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ABSTRACT (THAI) 
 ณัฐมล หงษ์เวียงจันทร ์: ผลของไฮโดรควิโนน 5-โอ-ซินนาโมอิล เอสเทอร์ของเรนิอีราไมซินเอ็มในการ

ยับยั้งเซลล์ต้นก าเนิดมะเร็งปอด. ( EFFECT OF HYDROQUINONE 5-O-CINNAMOYL ESTER OF 
RENIERAMYCIN M ON THE SUPPRESSION OF LUNG CANCER STEM CELLS) อ.ที่ปรึกษาหลัก 
: ศ. ภก. ดร.ปิต ิจันทร์วรโชต ิ

  
เซลล์ต้นก าเนิดมะเร็งเป็นประชากรมะเร็งที่มีจ านวนน้อยที่มีความสามารถในการก่อเนื้องอกและ

สามารถแบ่งเซลล์ทดแทนตนเองได้ เซลล์ต้นก าเนิดมะเร็งเป็นตัวขับเคลื่อนของการท าให้เกิดการสร้างมะเร็งขึ้น
ใหม่ การพัฒนาของมะเร็ง ความล้มเหลวในการรักษาและการกลับมาเป็นซ้ าของโรค ด้วยเหตุผลนี้สารประกอบ
ใหม่ซึ่งมุ่งเป้าไปที่เซลล์ต้นก าเนิดมะเร็งจึงเป็นวิธีที่มีแนวโน้มในการควบคุมมะเร็ง ในการศึกษาน้ีไฮโดรควิโนน 5-
โอ-ซินนาโมอิล เอสเทอร์ของเรนิอีราไมซินเอ็ม (ซิน-อาเอ็ม) แสดงให้เห็นว่าสามารถยับยั้งเซลล์ต้นก าเนิดมะเร็ง
ปอด ซิน-อาเอ็มเป็นพิษต่อเซลล์มะเร็งปอดที่มีค่าความเข้มข้นการยับยั้งร้อยละ 50 ประมาณ 15 ไมโครโมลาร์ 
ซิน-อาเอ็มยับยั้งเซลล์ต้นก าเนิดมะเร็งโดยการยับยั้งการสร้างโคโลนี (colony) และยับยั้งการก่อตัวของเนื้องอก
ลักษณะทรงกลม (tumor spheroid formation) นอกจากนี้ประชากรเซลล์ต้นก าเนิดมะเร็งถูกแยกและบ าบัด
ด้วยซิน-อาเอ็ม เซลล์ต้นก าเนิดมะเร็งที่ถูกบ าบัดด้วยซิน-อาเอ็มเกิดการตายภายใน 24 ช่ัวโมง ซิน-อาเอ็มแสดง
การท าลายซี-มิก (c-Myc) โปรตีนควบคุมการรอดชีวิตและเซลล์ต้นก าเนิดโดยลดเครื่องหมายเซลล์ต้นก าเนิด
มะเร็ง (CSC markers) และปัจจัยการถอดรหัสเซลล์ต้นก าเนิด  (stem cell transcription factors) เช่น 
ALDH1A1, Oct4, Nanog และ Sox2 ส าหรับการควบคุมชั้นบน (up-stream regulation) เราพบว่าซิน-อาเอ็ม
ยับยั้งเอเคที (Akt) อย่างมีนัยส าคัญและท าให้ปัจจัยการถอดรหัสต้นแบบ (pluripotent transcription factors) 

ลดลง ซิน-อาเอ็มยังยับยั้งเอ็มทอ (mTOR) ในขณะที ่p-GSK3β (Ser9) ลดลงเล็กน้อย การยับยั้ง Akt/mTOR ท า
ให้เกิดการยูบิควิตินของ c-Myc และส่งเสริมการย่อยสลาย กลไกของ Akt ที่ควบคุมความเสถียรของ c-Myc 
ได้รับการตรวจสอบด้วย wortmannin ซึ่งเป็นตัวยับยั้ง Akt เราใช้การทดลองระดับโมเลกุลและฟีโนไทป์ของ
เซลล์ต้นก าเนิดมะเร็งเพื่อแสดงการออกฤทธิ์การยับยั้งแบบใหม่ของสารประกอบนี้ในเซลล์ต้นก าเนิดมะเร็งเพื่อ
เป็นประโยชน์ในการรักษาแบบมุ่งเป้าไปท่ีเซลล์ต้นก าเนิดมะเร็งส าหรับการรักษามะเร็งปอด 
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ABSTRACT (ENGLISH) 
# # 6272001033 : MAJOR PHARMACEUTICAL SCIENCES AND TECHNOLOGY 
KEYWORD: lung cancer, cancer stem cell, Akt, mTOR, c-Myc, renieramycin M, Nanog, Oct4, 

Sox2 
 Nattamon Hongwiangchan : EFFECT OF HYDROQUINONE 5-O-CINNAMOYL ESTER OF 

RENIERAMYCIN M ON THE SUPPRESSION OF LUNG CANCER STEM CELLS. Advisor: Prof. 
PITHI CHANVORACHOTE, Ph.D. 

  
Cancer stem cells (CSCs) are distinct cancer populations with tumorigenic and self-

renewal abilities. CSCs are drivers of cancer initiation, progression, therapeutic failure, 
and disease recurrence. Thereby, novel compounds targeting CSCs offer a promising way to 
control cancer. In this study, the hydroquinone 5-O-cinnamoyl ester of renieramycin M (CIN-
RM) was demonstrated to suppress lung cancer CSCs. CIN-RM was toxic to lung cancer cells 
with a half-maximal inhibitory concentration around 15 µM. CIN-RM suppressed CSCs by 
inhibiting colony and tumor spheroid formation. In addition, the CSC population was isolated 
and treated and the CSCs were dispatched in response to CIN-RM within 24 h. CIN-RM was 
shown to abolish cellular c-Myc, a central survival and stem cell regulatory protein, with the 
depletion of CSC markers and stem cell transcription factors ALDH1A1, Oct4, Nanog, and Sox2. 
For up-stream regulation, we found that CIN-RM significantly inhibited Akt and consequently 
decreased the pluripotent transcription factors. CIN-RM also inhibited mTOR, while slightly 

decreasing p-GSK3β (Ser9). Inhibiting Akt/mTOR induced ubiquitination of c-Myc and promoted 
degradation. The mechanism of how Akt regulates the stability of c-Myc was validated with the 
Akt inhibitor wortmannin. Taken together, we utilized molecular experiments and the CSC 
phenotype to reveal the novel suppressing the activity of this compound on CSCs to benefit 
CSC-targeted therapy for lung cancer treatment. 
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CHAPTER I 

INTRODUCTION 

1.1 Background and rational 

Cancer stem cells (CSCs) are a leading cause of cancer aggressiveness that 

enhance the ability of cancer to disseminate. They are the small section that carrying 

asymmetric division to remain the constant proportion and self-renewal properties. 

This unique population has been identified as a tumor initiator that progresses cancer 

(1, 2). Recent studies have highlighted the CSC population as a critical regulator of 

disease relapse, as CSCs have very high detoxification ability and augmented drug 

resistance pathways; therefore, targeting CSCs is recognized as a promising way to 

control cancer (3). 

CSCs exhibit biological activities and stem cell properties through several 

pluripotent transcription factors, such as Oct4, Nanog, and Sox2 (4). Among the 

prominent regulators of pluripotency, the protein kinase B (Akt)/c-Myc axis has 

garnered increasing interest. Akt plays an essential role in various aspects of tumor 

growth, survival and therapeutic resistance in numerous types of cancer (5, 6). c-Myc 

is a proto-oncogene transcription factor that regulates several downstream signaling 

pathways. The functions of c-Myc include cell cycle progression, survival metabolism 

and stem cell activity (7, 8). Overexpression of the c-Myc protein results in 

aggressiveness and therapeutic resistance of cancers because of over-activated 

stemness properties (8, 9). The cellular availability of c-Myc is dependent on the 

stability of the protein which is controlled by Akt. Akt promotes the stability of c-Myc 

by inhibiting phosphorylation at threonine 58 (Thr58), which prevents protein 

degradation (10, 11). In addition, mTOR regulates c-Myc-driven tumorigenesis (12) and 

controls c-Myc stability (13). 
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A series of studies have demonstrated the cooperation between c-Myc and 

other self-renewal transcription factors, including Nanog, Sox2 and Oct4. These three 

self-renewal transcription factors possess predominant stemness activity (14, 15). c-

Myc cooperates with other factors to regulate self-renewal. However, recent studies 

have demonstrated that c-Myc plays a role as a regulator of other self-renewal 

transcription factors by inducing the transcription and activity of the proteins (14). 

Hence, inhibiting Akt which is upstream of various CSC related regulators, is a 

promising strategy. 

Marine-derived compounds are interesting biologically active compounds in 

cancer therapy. These compounds have complex structures that interact with various 

biomolecular targets to suppress or promote biological functions for treatment 

purposes (16). Natural marine compounds and their synthetic derivatives have been 

investigated in clinical trials (17). Marine-derived anticancer drugs, such as trabectedin 

and cytarabine, have been approved by the United States Food and Drug 

Administration (18). According to recent studies, the tetrahydroisoquinoline family 

and marine/microbial alkaloids such as renieramycins, ecteinascidins, saframycins, 

safracins and naphthyridinomycins, exhibit anticancer properties against cancer cells 

(19).  

Renieramycin M is a marine alkaloid in the bistetrahydroisoquinolinequinone 

family that has been isolated from the Thai blue sponge, Xestospongia sp. 

renieramycin M exhibits anticancer activities in several cancer cells, such as lung, 

breast and colon (20). Interestingly, this compound not only suppresses non-stem 

cancer cells but also suppresses CSCs in lung carcinoma (21). Hydroquinone 5-O-

cinnamoyl ester of renieramycin M (CIN-RM), which contains an additional cinnamoyl 

ester on C-5 and a hydroxyl moiety at C-8 of ring A, displays better apoptosis-

inducing potency in H292 lung cancer cells (22). CIN-RM was synthesized by a two-



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 3 

step chemical modification of renieramycin M involving palladium catalyzed 

hydrogenation and Steglich esterification (23). However, no study has reported on the 

suppression of CSCs by CIN-RM. This research aims to investigate the potential effect 

of CIN-RM on CSC of lung cancer and elucidated the underlying mechanism, which 

involved Akt regulating the c-Myc pathway. However, no study has reported on the 

suppression of CSCs by CIN-RM. This research aims to investigate the potential effect 

of CIN-RM on CSC of lung cancer and elucidated the underlying mechanism, which 

involved Akt regulating the c-Myc pathway. 

 

1.2 Objectives of the study 

1.2.1 To investigate the effect of hydroquinone 5-O-cinnamoyl ester of 

renieramycin M (CIN-RM) on lung cancer stem cell suppression.  

1.2.2 To evaluate the underlying mechanism(s) of CIN-RM against CSC property in 

lung cancer effects caused by CIN-RM on lung cancer. 

1.3 Hypothesis of the study 

1.3.1 CIN-RM can suppress CSC by inhibiting AKT/c-Myc signaling pathway in lung 

cancer 

1.4 Benefits of the study 

This study will provide the preliminary data of hydroquinone 5-O-cinnamoyl 

ester of renieramycin M including suppression of stem cell mechanism in non-small 

cell lung cancer and maintenance stem cell. The study can be used to further 

develop CIN-RM as an alternative treatment. 
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1.5 Conceptual framework 
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1.6 Research design 

 
 
 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 6 

CHAPTER II 

LITERATURE REVIEW 

2.1      Lung cancer 

 Lung cancer is a cancer that initiates in the lungs and causes a death 

worldwide (24). Every year, over 1.8 million of lung cancer patients have been 

diagnosed (25). It is caused by bronchial mucosa cells that have been irritated for a 

long time, so it may be called a bronchogenic carcinoma. In 2018, 2.09 million of 

new cases and also 1.76 million of deaths have been reported. The cancer incidence 

and death rates have increased considerably compared to 2012. Smoking is still the 

major risk factor of this cancer (26). 

 

2.1.1 Symptoms  

Most lung cancer has not showed an obvious symptom in the initial stages. 

There are signs indicating the occurrence of the disease when more cancer growths. 

It can be observed from chronic cough, chest pain, fatigue, shortness of breath, pain 

while breathing or coughing, and weight loss. Some of rare symptoms may be 

occurred such as wheezing, changes of fingertip and nail shape, high fever, difficulty 

swallowing, hoarseness, and swelling of face and neck (27). 

