected to cell-extracellular matrix (ECM) adhesion assay. Cells were allowed to 

adhere to the matrigel surface for 30 min and the adhered cells were determined by 

MTT assay (A) and cell counting (B). C: Phase-contrast images of adhered cells. For 

time-dependent experiments, cells were treated with 10 pM ouabain for 1-6 h and 

subjected to the assay. Cell adhesion was evaluated by MTT assay (D) and cell 

counting (E). F: Phase-contrast images of adhered cells. The data are the mean ± S.D. 

(n = 3). (*) Represent the significant different from the non-treated control , (#) 

represent the significant different from each treatment. Determined the statistical 

significant at p<0.05. 
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Figure 10 Effect of ouabain on H23 cell detachment.  

H23 cells were incubated with 0-10 pM of ouabain (OB) for 6 h and were 

dissociated from matrigel surfaces by incubated with 0.1% trypsin at 37°C for 5-10 

min. The percentage of remained cells to total cells was assessed by 3-(4,5-

dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay (A)  and cell 

scoring (B) under an inverted microscope. C: Phase-contrast images of remaining cells. 

The data are the mean ± S.D. (n = 3). (*) Represent the significant different from the 

non-treated control , (#) represent the significant different from each treatment. 

Determined the statistical significant at p<0.05. 
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3. Ouabain induces FAK and Akt activation. 

Having demonstrated the potentiating effect of ouabain on lung cancer cell 

detachment, I next examined the underlying mechanism, focusing on the expression 

level and activation of the proteins known to play roles in cancer cell-ECM 

detachment. H23 cells were treated with non-toxic concentrations of ouabain and 

expression of FAK, activated FAK (phosphorylation at Tyr 397), Akt and activated Akt 

(phosphorylation at Ser 473) were evaluated by western blot analysis. Figure 11 

indicates that treatment with ouabain significantly increased the levels of 

phosphorylated FAK (Tyr 397) and phosphorylated Akt (Ser 473), whereas ouabain 

exposure had no significant effect on the levels of total FAK and total Akt. For dose-

dependent assessment, cells were treated with 0, 1, 5 and 10 pM of ouabain for 6 h 

and expressions level of these proteins was evaluated. Figure 11 A and B indicates 

that treatment with ouabain increased the activation of FAK and Akt when compared 

to the non-treated control. Moreover, this result shows that the activation of FAK 

was dose-dependent manner. For time-dependent assessment, cells were treated 

with 10 pM of ouabain for 0-6 h, and the level of proteins was detected by western 

blotting. Figure 11 C and D show that an increase of ouabain exposure caused an 

increase in activation of FAK and Akt in time-dependent manner. These results 

indicate the involvement of FAK and Akt in facilitating the detachment of H23 lung 

cancer cells. 
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Figure 11 Ouabain activates the focal-adhesion kinase (FAK)-ATP-dependent 

tyrosine kinase (Akt) pathways.  

A: H23 cells were treated with 0-10 pM of ouabain for 6 h, and the expression 

of phosphorylated FAK, total FAK, phosphorylated Akt, and total Akt were 

determined by western blotting. To confirm equal loading of the samples, the blots 

were reprobed with β-actin antibody. C: Cells were treated with 10 pM ouabain for 0-

6 h and proteins were evaluated. B and D: The immunoblot signals were quantified 

by densitometry.  The data are the mean ± S.D. (n = 3). (*) Represent the significant 

different from the non-treated control , (#) represent the significant different from 

each treatment. Determined the statistical significant at p<0.05. 
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4. Ouabain induces the reduction of α5, β1 integrins.  

As α5 and β1 integrins have been implicated in cancer cell adhesion to the 

ECM surface (19), I tested whether the detachment of H23 cells in the present study 

was associated with the decrease of these integrins. H23 cells were treated with non-

toxic concentrations of ouabain and the results were showed in figure 12.  I found 

that treatment with ouabain at 1, 5 and 10 pM for 6 h significantly decreased the 

cellular level of α5 and β1 integrins. Moreover, treatment with ouabain at 10 pM for 

3 and 6 h significantly decreased the cellular level of α5 and β1 integrins in time-

dependent manner. From these results, I next examined effect of ouabain on the 

alteration level of other integrins subunits. H23 cells were treated with ouabain 10 

pM for 3 and 6 h and the level of αv, β3 and β5 integrins was evaluated by western 

blot analysis. Interestingly, I found that treatment with ouabain at 10 pM for 3 and 6 

h caused no effect on the alteration level of αv, β3 and β5 integrins (Figure 13). 

