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ABSTRACT (THAI) 
 นฤมล ภุมมาพันธ์ุ : ฤทธิ์ของสารเครพิดาตินในการยับยั้งการแสดงลกัษณะของการเป็นเซลล์ต้น

ก าเนิดของเซลล์มะเร็งปอด. ( SUPPRESSIVE EFFECT OF CREPIDATIN ON STEMNESS OF 
LUNG CANCER CELLS) อ.ที่ปรึกษาหลัก : รศ. ภก.ดร.ปติิ จันทรว์รโชติ, อ.ที่ปรึกษาร่วม : ศ. ดร.เร
จิน่า ชไนเดอร์ สต๊อก 

  
เซลล์มะเร็งต้นก าเนิดถูกจัดว่าเป็นกลุ่มของเซลล์ที่พบได้น้อยในกลุ่มของมะเร็งแต่กลับเป็นกลุ่มที่ผลักดันท าให้เกิดการด าเนินการ

ของมะเร็ง การลุกลามของมะเร็งและการดื้อยาของกลุ่มโรคมะเร็งหลายชนิด การศึกษาค้นคว้าสารกลุ่มใหม่ที่สามารถหยุดคุณลักษณะของการ
เป็นเหนี่ยวน าการเป็นเซลล์มะเร็งต้นก าเนิดได้ถือว่าเป็นการพัฒนาที่ก้าวหน้าในการจ ากัดการเกิดซ้ าของมะเร็ง  งานวิจัยนี้แสดงให้เห็นฤทธิ์ของ
สารในกลุ่ม bibenzyl สองตัวที่แยกมาได้จาก Dendrobium pulchellum ที่มีความสามารถในการหยุดการด าเนินการของการเป็นเซลล์มะเรง็
ต้นก าเนิดทั้ง ไครโซท็อกซินและเครพิดาติน แสดงการยับย้ังการแสดงออกของการเป็นเซลล์มะเร็งต้นก าเนิดโดยท าการศึกษาโดยใช้กลุ่มประชา
การที่อุดมไปด้วยเซลล์มะเร็งต้นก าเนิดและการลดการเหนี่ยวน าการเป็นมะเร็งต้นก าเนิด โดยทั้งไครโซท็อกซินและเครพิดาตินต่างส่งผลกระทบ
ต่อการแสดงออกของโปรตีนส าคัญที่เกี่ยวข้องกับการแสดงออกของการเป็นเซลล์มะเร็งต้นก าเนิด  จากการศึกษาทดลองพบว่าไครโซท็อกซิน
สามารถลดการท างานของ Src/Akt signal และการลดระดับของโปรตีน Sox2 ที่เป็นตัวควบคุมเซลล์มะเร็งต้นก าเนิด โดยการค้นพบของเราใน
ครั้งนี้ได้มีการก าหนดเป้าหมายใหม่ของสารไครโซท็อกซินที่มีต่อเซลล์มะเร็งต้นก าเนิดโดยการการควบคุมทาง  Src / Akt และ Sox2 ซ่ึงอาจ
น าไปใช้ในการรักษามะเร็งได้ ในเวลาเดียวกัน สารเครพิดาตินถูกพบว่ามีประสิทธิภาพสูงสุดในการฆ่าเซลล์มะเร็งปอดของมนุษย์ โดยสารเครพิ
ดาตินถูกก าหนดให้เป็นยาเป้าหมายส าหรับเซลล์ต้นก าเนิดมะเร็งปอด เช่นเดียวกับไครโซท็อกซิน เครพิดาตินก็สามารถลดการแสดงออกของการ
เป็นเซลล์มะเร็งต้นก าเนิดในกลุ่มประชากรที่อุดมไปด้วยเซลล์มะเร็งต้นก าเนิดโดยการทดสอบการเหนี่ยวน าในการเกิดเซลล์มะเร็ งต้นก าเนิดได้
เมื่อเทียบกับยาซิสพลาติน โดยเครพิดาตินสามารถลดการก าเนิดของเซลล์มะเร็งต้นก าเนิดในปอดได้อย่างเห็นได้ชัดโดยท าการวิเคราะห์จาก
โปรตีนที่บ่งชี้การเป็นเซลล์มะเร็งต้นก าเนิดหลายชนิด  นอกจากนี้เครพิดาตินยังสามารถยับย้ังการเปลี่ยนแปลงจาก epithelial ให้กลายเป็นมี
เซนไคม์เซลล์ได้และยับย้ังการรุกรานของเซลล์มะเร็งต้นก าเนิด โดยสารนี้ยังยับย้ังการเป็นเซลล์ต้นก าเนิดในเซลล์มะเร็งปอดที่ได้มาจากมนุษย์ 
นอกจากนี้เรายังได้ยืนยันผลของเครพิดาตินที่มีผลต่อเซลล์ต้นก าเนิดที่ก้าวร้าวเช่นเดียวกับที่รุกรานในเซลล์มะเร็งปอดซ่ึงที่ได้รับการรักษาจากเค
รพิดาตินและซิสพลาติน ซ่ึงถูกวิเคราะห์โดยการใช้ chorioallantoic membrane (CAM) โดยผลการทดลองได้บ่งชี้ว่า สารเครพิดาตินนั้น
สามารถลดขนาดของก้อนมะเร็งปอดได้อย่างมีนัยส าคัญเมื่อเทียบกับกลุ่มที่รับการรักษาด้วยซิสพลาติน  การค้นพบครั้งนี้ถือว่าเป็นค้นพบทาง
เภสัชวิทยาที่ส าคัญในการที่ศึกษาสร้างกลไกพื้นฐานของสารไครโซท็อกซินและเครพิดาตินที่ต่อผลต่อการควบคุมการแสดงฟีโนไทป์ที่มีลักษณะ
ของการเป็นเซลล์มะเร็งต้นก าเนิด ดังนั้นผลจากการศึกษาครั้งนี้จะให้ข้อมูลเชิงลึกทีส่ าคัญที่ช่วยในการตรวจสอบและพัฒนาสารจากธรรมชาตทิัง้
สองชนิดคือไครโซท็อกซินและเครพิดาตินเพื่อเป็นยาเป้าหมายต่อการรักษาโรคมะเร็ง 
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ABSTRACT (ENGLISH) 

# # 5787852820 : MAJOR BIOMEDICAL SCIENCES 
KEYWORD: lung cancer, cancer stem cells, chrysotoxine, crepidatin, CSC-rich population, epithelial to 

mesenchymal transition 
 Narumol Bhummaphan : SUPPRESSIVE EFFECT OF CREPIDATIN ON STEMNESS OF LUNG CANCER CELLS. Advisor: 

Assoc. Prof. PITHI CHANVORACHOTE, Ph.D. Co-advisor: Prof. Regine Schneider-Stock, Ph.D. 
  

Cancer stem cells (CSCs) have been perceived as rare populations driving cancer progression, metastasis, and 
drug resistance in leading cancers. The discovery of new compounds that attenuates CSCs’ properties is crucial for enabling 
advances in novel therapeutics to limit recurrence. We have reported the CSC-suppressing activity of chrysotoxine and 
crepidatin, two bibenzyl compounds isolated from Dendrobium pulchellum. Both chrysotoxine and crepidatin displayed 
suppression in CSC-like phenotypes, as determined in CSC-rich populations and primary CSCs in 3D culture and extreme 
limiting dilution assay. Individual treatment of chrysotoxine and crepidatin also affected the expression of CSC markers and 
associated proteins concomitantly decreased known CSCs markers. Importantly, chrysotoxine was shown to suppress active 
Src/Akt signal and intern depleted Sox2-mediated CSC. Our findings indicate a novel CSC-targeted role of chrysotoxine and 
its regulation by Src/Akt and Sox2, which may be exploited for the cancer treatment. At the same time, crepidatin showed 
the highest potency to kill human lung cancer cells. Crepidatin was accomplished as a drug targeting model for lung cancer 
stem cells. Crepidatin also suppressed CSC-like phenotypes, as determined by CSC-rich populations in 3D culture, 
clonogenic assay and extreme limiting dilution assay, when compared to cisplatin. The treatment of crepidatin showed 
dramatic suppression in the CSCs in lung cancer cells, as verified by several CSC phenotype assessments and CSC markers. 
In addition, crepidatin also suppressed epithelial to mesenchymal transition (EMT) markers and inhibited migratory behavior 
of CSCs. Importantly, we confirmed the CSC-targeted activity of crepidatin in CSC-rich primary lung cancer cells. The 
compound dramatically inhibited the formation of tumor spheres of primary lung cancer cells. Finally, we confirmed the 

effect of crepidatin on the aggressive stem‐like and invasive phenotype in lung cancer cells, where in vivo growth and 
aggressiveness of crepidatin and cisplatin treated cells were analyzed using the chorioallantoic membrane (CAM) assay. 
The results revealed that crepidatin significantly reduced tumor growth in lung cancer cells, when compared to nontreated 
cells, whereas the tumor sizes have been significantly increased in cisplatin treatment. These findings document a novel 
pharmacological action and establishes the underlying mechanism of chrysotoxine and crepidatin in negatively regulating 
CSC-like phenotypes and sensitizing resistant cancer cells. Therefore, the findings from this study would provide important 
insights that facilitate the further investigation and development of the two natural compounds, chrysotoxine and 
crepidatin, for CSC-targeted approaches. 

 

Field of Study: Biomedical Sciences Student's Signature ............................... 
Academic Year: 2018 Advisor's Signature .............................. 
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CHAPTER I  
INTRODUCTION 

 
  Recently, researches in the field of cancer have shown that within the 

malignant tumor as well as in the blood of advanced stage cancer patients, there are 

special cancer cells called cancer stem cells (CSCs) (Bao, Ahmad, Azmi, Ali, & Sarkar, 

2013; Vinogradov & Wei, 2012). CSC was first discovered in 1997 by which isolated and 

identified the subpopulation of cancer having high tumorigenic potential and stem-

cell like phenotypes (Bonnet & Dick, 1997). CSCs may generate tumors through the 

stem cell processes of self-renewal and differentiation into multiple cell types (Lobo, 

Shimono, Qian, & Clarke, 2007; Ricci-Vitiani et al., 2007; S. K. Singh et al., 2003). This 

subpopulation is distinguished from other cancer populations by specific CSC markers 

such as cell surface protein CD133 (Bao et al., 2013; Li, 2013; Rappa, Fodstad, & Lorico, 

2008). Such cells are proposed to persist in tumors as a distinct population and 

cause relapse and metastasis by giving rise to new tumors (Hanahan & Weinberg, 

2011).  

 Moreover, researchers accepted that these CSCs account for most aggressive 

behaviors of the disease including chemotherapeutic resistance, metastasis, and 

cancer relapse (Hanahan & Weinberg, 2011; Y. Zhang et al., 2012). CSCs have been 

shown to maintain their stemness through the sustained level of several transcription 

factors as well as the stem cell-related signals (Han, Shi, Gong, Zhang, & Sun, 2013; A. 
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Liu, Yu, & Liu, 2013). CSCs have been identified in a wide variety of cancers. Recent 

studies have shown that the CSCs presenting in the lung cancer may facilitate the 

malignancy and progression of the disease. Lung cancer has been recognised among 

the top most common cancers and account for high rate of cancer-related death 

(Alamgeer, Peacock, Matsui, Ganju, & Watkins, 2013; Eramo, Haas, & De Maria, 2010; 

O'Brien, Pollett, Gallinger, & Dick, 2007; Ricci-Vitiani et al., 2007). Interestingly, there is 

strong evidence showing that aggressive phenotypes of lung cancer depend on the 

presence of CSCs. 

Regarding controlling mechanism for CSCs. The regulatory pathways of CSC are 

found to be due to the function pluripotent transcription factors including Sox2, Oct4, 

and Nanog (Jeter et al., 2011; Kashyap et al., 2009; Pan, Chang, Scholer, & Pei, 2002; 

Shi & Jin, 2010). These genes have been found to be linked many core transcriptional 

networks which responsible for the regulation of stem cell self-renewal and 

pluripotency. Among the stemness transcription factors, Sox2 is suggested to be the 

most important transcription factor to controlling CSC characteristics. Sox2 has been 

identified as a key regulator of the self-renewal capability of CSCs (Herreros-Villanueva 

et al., 2013; S. Singh et al., 2012). Sox2 is overexpress in various cancers and associate 

with malignant progression and poor prognosis. Especially, Sox2 is a pivotal prognostic 

marker with correlated to clinical-pathologic characteristics in lung cancers 

(Karachaliou, Rosell, & Viteri, 2013; Lundberg et al., 2016; Weina & Utikal, 2014). 

Moreover, Sox2 and Oct4 cooperative to activate gene transcription by binding at non-
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palindromic sequence and promote to the activating of regions of cancer stem cell 

related genes (Boumahdi et al., 2014; A. Liu et al., 2013; Pan et al., 2002; Shi & Jin, 

2010; S. Singh et al., 2012). 

Moreover, epithelial to mesenchymal transition (EMT) is a process which 

epithelial cells lose their epithelial phenotype to become mesenchymal phenotype 

and has been closely associated with acquisition of aggressive behaviors of cancer cells 

(Luo et al., 2013). EMT is controlled by a set of transcription factors (TF) including 

SNAI1/Snail1, SNAI2/Snail2 (also called as Slug), KLF8, and Twist. Importantly, 

molecular links between EMT-TF and self-renewal capacity of CSC suggesting that EMT 

could be orchestrate with CSC phenotype to play critical role in metastatic cascade 

(Kalluri & Weinberg, 2009; Y. Wang, Shi, Chai, Ying, & Zhou, 2013). In addition, some 

evidence suggests that cells that undergo EMT gain stem cell-like properties, thus giving 

rise CSCs. EMT facilitates the generation of CSCs with the mesenchymal traits required 

for dissemination as well as self-renewal properties needed for initiating secondary 

tumors (Ishiwata, 2016; C.-Y. Liu, Lin, Tang, & Wang, 2015; Voulgari & Pintzas, 2009). 

The concept that CSCs is a major factor driving cancer cell aggressiveness and 

metastasis has led to investigations of the novel therapeutic strategies as well as drugs 

targeting the CSCs. 

The compounds isolated from the Thai orchids have been shown their 

cytotoxicity in various cancers including lung, liver, stomach and colon cancers. 
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Accumulative evidences have proved that orchids are the promising source of bioactive 

compounds for anti-cancer drug discovery and development. Chrysotoxine and 

crepidatin, a bibenzyl compound were found in Dendrobium pulchellum (Li et al., 

2013). These compounds were gained increase interest due to their promising 

pharmacological activities. In previous studies revealed that chrysotoxine had potential 

as neuroprotective compounds with antioxidant activity which can be used in the 

treatment of Parkinson’s disease (J.-X. Song et al., 2012; J. X. Song et al., 2010). 

Furthermore, both chrysotoxine and crepidatin increase antioxidant activity, crepidatin 

had found to induce apoptosis through the direct induction of intracellular ROS, 

attenuate growth of lung cancer cells in anchorage-independent condition and 

facilitate anoikis. In addition, both chrysotoxine and crepidatin also were found to be 

inhibited metastasis in lung cancer; however, the mechanism is still unknown 

(Chanvorachote et al., 2013; Chaotham, Pongrakhananon, Sritularak, & Chanvorachote, 

2014). Since the effect of chrysotoxine and crepidatin on CSC regulation had not been 

clarified, the present study aimed to investigate the effect of chrysotoxine and 

crepidatin on CSC phenotypes as well as underlying molecular mechanism. The 

findings from this study would provide the important insights that facilitate the further 

investigation and development of chrysotoxine and crepidatin for CSC-targeted 

approaches. 
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CHAPTER II  
LITERATURE REVIEW 

 
1. Lung cancer 

 
Cancer has always been the major health problem with a dominant cause of 

death in worldwide. The American Cancer Society compiled cancer-associated data 

and analyzed the data to estimate cancer statistics for every year. Siegel and 

colleagues estimated new cancer cases and cancer deaths for ten leading cancer types 

in both gender population of the United States in 2018, and results reflect that up to 

121,680 male patients are estimated to be diagnosed with lung and bronchus-related 

cancer. This can be accounted for approximately 14% of the new cancer cases in 

males, and up to 112,350 (13%) in U.S. females (Siegel, Miller, & Jemal, 2018).  