 

2.1.2 Risk factor 

There are various risk factors for lung cancer including air pollution, genetic 

factor, and tobacco smoking. These factors are the causes of cancer development 

(27). 
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 Air pollution 

Air pollution, both indoor and outdoor, is one of the main risk factor for lung 

cancer. This factor acquires more than 30% of the causes of lung cancer (28). The 

releasing of chemicals (SO2, NOx, CO, and heavy metals) to the air and dust (PM) are 

considered important to cause air pollution and directly affect the respiratory system 

(29). In Taiwan, PM 2.5 was found to affect lung adenocarcinoma (AdLC) and the 

survival of patients (30).  

 

 Genetic factor 

Factors that cause cancer may come from external factors, but sometimes 

internal factors can also affect cancer, such as genetic factor. Family history is a 

genetic risk. If the family has a history of lung cancer, it will enhance the risk of 

disease as well (27). Genetic variation in the region 5p15.33 TERT-CLPTM1Ll affect 

lung cancer in non-smokers (31). Mutation of the epidermal growth factor receptor 

(EGFR) can induce cancer and the EGFR mutation in NSCLC patients is more common 

in female (Over 40%) than male (less than 15%) (32). 

 

 Tobacco Smoking 

Many researches have reported that tobacco smoking may be the major 

cause of this cancer, with a risk of 90% and 60% in male and female, respectively 

(32). In the smoking patients, the predicted prognosis is poorer than non-smoking 

(33). Tobacco smoke contains many carcinogenic (polyaromatic hydrocarbons, N-

nitrosamines, acetaldehyde), these chemicals can cause lung cancer development in 

smokers and also secondhand smokers (34). 
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2.1.3 Type of Lung cancer 

There are 2 subtypes, small cell lung cancer (SCLC) and non-small cell lung 

cancer (NSCLC) accounting for approximately 15% and 85% of all lung cancer 

respectively (35). NSCLC, the main type of lung cancer, is categorized into 3 subtypes 

including squamous cell lung carcinoma (25–30%) which has a strong relationship 

with smoking, large-cell lung carcinoma (5–10%) which starts in the middle of the 

lungs and can spread into nearby lymph nodes, and lung adenocarcinoma (40%) 

which is a key type of lung cancer. Lung adenocarcinoma has a slow growth rate and 

can be detected before it spreads outside the lungs compared to other types of lung 

cancer (36) (Figure 1). 

 

 

Figure  1 Histological classification of lung cancer cell 

(37) 

 

2.1.4 Treatments for lung cancer   

There are many options to cure lung cancer base on the type, the stage, and 

the patient's condition. The first treatment is surgical treatment, patients with stage I 

and II that have not lymph node spread, are suitable for surgical treatment (38). The 

second treatments are targeted therapy, chemotherapy, and immunotherapy. For 

NSCLC, the driver mutations are an important part of diagnostic of NSCLC. From 
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previous research, 50% of NSCLC patients had oncogenic drivers, and targeted 

therapy could improve overall survival (OS). This is the reason why FDA approved 

tyrosine kinase inhibitors (TKI), a one type of targeted therapeutic drug, for NSCLC 

treatment. However, the targeted therapy of SCLC has not been approved by the 

FDA yet. For immunotherapy, immune checkpoint inhibitors (ICIs) can be used to 

combine with chemotherapy (35). The last treatment is radiotherapy which is very 

essential in lung cancer treatment and it is used in palliative care. It can improve 

therapeutic response via a combination of immunotherapeutic agents and radiatio 

(39). 

 

2.2      Cancer Stem cell (CSC) 

Stem cells (SCs) are specialized cells which have the ability to self-renew, 

develop differentiate offspring in several different types of cells. Even with a small 

population, SCs are essential for replenishing aging cell and repairing damaged tissues 

(40). Cancer stem cells (CSCs), a small population inside the tumor hold stemness 

characters which promote tumor initiation, cell metastasis and tumor recurrence. 

Currently, CSCs are key factor contributing to low rate of successful treatments (41). 

Available chemotherapeutic drugs induce programmed cell death in normal cancer 

cells but not in CSCs (3). Other than that, CSCs show several characteristics like 

normal pluripotent stem cells including self-renewal, specific gene expression and 

protein markers, and the signaling pathways (42). These characteristics point out that 

CSCs are associated with tumor development and progression. In addition, previous 

research reported that the intrinsic and the extrinsic alterations in the SC tumor 

microenvironment, together with the mutations and the epigenetic regulations are 

involved and responsible for CSCs development (Figure. 2) (43).  
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Figure  2 The implication of SCs in term of development and progression of 
tumors 

(44) 
 

CSCs is a small sub-population of cells within tumor and its characteristics are 

the same with NSCs. CSCs have the ability to initiate tumor formation, widespread 

proliferation, and cancer chemotherapeutic drug resistant (42). As shown in figure 3, 

CSCs (red) can self-renew and developed in cancer to form tumor bulk (yellow). 

When the tumor grows, cells can go limited benign growth or all cells may form 

disseminated malignancies. Therefore, cells are resistance to drug and leading to 

cancer recurrence (45). 
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Figure  3 Cancer stem cells biology  

(45) 

 

In the United States, 2012 there are 226,160 of lung cancer patients were 

diagnosed and also 160,340 of deaths were reported (46). Although the diagnosis and 

treatment have been advance over the past decade, the prognosis remains poor due 

to its resistance in therapy, rapid tumor growth, and its ability to spread (47). CSCs 

are responsible for the aggressive phenotypes of lung carcinoma. CSCs expresses 

stem cell markers in lung cancer including CD133, CD44, ALDH, Oct4, and Nanog (48). 

Moreover, it important to be able to distinguish NSCLC and SCLC on the basis of CSC 

characteristics because it could effect on treatment strategies and prognosis (49). 

 

2.2.1 Cancer stem cell marker 

CSCs is a potential driving force of initiating new tumors and progression of 

cancer because of the self-renewal, drug resistance, metastasis and cancer 

recurrence (50). Up-regulation of specific stem cell protein markers including 

ALDH1A1 which relate to tumorigenesis and chemoresistance properties of CSCs (51). 
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ALDH 

Another marker that use to identify and isolate the CSCs is aldehyde 

dehydrogenase. ALDH  is an enzymes which can regulate the cell differentiation of 

NSCs (52). ALDH, intracellular enzymes, is involve in detoxification process and drug 

resistance in SCs (53). One of the members of the ALDH family is ALDH1. It is a 

cytosolic isoenzyme. The expression of ALDH1 of lung cancer cells have indicated 

highly tumorigenic and cancer cell cloning properties (54). Moreover, expression of 

ALDH1A1 on CSCs displayed chemotherapy resistance and EGFR-TKI (epidermal 

growth factor receptor tyrosine kinase inhibitors) resistance (55). 

 

2.2.2 Cancer stem cell transcription factor 

CSC can increase the expression of transcription factors which can regulate 

pluripotency property and self-renewal such as Nanog, Sox2, and Oct4, these factors 

making CSC different from NSCs. The overexpression of these proteins marker were 

determine in CSCs than ESC or normal cell that affects proliferation property and 

self-renewal (4). Transcription factors of stemness can modulated the stem 

phenotype such as self-renewal and pluripotency in NSCs and CSCs. Sox2, Nanog and 

Oct4 are commonly transcriptional factors that mediate CSCs properties in various 

cancer such as lung cancer (56),(57). Oct4 /Sox2 /Nanog complex recruits important 

transcriptional factors to induce stemness regulating proteins (58).  

 

Nanog 

Nanog, transcription factor, shows a critical factor in maintain the capacity of 

self-renewal of ESCs in the development of embryonic (59). In lung cancer patients 

with overexpression of this protein, the prognosis is worsened. Therefore, in the lung 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 13 

cancer, Nanog protein is used as an key predictor in the prognosis (60). Nanog can 

control the self-renewal and cell potency in ESCs. In addition, the combination of 

Nanog with other protein including Oct4, Sox2 and Lin28 may be used to induce 

effective reprogramming process in fibroblasts to provide the induced pluripotent 

stem cells (iPSCs) (61).  Nanog is not only regulates self-renewal and induced 

pluripotent stem cells but also displays in regulating ESCs cell cycle. Previous 

research has indicated that ESC clones with overexpression of Nanog protein have 

expedited S-phase entry. For the Nanog physiological conditions, the C-terminal was 

bind to CDK6  and CDC2 5 A at regulatory region, which mediate S-phase entry (62). 

Moreover, NanogP8  is more expressed in T-cell acute lymphoblastic leukemia and 

when knockdown of NanogP8 can suppressed proliferation of cells and self-renewal, 

induced apoptosis and cell cycle arrest via a p53 pathway (63).  In addition, 

downregulation of Nanog cause G0/G1 cell cycle arrest, reduced cyclin E expression 

and STAT3 in breast cancer cell line (64). Nanog is important for control ESCs cell 

cycle. Therefore, the investigated Nanog in term of LCSC may be useful in the 

development of new therapies. 
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Figure  4 Nanog controls self-renewal and pluripotency of SCs 
 (61) 

 

Sox2  

SOX2 (SEX determining region (SRY) homology box 2) is o the stem cell 

transcription factor. Up-regulation of Sox2 is currently reported in various type of 

lung carcinoma such as SCLC,  squamous cell lung carcinoma and lung 

adenocarcinoma (65). Spheroid formation and CSCs apoptosis are regulated by Sox2 

protein level (66). Previous research found that Sox2 has functionally in the repair 

the pluripotent of iPS and ES. In addition, Sox2 has been accepted as a powerful 

oncogene in numerous cancer, where it controls CSCs and functionally relates to 

hallmarks rule as shown in Figure 5 (67). 
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Figure  5 The overview of SOX2 functionality  
(67) 

 

Oct4  

Oct4, Octamer-binding transcription factor 4, is the one of CSCs transcription 

factor. It is an essential regulator of ESC fate. Cancer cells are similar in appearance 

to early embryonic cells, with common characteristics including deathless, 

undifferentiated, and invasive (68). So, dysregulation of overexpressed proteins during 

the embryonic stage can cause development of cancer. Oct4 is especially expressed 

in ESCs and a large amount is needed to maintain self-renewal of ESCs, which mean 

Oct4 is a main regulator of pluripotency in mammalian development (69). A previous 

study has showed that the expression of Oct4 shows a critical factor in keeping CSC 

characters in lung cancer with CD133+ cells and  suppression on Oct4  expression 

inhibits stemness phenotypes and metastasis feature in CSCs of lung cancer cells 

(70).  
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2.2.3 Cancer stem cell signaling pathways  

 From currently research reported that CSCs have various similar characters to 

NSCs including self-renewal and differentiation. Both CSCs and NSCs share many 

major pathway to remain its survival (71). CSCs have been reported to show various 

properties of embryonic or SCs tissue and cancer development pathways including 

Akt signaling pathway which plays an essential role in various aspects of tumor 

growth, survival and therapeutic resistance in numerous types of cancer (5, 6). The 

critical driving pathways of CSCs including the AKT signaling pathway was increased in 

cancers with high CSC properties (72). So, activation of this signaling may give a 

significant role in extension of CSCs and resistance to drug.  

 

Akt regulate cancer stem cells  

The AKT also known as a protein kinase B (PKB). It is an oncogenic protein 

which control survival, proliferation, apoptosis mechanism. The critical 

phosphorylation sites of Akt are Thr308 and Ser473 and it phosphorylates a several 

of downstream such as FOXO1, GSK3β, and mTOR (73). Activation of Akt/mTOR 

pathway enhanced CSC phenotypes in various cancer such as prostate cancer, breast 

cancer, and colorectal cancer (6). 

Oct4/Sox2/Nanog complex recruits important transcriptional factors to induce 

stemness regulating proteins (58).  These transcription factors were shown to be 

activated via several pathways including Akt pathway (65). The previous study 

showed that Akt directly regulates Oct4 and Sox2 activity (74-77). Akt increases the 

stability of the Oct4 protein by phosphorylating Oct4 at threonine 235. 

