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ABSTRACT (THAI) 
 ฮำร์ดยันติ เอกะ ปูตร ิ: 3,4-ไดไฮดรอกซี-5,4'-ไดเมทอกซีไบเบนซิลท ำให้เซลล์มะเร็งปอดชนิดไม่ใช่เซลล์เล็กไวต่อกำรตำยแบบอะ

พอพโทซิสจำกซิสพลำทินผ่ำนกำรปรับเพิ่ม พี 53. ( 3,4-DIHYDROXY-5,4’-DIMETHOXYBIBENZYL SENSITIZES NON-
SMALL CELL LUNG CANCER CELLS TO CISPLATIN-INDUCED APOPTOSIS VIA P53 UPREGULATION) อ.ที่ปรึกษำหลัก 
: ศ. ภก. ดร.ปิติ จันทร์วรโชติ 

  
มะเร็งปอดนั้นเป็นโรคร้ำยแรงที่มีอันตรำยต่อชีวิตล ำดับต้นๆ ซึ่งมีตัวเลขกำรเสียชีวิตมำกที่สุดในกลุ่มโรคมะเร็งทั้งหลำย กำร

ตั้งเป้ำหมำยค้นหำโปรตีนพิเศษที่สำมำรถควบคุมกำรเจริญเติบโตของมะเร็งและกำรแพร่กระจำยของเนื้อร้ำยนั้นถือว่ำเป็นงำนที่น่ำสนใจเป็น
อย่ำงมำกในกระบวนกำรรักษำโรคมะเร็ง ด้วยเหตุนี้ งำนวิจัยชิ้นนี้มีวัตถุประสงค์ในกำรตรวจสอบผลของสำร 3,4-ไดไฮดรอกซี-5 4’-ไดเมท็อกซี
เบนซิล (DS-1) ในกำรมุ่งหวังให้เกิดกระบวนกำรลดทอนโปรตีน  P53 ด้วยยีน  MDM2 และกำรยับยั้งกำรเปลี่ยนสภำพเซลล์  (EMT) ใน
เซลล์มะเร็งปอด ประสิทธิผลของสำร DS-1 หรือสำรที่ผสมกับยำต้ำนซิสพลำตินในเซลล์มะเร็งปอดนั้นได้รับกำรทดสอบโดยกระบวนกำร  MTT, 
กำรย้อมนิวเคลียส, และกำรทดสอบวิธี Annexin V/PI กำรแสดงผลของโปรตีนที่เกี่ยวเนื่องกับอะพอบโทซิสและกำรเปลี่ยนสภำพเซลล์นั้นได้รับ
กำรทดสอบโดยกำรวิเครำะห์ด้วยเทคนิคเวสเทิร์นบล็อต อำกำรแพร่กระจำยของเนื้อร้ำยนั้นได้รับกำรประเมินโดยกำรก ำหนดลักษณะรูปร่ำง
เซลล์ กำรแพร่กระจำย กำรรุกรำนเซลล์อื่น และกำรทดสอบกำรเจริญเติบโตที่ไม่ต้องอำศัยเซลล์ยึดเกำะ  (anchorage-independent cell 
growth) ในกำรตรวจสอบบทบำทของสำร DS-1 ต่อกำรสร้ำงภำวะเสถียรและลดโปรตีน P53 นั้น ผู้วิจัยได้ด ำเนินกำรทดสอบไซโคลเฮกซิไมด์ 
และ กำรทดสอบกำรตกตะกอนโปรตีน (Immunoprecipitation) และโปรตีน P53 สภำพดีได้รับกำรทดสอบโดยวิธีอิมมูโนฟลูออเรสเซนต์ 
เพื่อที่จะยืนยันและแสดงใหเห็นถึงปฏิสัมพันธ์ต่อกันระหว่ำงสำร  DS-1 และโปรตีน MDM2 ผุ้วิจัยได้ด ำเนินกระบวนกำรวิเครำะห์โดย
คอมพิวเตอร์ (in silico) ผลลัพธ์ที่ได้แสดงให้เห็นว่ำ สำร DS-1 ให้สภำวะเป็นพิษต่อเซลล์ และท ำให้เซลล์มะเร็งปอดรับเอำกระบวนกำรอะพอบ
โทซิสของยำต้ำนมะเร็งซิสพลำติน สำร DS-1 ก่อให้เกิดกำรเพิ่มระดับของโปรตีน P53 ในระดับเซลล์อย่ำงมีนัยส ำคัญ ในขณะที่ โปรตีน P53 
สภำพดีนั้นมีกำรเปลี่ยนแปลงในระดับเล็กน้อยมำก สำร DS-1 ที่รวมกับยำต้ำนมะเร็งซสิพลำตินอำจจะยกระดับโปรตีน p-p53 (Ser15) และกำร