Because cellular integrins were previously shown to be tightly regulated via 

degradation through the lysosomal pathway, I further tested whether treatment with 

ouabain could facilitate this degradation of integrins. H23 cells were treated with 

ouabain in the presence or absence of concanamycin A (CMA, a specific inhibitor that 

blocks lysosomal degradation of proteins) for 6 h and level of integrins was 

determined. Figure 12 C and D show that treatment with ouabain down-regulated α5 

and β1 integrins in a time-dependent manner and the addition of CMA significantly 
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inhibited such effects of ouabain. These results indicate that ouabain facilitates 

cancer cell detachment by mediating α5 and β1 integrins degradation through a 

lysosomal mechanism.  

Taken together with these observations, it is likely that this endogenous 

substance at biological concentrations could enhance cancer cell detachment via 

FAK and Akt activation, as well as facilitating of integrin α5 and β1 degradation. 
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Figure 12 Ouabain down-regulates α5 and β1 integrins via lysosomal pathway. 

 A: H23 cells were treated with 0-10 pM of ouabain for 6 h, and the 

expression of α5 and β1 integrins were determined by western blotting. To confirm 

equal loading of the samples, the blots were reprobed with β-actin antibody. C: Cells 

were treated with 10 pM ouabain for 0-6 h in the presence or absence of lysosomal 

inhibitor concanamycin A (CMA) and proteins were evaluated. B and D: The 

immunoblot signals were quantified by densitometry.  The data are the mean ± S.D. 

(n = 3). (*) Represent the significant different from the non-treated control , (#) 

represent the significant different from each treatment. Determined the statistical 

significant at p<0.05. 
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Figure 13 Ouabain had no effect on the level of αv, β3 and β5 integrins.  

A: H23 cells were treated with 10 pM of ouabain for 3 and 6 h, and the 

expression of αv, β3 and β5 integrins were determined by western blotting. To 

confirm equal loading of the samples, the blots were reprobed with β-actin antibody. 

B : The immunoblot signals were quantified by densitometry.  The data are the mean 

± S.D. (n = 3). Determined the statistical significant at p<0.05. 
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5. Ouabain had no effect on E-cadherin protein level. 

Loss of E-cadherin expression always observed in highly invasive cancer cells 

and promotes metastasis by disrupting intercellular contacts, an early step in 

metastatic dissemination (21). From this reason, I next investigated effect of ouabain 

on the alteration level of E-cadherin. Cells were treated with 0-10 pM ouabain for 6 

h, and the expression of E-cadherin was determined by western blotting.  Figure 14 

shows that E-cadherin protein level in ouabain-treated H23 cells was not significantly 

different from the control cells. The result Indicate that detachment of H23 cells 

that trigger by ouabain at physiological level was not related to the reduction of E-

cadherin protein level.   
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Figure 14 Ouabain had no effect on E-cadherin protein level.   

A: Cells were treated with 0-10 pM ouabain for 6 h, and the expression of e-

cadherin was determined by western blotting. To confirm equal loading of the 

samples, the blots were reprobed with β-actin antibody. B: The immunoblot signals 

were quantified by densitometry.  The data are the mean ± S.D. (n = 3). Determined 

the statistical significant at p<0.05. 
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CHAPTER V  

DISCUSSION AND CONCLUSION 

Ouabain, a cardiac glycoside member isolated from plants, was found to be 

endogenously produced in humans and classified as a human hormone (63). It has 

garnered increasing attention in cancer research. Here, I demonstrate for the first time 

that ouabain at physiological concentrations (0-10 pM) facilitates lung cancer cell 

detachment. Even though the detachment of cancer cells from their original tumor is 

accepted as an important initial process of cancer metastasis, there are only few 

studies elucidating the cellular mechanisms of cell detachment.  