Phosphorylated Oct4 enters to the nucleus and interacts with Sox2, which in turn 

activate the transcription of Nanog (78). 
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Figure  6 Role of Akt regulate stemness transcriptional factor complex 
(65) 

 

The mammalian target of rapamycin (mTOR) 

mTOR is a serine/threonine kinase. mTOR signaling pathway is critical in  

regulating growth, survival, metabolism of cell. The function of it acts through two 

structurally protein complexes which are mTOR complex 1 (mTORC1) and mTOR 

complex 2 (mTORC2). mTORC1 is regulated by many pathways including the Akt 

signaling pathway. mTORC1 regulates several proteins, including protein phosphatase 

2A (PP2A). Many previous research reported that mTOR signaling pathway is 

accumulated in various types of cancers. In the solid tumors, mTOR is dysregulated 

in approximatetl 30% of cancers. In NSCLC, PI3K signaling pathway activation is found 

about 50–70% of cancer patients with Akt phosphorylation (79). mTOR can also 

control the stability of c-Myc  through PP2A inhibition (80). 
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c-Myc regulates cancer stem cells 

 c-Myc, proto-oncogene, plays a role as stem cell transcription factor that 

regulates several down-stream pathway. There are many functions of c-Myc such as 

cell cycle progression, cell survival, and stem cell activity (7, 8). Overexpression of c-

Myc leading to over-activation of stemness properties (8, 9). c-Myc can cooperate 

with self-renewal transcription factors including Nanog, Sox-2 and Oct-4 to regulate 

the self-renewal property. (14). It is also a co-factor of Oct4/Sox2/KLF4 during 

pluripotent stem cell reprogramming process (81).  

  c-Myc gene is targeted in Wnt pathway. It is a critical role in switch. After 

suppression of β-catenin/TCF-4 activity of colorectal cancer cells, the decreasing of 

Myc gene leading to the transcription of p21, that results in differentiation and 

triggers G1 arrest (82). 

Notch signaling can activate PI3K/AKT signaling pathway  (83), and c-Myc. A 

recent research reported that in CRC cell lines, the activation of the Notch signaling 

could transcriptionally bind to c-Myc and cyclin D1 (84). Myc and cyclin D1 are 

related to the progression of the cell cycle. So, suppressing the Notch pathway for 

anti-cancer effect may involve in inhibition of the cell cycle progression (85-87). 

Moreover, self-renewal in colorectal CSCs is depend on the Hedgehog‐GLI via 

connect with the Wnt pathway (88). GLI-1 can reduces the expression of c-Myc, and 

can suppress the cell proliferation (89). It can indicate that c-Myc transcription factor 

is important in CSC therapy. 
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c-Myc maintains the chemoresistance 

c-Myc protein is significantly role in drug resistance. The overexpression of c-

Myc trigger downstream genes which related to cell cycle regulation and genomic 

instability (90-92). Several chromosomal abnormalities occur when c-Myc inducing 

genomic instability such as elevation of elements, centromere and telomere fusions, 

DNA double strand breaks, and genetic mutation. (92-95). In addition, the aggregation 

of genomic instability takes the susceptibility of tumor cells to DNA-damaging agents 

(Figure 7) (96, 97). 

 

 

Figure  7 Roles of c-Myc in chemoresistance 
(8) 

 

Akt/c-Myc signaling pathway in cancer stem cell  

  PI3K/Akt signaling pathways are important to cancer on physiological and 

pathological conditions including differentiation, proliferation, and cell survival (98). 

Previously researches showed that activation of the PI3K/Akt signaling pathway 

leading to EMT and enhanced CSC phenotypes on prostate cancer radioresistance 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 20 

(99). PI3K/Akt pathway is significant for prostate CSCs maintenance and that targeting 

PI3K signaling may be beneficial in PC treatment by eliminating prostate CSCs (100). 

Myc is characterized as a regulator genes and proto-oncogenes which encode 

important nuclear transcription factors. As c-Myc has been recognized as an essential 

regulator of CSCs (7). Swords et al. demonstrated that when Akt pathway was 

disrupted, c-Myc was found to be rapidly decreased as a results of destabilization 

and enhanced degradation (11). c-Myc, a major downstream target of Akt, 

accompany Oct4, Nanog and Sox2 to promote self-renewal in CSCs (14). The stability 

of c-Myc is controlled by the Akt/mTOR pathway. mTOR inhibits Ser62 de-

phosphorylation on c-Myc by hindering PP2A activity (80) leading to the stabilization 

of c-Myc.  

 

 

Figure  8 The stability of c-Myc is controlled by the Akt/mTOR pathway 
(80) 
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Not only stability of the protein requires Akt/mTOR activity, but c-Myc cellular 

function was shown to depend on Akt activity (101). The present research indicated 

that Thr308 and Ser473 are the 2 main Akt phosphorylation sites; activation of 

Thr308 phosphorylation may increase the Akt enzymatic activity (12). The 

phosphorylation at Threonine 58 (Thr 58) and serine 62 (Ser 62) of c-Myc is significant 

for c-Myc ubiquitin-proteasomal degradation (Figure 9) (10). 

 

 

Figure  9 c-Myc ubiquitin-proteasomal degradation mechanism   
(10) 

 

Taken together, inhibition of CSCs, whether it be alteration of CSC markers, or 

inhibition of CSC signaling pathways, may be a possible alternative for lung cancer 

treatment under such circumstances. At present, several studies indicate that marine 

compounds from various sources can inhibit CSCs. For example, 5-O-acetyl-

renieramycin T induced apoptosis and decrease the CSC markers expression (CD44 

and CD133) and decrease Nanog stem cell transcription factor via Akt signal pathway 

(102). Crambe crambe (CR), marine sponge extract, strongly reduced pancreatic and 

prostate CSCs (103). renieramycin M (RM) suppress CSC-like phenotypes in H460 lung 
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cancer cells (21). CIN-RM has more potent cytotoxicity than RM in H292 lung cancer 

cells. CIN-RM induced apoptosis through a p53-dependent mechanism (22). 

Therefore, in this research is interested in inhibits lung CSCs by using CIN-RM, which 

are marine compounds. 

 

2.3 Phytochemicals and anti-cancer activities 

 Renieramycins, marine alkaloids classified into the tetrahydroisoquinoline 

family (19). 1,2,3,4-tetrahydroisoquinoline analogs show potential anti-cancer activity 

in many type of cancer  such as lung cancer, and colon cancer (104). The 1,2,3,4-

tetrahydroisoquinoline motif is the one of important as a minor groove DNA alkylator 

which can covalently bonds at N2-amine of guanine. This specifically 

functionalization result in DNA bending and leading to DNA damage in cancer cells 

(105). This result has indicate the significant of 1,2,3,4-tetrahydroisoquinoline scaffold 

as a model for anti-cancer candidates. Renieramycin M, bis-1,2,3,4-

tetrahydroisoquinolinequinone alkaloid, is isolated from the Thai blue sponge 

Xestospongia sp. (106). Moreover, renieramycin M and its derivatives which modify 

ester side chains at C-22, showed a potential cytotoxicity in cancer cell lines 

including colon cancer , lung cancer , and breast cancer (107). From previously study 

of structure activity  of  RM and its derivatives with linear and aromatic ester side 

chains that focus on C-22 and C-5 have been evaluated for cytotoxic in NSCLC cell 

lines (23), which has been reported to be the world's leading cause of death (108). 

From present findings, the chemical modification of ester side chains at position C-22 

and C-5 play a major relationship between structure and its cytotoxicity. 

Hydroquinone 5-O-cinnamoyl ester of renieramycin M (CIN-RM)  (Figure 10)  

was semi-synthesized from renieramycin M which is isolated from the Thai blue 

sponge Xestospongia sp. CIN-RM was obtained from two-step semi-synthesis of RM 

involving hydrogenation with 20% Pd(OH)2/C in EtOAc to obtain the 
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bishydroquinonerenieramycin M (HQ-RM) followed by esterification with cinnamoyl 

chloride and the addition of 1-ethyl-3-(3-dimethylaminopropyl) carbodiimide 

hydrochloride (EDCI.HCl) and 4-dimethylaminopyridine (DMAP) resulted in cinnamoyl 

substituent at C-5 position (23). Previous studies have revealed that renieramycin 

analogs have antimicrobial and anti-proliferation effects (109). For instance, 

renieramycin M induced apoptosis via p53-dependent signaling pathway and also 

inhibit progression and metastasis in lung cancer cell (110). Renieramycin M is an anti-

metastatic agent by sensitizing anoikis-resistant in H460 lung cancer cells to anoikis 

via suppress anoikis-resistance mechanisms (111). Bishydroquinone renieramycin M 

(HQ-RM) induces apoptosis of H292 lung cancer cells through a mitochondria 

pathway (112). CIN-RM induced apoptosis effect on H292 lung cancer cells (22). From 

the previous research, it has not been reported about the suppression of CSCs 

activity on lung cancer of CIN-RM. Therefore, the researcher is interested in study the 

suppression of lung CSCs activity, which should lead to the discovery of important 

anticancer compound which may play a role in the development of a new type of 

anticancer drugs that effective treatment. 

 

 

Figure  10 Structure of Hydroquinone 5-O-cinnamoyl ester of renieramycin M 
(CIN-RM) 
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CHAPTER III 

METHODOLOGY 

3.1 Material and Instruments 

3.1.1 Non-small Cell Lung Cancer Cell Lines and Cultures  

Non-small cell lung cancer cells used in the experiment was H460. H460 was 

obtained from the American Type Culture Collection (Manassas, VA, USA). H460 were 

grown in Roswell Park Memorial Institute (RPMI) 1640 medium containing 10% fetal 

bovine serum (FBS), 2 mM L-glutamine, and 100 units/mL of each of penicillin and 

streptomycin under 5% carbon dioxide (CO2) at 37 °C condition in an incubator. 

 

3.1.2 Hydroquinone 5-O-cinnamoyl ester of renieramycin M (CIN-RM) 

preparation   

CIN-RM is dissolved with dimethyl sulfoxide (DMSO) and diluted with Roswell 

Park Memorial Institute (RPMI) 1640 Medium cell culture in 10% fetal bovine serum 

(FBS) to obtain the desired concentration. The final concentration of DMSO will be 

less than 0.5% solution, which shows no signs of cytotoxicity. 

 

3.1.3 Chemical and Reagents 

Roswell Park Memorial Institute (RPMI) 1640 medium, penicillin/streptomycin, 

fetal bovine serum (FBS), phosphate-buffered saline (PBS), L-glutamine, and trypsin-

EDTA were acquired from Gibco (Grand Island, NY, USA). Dimethyl sulfoxide (DMSO), 

3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazoliumbromide (MTT), propidium iodide 

(PI), Hoechst 33342, Triton X-100 ,bovine serum albumin (BSA), MG132, and 

paraformal-dehyde were obtained from Sigma-Aldrich, Co. (St. Louis, MO, USA). 

Agarose was obtain from Bio-Rad Laboratories (Hercules, CA, USA). RIPA buffer were 

acquired from Cell Signaling Technology, Inc. (Danvers, MA). The primary antibodies 
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were used in the experiments including β-Actin (#4970), GSK3β (#9323), p-GSK3β 

(#9832), mTOR (#2983), p-mTOR (#5536),  Akt (#9272), phosphorylated Akt or p-Akt 

(#4060), c-Myc (#5605), Nanog (#4903), Oct4 (#2840), Sox2 (#3579), and ALDH1A1 

(#36671) were acquired from Cell Signaling Technology (Danvers, MA, USA). The 

primary antibody ubiquitin (ab7780) was purchased from Abcam (Cambridge, UK). The 

respective secondary antibodies, anti-rabbit IgG (#7074) and anti-mouse (#7076) were 

also obtained from Cell Signaling Technology (Danvers, MA, USA). 

 

3.1.4 Equipment 

- CO2 incubator (Thermo forma) 

- Oven (United instrument Co., Ltd., Thailand) 

- Water bath (Memmert, Chatcharee Holding Co., Ltd., Thailand) 

- Fume hood FH120 (BossTech) 

- Nikon Eclipse Ts2 microscope 

- Microplate reader Perkin Elmer VICTOR3 (Anthros, Durham, USA) 

- Guava flow cytometer (Merck Millipore) 

- SDS-PAGE (Bio-rad) 

- Chemiluminescent ImageQuant LAS4000 

- 60- and 100-mm dish culture (Corning Inc., USA) 

- 6, 24 and 96 well plate (Corning Inc., USA) 

- 1.5 ml microcentrifuge tube (Corning Inc., USA) 

- 0.2-2 µl, 2-20 µl, 10-200 µl and 200-1000 µl micropipettes (Corning Inc., USA) 

- 2 µl, 20 µl, 200 µl and 1000 µl micropipette tips (Corning Inc., USA) 
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3.2 Methods 

3.2.1  Cytotoxicity Assay 

To study the cytotoxicity of CIN-RM on NSCLC cell lines (H460), MTT 

colorimetric assay was used. H460 1.5x104 cells/well were cultured in 96-well tissue 

culture plate with 100 µL/well RPMI in 10% FBS at 37 °C under 5% CO2 in incubator 

overnight. Cells in 96-well plates were treated with various concentrations of CIN-RM 

(0, 0.1, 0.5, 1, 5, 10, 20 µM) for 24 h. After that, cells were incubated with 0.4 mg/mL 

MTT for 3 h at 37°C. Then, 100% DMSO was added to dissolve the formazan crystals. 