ส่งสัญญำณผ่ำนเซลล์ของโปรตีน P53 (Bax, Bcl-2 และ Akt) ซึ่งจะน ำไปสู่กระบวนกำรอะพอบโทซิสในระดับที่สูงกว่ำได้ กำรวิเครำะห์กำร
ตกตะกอนโปรตีนเผยให้เห็นว่ำ สำร DS-1 ลดจ ำนวนโปรตีนเชิงซ้อน P53-ยูบิควิตินลง ซึ่งเป็นข้ันตอนที่เกิดก่อนกำรสลำยโปรตีน P53 โปรแกรม
กำรจ ำลองกำรจับกันยังพิสูจน์ได้ว่ำ สำร DS-1 มีปฏิสัมพันธ์ต่อโปรตีน MDM2 ภำยใต้ขอบเขตพันธะของโปรตีน P53 โดยปฏิกิริยำพันธัเคมี
ระหว่ำงคำร์บอนกับไฮโดเจน ที่สำร Lys27 ปฏิกิริยำ Pi-Alkyl ที่ lle37 และ Leu30 และปฏิกิริยำแวนเดอร์วำลล์ (Van der Waals) ที่ lle75, 
Val51, Val69, Phe67, Met38, Tyr43, Gly34, Phe31, และ Lys27 กระบวนกำรจัดกำรสำร DS-1 และยำซิสพลำตินในเซลล์มะเร็งปอดส่วน
หลักที่ค่อยๆ แพร่สู่ร่ำงกำยแสดงให้เห็นถึงผลลัพธ์ที่สอดคล้องกันของกำรกระตุ้นกำรรับยำต้ำนมะเร็ งซิสพลำตินที่เพิ่มมำกขึ้น ส ำหรับกำร
แพร่กระจำยของมะเร็งนั้น สำร DS-1 มีฤทธิ์ยับยั้งกำรเพิ่มตัวของเซลล์มะเร็งปอดอย่ำงได้ผลเมื่อเปรียบเทียบกับกลุ่มเป้ำหมำย พฤติกรรมรุนแรง
ของเซลล์มะเร็ง เช่น ควำมสำมำรถในกำรแพร่กระจำยและควำมสำมำรถในกำรรุกรำนเซลล์อื่นได้ถูกลดระดับลงอย่ำงมำกในเซลล์ที่ได้รับสำร 
DS-1 นอกจำกนี้ กำรวิเครำห์กำรเจริญเติบโตที่ไม่ต้องอำศัยเซลล์ยึดเกำะได้พิสูจน์ว่ำ สำร DS-1 สำมำรถระงับกำรเจริญเติบโตของเซลล์มะเร็งที่
เกิดจำกกำรยึดเกำะ โดยเห็นผลจำกกำรลดจ ำนวนลงอย่ำงมีนัยของขนำดและจ ำนวนเซลล์  ในกระบวนกำรท ำงำน ผู้วิจัยพบว่ำสำร DS-1 
สำมำรถสยบกำรเปลี่ยนสภำพเซลล์ โดยเห็นได้จำกกำรลดจ ำนวนลงของตัววัดกำรเปลี่ยนสภำพเซลล์ที่เรียกว่ำเอ็น -แคดเฮริน, รูปแบบ Snail 
และ Slug ในขณะที่ตัววัดค่ำ อี-แคดเฮรินมีค่ำมำกขึ้น ทั้งนี้ สำร DS-1 ยังแสดงให้เห็นถึงกำรลดลงของระดับโมเลกุล integrin B1 ด้วยหลักฐำน
ที่พบนั้นท ำให้พิสูจน์ได้ว่ำ สำร DS-1 สำมำรถเป็นตัวยับยังโปรตีน MDM2 และกำรป้องกันกำรแพร่กระจำยของเนื้อร้ำยโดยผ่ำนทำงกำรระงับ
โมเลกุล integrin และ โปรตีน FAK ซึ่งอำจจะเป็นประโยชน์ต่อกำรพัฒนำส่วนผสมนี้เพื่อใช้ในกำรรักษำโรคมะเร็งปอดได้ 
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ABSTRACT (ENGLISH) 
# # 5976459233 : MAJOR PHARMACOLOGY AND TOXICOLOGY 
KEYWORD: Non-Small Cell Lung Cancer DS-1 bibenzyl MDM2 p53 antimigration and chemosensitizer. 
 Hardyanti Eka Putri : 3,4-DIHYDROXY-5,4’-DIMETHOXYBIBENZYL SENSITIZES NON-SMALL CELL LUNG CANCER 

CELLS TO CISPLATIN-INDUCED APOPTOSIS VIA P53 UPREGULATION. Advisor: Prof. PITHI CHANVORACHOTE, Ph.D. 
  