Interestingly, ouabain and its related compounds are found in human plasma 

at different concentrations depending on the status of individuals as well as methods 

of assessment. In most cases, plasma ouabain concentrations are reported to be 

between 2-770 pM (27). The present study aimed to investigate the effect of this 

endogenous substance at its physiological levels because of cancer cells in the 

patient’s body are likely exposed to ouabain. I therefore selected concentrations of 

0-50 pM; however, ouabain at concentrations of more than 50 pM caused significant 

cytotoxic towards human lung cancer cells. This result is consistent with the previous 

experiments indicating that ouabain possesses activity against many types of cancers 

(24-26, 69). Besides its direct cytotoxicity, the previous study in my laboratory found 

that ouabain at non-toxic concentrations sensitized TRAIL-mediated death by down-
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regulating anti-apoptotic myeloid cell leukemia sequence 1 (MCL-1) protein in H292 

and H460 cells (28).     

Cell-ECM adhesion plays an important part for survival of the cancer cells by 

activating the survival signal through integrin-Akt-dependent mechanisms (73). 

Although the detachment of cells will disrupt such survival and trigger detachment-

mediated apoptosis (anoikis), certain cancer cells have an ability to resist anoikis and 

further spread (74, 75). In order for cell detachment, integrins binding to extracellular 

compartments must be disrupted and previous studies show that such dissociation 

of integrin from their ECM resulted from the activation of FAK (10, 11). In certain 

work, FAK was shown to be activated by active Akt. Therefore, activation of Akt could 

be regulate FAs turn over by stimulation through FAK and leads to FAs disassembly 

(15). The internalization of integrins, under certain conditions, leads to the 

degradation of cellular integrins via the lysosomal pathway (48, 49). Consistent with 

this finding, our results indicate that ouabain-mediated cell detachment involves FAK 

and Akt activation, and down-regulation of cellular α5 and β1 integrins but the level 

αv, β3 and β5 integrins were not affected by ouabain treatment. From this 

observation, it was noteworthy why other integrins proteins were not affected by 

ouabain treatment. In order to fulfill this observation, it is necessary to further study 

of the mechanism in the reduction of such proteins in detail later.  

The reduction of cellular α5 and β1 integrins may be due to an increase in 

degradation process rather than the decrease in protein synthesis. Because of protein 
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synthesis involves in the transcription and translation of gene in DNA which would 

require a much longer time to be able to detect the difference in protein expression 

(76). This assumption was confirmed by using specific inhibitor of lysosomal 

degradation (CMA). I found that the cellular level of α5 and β1 integrins was 

significantly increased. From these observations indicate that ouabain reduced 

cellular α5 and β1 integrins through the lysosomal pathway. 

Moreover, a growing body of evidence indicates that cancer cells that loss of 

E-cadherin expression is likely to separate form their origin tumors and spread to 

other parts of the body (61). In this work, our results demonstrate that ouabain at its 

physiological levels was no effect on the alteration of E-cadherin level. 

 In summary, this study demonstrated the possible role of ouabain at its 

physiological level on the detachment of lung cancer cells. The detachment of 

cancer cells by ouabain involves the activation of FAK and Akt signaling pathway. 

Moreover, ouabain exposure reduced the level of α5 and β1 integrins through 

lysosomal degradation resulting in cell-ECM detachment. The knowledge gained from 

this study may benefit our understanding of cancer biology and cancer metastasis.  
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APPENDIX  

TABLES OF EXPERIMENTAL RESULTS 

Table 1 The percentage of H23 cell viability after treatment with various 
concentrations of ouabain (0-50 pM) for 12 h was determined by MTT assay.  

Ouabain (pM) Cell viability (%) 

Control 100.00 ± 0.96 

1 99.24 ± 1.07 

5 97.06 ± 1.66 

10 92.18 ± 3.50 

50 69.56 ± 0.80* 

     The data are the mean ± S.D. for triplicate independent experiments (n = 3). Asterisks 

(*) represent the significant different from the non-treated control. Statistical 

significant was determined by One-way ANOVA following post hoc test at p<0.05. 
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Table 2 The percentage of apoptotic and necrotic cell count from Hoechst33342/PI 
co-staining assay after treatment with various concentrations of ouabain (0-50 pM) for 
12 h. 

Ouabain (pM) Apoptosis (%) Necrosis (%) 

Control 1.77 ± 0.42 0.61 ± 0.06 

1 2.77 ± 0.39 0.73 ± 0.09 

5 4.23 ± 0.41 0.79 ± 0.14 

10 5.03 ± 0.12 0.76 ± 0.26 

50 14.74 ± 0.58* 0.94 ± 0.07 

 

The data are the mean ± S.D. for triplicate independent experiments (n = 3). Asterisks 

(*) represent the significant different from the non-treated control. Statistical 

significant was determined by One-way ANOVA following post hoc test at p<0.05. 
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Table 3 The percentage of cell adhesion to ECM after treatment with various 
concentrations of ouabain (0-10 pM) for 6 h was determined by MTT assay. 