The intensity of the MTT product was measured at 570 nm by a microplate reader 

(Anthros, Durham, NC, USA). The percentage of cell survival (% Cell viability) and IC50 

were calculated as described in the manufacturer’s protocol (7sea Biotech, Shanghai, 

China). Cell viability (%) = (ODexperi-ment − ODblank)/(ODcontrol − ODblank) × 

100%. 

 

3.2.2  Nuclear Staining Assay  

Apoptosis and necrosis cells death were analyzed with Hoechst 33342 and PI 

fluorescent DNA co-staining assay. The cells were seeded 1 x 104 cells/well in 96 well 

plate and incubated overnight. Then, the cells were treated with CIN-RM at various 

concentrations (0-20 µM) for 24 h. After that, cells were incubated with 10 µg/mL 

Hoechst 33342 and 5 µg/mL PI for 30 min at 37°C. Then, cells were visualized by 

fluorescence microscopy (Nikon ECLIPSE Ts2) and the analysis was evaluated by 

ImageJ software. 

 

3.2.3  Apoptosis Assay 

Apoptotic and necrotic cells were investigated using Annexin V-FITC apoptosis 

kit (Thermo Fisher Scientific, Waltham, MA, USA). Cells were treated with various 

concentrations (0-20 µM) of CIN-RM, incubated at 37 °C for 24 h. Treated-cells were 
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trysinized and suspended in 70 µL of 1X binding buffer. Then, incubated with 

Annexin V/FITC in the dark at room temperature for 15 min. Then, binding buffer was 

added up to 400 µL and the cells were stained with PI before performed flow 

cytometry assay. The cells were analyzed with BD FACSDiva 8.0.2 flow cytometry 

systems. 

 

3.2.4 Colony Formation Assay   

H460 cells were pretreated with various concentrations (0-20 µM) of CIN-RM 

for 24 h. Next, CIN-RM-treated cells were detached and seeded approximately 

300 cells/well onto a 6-well plate and let them formed colonies at 37 °C for 7days. 

The cells were fixed with 4% paraformaldehyde for 30 min at room temperature, 

followed by staining with crystal violet solution at room temperature for 30 min and 

washed with tap water. The colony number and size were investigated by OpenCFU 

software. 

 

3.2.5 Anchorage-Independent Growth Assay  

Soft agar colony formation assay was used to determined anchorage-

independent growth cell growth. The cells were pretreated with various 

concentrations (0-20 µM) of CIN-RM for 24 h. For the preparation of the agar, 1:1 ratio 

mixture of RPMI medium containing 10% FBS and 1% agarose in a 24-well plate to 

form a bottom layer. For an upper layer contain 8 × 103 living cells/mL in the 

agarose gel with 10% FBS and 0.3% agarose. When the upper layer was solidified, 

RPMI medium containing 10% FBS was added and then incubated at 37°C. Phase-

contrast images of colony formation were taken at day 7, 14, and 21 of treatment 

using a phase-contrast microscope (Olympus IX51 with DP70, Melville, NY, USA). The 

colony number and size were investigated by ImageJ software. 
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3.2.6 Spheroid Formation Assay  

H460 cells were pretreated with various concentrations (0-20 µM) of CIN-RM 

for 24 h. The cells were detached and seeded approximately 2.5 × 103 cells/well 

onto a 6-well ultralow attachment plate with in serum free RPMI medium and 

incubated. Spheroid for-mation was determined after 7 days using a phase-contrast 

microscope (Nikon ECLIPSE Ts2). The analysis was evaluated by ImageJ software. 

Meanwhile, H460 cells were seeded approximately 2.5 × 103 cells/well onto a 

6-well ultralow attachment plate with serum free medium and incubated for 7 days 

to form primary spheroids. Then, the primary spheroids were suspended into single 

cells and seeded onto a 96-well ultralow attachment plate with serum free medium 

for 14 days to form secondary single spheroids. After that, the spheres were treated 

with various concentrations of CIN-RM (0–20 µM) and incubated for 24 h in an 

environment of 37 °C with 5% CO2. At 24 h after treatment, apoptosis cell death was 

analyzed with Hoechst 33342 and imaged using a phase-contrast microscopy (Nikon 

ECLIPSE Ts2, Tokyo, Japan). 

 

3.2.7 Immunofluorescence  

H460 cells were seeded in 96-well plates at the density of 8 × 103 cells/well 

and incubated overnight. Then, H460 cells were treated with various concentrations 

(0-20 µM) of CIN-RM and 2.5 and 5 µM of wortmannin. Next, cells were fixed with 4% 

paraformaldehyde for 15 min, followed by permeabilized by 0.5% of Triton X-100 in 

PBS for 5 min, and then blocking with 10% of FBS in 0.1% of Triton X-100 for 1 h at 

room temperature. Primary antibody of c-Myc and p-Akt at proportional 1:200 in 10% 

of FBS were applied before incubation overnight at 4 °C. After that, Alexa Fluor 488 

IgG secondary antibody was added and incubated for 1 h in dark at room 

temperature. Hoechst 33342 was used to stain cell nucleuses and then visualized 
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under fluorescent microscope (Nikon ECLIPSE Ts2, Tokyo, Japan) and the analysis was 

evaluated by ImageJ software. 

 

3.2.8 Immunoprecipitation Assay 

H460 cell lines were pretreated with 10 µM of MG132 for 1 h followed by 10 

µM of CIN-RM for 3 h. The treated cells were obtained and lysed with RIPA buffer. 

The magnetic beads from Dynabeads™ Protein G Immunoprecipitation Kit were 

washed with washing buffer and incubated with c-Myc primary antibody (Ab) in 

binding buffer about 10 min. Then, adding the protein lysate to the bead-Ab 

complex suspension overnight at 4°C. Then, the complex was washed 3 times with 

100 µL washing buffer. Supernatant was discorded and then the elution buffer was 

added for detaching the Ab-Ag complex from the beads. Finally, western blot 

analysis was used to evaluate the ubiquitinated c-Myc protein. 

 

3.2.9 Western blot analysis 

Western blotting was a technique for detecting specific proteins in a sample. 

Cells were seeded at density 4 x 105 cells/well in 6 well plates overnight. Cells were 

treated with CIN-RM at various concentrations (0-20 µM) for 24 h and 2.5 and 5 µM of 

wortmannin for 12h . Then, cells were washed with PBS (on ice) and incubated on 

ice for 30 min with 1X RIPPA 60 µL containing 10x RIPA buffer 100 µL, protease 

inhibitors (PI) 100 µL, PMSF 10 µL, and Triton X 10 µL. Protein content was analyzed 

using BCA protein assay. The extracted proteins were separated with gel 

electrophoresis using 7.5%-15% SDS-PAGE (Sodium dodecyl sulfate polyacrylamide 

gel). After that, the proteins were transferred from the gel to the polyvinylidene 

difluoride (PVDF) membrane, blocked with milk medium (Tris-HCl (pH 7.5) 25 mM, 

NaCl 125mM, and 0.05% Tween20 (TBST) 0.05%) and 5% nonfat dry milk powder for 

2 h, and incubated overnight with primary antibodies that specific to the proteins 
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(ALDH1A1, Nanog, Oct4, Sox2, GSK3β, p-GSK3β, mTOR, p-mTOR, Akt, p-Akt, c-Myc, 

and beta-actin). Then, the membranes were washed with TBST 3 times and then 

incubated with the secondary antibodies for 2 h at room temperature. 

Immunoreactive proteins were detected with the chemiluminescent evaluation 

system and subsequently exposed by Chemiluminescent ImageQuant LAS4000. 

Protein bands were analyzed using the ImageJ software. 

 

3.2.10 Statistical analysis 

The results from three independent experiments (n = 3) were presented as 

means ± standard deviation for each group. Statistical differences between groups 

were analyzed using an analysis of variance (ANOVA), followed by individual 

comparisons with Schefft’s post-hoc test. For two-group comparison, t-test analysis 

was calculated. The statistic was calculated by SPSS software program version 16 

(SPSS Inc., Chicago, IL, USA).  The p-value of less than 0.05 was considered as 

statistically significant. *p < 0.05, **p < 0.01, and ***p < 0.001. GraphPad prism 5 was 

used to created graphs in this experiment (GraphPad Software, San Diego, CA, USA). 
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CHAPTER IV 

RESULTS  

4.1 Selective cytotoxicity of CIN-RM in human lung cancer cells 

To elucidate the anticancer potential of CIN-RM (Figure 10), we determined 

the cytotoxic profile of CIN-RM in lung cancer H460 cells. The cells were incubated 

with CIN-RM (0–20 µM) for 24 h. The results showed that CIN-RM significantly reduced 

the viability of H460 cells (Figure 11A) with a half maximal inhibitory concentration 

(IC50) value of 14.64 ± 7.09 µM (Figure 11B).  

 

 
Figure  11 Effect of CIN-RM on cell viability of lung cancer H460 cells. 
 (A) The significant reduction of % cell viability in human lung cancer H460 cells with 

CIN-RM at 0–20 µM for 24 h. (B) The half maximal inhibitory concentration (IC50) of 

CIN-RM in H460 cells was 14.64 ± 7.09 µM. All data are presented as the mean ± SEM 

(n = 3). * p < 0.05, and ** p < 0.01 compared with untreated cells. 
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Further investigations of CSC-targeting activity of the compound were 

performed in H460 cells treated with 0–20 µM CIN-RM. Apoptosis is characterized by 

condensation and fragmentation of DNA. Therefore, we examined whether the 

majority of the cytotoxic effects caused by CIN-RM was related to apoptosis. Hoechst 

33342 staining was used to evaluate the nuclear morphology of the CIN-RM-treated 

cells. H460 cells were treated with 0–20 µM CIN-RM for 24 h. In addition, propidium 

iodide (PI), fluorescence dye was used to detect for necrosis; however, no PI-positive 

cells were detected at the tested CIN-RM concentrations. These results reveal that 1-

20 µM CIN-RM induced apoptosis cell death indicated by the clear presence of DNA 

condensation and/or fragmentation (Figure 12). The reduction in cell viability 

detected by MTT correlated well with the induction of apoptosis at the same 

concentrations.  

 

 
Figure  12 Apoptosis effect of CIN-RM on H460 cells. 
Apoptotic H460 cells were detected by Hoechst 33342/PI staining and visualized by 

fluorescence microscopy. The percentage of apoptotic cells in CIN-RM-treated cells 

was analyzed. All data are presented as the mean ± SEM (n = 3). *** p < 0.001 

compared with untreated cells. 
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The apoptosis inducing activity of CIN-RM was confirmed by annexin-V-FITC/PI 

staining with flow cytometry analysis. Similar to the nuclear staining assay, CIN-RM 

significantly induced apoptotic cell death in concentration of 1-20 µM (Figure 13). Our 

results suggest that apoptosis was the main mode of cell death of the CIN-RM 

treated cells.  

 

 
Figure  13 Effect of CIN-RM on apoptosis by flow cytometry on H460 cells. 
(A) To confirm apoptosis inducing activity in H460 cells, the cells were treated with 

various concentrations of CIN-RM (0–20 µM) for 24 h, and apoptosis was evaluated by 

annexin V-FITC/PI staining. (B-C) The percentage of cells in each stage and the 

percentage of apoptotic cells were calculated. All data are presented as the mean ± 

SEM (n = 3). *** p < 0.001 compared with untreated cells. 
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It is widely accepted that CSCs can escape apoptosis in response to 

chemotherapy. Next, we tested whether CIN-RM had this effect on a resistant cell 

population in the modified colony formation assay. Surviving H460 cells after a 24-h 

CIN-RM (1, 5, 10, and 20 µM) treatment were subjected to a clonogenic assay without 

further treatment. Crystal violet-stained colonies represent the capability to 

reproduce a new cancer colony from a single cell was shown in Figure 14. It was 

shown that the resistant cells receiving CIN-RM at 1-20 µM could not form the 

colonies  

 

 
Figure  14 Effect of CIN-RM on cell proliferation by colony formation assay on 
H460 cells. 
Cells were treated with various concentrations of CIN-RN (0–20 µM) for 24 h before 

being subjected to forming colonies for 7 days, then the colonies were stained with 

crystal violet. All data are presented as the mean ± SEM (n = 3). *** p < 0.001 

compared with untreated cells. 
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4.2 CIN-RM Attenuates Anchorage-Independent Growth and Suppresses CSC 

Spheroid Formation 

It was previously reported that the process of anchorage-independent growth 

of cancer cells reflects the anoikis-resistant capability of malignant tumor cells (113). 