 Ranking within the top three most diagnosed cancer is lung cancer, where this 

type is continuously the major cause of death in both genders. Table 1 and 2 showed 

the statistics of the top three leading cancer type within the past 20 years, 

differentiated by genders, in the United States (Siegel et al., 2018). According to the 

information, the top three leading cancer types in male are colorectal, lung and 

bronchus, and prostate cancer, whereas in female are colorectal, lung and bronchus, 

and breast cancer. Although lung and bronchus were not ranked the highest estimated 

cases to be diagnoseก in both genders, but however, the top causes of death are 
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always diagnosed to be lung and bronchus (Siegel et al., 2018). This urged the scientists 

to focus more on lowering the statistics of lung cancer patients. 

Lung cancer has been divided into two major groups, including of small cell 

lung cancer (SCLC) and non-small cell lung cancer (NSCLC). The most common type 

of cancer is NSCLC, which is found in approximately 85% of the overall lung cancer 

patients. The poor survival rate in lung cancer patients is due to late diagnosis, which 

means the cancer has already spread to other sites within the patient’s body. In 

addition, lung cancer was recognized as one of the most important human cancers 

due to its high metastasis, drug resistance, and mortality rate (E. S. Kim, 2016; 

Rafiemanesh et al., 2016; Shanker, Willcutts, Roth, & Ramesh, 2010). Patients diagnosed 

with lung cancer tend to have higher relapse rates, where cancer stem cells (CSCs) 

have been pointed out to be the cause of these intractable. For the past ten years, 

remarkable progresses have been uncovered in the treatment of cancer. However, the 

low success rate among lung cancer patients may be due to difficulties in chemo-

resistance and relapses (Alamgeer, Peacock, Matsui, Ganju, & Watkins, 2013; Eramo, 

Haas, & De Maria, 2010; S. Singh et al., 2012; Templeton, Miyamoto, Babu, Munshi, & 

Ramesh, 2014). 
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Table  1 Statistics of the top three leading cancer type within the past 20 years in 
U.S. male. 

  

 
Male 

 
Estimated New Cases Estimated Deaths 

Year/Cancer 

Type 

Prostate 

(%) 

Lung & 

Bronchus 

(%) 

Colorectal 

(%) 

Lung & 

Bronchus 

(%) 

Colorectal 

(%) 

Prostate 

(%) 

1994 (Boring, 

1994) 

32 16 32 33 13 10 

1999 (Landis, 

1999) 

29 15 29 31 13 10 

2004 (Jemal, 

2004) 

33 13 33 32 10 10 

2009 (Siegel, 

2009) 

25 15 25 30 9 9 

2018 (Siegel, 

2018) 

19 14 9 26 9 8 
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Table  2 Statistics of the top three leading cancer type within the past 20 years in 
U.S. male.  

Female 
 

Estimated New Cases Estimated Deaths 

Year/Cancer 

Type 

Breast 

(%) 

Lung & 

Bronchus 

(%) 

Colorectal 

(%) 

Lung & 

Bronchus 

(%) 

Breast  

(%) 

Colorectal 

(%) 

1994 

(Boring, 

1994) 

32 13 13 23 18 11 

1999 

(Landis, 

1999) 

29 13 11 23 16 8 

2004 (Jemal, 

2004) 

32 12 11 25 15 9 

2009 (Siegel, 

2009) 

27 14 10 26 15 10 

2018 (Siegel, 

2018) 

30 13 7 25 13 8 
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2. Cancer stem cells (CSCs) 
Cancer stem cells (CSCs), or tumor-initiating cells, are a small subpopulation of 

propagating cancer cells within a tumor (Bao, Ahmad, Azmi, Ali, & Sarkar, 2013; 

Vinogradov & Wei, 2012). The concept of cancer stem cells was first established by 

Bonnet & Dick in the year 1997. In the past, it was reviewed that any somatic cell could 

become cancerous after receiving many series of sequential mutation throughout a 

period of time. Nevertheless, mature somatic cells usually have a short life span, 

therefore, the probability of a successful mutation within the life span of one cell 

would be very low (Bonnet & Dick, 1997). The main characteristics of CSC include the 

deregulation of self-renewal, as well as the formation of tumors and indefinite 

proliferation (Chiou et al., 2010; Lobo, Shimono, Qian, & Clarke, 2007). CSCs and normal 

stem cells share the characteristics of hallmark, as both have the ability to self-renewal 

and can produce differentiated progeny. However, normal stem cells differ in the high 

regulation of differentiation and self-renewal process. According to the similarities 

between CSCs and stem cells, there are three possible hypotheses of original of CSCs, 

including a stem cell undergoes mutation, a progenitor cells undergoes mutation, and 

differentiated cell further undergoes other mutations, ultimately resulting in a revertion 

back to a stem-like state. In all three possible hypotheses, the resultants CSCs found 

to lose the ability to regulate their own cell division (Croker & Allan, 2008; Gil, 

Stembalska, Pesz, & Sasiadek, 2008; Reya, Morrison, Clarke, & Weissman, 2001).  
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3. Characteristics of CSCs 

CSCs are an unambiguous population of tumor cells, which consists of multiple 

features that are vital for formation of tumor. CSCs have the ability of self-renewal and 

are considered immortal and crucial in the maintenance of tumor cells (Chiou et al., 

2010; S. Singh et al., 2012). CSCs are pluripotent and have the capability to procreate 

tumor cells with different phenotypes. This enables the cultivation of the primary 

tumor and evolution of subsequent new tumors (Gil et al., 2008; Hanahan & Weinberg, 

2011). CSCs contain ability to differentiate to be other cell type, called tumor 

heterogeneity which facilitates cell growth and survival in distant region. These CSCs 

properties are thought to be cause of aggressive phenotype in cancer including 

chemotherapeutic resistance, metastasis, and cancer relapse (Hanahan & Weinberg, 

2011; Y. Zhang et al., 2012). CSCs have been shown to maintain their stemness through 

the sustained level of several transcription factors as well as the stem cell-related 

signals. Recent studies have shown that the CSCs presenting in the lung cancer may 

facilitate the malignancy and progression of the disease. Recently, reports have shown 

that CSCs are becoming less responsive towards chemotherapeutic treatments (Leon, 

MacDonagh, Finn, Cuffe, & Barr, 2016). In addition, clinical data suggested that lung 

cancer patients with a high level of CSC markers are associated with lower recurrence-

free survival (Suzuki et al., 2012; Yu, Ramena, & Elble, 2012).  
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Figure 1 Self-renewal characteristic of CSCs modified from http://www.wikiwand.com 

by Bhummaphan N. 

 

 

 

 

 

 

 

Figure 2 Chemotherapeutic resistance of CSCs modified from (Baccelli & Trumpp, 2012) 

by Bhummaphan N.  
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4. Cancer stem cell markers 

4.1 CD133 

Cluster of differentiation-133 (CD133, prominin-1, PROM-1), a penta-span 

membrane protein, has been implicated as a marker for stemness in solid tumors. 

Correlation of the expression of CD133 and the CSC phenotype have been reported in 

pancreatic adenocarcinoma, hepatocellular carcinoma, prostate, neural and renal 

cancers (Li, 2013; Rappa, Fodstad, & Lorico, 2008). Furthermore, following 

immunohistochemical analysis of tumor samples, CD133 were found to be the marker 

to distinguish the stemness in lung cancer and colorectal cancer. Models of severe 

combined immune-deficient (SCID) mice showed that subsequent transplantation of 

CD133+ cells cultured from the tumors into generated tumor xenografts demonstrated 

identical phenotypes, when compared to the original tumor (NAGATA et al., 2011; Ren, 

Sheng, & Du, 2013).  

4.2 CD44 

CD44, a cell surface glycoprotein, is responsible for a majority of cellular 

processes, including cell growth and differentiation, cellular movement, angiogenesis 

and release of protease enzyme from cell membrane (Jing et al., 2015). Once activated 

by heterodimerization with growth factor receptors, CD44 subsequently activates PI3K-

AKT and MAPK pathways. CD44 has been recognized as a marker for lung CSCs. 

Furthermore, cells that are CD44-positive exhibit elevated tumorigenicity in 
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transplantation, heightened capacity to resist to chemotherapy, and higher expression 

of the stem cell transcription factors, Oct-4 and Sox2 (Leung et al., 2010).  

4.3 ABCG2 

ABCG2 is the member of ABC family that is consist of transmembrane proteins. 

ABCG2 gene is located in chromosome 4q22, which consists of 15 introns and 16 exons 

which contain 655 amino acids (72 kDa). As a half-transporter, the ABCG2 is 

predominantly localization at the plasma membranes, where is required to activate 

the function.   

Side population phenotype has been defined by the capability to efflux the 

Hoechst 33342 fluorescent dye from cell, which has been identified as a characteristic 

trait of stem cells. Previous reports proved that ABCG2 was a molecular determinant 

culpable for the SP phenotype. The expression of ABCG2 conserves the features of 

stem cells from a wide variety of sources, which includes the pancreas, testis, lung, 

brain, prostate, heart, muscle, cornea and conjunctiva, and embryo. In addition, high 

levels of ABCG2 were determined in a variety of cancers, which includes carcinomas 

of the lung, colon, breast, melanoma, and ovarian. The ABCG2 expression level is also 

established in tumors with high pathological grade and the poor prognosis of patient 

outcome (An & Ongkeko, 2009; Fatima, Zhou, & Sorrentino, 2012; Wee et al., 2016). 
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Table  3 CSC markers for distinct solid tumor types 
Breast Colon Gliom

a 

Liver Lung Melanom

a 

Ovaria

n 

Pancreati

c 

Prostat

e 

ALDH1A1 ALDH1A

1 

CD15 CD13 ALDH1A

1 

ALDH1A1 CD24 ALDH1A1 ALDH1A

1 

CD24 ABCB5 CD90 CD24 ABCG2 ABCB5 CD44 ABCG2 CD44 

CD90 CD133 CD133 CD44 CD133 CD20 CD117 CD133 CD133 

CD133 CD24 α6-

integri

n 

CD90 CD44 CD133 CD133 CD24 CD166 

Hedgeho

g 

CD26 Nestin CD13

3 

CD117 CD217  CD44 α2β1-

integrin 

α6-

integrin 

CD29   CD90   CXCR4 

 

α6-

integrin 

 CD44      Nestin TroP2 

 CD66      C-Met  

 β-

catenin 

       

 LGR5        
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5. CSC transcription factors 

Sox2, Oct4, and Nanog are genes which are responsible for the encode of 

transcription factors involved in the regulation of CSCs. These genes are liable for the 

major transcriptional network that oversees the regulation of self-renewal and 

pluripotency of stem cells. 

5.1 Sox2 

Sox2, a member of the SOX family transcription factors, consists of three 

essential domains, including a N-terminal domain, a high-mobility group (HMG) domain, 

and a transactivation domain. The expression of Sox2 is found in various cancers and 

also expressed in stem populations in the lung, pancreas, and stomach. In addition, 

the overexpression of Sox2 have been reported to elevate cell proliferation via cyclin 

D3 induction. In contrast, the knockdown of Sox2 results in cell cycle arrest and 

inhibition of cell growth. Furthermore, the silencing of Sox2 may inhibit cellular 

proliferation in lung squamous cell carcinoma cells  (Herreros-Villanueva et al., 2013; 

S. Singh et al., 2012; Weina & Utikal, 2014). 

5.2 Oct4 

Oct4 is transcription factor that is crucial for the maintenance of pluripotency. 

Overexpression of Oct4 can be found in recurring tissues of the prostate cancer. 

Bioinformatic analysis exhibit the overexpression of Oct4 in different types of solid 

tumor, when compared to corresponding normal tissues. Oct4 works synergistically 

with Sox2, among other factors, in the regulation of transcription. Sox2 and Oct4 can 
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both promote genes involved with pluripotency, and inhibit genes involved in 

differentiation (Kashyap et al., 2009; Pan, Chang, Scholer, & Pei, 2002). 

5.3 Nanog 

 Nanog expression is found in various cancers, including lung cancer, prostate 

cancer, and head and neck carcinoma. Nanog mRNA was shown to be expressed in 

both pluripotent mouse and human stem cell lines. Nanog is capable of exerting 

multiple functions through the transcription of regulatory activities. Nanog regulates 

the cell cycle and proliferation via direct binding to the cyclin D1 promoter. The 

induction of Nanog generates the upregulations of CD133 and ALDH1A1 in prostate 

cancer cell lines, which are well-known cancer stem cell markers. Moreover, Nanog is 

capable of inducing CSC-like features in primary p53-deficient mature mouse 

astrocytes (Y. Du et al., 2013; Jeter et al., 2011; Kashyap et al., 2009). 

6. Epithelial-to-mesenchymal transition (EMT) 

Epithelial-to-mesenchymal transition, or EMT, is a multistep process of cellular 

biochemical changes from squamous epithelial cell morphology into spindle-like 

mesenchymal phenotype. The process of EMT naturally occurs during embryonic 

development where the epithelial precursors transdifferentiate to complete 

gastrulation or to form neural crest. These morphogenesis processes require the 

differentiated epithelial cells to regain their migrative fibroblastic phenotypes in order 

to travel a long distance to build other tissues (X. Liu & Fan, 2015; Voulgari & Pintzas, 

2009). Recently increasing evidence has been reported that EMT also occurs in 
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metastatic cancer cells as one of the most important mechanisms to escape anoikis 

and facilitate cell movement. In contrast, it was reported that an inhibition of EMT 

process leads to a reduction on cell viability caused by the down-regulation of the 

survival pathways and the up-regulation of the apoptotic pathways (Taddei, Giannoni, 

Fiaschi, & Chiarugi, 2012; Yilmaz & Christofori, 2009). 

The characteristics of EMT consists of morphological changes from 

cobblestone-shaped epithelial like cells to spindle-shaped mesenchymal like cells, 

loss of cell-to-cell adhesion and acquisition of metastatic ability, as well as increased 

expression of the mesenchymal markers, such as Vimentin and N-cadherin, and 

decreased expression of the epithelial marker E-cadherin. The E-cadherin transcription 

are associated with the Snail, Slug, and Vimentin transcription factors (Lamouille, Xu, 

& Derynck, 2014; Son & Moon, 2010; Voulgari & Pintzas, 2009). 
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Figure 3 Basics of epithelial-mesenchymal transition (EMT) and EMT markers, modified 

from (Angadi & Kale, 2015) by Bhummaphan N. 

7. EMT markers 

7.1 E-cadherin 

E-cadherin is the major molecular component in establishing stable epithelial 

cell-cell adhesions including desmosome, adherent’s junction, and tight junction. 

These intercellular junctions allow communication between cells, restrict mobility of 

the epithelial tissue, and preserve the apico-basal polarization. The down-regulation 

of E-cadherin leads to the propagation of epithelial cell architecture by disrupting the 

apico-basal polarization and promoting the front-rear polarization supporting the 

migratory phenotype (Hollestelle et al., 2013; Lamouille et al., 2014). 

 

https://www.jci.org/articles/view/39104
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7.2 Vimentin 

Vimentin is an intermediate filament found in most mesenchymal cells and is 

required for migration. Vimentin can tolerate high stress of the traction force during 

cellular movements. The expression of Vimentin has been found to correlate with EMT 

incidence and cancer progression. Thus, Vimentin was also claimed as a cytoskeleton 

maker for EMT process (Kokkinos et al., 2007; Satelli & Li, 2011).  

7.3 Snail 

Snail is a protein that in humans, encoded by the SNAI1 gene. Snail is a family 

of transcription factors that nurtures the inhibition of the E-cadherin adhesion 

molecule to regulate EMT during embryonic development. Moreover, the metastasis 

of lung cancer has been most reported with the requirement of Snail family protein 

up-regulation. Since Snail family members function as transcriptional repressor of EMT-

related protein including E-cadherin and also have been reported to be able to 

regulate the apoptosis as a resistance to paclitaxel, Adriamycin and radiotherapy by 

inhibiting p53-mediated apoptosis (Shih & Yang, 2011; Y. Wang, Shi, Chai, Ying, & Zhou, 

2013). 