Ouabain (pM) Cell adhesion (%) 

Control 100.00 ± 0.88 

1 85.39 ± 3.76*,# 

5 65.27 ± 3.78*,# 

10 50.91 ± 0.49*,# 

 

The data are the mean ± S.D. for triplicate independent experiments (n = 3). Asterisks 

(*) represent the significant different from the non-treated control and (#) represent 

the significant different from each treatment. Statistical significant was determined by 

One-way ANOVA following post hoc test at p<0.05. 
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Table 4 The percentage of cell adhesion to ECM after treatment with various 
concentrations of ouabain (0-10 pM) for 6 h was determined by cell counting. 

Ouabain (pM) Cell count (%) 

Control 100.00 ± 3.73 

1 82.18 ± 3.11*,# 

5 63.73 ± 5.62*,# 

10 48.84 ± 2.40*,# 

 

The data are the mean ± S.D. for triplicate independent experiments (n = 3). Asterisks 

(*) represent the significant different from the non-treated control and (#) represent 

the significant different from each treatment. Statistical significant was determined by 

One-way ANOVA following post hoc test at p<0.05. 
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Table 5 The percentage of cell adhesion to ECM after treatment with ouabain 10 pM 
for 1, 3 and 6 h was determined by MTT assay. 

 

Time (h) 

 

Cell adhesion (%) 

Control OB 10 pM 

1 100.00 ± 3.46 86.52 ± 3.15*,# 

3 100.00 ± 4.58 64.55 ± 2.91*,# 

6 100.00 ± 1.36 52.53 ± 1.64*,# 

 

The data are the mean ± S.D. for triplicate independent experiments (n = 3). Asterisks 

(*) represent the significant different from the non-treated control and (#) represent 

the significant different from each treatment. Statistical significant was determined by 

independent-sample t-test at p<0.05. 
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Table 6 The percentage of cell adhesion to ECM after treatment with ouabain 10 pM 
for 1, 3 and 6 h was determined by cell counting. 

 

Time (h) 

 

Cell count (%) 

Control OB 10 pM 

1 100.00 ± 2.59 81.23 ± 5.18*,# 

3 100.00 ± 4.56 61.10 ± 4.41*,# 

6 100.00 ± 3.26 51.52 ± 2.55*,# 

 

The data are the mean ± S.D. for triplicate independent experiments (n = 3). Asterisks 

(*) represent the significant different from the non-treated control and (#) represent 

the significant different from each treatment. Statistical significant was determined by 

independent-sample t-test at p<0.05. 
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Table 7 The percentage of remained cell that adhesion to ECM after detachment 
was determined by MTT assay.  

Ouabain (pM) Remaining cell (%) 

Control 100.00 ± 4.22 

1 79.74 ± 2.40*,# 

5 66.33 ± 1.40*,# 

10 55.78 ± 2.89*,# 

 

The data are the mean ± S.D. for triplicate independent experiments (n = 3). Asterisks 

(*) represent the significant different from the non-treated control and (#) represent 

the significant different from each treatment. Statistical significant was determined by 

One-way ANOVA following post hoc test at p<0.05. 
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Table 8 The percentage of remained cell that adhesion to ECM after detachment 
was determined by cell counting. 

Ouabain (pM) Cell count (%) 

Control 100.00 ± 1.77 

1 81.18 ± 1.74*,# 

5 65.10 ± 3.48*,# 

10 50.87 ± 1.52*,# 

 

The data are the mean ± S.D. for triplicate independent experiments (n = 3). Asterisks 

(*) represent the significant different from the non-treated control and (#) represent 

the significant different from each treatment. Statistical significant was determined by 

One-way ANOVA following post hoc test at p<0.05. 
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Table 9 The Relative protein level of p-FAK, FAK, p-Akt and Akt was determined by 
western blot analysis after treatment with ouabain (0-10 pM) for 6 h.  