To test whether CIN-RM could suppresses such cancer cell survival and the ability to 

grow under detached conditions, H460 cells were treated with CIN-RM for 24 h. The 

surviving cells were collected and grown for 7, 14, and 21 days in soft agar for the 

anchorage-independent growth assay. The number and size of the growing cancer 

colonies were determined and calculated relative to those of the untreated control. 

The results indicated that the CIN-RM-pretreated cells exhibited decreased 

anchorage-independent growth compared with the untreated control (Figure 15). As 

illustrated in Figure 15 , the numbers of H460 cell colonies decreased significantly in 

response to the 1, 5, 10 and 20 µM CIN-RM treatment and the percentage of the 

colony size in response to 1, 5, 10 and 20 µM CIN-RM were 100%. These results 

suggest that the CIN-RM treatment may affect the signaling pathways influencing the 

growth of cancer cells in the detached condition. 
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Figure  15 CIN-RM suppresses anchorage-independent growth of H460 cells. 
Cells were pretreated with CIN-RM for 24 h, and the surviving cells were subjected to 

an anchorage-independent growth assay. Data are represented as the mean ± SEM (n 

= 3). *** p < 0.001 compared with untreated cells. 
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As the ability of cancer cells to form tumor spheroids has been used to 

reflect the CSC phenotype, we studied the effect of CIN-RM on spheroid formation. 

H460 cells were treated with various concentrations of CIN-RM (0–20 µM) for 24 h, 

and the cells were subjected to the spheroid formation assay. The primary spheroids 

were captured under a microscope after 7 days. The results show that the untreated 

control cells had a high ability to form primary tumor spheroids, whereas the cells 

treated with CIN-RM exhibited a completely abolished of tumor spheroids at any 

dose (Figure 16).  

 

Figure  16 Effect of CIN-RM on spheroid formation on H460 cells. 
Cells were pretreated with CIN-RM for 24 h and allowed to form primary spheroids 

for 7 days, and the spheroid of the CSC population was determined. Data are 

represented as the mean ± SEM (n = 3). *** p < 0.001 compared with untreated cells. 
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To further confirm this CSC suppressing activity, a CSC-rich population was 

established form secondary spheroid of control cells. The CSC spheroids were 

seeded in ultralow attach 96-well plates at a density of one spheroid per well. The 

spheroids were treated with CIN-RM (0-20 µM) for 24 h. The results showed that the 

untreated control spheroid survived and maintained the integrity of tumor spheroid, 

whereas the CIN-RM-treated cells revealed a dissociated pattern of spheroids (Figure 

17A). Hoechst 33342 staining further revealed apoptosis character of DNA 

fragmentation and/or DNA condensation in the CIN-RM treated cells (Figure 17B). 

 

 

Figure  17 Effect of CIN-RM on CSC secondary spheroid on H460 cells. 

(A) The CSC single spheroid was treated with toxic concentrations of CIN-RM for 24 h. 

(B) The apoptosis cell death was analyzed with Hoechst 33342. 
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After showing that CIN-RM suppressed CSC properties, we next confirmed this 

result by evaluating the CSC markers in CIN-RM-treated cells. CSCs highly express 

self-renewal transcription factors and detoxifying enzymes, such as ALDH1A1, Oct4, 

Nanog, and Sox2 (4). The H460 cells were treated with various concentrations of CIN-

RM (0-20 µM) for 24 h and expression of the ALDH1A1, Oct4, Nanog, and Sox2 

proteins was measured (Figure 18A). The results showed that Oct4 and Sox2 were 

dramatically decreased at 1 µM of CIN-RM, while Nanog decreased significantly at 5 

µM. ALDH1A1 decreased significantly at 10 µM (Figure 18B) when compared with the 

untreated control. 

 

 

 

Figure  18 CIN-RM suppresses cancer stem cell (CSC)-like phenotype of human 
lung cancer cells. 
(A) H460 cells were treated with various concentrations (0–20 µM) of CIN-RM for 24 h. 

The expression of ALDH1A1, Oct4, Nanog, and Sox2 were determined by Western 

blotting. β-actin was determined to confirm equal loading of the samples. (B) 

Densitometry of each protein was calculated and the results were presented as 

relative protein levels when compared with untreated control. Data are represented 

as the mean ± SEM (n = 3). *** p < 0.001 compared with untreated cells. 
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4.3 CIN-RM Suppression of CSC Is Mediated Via Akt Inhibition 

c-Myc and Akt play major roles in cell survival, proliferation and stem cell 

properties. It has known that Akt controls the degradation of c-Myc by ubiquitin 

proteasomal degradation (11). To investigate whether CIN-RM suppresses CSCs 

through the Akt/c-Myc signaling pathway, H460 cells were treated with various 

concentrations (0–20 µM) of CIN-RM and investigated by western blot analysis (Figure 

19A). The results indicated that the expression of p-Akt, p-mTOR, and c-Myc 

decreased significantly, while the expression of p-GSK3β (Ser9) decreased slightly 

compared to those of non-treated control cells (Figure 19B), suggesting that the CSC-

suppressive activity of the compound may, at least in part, via Akt/c-Myc inhibition. 
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Figure  19 CIN-RM suppresses CSCs through the Akt/c-Myc signaling pathway. 
(A) H460 cells were treated with various concentrations (0–20 µM) of CIN-RM for 24 h 

and the expression levels of mTOR, p-mTOR, GSK3β, p-GSK3β, Akt, p-Akt, and c-Myc 

protein were investigated by Western blotting. (B) Blots were reprobed with β-actin 

to confirm equal loading of samples. The immunoblot signals were quantified by 

densitometry. Values are presented as means ± SEM (n = 3). * p < 0.05, ** p < 0.01, 

and *** p < 0.001 compared with untreated cells. 
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We further confirmed the inhibitory effect of CIN-RM on the Akt/c-Myc 

signaling pathway using an immunofluorescence staining assay. H460 cells were 

treated with 0–20 µM of CIN-RM for 12 h before incubated with p-Akt and c-Myc 

primary antibodies. Overall, p-Akt and c-Myc fluorescence intensity decreased 

significantly in the cytoplasm and nucleus (Figure 20,21). Interestingly, while the level 

of p-Akt was evenly distributed in both cell compartments (Figure 20B), c-Myc was 

predominantly located in the nucleus of un-treated control cells (Figure 21B). 

 

 

Figure  20 CIN-RM suppresses p-Akt on H460 cell. 
(A) H460 cells were treated with CIN-RN at toxic concentrations for 12 h. The cellular 

levels of p-Akt were determined by immunofluorescence analysis. (B) The 

fluorescence intensity of the nucleus and cytoplasm were analyzed by ImageJ 

software. (C) The fluorescence intensity was analyzed by ImageJ software. Values are 

presented as means ± SEM (n = 3). *** p < 0.001 compared with untreated cells. 
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Figure  21 CIN-RM suppresses c-Myc on H460 cell. 

(A) H460 cells were treated with CIN-RN at toxic concentrations for 12 h. The cellular 

levels of c-Myc were determined by immunofluorescence analysis. (B) The 

fluorescence intensity of the nucleus and cytoplasm were analyzed by ImageJ 

software. (C) The fluorescence intensity was analyzed by ImageJ software. Values are 

presented as means ± SEM (n = 3). *** p < 0.001 compared with untreated cells. 
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Emerging research has shown that Akt affects degradation of c-Myc via the 

ubiquitin proteasomal pathway (114). Enhanced c-Myc degradation has also been 

linked to a reduction of CSC transcription factors, including Sox2, Oct4 and Nanog 

(115). This study further investigated whether downregulation of Akt by CIN-RM 

resulted in degradation of the c-Myc ubiquitin proteasomal. H460 cells were 

pretreated with 10 µM of the proteasomal inhibitor MG132 for 1 h followed by 10 

µM of CIN-RM for 3 h. The c-Myc-ubiquitin complex was evaluated by 

immunoprecipitation assay (Figure 22A). Figure 22B indicates that the level of the c-

Myc-ubiquitin complex increased approximately two-fold in CIN-RM-treated cells. 

These results demonstrate that suppressing CSCs with CIN-RM occurred through Akt-

dependent c-Myc destabilization. 

 

Figure  22 Effect of CIN-RM on degradation of the c-Myc ubiquitin proteasomal. 
(A) H460 cells were treated with 10 µM MG132 for 1 h followed by 10 µM CIN-RM for 

3 h. The specific c-Myc protein was immunoprecipitated using an antibody against c-

Myc. The immunocomplex was evaluated by immunoblotting using ubiquitin 

antibodies. (B) Densitometry of Ub-c-Myc protein complex level was calculated. 

Values are presented as means ± SEM (n = 3). * p < 0.05 compared with untreated 

cells. 
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The PI3K inhibitor wortmannin was used to validate the regulation in H460 

cells to bolster the finding that Akt regulates the stability of c-Myc. Cells were 

treated with wortmannin at 2.5 and 5 µM for 12 h and the Akt, p-Akt and c-Myc 

protein levels were determined. Wortmannin significantly decreased the p-Akt and c-

Myc levels, while the Akt protein levels remained unchanged (Figure 23). The 

immunofluorescence staining assay confirmed suppression of Akt by the PI3K 

inhibitor and further revealed that c-Myc was consequently suppressed (Figure 

24,25). 

 

 

Figure  23 Wortmannin suppresses Akt/c-Myc signaling pathway. 
(A) H460 cells were treated with 2.5 and 5 µM of wortmannin for 12 h and the 

expression levels of Akt, p-Akt, and c-Myc were analyzed by Western blotting. (B) 

Blots were reprobed with β-actin to confirm equal loading of samples. The 

immunoblot signals were quantified by densitometry. Values are presented as means 

± SEM (n = 3). *** p < 0.001 compared with untreated cells. 
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Figure  24 Wortmannin suppresses p-Akt on H460 cell. 
(A) H460 cells were treated with wortmannin at 2.5 and 5 µM for 12 h. The cellular 

levels of p-Akt were determined by immunofluorescence analysis. (B) The 

fluorescence intensity was analyzed by ImageJ software. Values are presented as 

means ± SEM (n = 3). *** p < 0.001 compared with untreated cells. 
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Figure  25 Wortmannin suppresses c-Myc on H460 cell. 
(A) H460 cells were treated with wortmannin at 2.5 and 5 µM for 12 h. The cellular 

levels of c-Myc were determined by immunofluorescence analysis. (B) The 

fluorescence intensity was analyzed by ImageJ software. Values are presented as 

means ± SEM (n = 3). *** p < 0.001 compared with untreated cells. 
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CHAPTER V 

DISCUSSION AND CONCLUSION 

CSCs are a unique sub-population within tumors that are linked to low-rated 

successful treatments. CSCs have several cellular defensive mechanisms to escape 

conventional treatments (116). The remaining CSCs that are not eliminated by 

chemotherapy initiate and promote cancer relapse (42). Therefore, the molecules 

targeting CSCs as well as the mechanism maintaining cancer stemness should offer a 

novel promising treatment for cancer (117). CSCs commonly overexpress specific CSC 

markers, such as ALDH1A1, and possess a high level of pluripotent transcription 

factors, including Nanog, Sox2 and Oct4. The CSCs in many cancers are enhanced by 

Akt and its downstream regulator, c-Myc (4, 5). As the stem cell rich population of 

cancers has a highly active Akt signaling mechanism and elevated c-Myc (5, 118), 

these two proteins have been recognized as important drug targets for cancer 

treatment (119). In this study, we demonstrated the activity of CIN-RM in suppressing 

lung cancer CSCs with a possible underlying compound action mechanism. 

Marine-derived compounds from various sources have been demonstrated to 

inhibit CSCs. For example, 5-O-acetyl-renieramycin T induces apoptosis and 

decreases expression of the CSC markers (CD44 and CD133) and decreases the Nanog 

stem cell transcription factor via the Akt signaling pathway (102). An extract of the 

marine sponge Crambe crambe (CR) strongly reduces pancreatic and prostate CSCs 

(103). RM suppressed CSC-like phenotypes in H460 lung cancer cells (21). CIN-RM 

(Figure 10) was semi-synthesized from renieramycin M which is isolated from the Thai 

blue sponge Xestospongia sp. (23). A previous study demonstrated that CIN-RM 

shows potential as an anticancer agent by triggering apoptosis-inducing factors (AIF) 

and a caspase cascade leading to apoptotic cell death in lung cancer (22). Our study 

revealed that the CIN-RM treatment resulted in a significant induction of apoptotic 
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cell death and inhibited cell proliferation (Figure 12-14). We have added up the 

novel information that CIN-RM significantly obstructed anchorage independent cell 

growth and inhibited the ability to form tumor spheroids (Figure 15,16) and 

eradicated the formed spheres (Figure 17). 