7.4 Slug 

Slug is a protein encoded by the SNAI2 gene, which also encodes a member of 

the Snail superfamily of C2H2-type zinc finger transcription factors. Slug acts as 

a transcriptional agent that binds to E-box motifs, and may also suppress E-

cadherin transcription in many cancer cells. Slug is involved in EMT process and 
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possess anti-apoptotic activity. Previous studies showed that Slug is required for the 

metastasis of the transformed in many cancer cells. Slug is a necessary mediator of 

Twist-induced EMT and metastasis. Twist needs to induce Slug to suppress the 

epithelial branch of the EMT, then, together, Twist and Slug function to promote EMT 

and metastasis (Medici, Hay, & Olsen, 2008; Shih & Yang, 2011; Voulgari & Pintzas, 2009). 

8. The link between cancer stemness and EMT  

Emerging studies propose that cells that undergo EMT acquire stem cell-like 

properties, thus, give rise to CSCs. EMT facilitates the generation of CSCs with the 

mesenchymal traits required for dissemination, as well as self-renewal properties 

required for instigating secondary tumors (Shih & Yang, 2011; Y. Wang et al., 2013). In 

immortalized human mammary epithelial cells, the induction of EMT by ectopic 

expression of Snail, Twist or exposure to TGF-β leads to an increased potential to form 

tumor spheres and enriched with CD44high/CD24low markers in breast cancer cells. In 

addition, in ovarian cancer cells, Snail and Slug effectively mediate cell survival and 

are involved in the acquisition of CSC-like with indirectly increase the activation of a 

self-renewal program by up-regulating Nanog, HDAC1, TCF4, KLF4, HDAC3 and GPC3. 

Furthermore, it can induce expression of other pluripotent activators, including Oct4, 

BMI1 and Nestin, as well as increase the number of cells with CD44high/CD117high, which 

are ovarian CSC markers. In addition, Slug and Sox9 can harmoniously regulate the 

mammary stem cell state. Co-expression of Slug and sox9 increase self-renewal ability 
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and generate CSCs (Wenjun Guo et al.; Luanpitpong et al., 2016). In addition, ZEB1 has 

the ability to confer stem cell-like properties, which results in strengthening the 

relationship between EMT and stemness. Once conferred, this property is considered 

twice as dangerous for the patient, due to the ability of carcinoma cells to enter the 

bloodstream as well as also support them with properties of stemness by virtue of 

which these cells have increased tumorigenic and proliferative potential (Ishiwata, 

2016; Kalluri & Weinberg, 2009; Kashyap et al., 2009). 

 

Figure  4 The cancer stem cells metastatic cascades modified from (Chaffer & 

Weinberg, 2011) by Bhummaphan N. 
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9. Tyrosine kinase signaling pathways in CSCs 

There are multiple CSC models have been proposed as mechanism for tumor. 

Nevertheless, Tyrosine kinase receptor, Wnt, Hedgehog, and Notch pathways are 

considered important CSCs' regulators. 

Tyrosine kinases are important mediators of the signaling cascade, where their 

key roles are determination of diverse biological processes, including growth, 

differentiation, metabolism and apoptosis, in response to external and internal stimuli. 

Emerging studies have suggested the role of tyrosine kinases in the pathophysiology of 

cancer. Although tyrosine kinases are tightly regulated in normal cells, but mutation, 

overexpression and autocrine paracrine stimulation may lead to the transformation of 

functions, ultimately leading to malignancy. Since angiogenesis is a major event in 

cancer growth and proliferation, the application of tyrosine kinase inhibitors as a target 

for anti-angiogenesis may be recommended as a new outlook in cancer therapy (Z. Du 

& Lovly, 2018; Hubbard & Miller, 2007; Paul & Mukhopadhyay, 2004).  

9.1 Epidermal growth factor receptor 

Epidermal growth factor receptor (EGFR) family is a family that related with 

tyrosine kinase receptor. Many cancers are upregulated EGFR with inducing various 

transcription factors. A study in mice showed that a loss of signaling of EGFR family 

resulted in embryonic lethality with defection in organs, including 

the lungs, skin, heart, and brain, whereas excessive EGFR signaling is related to the 
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development of a vast variety of solid tumor. The EGFR family are reported in various 

human cancers and their unrestrained signaling may be an important element in the 

development and malignancy of these tumors (Sasaki, Hiroki, & Yamashita, 2013; 

Seshacharyulu et al., 2012; Yewale, Baradia, Vhora, Patil, & Misra, 2013).  

9.2 Vascular endothelial growth factor (VEGF)  

 Vascular endothelial growth factor, or VEGF, is a signal protein produced by 

cells that nourishes the formation of blood vessels. Moreover, VEGF is a subfamily 

of growth factors, the platelet-derived growth factor family of cystine-knot growth 

factors. VEGF is crucial for many signaling proteins that are involved in 

vasculogenic and angiogenesis. Overexpression of VEGF may lead to a state of disease, 

where solid cancers absolutely cannot grow with a limited size and without an 

adequate blood supply, therefore, cancers would increase the expression of VEGF for 

growing and metastasizing (Carmeliet, 2005; Goel & Mercurio, 2013; Sia, Alsinet, Newell, 

& Villanueva, 2014).  

9.3 Src kinase family  

Src kinase is a family of non-receptor tyrosine kinases which is associate with 

many cellular pathways and membrane proteins. The phosphorylation of Src at 

tyrosine residues is found in stimulating of migration, EMT and CSC markers. A number 

of substrates have been discovered for the over expression may contribute to the 

progression of cellular transformation and oncogenic activity. The activation of Src via 

https://en.wikipedia.org/wiki/Tumor
https://en.wikipedia.org/wiki/Cancer
https://en.wikipedia.org/wiki/Malignancy
https://en.wikipedia.org/wiki/Tumor
https://en.wikipedia.org/wiki/Growth_factors
https://en.wikipedia.org/wiki/Platelet-derived_growth_factor
https://en.wikipedia.org/wiki/Cystine_knot
https://en.wikipedia.org/wiki/Protein
https://en.wikipedia.org/wiki/Vasculogenesis
https://en.wikipedia.org/wiki/Angiogenesis
https://en.wikipedia.org/wiki/Non-receptor_tyrosine_kinase


 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 26 

phosphorylation at Y416 has been shown to activate Akt via phosphorylation at Ser473, 

which is an important mediator for cell survival and proliferation. Studies have 

implicated that the Sox2 pluripotent transcription factor also plays a part in maintaining 

the characteristics of stem cell, where Sox2 is regulated by the Src-Akt activity 

(Lundberg et al., 2016; S. Singh et al., 2012). Thus, Src would be the great target for 

CSCs treatment. 

10.  Dendrobium pulchellum 

Dendrobium pulchellum, is an orchid which is naturally native be found in 

Southeast Asia such as Thailand, Malaysia, Vietnam, Nepal, and Bhutan. Dendrobium 

pulchellum can be acknowledged from large white flower petals with remnants of 

purple and yellow pigments. Previous study found that a MeOH extract was prepared 

from the stem of this orchid was found to possess cytotoxic effects against human 

lung cancer cells. Subsequent chemical investigation of the extract precipitated the 

isolation of four known bibenzyls, named chrysotobibenzyl, chrysotoxine, crepidatin, 

and moscatilin (Chanvorachote et al., 2013). 
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11. Chrysotoxine  

Chrysotoxine, a bibenzyl compound isolated from the orchid Dendrobium 

pulchellum. Past reports revealed that chrysotoxine has the ability to induce apoptosis 

through the direct induction of intracellular reactive oxygen species (ROS), attenuate 

the growth of lung cancer cells in an anchorage-independent condition, as well as 

facilitate anoikis (J.-X. Song et al., 2012; J. X. Song et al., 2010). However, the effect of 

chrysotoxine on CSC regulation has not been clarified. 

 

 
 
Figure 5 Chemical structure of chrysotoxine modified from (Chanvorachote et al., 

2013) by Narumol N. 

12. Crepidatin 

Crepidatin, a bibenzyl compound was found in Dendrobium pulchellum 

(Majumder & Chatterjee, 1989). This compound was gained increase interest due to its 

promising pharmacological activities. In previous study revealed that crepidatin had 

potential to induce apoptosis through the direct induction of intracellular ROS, reduce 
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growth of lung cancer cells in anchorage-independent condition, and facilitate anoikis 

(Chanvorachote et al., 2013). In addition, crepidatin was found to be inhibited 

metastasis in lung cancer; however, the mechanism is still unknown. Nevertheless, the 

effect of crepidatin on CSC regulation had not been made clear.  

 

 
 

Figure  6 Chemical structure of crepidatin modified from (Chanvorachote et al., 2013) 

by Narumol N. 

13. Chrysotobibenzyl 

Chrysotobibenzyl is also a derivative from bibenzyl compound, which was 

isolated from the orchid Dendrobium pulchellum. Past reports revealed that 

chrysotobibenzyl was able to attenuate the migratory behavior in lung cancer cell. 

However, the underlying mechanism for such anti-metastasis has not yet been 

investigated (Chanvorachote et al., 2013). 
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Figure 7 Chemical structure of chrysotobibenzyl modified from (Chanvorachote et al., 

2013) by Narumol N. 

14. Cisplatin 

Cisplatin or also called cis-diamminedichloroplatinum(II), is a metallic 

(platinum) coordination compound which is a yellow crystalline powder. The 

mechanism of Cisplatin is related to interfere with DNA replication and attenuate 

proliferating cells.  

Cisplatin is a chemotherapy medication which often used for NSCLC patients. 

Cisplatin always used with one other drug such as gemcitabine with vinorelbine or 

paclitaxel. Cisplatin combination chemotherapy is used of treatment of many cancers. 

Although cisplatin can kill many cancer cells, but the majority of cancer patients will 

eventually relapse with cisplatin-resistant disease. Many mechanisms of cisplatin 

resistance have been proposed including changes in cellular uptake and efflux of the 

drug, inhibition of apoptosis and increased DNA repair (Dasari & Tchounwou, 2014). 

In addition, recently, Cisplatin found to be resisted to cancer treatment via 

increasing anoikis resistance and induce CSC enrichment in various cancers. Previous 
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studies Cisplatin also promoted transcriptional upregulation of PIK3CA, and cause of 

activating in PI3K/AKT signaling in resistant cells. In vivo study confirmed drug-resistant 

tumors displayed the enhanced expressions of CSC transcription factors in cisplatin 

treated cells. Therefore, a novel perspective in development of new drug for 

chemotherapy resistance and combination with cisplatin treatment may provide a 

promising approach for the treatment of patients with NSCLC (Shafee et al., 2008; 

Thakur & Ray, 2017; L. Wang et al., 2017). 

 
 
Figure 8 Chemical structure of Cisplatin modified from 

https://biology.stackexchange.com by Bhummaphan N. 
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CHAPTER III  
MATERIALS AND METHODS 

 
1. Cell culture  

The human non-small cell lung cancer cell lines, NCI-H460, NCI-H23, NCI-H292 

and NCI-A549, and human keratinocyte HaCaT cells were obtained from the American 

Type Culture Collection (Manassas, VA, USA). NCI-H460, NCI-H23, NCI-H292 were 

cultivated in Roswell Park Memorial Institute (RPMI) 1640 medium supplemented with 

10% fetal bovine serum (FBS), 2 mM L-glutamine, and 100 U/ml penicillin and 

streptomycin, while A549 and HaCaT cells were cultivated in Dulbecco’s Modified 

Eagle Medium (DMEM) supplemented with 10% fetal bovine serum (FBS), 2 mM L-

glutamine, and 100 U/ml penicillin and streptomycin. Cell cultures were maintained in 

a 37oC humidified incubator with 5% CO2. Cells were routinely passaged at 

preconfluent density using a 0.25% trypsin solution with 0.53 mM EDTA. RPMI 1640 

medium, FBS, L-glutamine, penicillin/streptomycin, phosphate-buffered saline (PBS), 

trypsin, and EDTA were purchased from GIBCO (Grand Island, NY).  

2. Plant material 

Chrysotoxine, crepidatin, and chrysotobibenzyl were isolated from the stems 

of Dendrobium pulchellum and its purity was evaluated using HPLC and NMR 

spectroscopy. The compound with > 98% purity was used in the present study. In this 

experiment, all compounds were dissolved in DMSO as a master stock solution, which 
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was further diluted with cell culture medium for working concentration. The final 

concentration of DMSO was used in all experiments less than 0.1%, which is no toxicity 

to the cells.  

3. Cytotoxicity assay 

For analyzing cytotoxicity assay, H460, H23, H292, A549, and HaCaT were 

seeded onto 96-well plates at a density of 1 x 104 cells/well and allowed to adhere 

by incubation overnight. Cells then were treated with various concentrations of 

chrysotoxine, crepidatin, and chrysotobibenzyl for 48 h and then analyzed for cell 

viability using the 3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide (MTT) 

assay. Cells were incubated with 500 µg/ml of MTT for 4 h at 37 °C and the intensity 

of formazan product, after solubilization in 100 µl DMSO were measured at 570 nm 

using a microplate reader (Anthros, Durham, NC, USA). Relative cell viabilities were 

calculated by dividing the absorbance of the treated cells by that of the control cells. 

The half-maximal inhibition concentration (IC50) were determined from four 

independent experiments using the GraphPad Prism 5.0 software (La Jolla, CA). 
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4. Nuclear staining assay 

Hoechst 33342 (Molecular Probes Inc., Eugene, OR) and PI (Molecular Probes 

Inc.) co-staining were used to determine the level of apoptotic and necrosis cell death. 

After treatments at indicated time, cells were stained with 10 µM of Hoechst and 5 

µg/mL of PI for 30 min at 37 °C and then cells were visualized and imaged by 

fluorescence microscope (Nikon Eclipse Ts2). 

5. Wound healing assay 

Cell migration was evaluated using wound healing assays. H460 were cultured 

in 96-well plate in 20,000 cells in each well for 24 h and wound space were created 

by micropipette tip. Then, media was removed and washed one time with PBS. The 

monolayer cells were incubated with non-toxic concentration of chrysotoxine, 

crepidatin, and chrysotobibenzyl (0-50 µM) and allowed to migrate for 24 h, 48h. The 

photos of cell migration were taken under a phase contrast microscope (Nikon Eclipse 

Ts2), and were measured wound space using Image J. The percentage of change in the 

wound space was calculated as follows. 
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6. Spheroids formation assay 

Cells were seeded approximately 2.5 x103 cells/well onto a 24-well ultralow 

attachment plate in 0.8% methylcellulose-based serum-free medium supplemented 

with 20 ng/ml epidermal growth factor, basic fibroblast growth factor, and 4 mg/ml 

insulin for 7 days. Then primary spheroids were resuspended as single cells and were 

reseeded again 2.5 x 103 cells/well onto a 24-well ultralow attachment plate. 

Secondary spheroids were allowed to form for 14 days and spheroid formation. 

For single three-dimension (3D) spheroid-formation assay, H460, H23 and A549 

cells were allowed to form primary and secondary spheroids as detailed above. At day 

14 of secondary spheroid formation, they were dissociated into a single spheroid of 

the same size and each spheroid was then were treated with a noncytotoxic and IC50 

concentrations of chrysotoxine and crepidatin (0–25 µM). Phase-contrast images of the 

secondary spheroids were taken at day 0, 3 and 7 after chrysotoxine and crepidatin 

treatment under a phase-contrast microscope (Nikon Eclipse Ts2). 