            Ouabain (pM) Relative protein level 

Protein Control 1 5 10 

p-FAK 1.00 
4.54 ± 

0.30*,# 

5.84 ± 

0.47*,# 

6.94 ± 

0.44*,# 

FAK 1.00 
0.99 ± 

0.11 

0.98 ± 

0.02 

0.97 ± 

0.05 

p-Akt 1.00 
1.45 ± 

0.20* 

1.59 ± 

0.06*,# 

1.98 ± 

0.20*,# 

Akt 1.00 
1.00 ± 

0.02 

0.99 ± 

0.05 

0.98 ± 

0.03 

 

The data are the mean ± S.D. for triplicate independent experiments (n = 3). Asterisks 

(*) represent the significant different from the non-treated control and (#) represent 

the significant different from each treatment. Statistical significant was determined by 

One-way ANOVA following post hoc test at p<0.05. 
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Table 10 The Relative protein level of p-FAK, FAK, p-Akt and Akt was determined by 
western blot analysis after treatment with ouabain 10 pM for 0, 3 and 6 h.  

                     Time (h) Relative protein level 

Protein Control 3 6 

p-FAK 1.00 
2.16 ± 

0.23*,# 

3.36 ± 

0.34*,# 

FAK 1.00 
1.00 ± 

0.10 

0.99 ± 

0.06 

p-Akt 1.00 
1.56 ± 

0.18*,# 

1.93 ± 

0.17*,# 

Akt 1.00 
0.97 ± 

0.06 

1.01 ± 

0.09 

 

The data are the mean ± S.D. for triplicate independent experiments (n = 3). Asterisks 

(*) represent the significant different from the non-treated control and (#) represent 

the significant different from each treatment. Statistical significant was determined by 

One-way ANOVA following post hoc test at p<0.05. 
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Table 11 The Relative protein level of β1 and α5 integrins  were determined by 
western blot analysis after treatment with ouabain (0-10 pM) for 6 h.  

             Ouabain (pM) Relative protein level 

Protein Control 1 5 10 

β1 integrin 1.00 
0.95 ± 

0.02# 

0.72 ± 

0.07*,# 

0.46 ± 

0.06*,# 

α5 integrin 1.00 
0.94 ± 

0.09 

0.82 ± 

0.06*,# 

0.60 ± 

0.06*,# 

 

The data are the mean ± S.D. for triplicate independent experiments (n = 3). Asterisks 

(*) represent the significant different from the non-treated control and (#) represent 

the significant different from each treatment. Statistical significant was determined by 

One-way ANOVA following post hoc test at p<0.05. 
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Table 12 The Relative protein level of β1 and α5 integrins were determined by 
western blot analysis after treatment with ouabain 10 pM for 0, 3 and 6 h and after 
pretreatment with CMA 1 uM for 6 h. 

                    Time (h) Relative protein level 

Protein Control 3 6 6 + CMA 

β1 integrin 1.00 
0.83 ±  

0.01*,# 

0.43 ± 

0.01*,# 

0.73 ± 

0.06*,# 

α5 integrin 1.00 
0.71 ±  

0.01*,# 

0.38 ± 

0.03*,# 

0.62 ± 

0.02*,# 

 

The data are the mean ± S.D. for triplicate independent experiments (n = 3). Asterisks 

(*) represent the significant different from the non-treated control and (#) represent 

the significant different from each treatment. Statistical significant was determined by 

One-way ANOVA following post hoc test at p<0.05. 
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Table 13 The Relative protein level of αv, β3 and β5 integrins were determined by 
western blot analysis after treatment with ouabain 10 pM for 0, 3 and 6 h. 

 

The data are the mean ± S.D. for triplicate independent experiments (n = 3). 

Statistical significant was determined by One-way ANOVA following post hoc test at 

p<0.05. 

  

        Time (h) 

Protein 

Relative protein level 

Control 3 6 

 αv  integrin 1.00 1.00±0.02 1.05±0.09 

β3 integrin 1.00 1.02±0.02 1.01±0.09 

β5 integrin 1.00 1.03±0.06 0.99±0.09 
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Table 14 The Relative protein level of E-cadherin was determined by western blot 
analysis after treatment with ouabain (0-10 pM) for 6 h.  

          Ouabain (pM) Relative protein level 

Protein Control 1 5 10 

E-cadherin 1.00 1.01±0.04 0.99±0.06 0.97±0.03 

 

The data are the mean ± S.D. for triplicate independent experiments (n = 3). 

Statistical significant was determined by One-way ANOVA following post hoc test at 

p<0.05. 
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