ALDH1A1, Nanog, Oct4 and Sox2 are reported stem cell markers in lung 

cancer (4, 51). Overexpression of ALDH represents highly tumorigenic, cancer cell 

cloning properties (54) and reveals chemo-resistance (55). Moreover, Nanog, Sox2 and 

Oct4 are pluripotent transcription factors regulating self-renewal capacity. In our 

study, we discovered that CSCs suppressed the activity of CIN-RM by inhibiting 

ALDH1A1 and the pluripotency transcription factors (Figure 18). For the up-stream 

regulatory mechanism, CSC transcription factors were shown to be activated via 

several pathways including Akt. It was previously shown that Akt directly regulates 

Oct4 and Sox2 activity (74-77). Akt increases the stability of the Oct4 protein by 

phosphorylating Oct4 at threonine 235. Phosphorylated Oct4 enters to the nucleus 

and interacts with Sox2, which in turn activate the transcription of Nanog (78). 

In addition, c-Myc, a major downstream target of Akt, accompany Oct4, Nanog 

and Sox2 to promote self-renewal in CSCs (14). c-Myc is a co-factor of 

Oct4/Sox2/KLF4 during pluripotent stem cell reprogramming (81). Akt regulated the 

stability of c-Myc via a GSK3β-dependent mechanism (10) Similarly, the stability of c-

Myc is controlled by the Akt/mTOR pathway. mTOR inhibits Ser62 de-

phosphorylation on c-Myc by hindering PP2A activity (80) leading to the stabilization 

of c-Myc. The expression levels of the p-mTOR, p-Akt and c-Myc proteins significantly 

decreased in response to CIN-RM (Figure 19). The results of the immunofluorescence 

assay demonstrated in the same manner that CIN-RM significantly decreased the 

intensity of p-Akt and c-Myc in cytoplasm and nucleus, respectively, of H460 cells 

(Figure 20,21).  The stability of c-Myc is dependent on the control by Akt in 
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protecting c-Myc proteasomal degradation by inhibiting GSK3β (11). Therefore, 

disrupting the Akt signal could result in indirect suppression of CSCs by destabilizing 

c-Myc. From these results, CIN-RM only slightly affected p-GSK3β (Ser9), but strongly 

decreased p-mTOR expression (Figure 19), suggesting that CIN-RM regulated c-Myc 

degradation through the Akt/mTOR pathway. 

CIN-RM was obtained from two-step semi-synthesis of RM involving 

hydrogenation at C-5 and C-8 position followed by esterification with cinnamoyl at C-

5 position. Previous studies reported that RM was toxic to H460 cell with IC50 around 

40 µM (110), while in this study founded that CIN-RM was toxic to H460 cell with IC50 

around 15 µM. Another research also reported that CIN-RM at 100 µM reduced 

viability of H292 cells more than RM at the same concentration (22). From previous 

studies, the key structure–activity relationship studies of RM and its derivatives 

featuring ester side chains at C-5 have been investigated for the cytotoxicity on 

NSCLC (120) (23). From the current findings, the modified ester side chains at C-5 

showed a critical structure-cytotoxicity relationship. According to the cytotoxicity on 

NSCLC, a small acyl ester at C-5 is importance for the high potencies of RM 

derivatives compound. The additional ester side chain at C-5 involves an increase in 

hydrophobic interaction and the hydrogen bonding in the DNA alkylation process to 

improve the cytotoxicity (20). Therefore, RM modification can be assumed that CIN-

RM is more toxic than RM because of the ester side chains at C-5 position. 

CIN-RM exhibited a potential CSC-targeting activity by inhibiting Akt. As CSCs 

have been shown to drive cancer progression, drug resistance, metastasis and 

relapse, this compound may offer novel approaches for the improvement of highly 

resistant and relapsing cancers. In addition, the Akt inhibitory effect of the compound 

may be useful for many human cancers in which Akt is over-activated with highly 

drug resistant characteristics. Furthermore, this novel model could be developed as a 

new molecular targeting Akt for cancer treatment. 
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In conclusion, this study demonstrated that CIN-RM suppressed CSCs in H460 

cells by inhibiting the AKT/c-Myc signaling pathway, resulting in the downregulation 

of the stem cell transcription factors, Nanog, Oct4 and Sox2 (Figure 26). This study 

will be useful to further develop CIN-RM as an alternative treatment for CSCs in lung 

cancer. 

 

Figure  26 The proposed regulatory pathway involving in CSC suppression of 
CIN-RM. 
CSCs are the major cause of therapeutic failure due to their ability of self-renewal 
and tumor initiation. They take part in cancer recurrence and metastasis. Akt signaling 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 52 

and related pathways are upregulated in CSCs leading to cancer aggressiveness. CIN-
RM could directly interact and inhibit Akt function resulted in the reduction of stem 
cell transcription factors. In addition, the inhibition of Akt triggers c-Myc proteasomal 
degradation. In the absence of upstream pluripotency factors Nanog, Oct4 and Sox2 
and the protein co-factor c-Myc, the CSCs were depleted. 
 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

REFERENCES 
 

REFERENCES 
 

 

1. Huang T, Song X, Xu D, Tiek D, Goenka A, Wu B, et al. Stem cell programs in 
cancer initiation, progression, and therapy resistance. Theranostics. 2020;10(19):8721. 
2. Sowa T, Menju T, Sonobe M, Nakanishi T, Shikuma K, Imamura N, et al. 

Association between epithelial‐mesenchymal transition and cancer stemness and their 
effect on the prognosis of lung adenocarcinoma. Cancer medicine. 2015;4(12):1853-62. 
3. Yang L, Shi P, Zhao G, Xu J, Peng W, Zhang J, et al. Targeting cancer stem cell 
pathways for cancer therapy. Signal transduction and targeted therapy. 2020;5(1):1-35. 
4. Liu A, Yu X, Liu S. Pluripotency transcription factors and cancer stem cells: small 
genes make a big difference. Chinese journal of cancer. 2013;32(9):483. 

5. Zhang HF, Wu C, Alshareef A, Gupta N, Zhao Q, Xu XE, et al. The PI3K/AKT/c‐

MYC axis promotes the acquisition of cancer stem‐like features in esophageal 
squamous cell carcinoma. Stem Cells. 2016;34(8):2040-51. 
6. Xia P, Xu X-Y. PI3K/Akt/mTOR signaling pathway in cancer stem cells: from basic 
research to clinical application. American journal of cancer research. 2015;5(5):1602. 
7. Murphy MJ, Wilson A, Trumpp A. More than just proliferation: Myc function in 
stem cells. Trends in cell biology. 2005;15(3):128-37. 
8. Elbadawy M, Usui, Tatsuya, Yamawaki, Hideyuki and Sasaki, Kazuaki. Emerging 
roles of C-Myc in cancer stem cell-related signaling and resistance to cancer 
chemotherapy: a potential therapeutic target against colorectal cancer. International 
journal of molecular sciences. 2019;20(9):2340. 
9. Deb TB, Coticchia CM, Dickson RB. Calmodulin-mediated activation of Akt 
regulates survival of c-Myc-overexpressing mouse mammary carcinoma cells. Journal of 
Biological Chemistry. 2004;279(37):38903-11. 
10. Chanvorachote P, Sriratanasak N, Nonpanya N. C-myc contributes to malignancy 
of lung Cancer: a potential anticancer drug target. Anticancer research. 2020;40(2):609-
18. 
11. Swords RT, Schenk T, Stengel S, Gil VS, Petrie KR, Perez A, et al. Inhibition of the 
PI3K/AKT/mTOR pathway leads to down-regulation of c-Myc and overcomes resistance 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 54 

 

to ATRA in acute myeloid leukemia. Blood. 2015;126:1363. 
12. Zhang X, Ai Z, Chen J, Yi J, Liu Z, Zhao H, et al. Glycometabolic adaptation 
mediates the insensitivity of drug-resistant K562/ADM leukaemia cells to adriamycin via 
the AKT-mTOR/c-Myc signalling pathway. Molecular medicine reports. 2017;15(4):1869-
76. 
13. Chen H, Liu H, Qing G. Targeting oncogenic Myc as a strategy for cancer 
treatment. Signal transduction and targeted therapy. 2018;3(1):1-7. 
14. Fagnocchi L, Zippo A. Multiple roles of MYC in integrating regulatory networks of 
pluripotent stem cells. Frontiers in Cell and Developmental Biology. 2017;5:7. 
15. Wang Z, Oron E, Nelson B, Razis S, Ivanova N. Distinct lineage specification roles 
for NANOG, OCT4, and SOX2 in human embryonic stem cells. Cell stem cell. 
2012;10(4):440-54. 
16. Hu Y, Chen J, Hu G, Yu J, Zhu X, Lin Y, et al. Statistical research on the 
bioactivity of new marine natural products discovered during the 28 years from 1985 to 
2012. Marine drugs. 2015;13(1):202-21. 
17. Khalifa SA, Elias N, Farag MA, Chen L, Saeed A, Hegazy M-EF, et al. Marine 
natural products: A source of novel anticancer drugs. Marine drugs. 2019;17(9):491. 
18. Newman DJ, Cragg GM. Marine-sourced anti-cancer and cancer pain control 
agents in clinical and late preclinical development. Marine drugs. 2014;12(1):255-78. 
19. Scott JD, Williams RM. Chemistry and biology of the tetrahydroisoquinoline 
antitumor antibiotics. Chemical Reviews. 2002;102(5):1669-730. 
20. Chamni S, Sirimangkalakitti N, Chanvorachote P, Suwanborirux K, Saito N. 
Chemistry of renieramycins. Part 19: Semi-syntheses of 22-O-amino ester and 
hydroquinone 5-O-amino ester derivatives of renieramycin M and their cytotoxicity 
against non-small-cell lung cancer cell lines. Marine drugs. 2020;18(8):418. 
21. Sirimangkalakitti N, Chamni S, Suwanborirux K, Chanvorachote P. Renieramycin 
m attenuates cancer stem cell-like phenotypes in h460 lung cancer cells. Anticancer 
Research. 2017;37(2):615-21. 
22. Maiuthed A, Pinkhien T, Chamni S, Suwanborirux K, Saito N, Petpiroon N, et al. 
Apoptosis-inducing effect of hydroquinone 5-o-cinnamoyl ester analog of renieramycin 
m on non-small cell lung cancer cells. Anticancer Research. 2017;37(11):6259-67. 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 55 

 

23. Chamni S, Sirimangkalakitti N, Chanvorachote P, Saito N, Suwanborirux K. 
Chemistry of renieramycins. 17. A new generation of renieramycins: Hydroquinone 5-O-
monoester analogues of renieramycin M as potential cytotoxic agents against non-
small-cell lung cancer cells. Journal of Natural Products. 2017;80(5):1541-7. 
24. Sarode P, Mansouri S, Karger A, Schaefer MB, Grimminger F, Seeger W, et al. 
Epithelial cell plasticity defines heterogeneity in lung cancer. Cellular Signalling. 
2020;65:109463. 
25. Sears CR, Mazzone PJ. Biomarkers in lung cancer. Clinics in Chest Medicine. 
2020;41(1):115-27. 
26. Bade BC, Cruz CSD. Lung cancer 2020: epidemiology, etiology, and prevention. 
Clinics in Chest Medicine. 2020;41(1):1-24. 
27. Ahmad AS, Mayya AM. A new tool to predict lung cancer based on risk factors. 
Heliyon. 2020;6(2):e03402. 
28. Ning J, Li P, Zhang B, Han B, Su X, Wang Q, et al. miRNAs deregulation in serum 
of mice is associated with lung cancer related pathway deregulation induced by PM2. 5. 
Environmental Pollution. 2019;254:112875. 
29. Shahadin MS, Mutalib NSA, Latif MT, Greene CM, Hassan T. Challenges and 
future direction of molecular research in air pollution-related lung cancers. Lung 
Cancer. 2018;118:69-75. 
30. Tseng C-H, Tsuang B-J, Chiang C-J, Ku K-C, Tseng J-S, Yang T-Y, et al. The 
relationship between air pollution and lung cancer in nonsmokers in Taiwan. Journal of 
Thoracic Oncology. 2019;14(5):784-92. 
31. Wang Y, Broderick P, Matakidou A, Eisen T, Houlston RS. Role of 5p15. 33 (TERT-
CLPTM1L), 6p21. 33 and 15q25. 1 (CHRNA5-CHRNA3) variation and lung cancer risk in 
never-smokers. Carcinogenesis. 2010;31(2):234-8. 
32. Jin K, Wu M, Zhou J-Y, Yang J, Han R-Q, Jin Z-Y, et al. Tobacco smoking modifies 
the association between hormonal factors and lung cancer occurrence among post-
menopausal chinese women. Translational oncology. 2019;12(6):819-27. 
33. Hanagiri T, Sugio K, Mizukami M, Ichiki Y, Sugaya M, Yasuda M, et al. Significance 
of smoking as a postoperative prognostic factor in patients with non-small cell lung 
cancer. Journal of Thoracic Oncology. 2008;3(10):1127-32. 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 56 