7. Extreme limiting dilution assay (ELDA) 

Extreme limiting dilution assay (ELDA) used in this study was slightly modified 

from previous described. H460, H23 and A549 cells were plated and allowed to adhere 

by incubation overnight. Cells then were treated with nontoxic and IC50 concentrations 

of chrysotoxine, crepidatin, and cisplatin for 48 h and then cells were replated again 

in totally decreasing numbers from 200 cells/well to 1 cell/well in 200 µl onto a 96-

well ultralow attachment plate and cultured for 14 days, whereupon the number of 
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wells containing spheres for each cell plating density (number of positive cultures) 

were counted and recorded. Spheroid formation with treated cells were calculated in 

all wells compared to control. 

8. Water-soluble tetrazolium salt (WST) assay  

H460, H23 and A549 cells were seeded onto a 24-well ultralow attachment 

plate approximately 2.5 x 103 cells/well using RPMI serum-free medium. The primary 

spheroids were allowed to form for 7 days. At day 7, primary spheroids were then 

resuspended into single cells using 1 mM EDTA and were reseeded at 2.5 x 103 

cells/well onto a 24-well ultralow attached plate and cultured for 14 days to form 

secondary spheroids. At day 14, the CSC-rich population were treated with the 

chrysotoxine and crepidatin (0-50 µM) for 48 h and were analyzed for cell viability 

using the WST assay. The harvested cells were incubated with 10% WST for 2 h at 37˚C 

and the intensity of the formazan product were measured at 450 nm using a plate 

reader. Cell viability were calculated from OD readings and were represented as 

percentages with respect to the non-treated control value. 

9. Western blot analysis  

Treated cells and nontreated control cells were plated and incubated as above 

experiments. After that, cells were washed with 1X PBS and lyzed on ice for 45 min 

with lysis buffer containing 20 mM Tris-HCl (pH 7.5), 1% Triton X-100, 150 mM NaCl, 

10% glycerol, 1 mM Na3VO4, 50 mM NaF, 100 mM PMSF and cocktail protease inhibitor 
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mixture (Roche Molecular Biochemical, Indianapolis, IN, USA). The protein lysates were 

analyzed for protein content using BCA protein assay kit from Pierce Biotechnology 

(Rockford, IL, USA). Equal amounts of denatured protein samples (60 µg) were loaded 

onto 10% SDS-PAGE in 1X Tris/Glycine/SDS buffer before transferring onto to 0.45-µm 

nitrocellulose membranes in 1X Tris/Glycine buffer for 2 h (Bio-Rad, Hercules, CA, USA). 

Transferred membranes were blocked for 1 h in 5% nonfat dry milk in TBST (25 mM 

Tris-HCl, pH 7.5, 125 mM NaCl, and 0.05% Tween 20) and were incubated overnight 

with specific primary antibodies against CD133, CD44, ABCG2, Sox2, Vimentin, Snail, 

Slug, E-cadherin, p-Src, Src, p-Akt, Akt, PARP, gamma-H2AX and GAPDH. Membranes 

were washed three times with TBST and were incubated with appropriate horseradish 

peroxidase (HRP)-labeled secondary antibodies for 2 h at room temperature. The 

immune complexes were detected by Super Signal West Pico chemiluminescent 

substrate (Pierce Biotechnology) and were exposed to film. 

10. Clonogenic assay 

For analyzing clonogenic assay, H460 and A549 were seeded and allowed to 

adhere by incubation overnight. Cells then were treated with nontoxic and IC50 

concentrations of crepidatin and cisplatin for 48 h. After indicated time, cells were 

counted and re-plated in a low number with 250 cells in 6-well plate in medium. After 

10 days of growth, cells were washed with 1X PBS, fixed with methanol and stained 

with crystal violet. Then, colonies were counted by Image Pro Plus6 program.  
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11. 3D-CSC migration assay 

The secondary spheroids were dissociated into a single spheroid which had the 

similar size as described above. Then each spheroid was treated with the crepidatin in 

indicated concentration for 7 days and then each spheroid was re-plated on 24 well 

plate and evaluated every 24, 48, 72, and 96 h. After 96 h, each spheroid was stained 

with calcein AM to clarify cell viability and PI dye to determine apoptotic of cells. 

Photos were captured, and migratory area were calculated in all treated spheres 

compared to control. 

12. NanoString nCounter Gene Expression Assay 

Treated cells and nontreated control cells were plated and incubated as above 

experiments. After that, cells were washed with 1X PBS and solubilized at 1 × 107 

cells/ml in lysis buffer with phosphatase inhibitors at 2–8 °C for 30 min and were 

preceded according to manufacturer’s protocol. Briefly, Total RNA were extracted by 

using Trizol reagent according to the manufacturer’s instruction. Cells were 

homogenized in 1 ml of Trizol reagent and then centrifuged at 15,000 rpm for 10 min 

for dissociation of nucleoprotein complexes. Supernatants were transferred to a new 

eppendorf tube and precipitated the total RNA by adding 500 µl of isopropanol, 

followed by centrifugation at 15,000 rpm for 10 min. RNA pellets were washed once 

with 100 % ethanol and dried at room temperature for 10-15 min before dissolving in 
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RNase free water, then, the total RNA were analyzed using NanoString nCounter Gene 

Expression.  

13. Chick chorioallantoic membrane (CAM) assay 

H460 and A549 cells were seeded in 100 mm dish for 24 h, then, cells were 

pretreated with crepidatin and cisplatin for 48 h at IC50 concentrations. After 48 h, cells 

were counted the viable cells 1 x 106 / CAM and subject to CAM assay. A small window 

was made in the shell on day 1 of chick embryo development under aseptic 

conditions. Then, pretreated cells were mixed with growth factor with Matrigel in a 

total volume of 30 µl and allowed to solidify for 1 h. Then, Matrigel grafts were placed 

on top of the CAM and eggs were resealed and returned to the incubator for 72 hours 

until day 14 (n = 7 chicken embryos per cell line). Blood vessels of CAM models were 

captured at day 3, 4, and 5 of xenograft. After that, Matrigel grafts with surrounding 

CAM were harvested from each embryo and fixed with 4% paraformaldehyde for 24 

hours and embedded in paraffin. Serial sections (6 µm) were stained with hematoxylin 

and eosin. Slides were digitally scanned using the NanoZoomer. 

14. Enriched primary non-small cell lung cancer stem cells assay 

Enriched primary non-small cell lung cancer stem cells were obtained from 

Promab Biotechnologies, Inc. (Richmond, CA, USA). Cells were cultivated in Cancer 

stem cell media premium (Cat. No. 20101) and supplemented with 10% fetal bovine 

serum (FBS), 2 mM L-glutamine, and 100 U/ml penicillin and streptomycin. Then, 

enriched primary lung cancer stem cells were incubated with chrysotoxine and 
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crepidatin for 48 h. After chrysotoxine and crepidatin treatment, cells were captured 

under a phase-contrast microscope (Nikon Eclipse Ts2). 

15. Statistical analysis  

Data were shown as the mean ± S.D., derived from at least three independent 

experiments. Statistical analysis was performed by one-way ANOVA and student’s t 

test and followed by multiple comparison test. The statistical analysis was performed 

using GraphPad software with the statistical significance were considered at P value 

less than 0.05. 
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CHAPTER IV  
RESULTS 

 

Part 1.  Evaluation the effect of chrysotoxine, crepidatin, and chrysotobibenzyl on 

stemness of lung cancer and normal cells. 

1. Cytotoxicity analysis  

1.1 Effect of chrysotoxine, crepidatin, and chrysotobibenzyl on human lung 

cancer and normal cells. 

Prior to determine the effect of chrysotoxine, crepidatin and chrysotobibenzyl 

on CSC’s properties, the appropriate non-cytotoxic concentrations were evaluated. To 

study the effect of these compounds, human NSCLC H460 and H23 cells were treated 

with various concentrations of compound (0, 1, 5, 10, 20, 50 and 100 µM) for 48 h and 

then their cell viability was determined by the MTT viability assay. Chrysotoxine was 

found to be nontoxic at concentrations below 20 µM in both H460 and H23 cells, with 

no significantly decreased cell viability or increased apoptosis/necrotic cell death, 

whereas significantly reduced cell viability and an increased level of apoptosis was 

noted at 50 µM (Figure 9 and Figure 13A). The derived IC50 values of chrysotoxine were 

approximately 78.34 µM for H460 cells and 92.47 µM for H23 cells.  

In addition, crepidatin was found to be non-toxic at concentrations below 10 

µM in H460 and IC50 value of crepidatin on H460 has been found at 29.1 µM whereas 

in H23 cells, non-toxic of crepidatin was found at concentration below 100 µM and 

the IC50 value of crepidatin on H23 were found at 89.86 µM. However, there were no 
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significant decreased cell viability or increased apoptosis nor necrotic cell death, 

whereas a significantly reduced cell viability and increased level of apoptosis was 

found at 25 µM and 100 µM in H460 and H23 cells accordingly (Figure 10 and Figure 

13B). Finally, chrysotobibenzyl was found to be non-toxic at concentrations below 100 

µM in H460 and IC50 value of chrysotobibenzyl on H460 has been found at ≥100 µM 

whereas in H23 cells, non-toxic of chrysotobibenzyl was found at concentration ≥100 

µM (Figure 11). Interestingly, chrysotoxine, crepidatin, and chrysotobibenzyl showed no 

cytotoxic effect on the normal keratinocyte cells which contained normal stem cells 

(HaCaT) at all tested concentrations (0–100 µM) (Figure 12). Thus, non-toxic 

concentrations of chrysotoxine, crepidatin and chrysotobibenzyl were further tested 

for their effects on CSC-like phenotypes.  
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Figure  9 Cytotoxic effect of chrysotoxine on human lung cancer H460 and H23 cells.  

(A) H460, and (B) H23 cells were treated with various concentrations of chrysotoxine 

(0–100 µM) for 48 h and then the cell viability was determined by the MTT assay, 

relative to the viability of untreated cells set as 100%.  The data is presented as mean 

± SD (n=3). 
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Figure  10 Cytotoxic effect of crepidatin on human lung cancer H460 and H23 cells.  

(A) H460, and (B) H23 cells were treated with various concentrations of crepidatin (0–

100 µM) for 48 h and then the cell viability was determined by the MTT assay, relative 

to the viability of untreated cells set as 100%.  The data is presented as mean ± SD 

(n=3). 
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Figure  11 Cytotoxic effect of chrysotobibenzyl on human lung cancer H460 and H23 

cells.  

(A) H460, and (B) H23 cells were treated with various concentrations of 

chrysotobibenzyl (0–100 µM) for 48 h and then the cell viability was determined by 

the MTT assay, relative to the viability of untreated cells set as 100%.  The data is 

presented as mean ± SD (n=3). 
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Figure  12 Cytotoxic effect of chrysotoxine, crepidatin, and chrysotobibenzyl on human 

normal keratinocyte HaCaT cells.  

(A) chrysotoxine, (B) crepidatin, and (C) chrysotobibenzyl were treated with various 

concentrations (0–100 µM) in HaCaT cells for 48 h and then the cell viability was 

determined by the MTT assay, relative to the viability of untreated cells set as 100%.  

The data is presented as mean ± SD (n=3). 

Table  4 IC50 of chrysotoxine, crepidatin, and chrysotobibenzyl on human lung 
cancer H460 and H23 and human normal keratinocyte HaCaT cells. 
 
 

Treatment H460 H23 HaCaT 

chrysotoxine 78.34 92.47 ≥ 100 

crepidatin 29.31 89.86 ≥ 100 

chrysotobibenzyl ≥ 100 ≥ 100 ≥ 100 
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Figure  13 Effect of chrysotoxine on apoptotic and necrotic cell death.  

(A) and (C) H460 and (B) and (D) H23 were treated with various concentrations 

chrysotoxine for 48 h. The level of apoptotic and necrotic cell death was evaluated at 

the same time using Hoechst 33342/PI costaining and is shown relative to that of the 
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untreated control cells. All plots show the mean ± SD (n = 3). * P < 0.05 vs. untreated 

cells.  
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Figure  14 Effect of crepidatin on apoptotic and necrotic cell death.  

(A and C) H460 and (B and D) H23 were treated with various concentrations crepidatin 

for 48 h. The level of apoptotic and necrotic cell death was evaluated at the same 

time using Hoechst 33342/PI costaining and is shown relative to that of the untreated 

control cells. All plots show the mean ± SD (n = 3). * P < 0.05 vs. untreated cells.  
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Figure  15 Effect of chrysotobibenzyl on apoptotic and necrotic cell death.  

H460 were treated with various concentrations chrysotobibenzyl for 48 h. The level of 

apoptotic and necrotic cell death was evaluated at the same time using Hoechst 

33342/PI costaining and is shown relative to that of the untreated control cells. All 

plots show the mean ± SD (n = 3). * P < 0.05 vs. untreated cells.  
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To study the effect of chrysotoxine, crepidatin and chrysotobibenzyl, cell 

migration assay was used to evaluate one of the important characteristics on 

metastatic properties. H460 and H23 cells were investigated in terms of cell migration 

using a scratch assay. Figures 16 showed that chrysotoxine, crepidatin, and 

chrysotobibenyzl significantly inhibited H460 cell migration at 1–50 µM at 48 h, 

compared with the non-treated control.  Taken together, these results suggested that 

chrysotoxine, crepidatin, and chrysotobibenzyl had an effective inhibition on cell 

migration, which may impair cellular protrusions at the edge of motile cells and 

decrease the potential of cell motility in lung cancer cells. However, both chrysotoxine 

and crepidatin showed significantly higher inhibition to cell migratory behavior in H460, 

when compared to chrysotobibenzyl.  Therefore, we used two these compounds to 

further study for the effect on stemness of lung cancer cells. 
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Figure  16 Effect of chrysotoxine, crepidatin, and chrysotobibenzyl on lung cancer cell 

migration.  

H460 cells were treated with 1–50 µM of (A) and (D) chrysotoxine, (B) and (E) crepidatin, 

and (C) and (F) chrysotobibenzyl for 48 h. Cells were subjected to wound-healing assay 

for detecting wound space, with representing the relative migration levels. Data 

represent the mean ± SD (n = 3). * p < 0.05 versus non-treated control.  
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Part 2. Evaluation the cytotoxicity of chrysotoxine on stemness of lung cancer 

cells. 

2. The effects of chrysotoxine on the stem cell-like characteristics of lung 

cancer cells. 

The key properties of CSCs include their ability for self-renewal and generation 

of differentiated progeny. CSCs and the self-renewal properties may be assessed by 

tumor sphere formation assay, which highlights the ability of tumor cells to form 

spheroids under accelerated conditions. Accordingly, the ability of chrysotoxine to 

suppress this activity was determined. A 3D-CSC-rich population was used as a primary 

baseline to examine the effect of the compound on CSCs, where the assay was 

exercised as previously described. Cells were passaged from first-generation tumor 

spheres to preserve the ability to form secondary spheroid generation. Following 14 

days of culture, the secondary spheroids were selected into single 3D spheroids of a 

similar morphology and size, of which each spheroid was then treated with the various 

concentrations of chrysotoxine and subsequently monitored after 3 and 7 days of 

treatment. Representative images of the CSC spheroids in the control and 

chrysotoxine-treated cells at day 0, 3 and 7 are shown in Figure 17A. Treatment of the 

CSC spheres with chrysotoxine at 5–20 µM significantly reduced the CSC populations 

in both H460 and H23 cells, with a significant decrease in the size of the H460 CSC 

spheres by approximately 40%, 53%, and 67% at day 3 after treatment with 5, 10, and 

20 µM of chrysotoxine, respectively, compared with the control (Figure 17B). In 
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addition, a further decrease in the H460 CSC spheroid size by approximately 30%, 60%, 

90%, and 95% relative to the control was seen in cells treated with 1, 5, 10, and 20 

µM of chrysotoxine, respectively, at day 7 (Figure 17B). Similar results were found for 

the H23 cells, in which treatment of H23 CSC spheres with chrysotoxine resulted in 

the dramatic shrinkage of spheroids in a dose-dependent manner (Figure 18A). 

Significant suppression was first detected in response to 5 µM of chrysotoxine at day 

3, with an approximately 30% size reduction of the CSC spheres; this decreased in size 

by approximately 40%, 60%, 80%, and 92% relative to the control after treatment with 

1, 5, 10, and 20 µM chrysotoxine, respectively, at day 7 (Figure 18B).  