 

34. Steliga MA, Dresler CM. Epidemiology of lung cancer: smoking, secondhand 
smoke, and genetics. Surgical Oncology Clinics. 2011;20(4):605-18. 
35. Salehi-Rad R, Li R, Paul MK, Dubinett SM, Liu B. The Biology of Lung Cancer: 
Development of More Effective Methods for Prevention, Diagnosis, and Treatment. 
Clinics in Chest Medicine. 2020;41(1):25-38. 
36. Zappa C, Mousa SA. Non-small cell lung cancer: current treatment and future 
advances. Translational lung cancer research. 2016;5(3):288. 
37. Mollberg N, Surati M, Demchuk C, Fathi R, Salama A, Husain A, et al. Mind-
mapping for lung cancer: towards a personalized therapeutics approach. Advances in 
therapy. 2011;28(3):173-94. 
38. Ginsberg RJ, Rubinstein LV, Group LCS. Randomized trial of lobectomy versus 
limited resection for T1 N0 non-small cell lung cancer. The Annals of thoracic surgery. 
1995;60(3):615-23. 
39. Benveniste MF, Welsh J, Viswanathan C, Shroff GS, Cuellar SLB, Carter BW, et al. 
Lung cancer: posttreatment imaging: radiation therapy and imaging findings. Radiologic 
Clinics. 2018;56(3):471-83. 
40. Codony-Servat J, Verlicchi A, Rosell R. Cancer stem cells in small cell lung 
cancer. Translational lung cancer research. 2016;5(1):16. 
41. Eide CA, Druker BJ. Understanding cancer from the stem cells up. Nature 
Medicine. 2017;23(6):656-7. 
42. Reya T, Morrison SJ, Clarke MF, Weissman IL. Stem cells, cancer, and cancer 
stem cells. nature. 2001;414(6859):105-11. 
43. Bao B, Ahmad A, Li Y, Azmi AS, Ali S, Banerjee S, et al. Targeting CSCs within the 
tumor microenvironment for cancer therapy: a potential role of mesenchymal stem 
cells. Expert opinion on therapeutic targets. 2012;16(10):1041-54. 
44. Bao B, Ahmad A, Azmi AS, Ali S, Sarkar FH. Overview of cancer stem cells (CSCs) 
and mechanisms of their regulation: implications for cancer therapy. Current protocols 
in pharmacology. 2013;61(1):14.25. 1-14.25. 14. 
45. Zakaria N, Satar NA, Abu Halim NH, Ngalim SH, Yusoff NM, Lin J, et al. Targeting 
lung cancer stem cells: research and clinical impacts. Frontiers in oncology. 2017;7:80. 
46. Siegel R, Naishadham D, Jemal A. Cancer statistics, 2012. CA: a cancer journal for 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 57 

 

clinicians. 2012;62(1):10-29. 
47. Wu X, Chen H, Wang X. Can lung cancer stem cells be targeted for therapies? 
Cancer treatment reviews. 2012;38(6):580-8. 
48. Eramo A, Haas T, De Maria R. Lung cancer stem cells: tools and targets to fight 
lung cancer. Oncogene. 2010;29(33):4625-35. 
49. Kitamura H, Okudela K, Yazawa T, Sato H, Shimoyamada H. Cancer stem cell: 
implications in cancer biology and therapy with special reference to lung cancer. Lung 
Cancer. 2009;66(3):275-81. 
50. Sullivan JP, Minna JD, Shay JW. Evidence for self-renewing lung cancer stem 
cells and their implications in tumor initiation, progression, and targeted therapy. 
Cancer and Metastasis Reviews. 2010;29(1):61-72. 
51. Suresh R, Ali S, Ahmad A, Philip PA, Sarkar FH. The role of cancer stem cells in 
recurrent and drug-resistant lung cancer.  Lung cancer and personalized medicine: 
novel therapies and clinical management: Springer; 2016. p. 57-74. 
52. Russo JE, Hilton J. Characterization of cytosolic aldehyde dehydrogenase from 
cyclophosphamide resistant L1210 cells. Cancer research. 1988;48(11):2963-8. 
53. Moreb J, Schweder M, Suresh A, Zucali JR. Overexpression of the human 
aldehyde dehydrogenase class I results in increased resistance to 4-
hydroperoxycyclophosphamide. Cancer gene therapy. 1996;3(1):24. 
54. Sullivan JP, Spinola M, Dodge M, Raso MG, Behrens C, Gao B, et al. Aldehyde 
dehydrogenase activity selects for lung adenocarcinoma stem cells dependent on 
notch signaling. Cancer research. 2010;70(23):9937-48. 
55. Huang C-P, Tsai M-F, Chang T-H, Tang W-C, Chen S-Y, Lai H-H, et al. ALDH-
positive lung cancer stem cells confer resistance to epidermal growth factor receptor 
tyrosine kinase inhibitors. Cancer letters. 2013;328(1):144-51. 
56. Wang M-L, Chiou S-H, Wu C-W. Targeting cancer stem cells: emerging role of 
Nanog transcription factor. OncoTargets and therapy. 2013;6:1207. 
57. Chiou S-H, Wang M-L, Chou Y-T, Chen C-J, Hong C-F, Hsieh W-J, et al. 
Coexpression of Oct4 and Nanog enhances malignancy in lung adenocarcinoma by 
inducing cancer stem cell–like properties and epithelial–mesenchymal 
transdifferentiation. Cancer research. 2010;70(24):10433-44. 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 58 

 

58. Boyer LA, Lee TI, Cole MF, Johnstone SE, Levine SS, Zucker JP, et al. Core 
transcriptional regulatory circuitry in human embryonic stem cells. cell. 
2005;122(6):947-56. 
59. Pan G, Thomson JA. Nanog and transcriptional networks in embryonic stem cell 
pluripotency. Cell research. 2007;17(1):42-9. 
60. Du Y, Ma C, Wang Z, Liu Z, Liu H, Wang T. Nanog, a novel prognostic marker for 
lung cancer. Surgical oncology. 2013;22(4):224-9. 
61. Zhang W, Sui Y, Ni J, Yang T. Insights into the Nanog gene: A propeller for 
stemness in primitive stem cells. International journal of biological sciences. 
2016;12(11):1372. 
62. Zhang X, Neganova I, Przyborski S, Yang C, Cooke M, Atkinson SP, et al. A role 
for NANOG in G1 to S transition in human embryonic stem cells through direct binding 
of CDK6 and CDC25A. The Journal of cell biology. 2009;184(1):67-82. 
63. Cao J, Li L, Chen C, Lv C, Meng F, Zeng L, et al. RNA interference-mediated 
silencing of NANOG leads to reduced proliferation and self-renewal, cell cycle arrest 
and apoptosis in T-cell acute lymphoblastic leukemia cells via the p53 signaling 
pathway. Leukemia research. 2013;37(9):1170-7. 
64. Han J, Zhang F, Yu M, Zhao P, Ji W, Zhang H, et al. RNA interference-mediated 
silencing of NANOG reduces cell proliferation and induces G0/G1 cell cycle arrest in 
breast cancer cells. Cancer letters. 2012;321(1):80-8. 
65. Karachaliou N, Rosell R, Viteri S. The role of SOX2 in small cell lung cancer, lung 
adenocarcinoma and squamous cell carcinoma of the lung. Translational lung cancer 
research. 2013;2(3):172. 
66. Tian T, Zhang Y, Wang S, Zhou J, Xu S. Sox2 enhances the tumorigenicity and 
chemoresistance of cancer stem-like cells derived from gastric cancer. Journal of 
biomedical research. 2012;26(5):336-45. 
67. Schaefer T, Lengerke C. SOX2 protein biochemistry in stemness, reprogramming, 
and cancer: the PI3K/AKT/SOX2 axis and beyond. Oncogene. 2020;39(2):278-92. 
68. Chang C-C, Shieh G-S, Wu P, Lin C-C, Shiau A-L, Wu C-L. Oct-3/4 expression 
reflects tumor progression and regulates motility of bladder cancer cells. Cancer 
research. 2008;68(15):6281-91. 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 59 

 

69. Nichols J, Zevnik B, Anastassiadis K, Niwa H, Klewe-Nebenius D, Chambers I, et 
al. Formation of pluripotent stem cells in the mammalian embryo depends on the 
POU transcription factor Oct4. Cell. 1998;95(3):379-91. 
70. Chen Y-C, Hsu H-S, Chen Y-W, Tsai T-H, How C-K, Wang C-Y, et al. Oct-4 
expression maintained cancer stem-like properties in lung cancer-derived CD133-
positive cells. PloS one. 2008;3(7):e2637. 
71. Phi LTH, Sari IN, Yang Y-G, Lee S-H, Jun N, Kim KS, et al. Cancer stem cells (CSCs) 
in drug resistance and their therapeutic implications in cancer treatment. Stem cells 
international. 2018;2018. 
72. Losuwannarak N, Maiuthed A, Kitkumthorn N, Leelahavanichkul A, Roytrakul S, 
Chanvorachote P. Gigantol targets cancer stem cells and destabilizes tumors via the 
suppression of the PI3K/AKT and JAK/STAT pathways in ectopic lung cancer xenografts. 
Cancers. 2019;11(12):2032. 
73. Song M, Bode AM, Dong Z, Lee M-H. AKT as a therapeutic target for cancer. 
Cancer research. 2019;79(6):1019-31. 
74. Schaefer T, Steiner R, Lengerke C. SOX2 and p53 expression control converges 
in PI3K/AKT signaling with versatile implications for stemness and cancer. International 
Journal of Molecular Sciences. 2020;21(14):4902. 
75. Srinual S, Chanvorachote P, Pongrakhananon V. Suppression of cancer stem-like 
phenotypes in NCI-H460 lung cancer cells by vanillin through an Akt-dependent 
pathway. International journal of oncology. 2017;50(4):1341-51. 
76. Su T, Dan S, Wang Y. Akt–Oct4 regulatory circuit in pluripotent stem cells. 
Chinese Science Bulletin. 2014;59(10):936-43. 
77. Zayed H, Petersen I. Stem cell transcription factor SOX2 in synovial sarcoma 
and other soft tissue tumors. Pathology-Research and Practice. 2018;214(7):1000-7. 
78. Lin Y, Yang Y, Li W, Chen Q, Li J, Pan X, et al. Reciprocal regulation of Akt and 
Oct4 promotes the self-renewal and survival of embryonal carcinoma cells. Molecular 
cell. 2012;48(4):627-40. 
79. Tian T, Li X, Zhang J. mTOR signaling in cancer and mTOR inhibitors in solid 
tumor targeting therapy. International journal of molecular sciences. 2019;20(3):755. 
80. Gustafson W, Weiss W. Myc proteins as therapeutic targets. Oncogene. 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 60 

 

2010;29(9):1249-59. 
81. Takahashi K, Yamanaka S. Induction of pluripotent stem cells from mouse 
embryonic and adult fibroblast cultures by defined factors. cell. 2006;126(4):663-76. 
82. Van De Wetering M, Sancho E, Verweij C, De Lau W, Oving I, Hurlstone A, et al. 

The β-catenin/TCF-4 complex imposes a crypt progenitor phenotype on colorectal 
cancer cells. Cell. 2002;111(2):241-50. 
83. Parsons DW, Wang T-L, Samuels Y, Bardelli A, Cummins JM, DeLong L, et al. 
Mutations in a signalling pathway. Nature. 2005;436(7052):792-. 
84. Alves-Guerra M-C, Ronchini C, Capobianco AJ. Mastermind-like 1 is a specific 

coactivator of β-catenin transcription activation and is essential for colon carcinoma 
cell survival. Cancer research. 2007;67(18):8690-8. 

85. Meng RD, Shelton CC, Li Y-M, Qin L-X, Notterman D, Paty PB, et al. γ-Secretase 
inhibitors abrogate oxaliplatin-induced activation of the Notch-1 signaling pathway in 
colon cancer cells resulting in enhanced chemosensitivity. Cancer research. 
2009;69(2):573-82. 
86. Yao J, Duan L, Fan M, Yuan J, Wu X. Notch1 induces cell cycle arrest and 
apoptosis in human cervical cancer cells: involvement of nuclear factor kappa B 
inhibition. International Journal of Gynecologic Cancer. 2007;17(2). 
87. Qi R, An H, Yu Y, Zhang M, Liu S, Xu H, et al. Notch1 signaling inhibits growth of 
human hepatocellular carcinoma through induction of cell cycle arrest and apoptosis. 
Cancer research. 2003;63(23):8323-9. 
88. Varnat F, Duquet A, Malerba M, Zbinden M, Mas C, Gervaz P, et al. Human colon 

cancer epithelial cells harbour active HEDGEHOG‐GLI signalling that is essential for 
tumour growth, recurrence, metastasis and stem cell survival and expansion. EMBO 

molecular medicine. 2009;1(6‐7):338-51. 
89. Akiyoshi T, Nakamura M, Koga K, Nakashima H, Yao T, Tsuneyoshi M, et al. Gli1, 
downregulated in colorectal cancers, inhibits proliferation of colon cancer cells 
involving Wnt signalling activation. Gut. 2006;55(7):991-9. 
90. Neiman P, Kimmel R, Icreverzi A, Elsaesser K, Bowers S, Burnside J, et al. 
Genomic instability during Myc-induced lymphomagenesis in the bursa of Fabricius. 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 61 

 

Oncogene. 2006;25(47):6325-35. 
91. Prochownik EV. c-Myc: linking transformation and genomic instability. Current 
molecular medicine. 2008;8(6):446-58. 
92. Kuzyk A, Mai S. c-MYC-induced genomic instability. Cold Spring Harbor 
perspectives in medicine. 2014;4(4):a014373. 
93. Felsher DW, Bishop JM. Transient excess of MYC activity can elicit genomic 
instability and tumorigenesis. Proceedings of the National Academy of Sciences. 
1999;96(7):3940-4. 
94. Rockwood LD, Torrey TA, Kim JS, Coleman AE, Kovalchuk AL, Xiang S, et al. 
Genomic instability in mouse Burkitt lymphoma is dominated by illegitimate genetic 
recombinations, not point mutations. Oncogene. 2002;21(47):7235-40. 
95. dos Santos Silva AG, Graves HA, Guffei A, Ricca TI, Mortara RA, Jasiulionis MG, et 
al. Telomere-centromere-driven genomic instability contributes to karyotype evolution 
in a mouse model of melanoma. Neoplasia. 2010;12(1):11-IN4. 
96. Aguilera A, Gómez-González B. Genome instability: a mechanistic view of its 
causes and consequences. Nature Reviews Genetics. 2008;9(3):204-17. 
97. Rebucci M, Michiels C. Molecular aspects of cancer cell resistance to 
chemotherapy. Biochemical pharmacology. 2013;85(9):1219-26. 
98. Porta C, Paglino C, Mosca A. Targeting PI3K/Akt/mTOR signaling in cancer. 
Frontiers in oncology. 2014;4:64. 
99. Chang L, Graham P, Hao J, Ni J, Bucci J, Cozzi P, et al. Acquisition of epithelial–
mesenchymal transition and cancer stem cell phenotypes is associated with activation 
of the PI3K/Akt/mTOR pathway in prostate cancer radioresistance. Cell death & disease. 
2013;4(10):e875-e. 
100. Dubrovska A, Kim S, Salamone RJ, Walker JR, Maira S-M, García-Echeverría C, et 
al. The role of PTEN/Akt/PI3K signaling in the maintenance and viability of prostate 
cancer stem-like cell populations. Proceedings of the National Academy of Sciences. 
2009;106(1):268-73. 
101. Zhu J, Blenis J, Yuan J. Activation of PI3K/Akt and MAPK pathways regulates 
Myc-mediated transcription by phosphorylating and promoting the degradation of 
Mad1. Proceedings of the National Academy of Sciences. 2008;105(18):6584-9. 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 62 

 

102. Chantarawong W, Chamni S, Suwanborirux K, Saito N, Chanvorachote P. 5-O-
Acetyl-Renieramycin T from Blue Sponge Xestospongia sp. Induces Lung Cancer Stem 
Cell Apoptosis. Marine drugs. 2019;17(2):109. 
103. Ottinger S, Klöppel A, Rausch V, Liu L, Kallifatidis G, Gross W, et al. Targeting of 
pancreatic and prostate cancer stem cell characteristics by Crambe crambe marine 
sponge extract. International journal of cancer. 2012;130(7):1671-81. 
104. Lane JW, Estevez A, Mortara K, Callan O, Spencer JR, Williams RM. Antitumor 
activity of tetrahydroisoquinoline analogues 3-epi-jorumycin and 3-epi-renieramycin G. 
Bioorganic & medicinal chemistry letters. 2006;16(12):3180-3. 
105. Zewail-Foote M, Hurley LH. Ecteinascidin 743: a minor groove alkylator that 
bends DNA toward the major groove. Journal of medicinal chemistry. 1999;42(14):2493-
7. 
106. Suwanborirux K, Amnuoypol S, Plubrukarn A, Pummangura S, Kubo A, Tanaka C, 
et al. Chemistry of renieramycins. Part 3. Isolation and structure of stabilized 
renieramycin type derivatives possessing antitumor activity from Thai sponge 
Xestospongia species, pretreated with potassium cyanide. Journal of natural products. 
2003;66(11):1441-6. 
107. Charupant K, Daikuhara N, Saito E, Amnuoypol S, Suwanborirux K, Owa T, et al. 
Chemistry of renieramycins. Part 8: Synthesis and cytotoxicity evaluation of 
renieramycin M–jorunnamycin A analogues. Bioorganic & medicinal chemistry. 
2009;17(13):4548-58. 
108. Jemal A, Bray F, Center MM, Ferlay J, Ward E, Forman D. Global cancer statistics. 
CA: a cancer journal for clinicians. 2011;61(2):69-90. 
109. Santiago VS, Manzano GG, Clairecynth CY, Aliño PM, Salvador-Reyes LA. 
Mariculture potential of renieramycin-producing Philippine blue sponge Xestospongia 
sp.(Porifera: Haplosclerida). Aquaculture. 2019;502:356-64. 
110. Halim H, Chunhacha P, Suwanborirux K, Chanvorachote P. Anticancer and 
antimetastatic activities of renieramycin M, a marine tetrahydroisoquinoline alkaloid, in 
human non-small cell lung cancer cells. Anticancer research. 2011;31(1):193-201. 
111. Sirimangkalakitti N, Chamni S, Suwanborirux K, Chanvorachote P. Renieramycin 
M sensitizes anoikis-resistant H460 lung cancer cells to anoikis. Anticancer Research. 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 63 

 

2016;36(4):1665-71. 
112. Pinkhien T, Maiuthed A, Chamni S, Suwanborirux K, Saito N, Chanvorachote P. 
Bishydroquinone renieramycin M induces apoptosis of human lung cancer cells through 
a mitochondria-dependent pathway. Anticancer research. 2016;36(12):6327-33. 
113. Mori S, Chang JT, Andrechek ER, Matsumura N, Baba T, Yao G, et al. Anchorage-
independent cell growth signature identifies tumors with metastatic potential. 
Oncogene. 2009;28(31):2796-805. 
114. Farrell AS, Sears RC. MYC degradation. Cold Spring Harbor perspectives in 
medicine. 2014;4(3):a014365. 
115. Mossahebi-Mohammadi M, Quan M, Zhang J-S, Li X. FGF signaling pathway: a 
key regulator of stem cell pluripotency. Frontiers in cell and developmental biology. 
2020;8:79. 
116. Yu Z, Pestell TG, Lisanti MP, Pestell RG. Cancer stem cells. The international 
journal of biochemistry & cell biology. 2012;44(12):2144-51. 
117. Würth R, Barbieri F, Florio T. New molecules and old drugs as emerging 
approaches to selectively target human glioblastoma cancer stem cells. BioMed 
research international. 2014;2014. 
118. Radke J, Bortolussi G, Pagenstecher A. Akt and c-Myc induce stem-cell markers 
in mature primary p53−/− astrocytes and render these cells gliomagenic in the brain of 
immunocompetent mice. PLoS One. 2013;8(2):e56691. 
119. Quan Y, Wang N, Chen Q, Xu J, Cheng W, Di M, et al. SIRT3 inhibits prostate 
cancer by destabilizing oncoprotein c-MYC through regulation of the PI3K/Akt pathway. 
Oncotarget. 2015;6(28):26494. 
120. Sirimangkalakitti N, Chamni S, Charupant K, Chanvorachote P, Mori N, Saito N, et 
al. Chemistry of Renieramycins. 15. Synthesis of 22-O-ester derivatives of jorunnamycin 
A and their cytotoxicity against non-small-cell lung cancer cells. Journal of natural 
products. 2016;79(8):2089-93. 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

VITA 
 

VITA 
 

NAME Nattamon Hongwiangchan 

DATE OF BIRTH 1 January 1997 

PLACE OF BIRTH Nakhon Pathom 

INSTITUTIONS ATTENDED Bachelor degrees of science 

HOME ADDRESS House No. 15, Village No. 19, Sub-district Don Kha, District 
U-thong, Province Suphanburi, Postal Code 72160 

PUBLICATION 1.  Hongwiangchan N, Sriratanasak N, Wichadakul D, 
Aksorn N, Chamni S, Chanvorachote P. Hydroquinone 5-O-
Cinnamoyl Ester of Renieramycin M Suppresses Lung 
Cancer Stem Cells by Targeting Akt and Destabilizes c-
Myc. Pharmaceuticals. 2021 Nov;14(11):1112.   
2.  Hongwiangchan N, Chanvorachote P, Tungsukruthai 
S. Cancer Stem Cells, the Cellular Signaling, and Potential 
Therapeutic Targets in Lung Cancer. Thai Journal of 
Pharmacology. 2021 Jun 8;43(1):21-36. 

  

 

 


	Effect of hydroquinone 5-o-cinnamoyl ester of renieramycin m on the suppression of lung cancer stem cells
	Recommended Citation

	ABSTRACT (THAI)
	ABSTRACT (ENGLISH)
	ACKNOWLEDGEMENTS
	TABLE OF CONTENTS
	LIST OF FIGURES
	CHAPTER I
	INTRODUCTION
	1.1 Background and rational
	1.2 Objectives of the study
	1.3 Hypothesis of the study
	1.4 Benefits of the study
	1.5 Conceptual framework
	1.6 Research design

	CHAPTER II
	LITERATURE REVIEW
	2.1      Lung cancer
	2.1.1 Symptoms
	2.1.2 Risk factor
	2.1.3 Type of Lung cancer
	2.1.4 Treatments for lung cancer

	2.2      Cancer Stem cell (CSC)
	2.2.1 Cancer stem cell marker
	2.2.2 Cancer stem cell transcription factor
	2.2.3 Cancer stem cell signaling pathways


	CHAPTER III
	METHODOLOGY
	3.1 Material and Instruments
	3.1.1 Non-small Cell Lung Cancer Cell Lines and Cultures
	3.1.2 Hydroquinone 5-O-cinnamoyl ester of renieramycin M (CIN-RM) preparation
	3.1.3 Chemical and Reagents
	3.1.4 Equipment

	3.2 Methods
	3.2.1  Cytotoxicity Assay
	3.2.2  Nuclear Staining Assay
	3.2.3  Apoptosis Assay
	3.2.4 Colony Formation Assay
	3.2.5 Anchorage-Independent Growth Assay
	3.2.6 Spheroid Formation Assay
	3.2.7 Immunofluorescence
	3.2.8 Immunoprecipitation Assay
	3.2.9 Western blot analysis
	3.2.10 Statistical analysis


	CHAPTER IV
	RESULTS
	4.1 Selective cytotoxicity of CIN-RM in human lung cancer cells
	4.2 CIN-RM Attenuates Anchorage-Independent Growth and Suppresses CSC Spheroid Formation
	4.3 CIN-RM Suppression of CSC Is Mediated Via Akt Inhibition

	CHAPTER V
	DISCUSSION AND CONCLUSION
	REFERENCES
	VITA