To assure the effect of chrysotoxine on the viability of CSC, CSC-rich 

populations of H460 and H23 cells were also treated with chrysotoxine for 48 h prior 

to determining the cell viability by the WST assay. Chrysotoxine at 5–50 µM significantly 

decreased the CSC viability in both H460 and H23 cells (Figure 19 A and B), whereas 

chrysotoxine at 20 and 50 µM induced a high level of apoptosis in both H460 and H23 

CSCs after 48 h. 

Moreover, an extreme limiting dilution assay was performed to examine the 

effect of chrysotoxine. Cells were treated for 48 h with compounds and then cells 

were re-plated again in 96 well plate with ultralow attach plate from 200 cells to 1 

cell for 14 days. After 14 days, cells were counted to determine the capability to 

generate spheroids. Results indicated that while the non-treated control cells exhibited 
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ability to form tumor sphere, H460 and H23 cells treated with chrysotoxine failed to 

generate the spheres (Figure 20 A and B). 
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Figure  17 The effect of chrysotoxine suppresses CSC-like phenotypes in CSC-rich 

population.  

(A) H460 cells secondary spheroids were dissociated into single spheroids of the same 

size and treated with a non-cytotoxic concentration of chrysotoxine for 3 and 7 days. 

Phase-contrast images (4x) of secondary spheroids at day 0, 3 and 7 for the treated 

and untreated cells, and (B) the spheroid size relative to that of the untreated group. 

All plots show the mean ± SD (n = 3).   * P < 0.05 vs. untreated cells. 
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Figure  18 The effect of chrysotoxine suppresses CSC-like phenotypes in CSC-rich 

population.  

(A) H23 cells secondary spheroids were dissociated into single spheroids of the same 

size and treated with a non-cytotoxic concentration of chrysotoxine for 3 and 7 days. 

Phase-contrast images (4x) of secondary spheroids at day 0, 3 and 7 for the treated 

and untreated cells, and (B) the spheroid size relative to that of the untreated group. 

All plots show the mean ± SD (n = 3).   * P < 0.05 vs. untreated cells. 
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Figure  19 The effect of chrysotoxine suppresses viability in CSC-rich population.  

The cell viability of (A) H460 and (B) H23 cells in a detached condition were determined 

in the CSC-rich populations after treatment with or without a various concentration of 

chrysotoxine for 48 h and analyzed for cell viability using the WST assay. All plots show 

the mean ± SD (n = 3).   * P < 0.05 vs. untreated cells. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 69 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 70 

Figure  20 The effect of chrysotoxine on the capability for generating spheroids.  

(A) H460 and (B) H23 cells were plated in decreasing numbers from 200 cells/well to 

1 cell/well in 200 µl RPMI and cultured for 14 days whereupon the number of wells 

containing spheres for each cell was calculated. Bars are the mean ± SD (n = 3). * P < 

0.05 vs. untreated cells. 

 

3. The effects of chrysotoxine on the stem cell markers of lung cancer cells. 

Given that chrysotoxine caused an apparent decline in CSCs in terms of the 

spheroid size and cell viability, the effect of chrysotoxine on the CSC biomarkers 

CD133, CD44, and ABCG2 was determined to further confirm the CSC-suppressing effect 

of compounds. H460 and H23 cells were treated with chrysotoxine (0–20 µM) for 48 h. 

The expression levels of CD133, CD44, and ABCG2 were evaluated by Western blot 

analysis. Chrysotoxine significantly decreased the cellular levels of CD133, CD44, and 

ABCG2 in both H460 and H23 cells in dose-dependent manner (Figure 20).  Taken 

together, a clear CSC-suppressive effect of chrysotoxine in these lung cancer cells was 

established. 
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Figure  21 Effect of chrysotoxine on CSC markers in H460 and H23 cells.  

(A) H460 cells and (B) H23 were treated in the presence or absence of chrysotoxine (0 

- 20 µM) for 48 h. The cell lysate was then collected and evaluated for the level of 

the lung CSC biomarkers as lysate levels of CD133, CD44, and ABCG2 using Western 

blotting, reprobing the blots with GAPDH to confirm equal loading of samples. Bars 

show the mean ± SD (n = 3). * P < 0.05 vs. untreated cells. 
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4. The effects of chrysotoxine on Sox2 via Src-Akt signaling cascade in lung 

cancer cells.  

As previously documented that stem cells possess the ability to retain the 

capacity for renewing themselves, we next investigated whether chrysotoxine could 

affect the self-renewal-related proteins. The major transcription factors involved in the 

maintenance of pluripotency and self-renewal in human lung cancer stem cells 

include Sox2, Oct4 and Nanog. Among all, Sox2 was shown to be involved in the 

maintenance of CSC characteristics in lung cancer. Recent studies have shown that 

proto-oncogene tyrosine-protein kinase Src is the upstream regulator of Sox2 (Weina & 

Utikal, 2014). Src is a critical component in many signaling pathways that regulate 

survival, metastasis, and stemness characteristics. Importantly, Src increases the 

cellular expression level of Sox2, the self-renewal pluripotency transcription factor in 

non–small cell lung cancer cells (S. Singh et al., 2012). The activation of Src via 

phosphorylation at Y416 was shown to activate Akt (phosphorylation at Ser473), which 

is an important mediator for cell survival, proliferation, and Sox2-regulated stemness. 

Taken together, the cellular signals mentioned are potential molecular targets for 

suppressing CSC-like phenotypes. In order to determine the underlying mechanism of 

chrysotoxine-mediated suppression of CSCs, human lung cancer cells were treated 

with chrysotoxine for 48 h and the expression levels of p-Src, Src, p-Akt, Akt and Sox2 

were determined by western blot analysis. Compared to the control cells, chrysotoxine 

caused a significant decrease in the level of p-Src and p-Akt in a dose-dependent 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 73 

manner (Figure 21 A and B), whereas the level of total Src and Akt were not altered. 

Also, the down-stream stem cell transcription factor Sox2 was significantly reduced 

following the decline in the level of p-Src. These results suggested that chrysotoxine 

decreased the stem cell machinery in lung cancer cells, at least in part, by suppressing 

transcription factor Sox2 through a Src-Akt pathway. 
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Figure  22 Effect of chrysotoxine on Src/Akt/Sox2 mechanism in H460 and H23 cells.  

(A) H460 and (B) H23 cells were treated in the presence or absence of chrysotoxine (0 

- 20 µM) for 48 h. The cell lysate was then collected and evaluated for the level of p-

Src, Src, p-Akt, Akt and Sox2 using Western blotting, reprobing the blots with GAPDH to 

confirm equal loading of samples. Bars show the mean ± SD (n = 3). * P < 0.05 vs. 

untreated cells. 

5. The effect of chrysotoxine on epithelial-mesenchymal transition (EMT) in 

lung cancer cells. 

Recently, the process of the cell transition from epithelial to mesenchymal 

phenotypes (EMT) has gained increasing interest in cell biology, as it was reported to 

increase the stem cell-like phenotypes in various cells. Furthermore, previous reviews 

found that the up-regulated transcription factors during EMT process, such as slug, and 

snail were shown to maintain the cancer stem cell-like phenotypes in many cells. In 

order to investigate whether the treatment of lung cancer H460 cells with chrysotoxine 

have a part in the reduction of stem cell phenotypes through this pathway, the EMT 

activating transcription factors, which included Vimentin, Slug, and Snail and also with 

E-cadherin which is cell-cell adhesion molecule with pivotal roles in epithelial cells, 

were also detected by western blot analysis. Figure 23 illustrates that the significant 

down-regulation of cellular levels of Vimentin, Slug and Snail after incubation with 

chrysotoxine for 48 h. However, E-cadherin was found to be increased in response to 

chrysotoxine treatment. Taken together, these results illustrated that chrysotoxine 
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inhibit the cancer stem cell-like phenotypes in the human lung cancers H460 cells by 

the suppression of EMT.  
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Figure  23 Effect of chrysotoxine on EMT markers.  

(A) H460 cells were treated in the presence or absence of chrysotoxine (0 - 20 µM) for 

48 h. The cell lysate was then collected and evaluated for the level of E-cadherin, 

Vimentin, Slug and Snail using Western blotting, reprobing the blots with GAPDH to 

confirm equal loading of samples. Bars show the mean ± SD (n = 3). * P < 0.05 vs. 

untreated cells. 
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Part 3. Evaluation the cytotoxicity of crepidatin on stemness of lung cancer 

cells. 

6. Cytotoxic effect of crepidatin on human lung cancer cells.  

Since crepidatin showed the highest potency to kill human lung cancer cells 

with the lowest IC50 values in H460 and H23 cells compared to chrysotoxine and 

chrysotobibenzyl. Crepidatin was used as a drug targeting model for lung cancer stem 

cells. Therefore, the effect of crepidatin were screened in various human lung cancer 

cell lines. It was found that crepidatin showed the highest cytotoxicity to decrease cell 

viability in H460 and A549 than others, thus, we next verified the effects of crepidatin 

on the stem cell-like phenotypes in H460 and A549 (Figure 24). 
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Figure  24 Cytotoxic effect of crepidatin on various human lung cancer.   

(A) H460, (B) H23, (C) H292 and (D) A549 cells were treated with various concentrations 

of crepidatin (0–100 µM) for 48 h and then the cell viability was determined by the 

MTT assay, relative to the viability of untreated cells set as 100%.  The data is 

presented as mean ± SD (n=3). 

 

7. The effects of crepidatin on the stem cell-like characteristics of lung cancer 

cells. 

A 3D-CSC rich model was also used to determine the effect of crepidatin on 

CSCs.  After 14 days of culture, the secondary spheroids were selected into single 3D 

spheroids of a similar morphology and size. Each spheroid was then treated with the 

various concentrations of crepidatin and monitored after 3 and 7 days of treatment. 

Representative images of the CSC spheroids in the control and crepidatin-treated cells 

at days 0, 3, and 7 are shown in Figure 25 and Figure 26. Treatment of the CSC spheres 

with crepidatin at 5–25 µM significantly reduced the CSC populations in both H460 and 

A549 cells, with a significant decrease in the size of the H460 CSC spheres by 

approximately 70%, and 80% at day 3 after treatment with 10 and 25 µM crepidatin, 

respectively, compared with the control (Figure 25B). In addition, a further decrease in 

the H460 CSC spheroid size by approximately 80%, 90%, and 95% relative to the 

control was seen in cells treated with 5, 10, and 25 µM of crepidatin, respectively, at 

day 7 (Figure 25B). Similar results were found for the A549 cells, in which treatment of 
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A549 CSC spheres with crepidatin resulted in the dramatic shrinkage of spheroids in a 

dose-dependent manner (Figure 26). Significant suppression was first detected in 

response to 5 µM of crepidatin at day 3, with an approximately 30% size reduction of 

the CSC spheres; this decreased in size by approximately 20%, 70%, 80%, and 90% 

relative to the control after treatment with 2.5, 5, 10, and 25 µM of crepidatin, 

respectively, at day 7 (Figure 26B). To support the effect of crepidatin on the viability 

of CSC, CSC-rich populations of H460 and A549 cells were also treated with crepidatin 

for 48 h before determining the cell viability by the WST assay. Crepidatin at 10–50 µM 

significantly decreased the CSC viability in both H460 and A549 cells (Figure 27), 

whereas crepidatin at 25 and 50 µM induced a high level of apoptosis in both H460 

and A549 CSCs after 48 h (Figure 27). 

Furthermore, a limiting dilution assay was conducted to verify the effect of 

crepidatin on CSC’s phenotypes. Cells were also pre-treated for 48 h with crepidatin 

and subsequently re-plated again from 200 cells to 1 cell for 14 days. After 14 days, 

cells were counted for capable to generate spheroid. Results indicated that while the 

non-treated control cells exhibited ability to form tumor sphere, H460 and A549 cells 

treated with crepidatin failed to generate spheres as well as in chrysotoxine treatment 

compared to control cells (Figure 28). 
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Figure  25 The effect of crepidatin suppresses CSC-like phenotypes in CSC-rich 

population.  

(A) H460 cells secondary spheroids were dissociated into single spheroids of the same 

size and treated with a non-cytotoxic concentration of chrysotoxine for 3 and 7 days. 

Phase-contrast images (4x) of secondary spheroids at day 0, 3 and 7 for the treated 

and untreated cells, and (B) the spheroid size relative to that of the untreated group. 

All plots show the mean ± SD (n = 3).   * P < 0.05 vs. untreated cells. 
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Figure  26 The effect of crepidatin suppresses CSC-like phenotypes in CSC-rich 

population.  

(A) A549 cells secondary spheroids were dissociated into single spheroids of the same 

size and treated with a non-cytotoxic concentration of chrysotoxine for 3 and 7 days. 

Phase-contrast images (4x) of secondary spheroids at day 0, 3 and 7 for the treated 

and untreated cells, and (B) the spheroid size relative to that of the untreated group. 

All plots show the mean ± SD (n = 3).   * P < 0.05 vs. untreated cells. 
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Figure  27 The effect of crepidatin suppresses viability in CSC-rich population.  

The cell viability of (A) H460 and (B) A549 cells in a detached condition were 

determined in the CSC-rich populations after treatment with or without a various 

concentration of crepidatin for 48 h and analyzed for cell viability using the WST assay. 

All plots show the mean ± SD (n = 3).   * P < 0.05 vs. untreated cells. 
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Figure 28 The effect of crepidatin on the capability for generating spheroids.  

(A) H460 and (B) A549 cells were plated in decreasing numbers from 200 cells/well to 

1 cell/well in 200 µl RPMI and cultured for 14 days whereupon the number of wells 

containing spheres for each cell was calculated. Bars are the mean ± SD (n = 3). * P < 

0.05 vs. untreated cells. 

8. The effects of crepidatin on the stem cell-like characteristics of lung cancer 

cells. 

The results were similar to chrysotoxine treatment, as crepidatin also 

significantly decreased the expression level of CD133, CD44, and ABCG2 in H460 and 

A549 cells when compared to their control cells and significantly decreased by 

crepidatin in a dose-dependent manner more than an 70% reduced expression level 

in the both H460 at 25 µM of crepidatin (Figure 29). Taken together, a clear CSC-

suppressive effect of crepidatin in these lung cancer cells was established.  Figure 30 

also represents in H460 cells that there were the significant down-regulation of cellular 

levels of Vimentin, Slug and Snail after incubation with crepidatin for 48 h. On the 

other hand, increased E-cadherin expression was found in crepidatin treatment. Taken 

together, these results illustrated that crepidatin inhibited the cancer stem cell-like 

phenotypes in the human lung cancers H460 cells by the suppression of EMT. 
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Figure  29 Effect of crepidatin on CSC markers in H460 and A549 cells.  

(A) H460 cells and (B) A549 were treated in the presence or absence of crepidatin (0 - 

25 µM) for 48 h. The cell lysate was then collected and evaluated for the level of the 

lung CSC biomarkers as lysate levels of CD133, CD44, and ABCG2 using Western 

blotting, reprobing the blots with GAPDH to confirm equal loading of samples. Bars 

show the mean ± SD (n = 3). * P < 0.05 vs. untreated cells. 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 89 

 

Figure  30 Effect of crepidatin on EMT markers.  

(A) H460 cells were treated in the presence or absence of crepidatin (0 - 25 µM) for 48 

h. The cell lysate was then collected and evaluated for the level of EMT biomarkers 

as lysate levels of E-cadherin, Vimentin, Slug, and Snail using Western blotting, 

reprobing the blots with GAPDH to confirm equal loading of samples. Bars show the 

mean ± SD (n = 3). * P < 0.05 vs. untreated cells. 
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Part 4. The effects of crepidatin developed as drug targeting of cancer stem cells 

treatment in lung cancer cells. 

9. The effect of crepidatin on apoptosis in lung cancer cells comparing to 

cisplatin. 

An important characteristic of lung CSCs is drug resistance; hence further tests 

were conducted to determine whether crepidatin could reverse drug resistance in lung 

cancer cells. In the treatment process of lung cancer, cisplatin is the most commonly 

prescribed drug for lung cancer therapy.  In this study, cisplatin was used as a positive 

control (Figure 31). Western blotting results showed in Figure 32 demonstrated that 

crepidatin induced apoptotic marker cleaved PARP expression in lung cancer cells in 

time and dose-dependent manner in both H460 and A549 cells.   The apoptosis 

induction is caused by mediated DNA damage. To detect DNA double strand breaks 

following crepidatin treatment, the levels of the DNA damage marker, p-H2AX, were 

determined by western blotting. An increased in p-H2AX levels was detected in both 

H460 and A549 cell lines in a time and dose dependent manner. Furthermore, cisplatin, 

which was used as positive control for treatment, also induced apoptosis by increasing 

cleaved PARP and p-H2AX markers in both cell lines. These results indicated that both 

crepidatin and cisplatin induced the pathway of apoptosis thus facilitating cell death 

in lung cancer cells. 
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Figure  31 Cytotoxic effect of cisplatin on human lung cancer.   

(A) H460 and (B) A549 cells were treated with various concentrations of cisplatin (0–

100 µM) for 48 h and then the cell viability was determined by the MTT assay, relative 

to the viability of untreated cells set as 100%.  The data is presented as mean ± SD 

(n=3). 
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Figure  32 Effect of crepidatin and cisplatin on apoptotic markers on human lung 

cancer H460 and A549 cells.  

(A) H460 and (B) A549 cells lysate were then collected and evaluated for the level of 

apoptotic marker, including PARP, and DNA damage marker, p-H2AX using Western 

blotting. Blots were re-probed with GAPDH to confirm equal loading of samples. All 

plots are means ± SD (n = 3). * P < 0.05 vs. non-treated cells. 

10. The effect of crepidatin and cisplatin on CSC-like phenotype on lung cancer 

cells. 

As we conceived from previous results that crepidatin had ability to abrogate 

the growth of CSCs in sphere formation in lung cancer. To study long term survival of 

colony formation, according to determine the survival and proliferative capacity of the 

H460 and A549 cells following treatment with crepidatin and cisplatin, clonogenic 

assay was used for evaluation. In this assay, both cells were pretreated with crepidatin 
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and cisplatin in non-cytotoxic dose and IC50 concentrations for 48 h. After indicated 

time, cells then were counted and re-plated in a low number with 250 cells in 6-well 

plate. After 10 days of growth, cells were stained with crystal violet and colonies were 

counted. Representative stained colony plates are shown in Figure 33 and Figure 34. 

H460 cell colony numbers were significantly decreased in crepidatin treatment 

compared to untreated control groups with 35% reduction in 10 µM of crepidatin and 

more than 60% reduction in 25 µM of crepidatin (Figure 33). Figure 34 shows the colony 

numbers of A549 cells were significantly decreased in crepidatin treatment compared 

to untreated control groups with 40% reduction in 25 µM of crepidatin and more than 

80% reduction of IC50 of crepidatin. Interestingly, we discovered that it was found to 

be increased in colony number in response to cisplatin treatment in both cell lines. 

Likewise, limiting dilution assay was also performed to verify the effect of crepidatin 

and cisplatin. Cells were treated with both compounds at IC50 value for 48 h and then 

cells were re-plated from 200 cells to 1 cell for 14 days. After 14 days, cells were 

counted to assess the capability to generate spheroid. Results indicated that while the 

non-treated control cells exhibited ability to form tumor sphere, H460 and A549 cells 

treated with crepidatin failed to generate sphere. On the other hand, there were no 

effect on sphere generating in cisplatin treatment. (Figure 35). 
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Figure  33 Effect of crepidatin suppresses CSC-like phenotypes in H460 cells.  

H460 cells were pretreated with crepidatin and cisplatin in non-cytotoxic dose and IC50 

concentrations for 48 h. Then, cells were counted and re-plated in a low number with 

250 cells for 10 days and then cells were stained with crystal violet and colonies were 

counted by Image Pro Plus program. All plots are means ± SD (n = 3). * P < 0.05 vs. 

non-treated cells. 
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Figure  34 Effect of crepidatin suppresses CSC-like phenotypes in A549 cells.  

A549 cells were pretreated with crepidatin and cisplatin in non-cytotoxic dose and IC50 

concentrations for 48 h. Then, cells were counted and re-plated in a low number with 

250 cells for 10 days and then cells were stained with crystal violet and colonies were 

counted by Image Pro Plus program. All plots are means ± SD (n = 3). * P < 0.05 vs. 

non-treated cells. 
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Figure  35 The effect of crepidatin and cisplatin on the capability for generating 

spheroids.  

(A) H460 and (B) A549 cells were pre-treated with compounds for 48 h and then re-

plated in decreasing numbers from 200 cells/well to 1 cell/well in 200 µl RPMI and 
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cultured for 14 days whereupon the number of wells containing spheres for each cell 

was calculated. Bars are the mean ± SD (n = 3). * P < 0.05 vs. untreated cells. 

 

11. The effects of crepidatin and cisplatin on the stem cell markers of lung 

cancer cells.  

From the above results, we found that crepidatin decreased the CSC 

biomarkers CD133 and ABCG2. To assure the aforementioned effect, H460 and A549 

cells were treated with crepidatin and cisplatin for 48 h. The expression of stem cell- 

like characteristics were investigated. Crepidatin significantly decreased the cellular 

levels of CD133 and ABCG2 in both H460 and A549 cells in time and dose-dependent 

manner, whereas cisplatin was found to induced cellular levels of CD133 and ABCG2 

in time-dependent manner (Figure 36). Additionally, the EMT- factors Vimentin was 

found to be down-regulated and E-cadherin up-regulated in crepidatin-treated cells. 

However, similar results were shown for cisplatin treatment on EMT-activating markers 

compared to crepidatin treatment (Figure 37). Taken together, this data supported the 

earlier findings that crepidatin has ability to attenuate the stemness of lung cancer 

cells. 
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Figure  36 Effect of crepidatin and cisplatin on CSC markers on human lung cancer 

H460 and A549 cells.  

(A) H460 and (B) A549 cells lysate were then collected and evaluated for the level of 

CSC markers, including CD133 and ABCG2 using Western blotting. Blots were re-probed 

with GAPDH to confirm equal loading of samples. All plots are means ± SD (n = 3). * P 

< 0.05 vs. non-treated cells. 
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Figure  37 Effect of crepidatin and cisplatin on EMT markers on human lung cancer 

H460 and A549 cells.  

(A) H460 and (B) A549 cells lysate were then collected and evaluated for the level of 

EMT markers, including E-cadherin and Vimentin using Western blotting. Blots were re-

probed with GAPDH to confirm equal loading of samples. All plots are means ± SD (n 

= 3). * P < 0.05 vs. non-treated cells. 
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12. The effects of crepidatin on the stem cell migratory behavior of lung cancer 

cells.  

As previously mentioned, not only does CSC possess self-renewal ability, but 

it also has metastasis characteristic to invade secondary organ as well.  Metastasis and 

migration are the key hallmarks for malignant tumor in cancer patients. In this study, 

the 3D tumor spheroid migration assay was used to evaluate the ability of cells to 

migrate out from tumor spheroid mass into extracellular matrix-like environment. The 

secondary spheroids were dissociated into a single spheroid which had the similar size 

and subsequently treated with the crepidatin in indicated concentrations for 7 days. 

Each spheroid was re-plated and evaluated every 24, 48, 72, and 96 h. After 96 h, each 

spheroid was stained with calcein AM to clarify cell viability and PI dye to determine 

apoptotic of cells. Figure 38 and Figure 39 represent crepidatin treatment, where both 

H460 and A549 spheroids were shown to exhibit strong signals of calcein AM dye, 

implying that these CSCs exhibited high level of proliferation in untreated control. In 

contrast, treatment of these CSCs with crepidatin at the concentrations of 10 and 25 

µM in H460 and 25 and 50 µM in A549 resulted in a dramatic decrease in the cellular 

level of calcein dye with reduced spheroid size. Furthermore, results displayed 

consistency that crepidatin treatment also induced the apoptotic cell death with 

positive PI staining in CSC spheroids. Additionally, the relative migratory area of 

crepidatin treatment were shown to decrease in time-dependent manner, when 

compared to the control. 
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Figure  38 Effects of crepidatin on the stem cell migratory behavior of lung cancer 

cells.  

H460 secondary spheroids were dissociated into a single spheroid which had the similar 

size. Then each spheroid was treated with the crepidatin for 7 days and then each 

spheroid was re-plated and evaluated the invasion every 24, 48, 72, and 96 h. After 96 

h, each spheroid was stained with calcein AM and PI dye. All plots are means ± SD (n 

= 3). * P < 0.05 vs. nontreated cells. 
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Figure  39 Effects of crepidatin on the stem cell migratory behavior of lung cancer 

cells.  

A549 secondary spheroids were dissociated into a single spheroid which had the similar 

size. Then each spheroid was treated with the crepidatin for 7 days and then each 

spheroid was re-plated and evaluated the invasion every 24, 48, 72, and 96 h. After 96 
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h, each spheroid was stained with calcein AM and PI dye. All plots are means ± SD (n 

= 3). * P < 0.05 vs. nontreated cells. 

13. The effects of crepidatin on mRNA expression profile which targeted to CSC-

like phenotypes in lung cancer cells.  

Transcriptional analysis revealed different expression profiles in crepidatin and 

cisplatin treated in H460 cells. H460 cells were treated with IC50 concentrations of 

crepidatin and cisplatin for 24 h and mRNA expression was analyzed by Nanostring in 

PanCancer Progression Panel. Barplots show relative expression of downregulated and 

upregulated genes in crepidatin treatment in 24 h. Various downregulated genes in 

crepidatin treatment displayed relation to angiogenesis, such as COLA4A2, FN1, and 

VEGFA, and genes that regulating cancer pathway such ad TGF-β2, EGFR and IL6. The 

regulatory network using string function analysis showing that downregulated protein 

targeted network in crepidatin treatment. Red, green and blue colors represented the 

signaling pathway associated genes in angiogenesis, pathways in cancer and PI3K-Akt, 

respectively. Especially in COLA4A2, LAMA5, VEGFA, EGFR and IL6, thus, we further 

investigation for all those genes to verify the targeted of crepidatin treatment.  We also 

used H460 cells treating with crepidatin (IC50) for 24 and 48 h vs cisplatin (IC50) for 

24 h to study the target of crepidatin and cisplatin. Scatter plot represents the 

relative expression (log10) of differentially expressed mRNA treatment (Figure 40). 

We found that the target of crepidatin in 24 h treated cells showed the similar target 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 104 

to cisplatin treatment. To verify the different target genes between crepidatin and 

cisplatin treatment, we used Venn diagrams to illustrate overlaps between the 

downregulation of crepidatin and cisplatin predicted targets. The results from 

nanostring analysis were further investigated for targeted pathway (Figure 40).  
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Table  5 Dysregulated genes in H460 treated with crepidatin 24 h compared to control 

cells. 

 

 

 

 

 

 
 

 

 

 

 

Figure  40 Transcriptional analysis revealed different expression profile in crepidatin 

and cisplatin treated in H460 cells.  

H460 were treated with IC50 concentrations of crepidatin and cisplatin for 24 h and 

mRNA expression was analyzed by Nanostring in PanCancer Progression Panel. (A) 

Barplots showing relative expression of downregulated and upregulated genes in 

crepidatin treatment. (B). String function analysis showed downregulated protein 

targeted network in crepidatin treatment. Green, red and blue represents, respectively, 

angiogenesis, pathways in cancer and PI3K-Akt signaling pathway. (C) H460 cells were 

A: Downregulated genes 

a: Adrenomedullin 2; b: Collagen, type III; alpha 1, c: Collagen, type VI, alpha 3; d: Fms-
related tyrosine kinase 4; e: Melanoma cell adhesion molecule; f: Pentraxin 3; g: Secretory 
leukocyte peptidase inhibitor; h: SPARC related modular calcium binding 1; i: Transforming 
growth factor, beta 2; j: Chemokine (C-C motif) ligand 8; k: Cyclin-dependent kinase inhibitor 
1A (p21, Cip1); l: Cholinergic receptor; m: C-type lectin domain family 2; n: Fms-related 
tyrosine kinase 1 (vascular endothelial growth factor/vascular permeability factor receptor); 
o: Heme oxygenase (decycling) 1; p: Lysyl oxidase; q: Matrix metallopeptidase 1 (interstitial 
collagenase); r: Snail homolog 2 (Drosophila)  

B: Upregulated genes 
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treated with crepidatin (IC50) for 24 and 48 h. vs cisplatin (IC50) for 24 h. Scatter plot 

showing relative expression (log10) of differentiate expressed mRNA treatment. (D) 

Venn diagrams show overlap between crepidatin and cisplatin downregulated 

predicted targets. Description of predicted targets downregulated and upregulated 

genes in crepidatin treatment after 24 h. 

 

14. The effect of crepidatin on tumor growth and angiogenesis in vivo using 

chick chorioallantoic membrane (CAM) assay. 

To confirm the effect of crepidatin on the aggressive stem‐like and invasive 

phenotype in lung cancer cells, in this study, in vivo growth and aggressiveness of 

crepidatin and cisplatin treated cells were analyzed using the chorioallantoic 

membrane (CAM) assay. H460 and A549 cells were treated with crepidatin and cisplatin 

with IC50 dose, compared to nontreated control cells. The Ex ovo images of tumors 

harvested 5 days post-engraftment on the CAM of fertilized chicken eggs were 

measured and evaluated the tumor forming capacity. Ruler segments defined as a 

length of 1 mm. Tumor size of micro-tumors after 5 days of incubation were observed 

(Ctrl: n = 20; crepidatin treated cells: n = 17; cisplatin treated cells: n = 12). Figure 

represent that crepidatin significantly reduced tumor growth in both H460 and A549, 

compared to non-treated cells. On the contrary, the tumor sizes were significantly 

increased in cisplatin treatment. In addition, we also found that the vessel structure 

around the tumor on cam in crepidatin treated was completely destroyed. When 
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evaluating the H&E stined tumor sections, we found the control untreated tumors 

showed a classical characteristics of an adenocarcinoma with solid papillary growing 

tumor. In addition, a high proliferating tumor were also seen with a significantly 

enhanced proliferation, as determined by the showing a high number of mitotic rate 

in control and cisplatin treatment. Whereas in crepidatin treatment, the tumor masses 

were loosely packed with only small areas of vital cells with fibrosis and necrosis found 

and mitoses rate also showed significant decreased as well (Figure 41).  
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Figure  41 In vivo growth and aggressiveness of crepidatin and cisplatin treated cells 

in H460 and A549 compared to control in the chorioallantoic membrane (CAM) 

xenograft assay.  

(A) H460 and (B) A549 Ex ovo images of tumors harvested 5 days post-engraftment on 

the CAM of fertilized chicken eggs. Ruler segments defined as a length of 1 mm. (C) 

H460 and (D) A549 Barplots showing tumor size of micro-tumors after 5 days of 

incubation in crepidatin and cisplatin treatment compared to control cells (Ctrl: n = 

20, crepidatin treated cells: n = 17, cisplatin treated cells: n = 12).  (E) represents the 

graph of mitosis count is H460 cells with crepidatin and cisplatin treatment compared 

to control cells. * P < 0.05 vs. untreated cells. 

 

15. The effect of crepidatin on primary human lung cancer cells. 

To confirm, we elucidated the CSC suppressive effect of crepidatin in CSC-rich 

population derived from primary human lung cancer cells. Consistent with prior results, 

crepidatin also significantly reduced the ability of the primary human lung cancer cells 

to form spheroids (Figure 42). 
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Figure  42 The effect of crepidatin on enriched primary human lung CSC.  

Enriched primary human lung CSC was treated with 25 µM crepidatin, spheroid size 

and spheroid number were visualized under phase contrast microscopy compared to 

control cells.  Bars are the mean ± SD (n = 4). * P < 0.05 vs. untreated cells. 
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16. The effect of crepidatin on the induction of CSC-induced apoptosis and 

sensitization of chemotherapy-induced apoptosis in human lung cancer 

cells. 

 To confirm the effect of crepidatin in reduction of CSCs, we used crepidatin to 

sensitize chemotherapy-induced apoptosis in human lung cancer cells. In this study, 

crepidatin was used in IC50 dose and combined with cisplatin in various concentration.  
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Figure  43 Cytotoxic effect of crepidatin in combination treatment with cisplatin on 

human lung cancer H460 and A549 cells.  

(A) H460, and (B) A549 cells were treated with various concentrations of cisplatin (0–

20 µM) for 48 h in combined with crepidatin (IC50) and then the cell viability was 

determined by the MTT assay, relative to the viability of untreated cells set as 100%.  

The data is presented as mean ± SD (n=3). * P < 0.05 vs. untreated cells. The results 

found that crepidatin combination treatment with cisplatin decreased cell viability in 

dose-dependent manner.  
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CHAPTER V  

DISCUSSION AND CONCLUSION 

In the middle of human cancers, lung cancer is a major cause of death due to 

its high and rapid rate of metastasis, spreading the cancer cells to other parts of the 

whole body. The presence of CSCs is potentially the primary reason for the relapse 

and resistance of cancer after therapy. Therefore, CSCs have recently gained increasing 

awareness in cancer research (Buettner, Mesa, Vultur, Lee, & Jove, 2008; Peters et al., 

2012; S. Singh et al., 2012).  

Cancer stem cells (CSCs) or tumor-initiating cells are a small subpopulation of 

cancer cells inside a tumor, which have tumor disseminating (Bao et al., 2013; 

Vinogradov & Wei, 2012). The concept of cancer stem cells was first established by 

Bonnet & Dick in the year 1997. CSCs also have main characteristic which exhibiting 

the deregulated self-renewal and have ability to form tumors and can proliferate 

indefinitely (Chiou et al., 2010; Lobo et al., 2007). CSCs and normal stem cells are share 

a hallmark as they are both capable of self-renewal and can produce differentiated 

progeny. However, they are different to the high regulated differentiation and self-

renewal process of normal stem cells.  

It has been proposed that CSCs are the key driving force in tumorigenesis, 

cancer cell aggressiveness, drug resistance and metastasis (Dalerba et al., 2007; 

Medema, 2013). In addition, most of current anti-cancer chemotherapies found to only 
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target the bulk tumor cells not for CSCs and ultimately fail to achieve efficient clinical 

outcomes because CSCs show only a limited response to such treatments. Thereafter, 

attempts have been made to identify potential compounds that are effective against 

CSCs.  

In addition, many evidences reported that EMT could play a major role in 

acquisition of CSC phenotypes (Shibue & Weinberg, 2017). EMT has been known to 

regulate many transcription factors such as snail, slug and ZEB1 which all known to 

control CSC phenotypes. Both Snail and Slug have been found to stabilize CSC 

transcription factors in lung cancer (W. Guo et al., 2012; Luanpitpong et al., 2015). 

However, some studies suggested that CSCs also exhibited some characteristics of EMT 

and induced EMT as well (Jayachandran, Dhungel, & Steel, 2016). Even though, it is still 

unclear about the theory, however, we found that both CSCs and EMT shared the 

special characteristics and behaviors which mediated the aggressiveness and 

metastasis of cancers. Thus, the concept that CSCs and EMT are critical factors which 

driving cancer cell aggressiveness and metastasis has led us to the 
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intensive investigations of the novel therapeutic that potential compounds which 

effective against CSCs and EMT. 

Nowadays, the compounds isolated from the Thai orchids have been shown 

their cytotoxicity in various cancers including lung, liver, stomach and colon cancers. 

This study demonstrated for the first time that chrysotoxine, a pure compound isolated 

from Dendrobium pulchellum, exhibited an in vitro CSCs suppressing activity in human 

NSCLC cells. Treatment with chrysotoxine resulted in decreased levels of CSC-rich 

populations of H460 and H23 cells in 3D culture (Figure 17 - 18), and significantly 

decreased the cellular levels of CD133, CD44, and ABCG2, which have been widely 

accepted as stem cell markers in lung cancer, and in CSC-rich populations in both H460 

and H23 cells (Figure 21). Recently, the pluripotency transcription factor Sox2 was 

shown to be involved in the maintenance of stem cell characteristics (Lundberg et al., 

2016), while Sox2 is regulated via Src-Akt activity (S. Singh et al., 2012; Tian et al., 2014). 

Src kinase is a family of non-receptor tyrosine kinases which interact with many cellular 

pathways and membrane proteins. Src has been divided as the vital member of a 

family of proteins in Src family kinases (SFKs) which is composing of nine members, 

https://en.wikipedia.org/wiki/Non-receptor_tyrosine_kinase
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Src, Yes, Fyn, Lck, Hck, Lyn, Yrk, Fgr, and Blk (Thomas & Brugge, 1997). SFKs have been 

implicated in controlling many signal transductions downstream target in various of 

cell surfaces (Sen & Johnson, 2011). During the activation, Src is autophosphorylated 

at tyrosine residue 416. The phosphorylation of Src at tyrosine residues 416 is found 

in stimulating of migration, EMT and CSC markers. Several substrates have been 

discovered for the over expression may contribute to the progression of cellular 

transformation and oncogenic activity. On the other hand, the crucial for the regulation 

of Src is phosphorylation of tyrosine 527 (Irby & Yeatman, 2000; S. Singh et al., 2012). 

In normal situation, Src plays as mandatory roles in controlling of multiple integrin-

dependent processes and regulating the actin cytoskeleton in numerous cell types 

(Tyryshkin et al., 2010). In addition, Src also has important role in regulating apoptotic 

pathway of cells. Previous studies revealed that apoptosis is coming from the loss of 

cell attachment to the extracellular matrix (ECM) which is well known as anoikis 

process (Frisch & Screaton, 2001). Normally, when cells begin to metastasize, the 

process has been required resistance to anoikis, in consequence, it is possibly that this 

resistance has been involved in aberrant integrin signaling independent of cell 
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adhesion (Seguin, Desgrosellier, Weis, & Cheresh, 2015). Many studies have 

demonstrated that various different integrins have a vital role in cell survival under Src 

activation (Seguin et al., 2015; Vachon, 2011). Even though Src is very important for 

cells in regulating many transcription factors for cell survival and proliferation, however, 

the activation of Src has been shown to play an important role in regulating the 

metastasis in many cancer cell models (S. Singh et al., 2012). Src is a classical non-

receptor tyrosine kinase with the potential to cause cell transformation, including 

uncontrolled proliferation, and activates many downstream targets. Previous studies 

revealed that overexpression of Src significantly increased cancer stemness via inducing 

a self-renewal ability and stabilizing the expression of stemness genes (L. C. Kim, Song, 

& Haura, 2009; Picon-Ruiz et al., 2016; J. Zhang et al., 2007). An overview of signaling 

cascades demonstrates that Src regulates survival through phosphatidylinositol 3-

kinase (PI3K)/Akt signaling pathway and interleukin 8 (IL-8). In addition, Src also controls 

angiogenesis by VEGF and modulates migration and invasion through pathways relating 

with focal adhesion kinase (FAK), paxillin, and JUN N-terminal kinase (JNK) (Mitra & 

Schlaepfer, 2006; S. Singh et al., 2012). Src has also been shown to play a role in 
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mitogen-activated protein kinase (MAPK) signaling. Previous reviews revealed that Src 

protein has been found to increase up to 15 times compared in normal level in cancer 

cells and autophosphorylation of Src at tyrosine residue 416 is also occurred.  In 

addition, previous results suggested the mechanisms in the normal cells may block 

Wnt signaling, inhibit insulin-like growth factor activity, and promote host recognition 

of neighboring tumor cells (Alexander et al., 2004). In cancer cells, the growth receptors 

have been found to increase compared to normal cells. 

As we known, Src has been mediated by many growth factor receptors such as 

EGFR which is related with tyrosine kinase receptor (S. Singh et al., 2012). Many cancers 

found to be upregulated EGFR with inducing various transcription factors. Excessive 

EGFR signaling is related to the development of a wide variety of types of solid tumor 

(Chen et al., 2018). EGFR family are found in all type of human cancers and their 

excessive signaling may be critical factors in the development (Sasaki, Hiroki, & 

Yamashita, 2013; Seshacharyulu et al., 2012; Yewale, Baradia, Vhora, Patil, & Misra, 

2013).  Therefore, EGFR was the first receptor to be proposed as a target for cancer 

therapy. Although Src can function independently, however, it also cooperates with 

other receptor tyrosine kinases signaling such as EGFR like a complex. Both EGFR and 

Src are found to be the primary upstream kinases which mediating signaling cascades 

https://en.wikipedia.org/wiki/Tumor
https://en.wikipedia.org/wiki/Cancer
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through their activation. The finding that many of the identified proteins have functions 

in cell adhesion, cell-cell junctions, and the actin cytoskeleton (Chen et al., 2018).  The 

degradation of EGFR may also be affected by Src activity. Previous reports reviewed 

the abnormal activation of EGFR caused a decreasing in downstream signal mediators, 

including Src and Stat3, which occurring in human cancers and reflecting in overall 

signaling complexity that supports the cancer phenotypes (Turkson et al., 1998).  

Moreover, VEGF is also a receptor that proposed to be mediate Src as well. 

VEGF is a signal protein produced by cells that stimulates the formation of blood 

vessels (Hoeben et al., 2004). Moreover, VEGF has been classified as sub-family 

of growth factors and the platelet-derived growth factors (Hoeben et al., 2004).  VEGF 

is very crucial for many signaling proteins that involved in the process of  

vasculogenic and angiogenesis (Abu-Ghazaleh, Kabir, Jia, Lobo, & Zachary, 2001). The 

overexpression of VEGF can come up with severe of disease. In normal, solid cancers 

totally cannot grow within a limited size and without an adequate blood supply, 

consequently, cancers would increase the expression of VEGF for metastasizing and 

growing.  VEGF are well-known gene which responsible for cell adhesion, migration, 

and proliferation, which are crucial for the complex processes including formation of 

the endothelial tube network during angiogenesis (Carmeliet, 2005). Angiogenesis is the 

process of new blood vessel formation from existing of vasculature, and plays major 

roles in tissue regeneration, tissue repairing in the pathogenesis of cancer. Angiogenesis 

is stimulated by angiogenic growth factors and their receptors in cooperating with 

https://en.wikipedia.org/wiki/Growth_factors
https://en.wikipedia.org/wiki/Platelet-derived_growth_factor
https://en.wikipedia.org/wiki/Protein
https://en.wikipedia.org/wiki/Vasculogenesis
https://en.wikipedia.org/wiki/Angiogenesis
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extracellular matrix (ECM) receptors such as integrin family (Carmeliet, 2005; Hoeben 

et al., 2004). During Integrin engagement, ECM triggers the activation of many 

intracellular signaling pathways that crucial for endothelial cell survival, proliferation 

and migration. Not only integrin and VEGF that regulate adhesion and cell growth, 

previous reports reviewed that β3 integrin tyrosine phosphorylation are directly 

mediated by c-Src (De et al., 2005). VEGF activated c-Src and β3 integrin tyrosine 

phosphorylation is crucial for interaction between VEGF receptor and β3 integrin. 

Furthermore, c-Src also mediates growth factor–induced β3 integrin activation, ligand 

binding, β3 integrin-dependent cell adhesion, directional migration of endothelial cells, 

and initiation of angiogenic programming in endothelial cells (De et al., 2005; Robinson, 

Reynolds, Wyder, Hicklin, & Hodivala-Dilke, 2004). Consequently, Src also has been 

implicated in controlling adhesion of epithelial cells to fibronectin for progression of 

cancer cells to metastatic cells (Jones et al., 2002). Pharmacological repressed of SFK 

impaired adhesion, whereas exogenous expression of activated Src promoted cell 

adhesion.  

The activation of Src via phosphorylation at Y416 has been shown to activate 

Akt (phosphorylation at Ser473), which is an important mediator for cell survival, 

proliferation. Akt is one of the most significantly dysregulated pathways in all of 

cancers, with a mutation, gene alterations, aberrant epigenetic regulation and increased 

expression in cancers (Mundi, Sachdev, McCourt, & Kalinsky, 2016). Normally Akt has a 
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major role in maintenance of homeostatic balance of cell division, cell growth, 

inflammation and DNA damage (Mundi et al., 2016). Akt has been known to relevance 

with various downstream effectors involved in cell survival and proliferation, and the 

well-characterized direct interactions of AKT make it a highly attractive a target for 

cancer therapy (Narumol Bhummaphan & Chanvorachote, 2015; N. Bhummaphan, 

Pongrakhananon, Sritularak, & Chanvorachote, 2018). The overexpression of Akt has 

been observed in many cancers, including lung, ovarian, colon and pancreatic cancers, 

and is associated with increased cancer cell proliferation and survival (Haynes et al., 

2003). Therefore, targeting AKT could provide an important approach for cancer 

prevention and therapy. In CSCs, Akt plays an important and specific role in CSC 

initiating growth, self-renewal, maintaining survival, and induction of EMT phenotype 

in glioma, lung, colon, liver, and breast cancer. In NSCLC, Akt signaling cascade was 

reported to connect to the self-renewal characteristic of stem-like cells. 

Phosphorylated Akt was displayed to phosphorylated Oct4 and Nanog which resulted 

in the increase of tumorigenic potential (Narumol Bhummaphan & Chanvorachote, 

2015).  

Previous studies revealed that in gastric and colorectal cancer, the 

phosphorylation of Src and Akt led to increase of Rho A and Cdc42 activity which 

mediated invasion (Guarino, 2010). Moreover, combination targeting of AKT and SRC 

resulted in a synergistic efficacy against human pancreatic cancer growth and 

metastasis. Indeed, Src-Akt was found to be linked with cancer stemness, and inhibition 
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of Src reduced p-Akt and decreased tumor sphere formation (N. Bhummaphan et al., 

2018; S. Singh et al., 2012). Therefore, Src-Akt would be a new perspective target for 

designing new and more efficient therapeutic strategies to counteract cancer cell. 

In addition, Src also found to be interacted with CD133 and regulated migration and 

survival of cancer.  Src has been found to support the TIC/CSC state and induces EMT 

by driving expression of EMT regulators and stem cell markers (C. Liu et al., 2016). 

Therefore, Src act as regulator of stem-like capacity in cancer cells and that these 

coactivators can serve as potential therapeutic targets to prevent the recurrence of 

cancer. Recently, the pluripotency transcription factor Sox2 was shown to be involved 

in the maintenance of stem cell characteristics. The elevated expression of stem cell 

associated markers like Oct4, Sox2 and Nanog as well as demonstrated intrinsic 

epithelial to mesenchymal transition features in CSCs. Especially in Sox2, they found 

that Sox2 significantly elevated in human NSCLC samples and inhibition of Dasatinib 

which is Src inhibitor also decreased CSCs in lung cancer. (Lundberg et al., 2016; S. 

Singh et al., 2012). Thus, Src would be the great target for CSCs treatment.  

Chrysotoxine caused a decrease in CSCs in terms of the spheroid size and cell 

viability, the effect of chrysotoxine on the CSC biomarkers were significantly reduced 

the cellular levels of CD133, CD44, and ABCG2 in both H460 and H23 cells in dose-

dependent manner (Figure 21).  Taken together, a clear CSC-suppressive effect of 

chrysotoxine in these lung cancer cells was established. Correlated to the results on 

CSC-like phenotypes, chrysotoxine also inhibited the ability to form and generate 
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spheroids in H460 and H23 cells whereas the non-treated control cells exhibited ability 

to form tumor sphere. 

In this study chrysotoxine treatment caused a significant reduction in the level 

of p-Src and p-Akt in a dose-dependent manner, whereas the total Src and Akt 

expression levels were not affected, supporting a post-translational 

(phosphorylation/dephosphorylation) control. In addition, the down-stream stem cell 

transcription factor Sox2 was significantly reduced following the decline in p-Src levels 

in both H460 and H23 cells. These results suggest that chrysotoxine treatment 

decreased the CSC machinery in lung cancer cells, at least in part, by suppressing the 

transcription factor Sox2 through the Src-Akt pathway (Figure 22). Taken together, these 

results demonstrated that the CSC in these lung cancer cells were mediated through 

a Src-Akt-Sox2-dependent mechanism and that Chrysotoxine decreased the stemness 

of lung cancer cells. 

Furthermore, we also found that another one compound from Dendrobium 

pulchellum, crepidatin which also exhibited an in vitro CSCs suppressing activity in 

human NSCLC cells.  Crepidatin treated H460 and A549 cells also failed to generate 

spheres compared to control cells whereas cisplatin which is well known as 

therapeutic drug for lung cancer had capable to generate spheres. Crepidatin induced 

the down-regulation of the CSC markers CD133 and ABCG2 as well as the ability to 

form and maintain 3D spheres. CD133 was found in various lung cancer cell lines and 

exhibited specific characteristics such as self-renewal and tumorigenic capacity 
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(Prabavathy, Swarnalatha, & Ramadoss, 2018; Zakaria et al., 2017). ABCG2 is an ABC 

transport membrane that is responsible for stem cell formation. Moreover, ABCG2 also 

contributes to chemotherapy drug resistance in NSCLC patients. However, cisplatin 

treatment seems to induce the upregulation of CSC markers. In addition, crepidatin 

also reduced the migratory behavior of lung 3D-CSC spheres after incubation for 7 days 

and decreased EMT markers which is related to metastasis and known as the key 

hallmarks for malignant tumor in cancer patients. In vivo studies, H460 and A549 cells 

were treated with crepidatin and cisplatin with IC50 dose compared to nontreated 

control cells. The Ex ovo images of tumors harvested 5 days post-engraftment on the 

CAM of fertilized chicken eggs were measured and evaluated the tumor forming 

capacity. Crepidatin significantly reduces tumor growth in both H460 and A549 

compared to nontreated cells whereas the tumor sizes have been significantly 

increased in cisplatin treatment. In addition, we also found that the vessel structure 

around the tumor on cam in crepidatin treated was destroyed. Consistently with prior 

results, crepidatin also significantly minimized the ability of the primary human lung 

cancer cells to form spheroid. Finally, we also found that crepidatin could be an 

alternative for combine with chemotherapeutic drug. In this study found that only with 

cisplatin on H460 and A549 failed to kill lung cancer cells whereas combination 

treatment with cisplatin and crepidatin (IC50) diminished CSCs. Therefore, the findings 

from this study provide vital insights that possible and promote the further 

investigation and development of crepidatin for CSC-targeted approaches. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 127 

In this study, we used Cisplatin which is a chemotherapy medication often used 

for NSCLC patients. Although cisplatin can kill many cancer cells, but the majority of 

cancer patients will eventually relapse with cisplatin-resistant phenotypes. Many 

mechanisms of cisplatin resistance have been proposed including changes in cellular 

uptake and efflux of the drug, inhibition of apoptosis and increased DNA repair (Dasari 

& Tchounwou, 2014). Recently, Cisplatin found to be resisted to cancer treatment with 

increasing anoikis resistance and inducing CSC enrichment in various cancers (Kartalou 

& Essigmann, 2001). Previous studies showed Cisplatin also promoted transcriptional 

upregulation of PIK3CA, and cause of activating in PI3K/AKT signaling in resistant cells. 

In vivo results confirmed drug-resistant tumors revealed the highly expressions of CSC 

transcription factors in cisplatin treated cells (Thakur & Ray, 2017). In addition, inhibition 

of EMT would cause of relapse in drug resistance in many types of cancers.  In lung 

cancer, Cisplatin has been denoted to be an effective drug for lung carcinoma therapy, 

however, it will develop drug-resistance later (Sarin et al., 2017). Cisplatin-resistance is 

still a main course for chemotherapy failure of lung cancer patients and exhibited 

increased metastatic ability.  Therefore, a novel perspective in development of new 

drug for chemotherapy resistance and combination with cisplatin treatment may 

provide a promising approach for the treatment of patients with NSCLC (Shafee et al., 

2008; Thakur & Ray, 2017; L. Wang et al., 2017). 

Correlated to our results, Cisplatin has been found to induce apoptosis by 

increasing cleaved PARP and p-H2AX markers in both H460 and A549 cell lines. 

https://en.wikipedia.org/wiki/Chemotherapy_medication
https://en.wikipedia.org/wiki/Apoptosis
https://en.wikipedia.org/wiki/DNA_repair
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However, we discovered Cisplatin was found to be increased in colony number in 

response to cisplatin treatment. Likewise, limiting dilution assay was also performed 

to verify the effect of cisplatin also induced the ability to form spheroids as in control 

group. We also reported that cisplatin was found to induced cellular levels of CD133 

and ABCG2 in time-dependent manner whereas cisplatin treatment found to decrease 

on EMT-activating markers. The reason that cisplatin can kill EMT-like phenotypes cells 

would be related to previous study that Cisplatin induced apoptosis and kill non-CSCs 

cells, however, Cisplatin resistant cells which is non-EMT (CSCs) would recover from 

apoptosis reversal have higher tumorigenicity and metastatic potential to maintain in 

quiescence stage and caused of recurrence of cancer. Nevertheless, more recent 

studies have proposed the concept of CSC plasticity in which cells can transit from the 

non-CSC to the CSC states (Dalerba, Cho, & Clarke, 2007). Besides, previous study also 

reported that the increasing of CSCs after chemotherapeutic treatment may be 

involved by inhibiting DNA methylation or demethylation before apoptosis induction 

and epigenetic mechanisms (Xu, So, Lam, Fung, & Tsang, 2018).   

In this study, we hopefully that findings from this research would provide the 

important insights that facilitate the further investigation and development of 

compound for CSC-targeted approaches and less or non-toxic to normal cells. 

Nowadays, there is no therapeutic drugs or compounds that specify or target to CSCs. 

Chrysotoxine and crepidatin are not only normal plant that used for this research, but 

they also have structure which like drugs or compounds which used and tested with 
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patients. Normally, new compounds need to be studied and tested to assure whether 

safe to use for medication.  Clinical trials for new drugs should be approved by the 

U.S. FDA (Food and Drug Administration) to believe that a new test or treatment may 

improve the care of patients. Both chrysotoxine and crepidatin have the structures 

that like some compounds such as curcumin which well-known accepted to use in 

patients. Curcumin was used as drug to reduce the growth of prostate and breast 

cancer with the randomize phase II trials (Kwon, 2014). Chrysotoxine and crepidatin 

also have similar structure to resveratrol which using for clinical trial for colon cancer 

therapy phase II (C. K. Singh, George, & Ahmad, 2013). Moreover, chrysotoxine and 

crepidatin also have structures which similar to Genistein which used as drug 

combination for chemotherapy in bladder, prostate and lung cancer (S. Zhang et al., 

2013). Therefore, both chrysotoxine and crepidatin having the effect to kill CSCs led 

us to develop these compounds as novel therapeutic as well as drugs targeting the 

CSCs. Furthermore, both compounds also used as alternative medicine to sensitize or 

combine with chemotherapy drug such as cisplatin and decrease the growth of tumor. 

We hopefully that these compounds could be developed as a drug aimed for CSCs 

treatment. These compounds could be an option that will benefit for cancer treatment 

and increase the survival rate of lung cancer patients.  

In conclusion, we sought here to provide proof of the CSC-suppressing activity 

of chrysotoxine and crepidatin, a pure compound obtained from the Dendrobium 

pulchellum in orchid plant, in human lung cancer cell lines and primary lung cancer 
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cells. The mechanism of how the compound suppresses CSC phenotypes is via the 

inhibition of Src-Akt-Sox2, which controls the stemness of the cells. Crepidatin also 

decreased CSCs markers and suppressed CSC and EMT phenotypes. Moreover, 

crepidatin also decreased the tumor growth and angiogenesis in vivo using chick 

chorioallantoic membrane (CAM) assay. In showing the role of chrysotoxine and 

crepidatin in the regulation of lung cancer CSCs, we issue a novel mechanism of CSC 

suppression, which may be benefited in cancer therapy. 
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Figure  44 Schematic diagram illustrates the effect of chrysotoxine and crepidatin in 
negatively regulating CSC-like phenotypes in inhibiting EMT and sensitizing resistant 
cancer cells to apoptosis. 
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APPENDIX  

TABLE OF EXPERIMENTAL RESULTS 

Table  6 Cytotoxicity of chrysotoxine on H460 cells 

 
 

The data is presented as mean ± SD (n = 3).   * P < 0.05 vs. untreated cells. 

Table  7 Cytotoxicity of chrysotoxine on H23 cells 
 

 

The data is presented as mean ± SD (n = 3).   * P < 0.05 vs. untreated cells. 
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Table  8 Cytotoxicity of chrysotoxine on HaCaT cells 

 

The data is presented as mean ± SD (n = 3).   * P < 0.05 vs. untreated cells. 

Table  9 Cytotoxicity of crepidatin on H460 cells 

 

 
The data is presented as mean ± SD (n = 3).   * P < 0.05 vs. untreated cells. 
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Table  10 Cytotoxicity of crepidatin on H23 cells 

 
 

The data is presented as mean ± SD (n = 3).   * P < 0.05 vs. untreated cells. 

 

Table  11 Cytotoxicity of crepidatin on HaCaT cells 
 

 

 

The data is presented as mean ± SD (n = 3).   * P < 0.05 vs. untreated cells. 
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Table  12 Cytotoxicity of chrysotobibenzyl on H460 cells  

 
The data is presented as mean ± SD (n = 3).   * P < 0.05 vs. untreated cells. 

Table  13 Cytotoxicity of chrysotobibenzyl on H23 cells  

 

The data is presented as mean ± SD (n = 3).   * P < 0.05 vs. untreated cells. 
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Table  14 Cytotoxicity of chrysotobibenzyl on HaCaT cells 

 
The data is presented as mean ± SD (n = 3).   * P < 0.05 vs. untreated cells. 

Table  15 The effect of chrysotoxine exposure on H460 cell migration 

 

The data is presented as mean ± SD (n = 3).   * P < 0.05 vs. untreated cells. 
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Table  16 The effect of crepidatin exposure on H460 cell migration 

 

The data is presented as mean ± SD (n = 3).   * P < 0.05 vs. untreated cells. 
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Table  17 The effect of chrysotobibenzyl exposure on H460 cell migration 

 

The data is presented as mean ± SD (n = 3).   * P < 0.05 vs. untreated cells. 
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Table  18 The effect of chrysotoxine suppresses on H460 CSC-rich population 

 

The data is presented as mean ± SD (n = 3).   * P < 0.05 vs. untreated cells. 
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Table  19 The effect of chrysotoxine suppresses on H23 CSC-rich population 

 

The data is presented as mean ± SD (n = 3).   * P < 0.05 vs. untreated cells. 
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Table  20 Cytotoxicity of chrysotoxine on H460 CSC-rich population 

 

The data is presented as mean ± SD (n = 3).   * P < 0.05 vs. untreated cells. 

Table  21 Cytotoxicity of chrysotoxine on H23 CSC-rich population 

 

The data is presented as mean ± SD (n = 3).   * P < 0.05 vs. untreated cells. 
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Table  22 The effect of chrysotoxine on CSC markers in H460 cells 

 

The data is presented as mean ± SD (n = 3).   * P < 0.05 vs. untreated cells. 

Table  23 The effect of chrysotoxine on CSC markers in H23 cells 

 
The data is presented as mean ± SD (n = 3).   * P < 0.05 vs. untreated cells. 
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Table  24 The effect of chrysotoxine on Src/Akt/Sox2 regulating mechanism in H460 

cells 

 
The data is presented as mean ± SD (n = 3).   * P < 0.05 vs. untreated cells. 

Table  25 The effect of chrysotoxine on Src/Akt/Sox2 regulating mechanism in H23 

cells 

 
The data is presented as mean ± SD (n = 3).   * P < 0.05 vs. untreated cells. 
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Table  26 The effect of chrysotoxine on EMT markers in H460 cells 

 

The data is presented as mean ± SD (n = 3).   * P < 0.05 vs. untreated cells. 

Table  27 Cytotoxicity of crepidatin on H460 cells 

 

The data is presented as mean ± SD (n = 3).   * P < 0.05 vs. untreated cells. 
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Table  28 Cytotoxicity of crepidatin on H23 cells 

 

The data is presented as mean ± SD (n = 3).   * P < 0.05 vs. untreated cells. 

Table  29 Cytotoxicity of crepidatin on H292 cells 

 

The data is presented as mean ± SD (n = 3).   * P < 0.05 vs. untreated cells. 
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Table  30 Cytotoxicity of crepidatin on A549 cells 

 

The data is presented as mean ± SD (n = 3).   * P < 0.05 vs. untreated cells. 
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Table  31 The effect of crepidatin suppresses on H460 CSC-rich population 

 

The data is presented as mean ± SD (n = 3).   * P < 0.05 vs. untreated cells. 
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Table  32 The effect of crepidatin suppresses on A549 CSC-rich population 

 

The data is presented as mean ± SD (n = 3).   * P < 0.05 vs. untreated cells. 
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Table  33 Cytotoxicity of crepidatin on H460 CSC-rich population 

 

The data is presented as mean ± SD (n = 3).   * P < 0.05 vs. untreated cells. 

Table  34 Cytotoxicity of crepidatin on A549 CSC-rich population 

 

The data is presented as mean ± SD (n = 3).   * P < 0.05 vs. untreated cells. 
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Table  35 The effect of crepidatin on CSC markers in H460 cells 

 

The data is presented as mean ± SD (n = 3).   * P < 0.05 vs. untreated cells. 

Table  36 The effect of crepidatin on CSC markers in A549 cells 

 

The data is presented as mean ± SD (n = 3).   * P < 0.05 vs. untreated cells. 
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Table  37 The effect of crepidatin on EMT markers in H460 cells 

 
The data is presented as mean ± SD (n = 3).   * P < 0.05 vs. untreated cells. 

Table  38 Cytotoxicity of cisplatin on H460 cells 

 

The data is presented as mean ± SD (n = 3).   * P < 0.05 vs. untreated cells. 
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Table  39 Cytotoxicity of cisplatin on A549 cells 

 

The data is presented as mean ± SD (n = 3).   * P < 0.05 vs. untreated cells. 

Table  40 Effect of crepidatin suppression colony formation in H460 by clonogenic 
assay 

 

The data is presented as mean ± SD (n = 3).   * P < 0.05 vs. untreated cells. 

Table  41 Effect of cisplatin suppression colony formation in H460 by clonogenic assay 

 
The data is presented as mean ± SD (n = 3).   * P < 0.05 vs. untreated cells. 
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Table  42 Effect of crepidatin suppression colony formation in A549 by clonogenic 

assay 

 

The data is presented as mean ± SD (n = 3).   * P < 0.05 vs. untreated cells. 

Table  43 Effect of cisplatin suppression colony formation in A549 by clonogenic assay 

 
The data is presented as mean ± SD (n = 3).   * P < 0.05 vs. untreated cells. 
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Table  44 Effect of crepidatin on stem cell 3D-migration in H460 cells 

 

The data is presented as mean ± SD (n = 3).   * P < 0.05 vs. untreated cells. 
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Table  45 Effect of crepidatin on stem cell 3D-migration in A549 cells 

 

The data is presented as mean ± SD (n = 3).   * P < 0.05 vs. untreated cells. 
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Table  46 Cytotoxicity in combination treatment in H460 cells 

 

The data is presented as mean ± SD (n = 3).   * P < 0.05 vs. untreated cells. 

Table  47 Cytotoxicity in combination treatment in A549 cells 

 

The data is presented as mean ± SD (n = 3).   * P < 0.05 vs. untreated cells. 
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