Lung cancer is a leading fatal malignancy with the highest number of cancer deaths. Targeting a specific protein 
regulating cancer progression and metastasis has been attracting much attention for the development of cancer therapy. 
Thus, this study was aimed to investigate the effect of 3,4-dihydroxy-5,4′-dimethoxybibenzyl (DS-1) in targeting MDM2-
attenuating p53 function and inhibition EMT in lung cancer cells. The efficacy of DS-1 or combined with cisplatin in lung 
cancer cells was determined by MTT, nuclear staining, and Annexin V/PI assays. The expression of apoptosis- and EMT-
related proteins was determined by western blot analysis. Metastatic behaviors were evaluated by cell 
shape characterization, migration, invasion, and anchorage-independent cell growth assay. To investigate the role of DS-1 
on stabilization and degradation of p53, cycloheximide chasing assay and immunoprecipitation were conducted, and the 
active form of p53 was investigated by immunofluorescent staining assay. To confirm and demonstrate the site interaction 
between DS-1 and MDM2 protein, the in silico computational analysis was performed. The results showed that DS-1 
exhibited a cytotoxic effect and sensitized lung cancer cells to cisplatin-induced apoptosis. DS-1 caused a significant 
increase in cellular level of p53 protein, while the active form of p53 (phosphorylation at Ser15) was insignificant change. 
DS-1 combined with cisplatin could enhance p-p53 (Ser15) and p53 downstream signaling (Bax, Bcl-2, and Akt), leading to 
higher level of apoptosis. Immunoprecipitation analysis revealed that DS-1 decreased p53-ubiquitin complex, a prerequisite 
step of p53 proteasomal degradation. Molecular docking simulation further evidenced that DS-1 interacts with MDM2 within 

p53-binding domain by carbon-hydrogen bond interaction at Lys27, π-Alkyl interactions at Ile37, and Leu30, and Van der 
Waals interactions at Ile75, Val51, Val69, Phe67, Met38, Tyr43, Gly34, Phe31, and Lys27. Treatment of DS-1 and cisplatin in 
patient-derived primary lung cancer cells showed the consistent effects of increasing cisplatin sensitivity. For cancer 
metastasis, DS-1 significantly inhibited the proliferation of lung cancer cells compared to the control group. The aggressive 
behavior of cancer cells including migration and invasion ability was significantly reduced in the DS-1-treated cells. Besides, 
anchorage-independent growth analysis provides evidence that DS-1 could suppress the growth of the cancer cell in 
detached condition indicated by the significant reduction in cell colony size and number. For mechanisms, we found that 
DS-1 suppressed EMT indicated by the reduction of EMT markers namely N-cadherin, Snail, and Slug, while increasing 

epithelial maker of E-cadherin. Also, DS-1 was shown to decrease the cellular levels of integrin β1. Our findings provide 
evidence of DS-1 as an MDM2 inhibitor and metastasis prevention through integrin and FAK suppression, which may benefit 
the development of this compound for lung cancer treatment. 

 Field of Study: Pharmacology and Toxicology Student's Signature ............................... 
Academic Year: 2019 Advisor's Signature .............................. 
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CHAPTER I  

INTRODUCTION 

Background and Rationale 
Lung cancer remains the leading cause of cancer-related death worldwide, 

which is accounted for 18.4% of the total cancer deaths in 2018 (Bray et al., 2018). Of 
note, Non–small cell lung carcinoma (NSCLC) is the most commonly diagnosed type 
of lung cancer (Molina et al., 2008). Moreover, studies reported 20%-40% of advanced 
lung cancer patients related to metastasis, which is a serious sigh undergoing several 
symptoms leading to decrease quality of life (Cho et al., 2019; Lee et al., 2019). This 
because the obligate of cancer metastasis acquires malignant tumor motility to migrate 
and invade from the origin site of the primary tumor to a secondary site (Huysentruyt 
and Seyfried, 2010). Chemotherapy remains the mainstay treatment for NSCLC. 
Unfortunately, for long term therapy patients are reported to develop resistance 
(Zappa and Mousa, 2016). Recently, drug targeting specific proteins involving in cancer 
progression and aggressiveness has shown a promising efficacy for clinical application. 
Thus, an investigation of new potent compounds to target the cancer-associated 
protein has gained increasing attention in cancer and molecular pharmacological 
researches.  

One potential target of drug action for lung cancer therapy is the Mouse-double 
minute 2 (MDM2) protein (Chène, 2003; Wang et al., 2012). MDM2 protein is encoded 
by the MDM2 gene functioning as a key negative regulator of p53, a tumor suppressor 
protein (Shi and Gu, 2012). The p53 protein secures stability of genome by commanding 
cell fate to cell cycle arrest or apoptosis in response to cellular stress and DNA damage 
(Kumari et al., 2014). On activation, p53 directly regulates the transcriptional function 
of apoptosis inducers. Following this, the cellular responses to p53 encourage the 
induction of pro-apoptosis proteins such as Bcl-2-associated X-protein (Bax) and 
depletion of anti-apoptosis proteins including B-cell lymphoma 2 (Bcl-2) (Fischer, 2017; 
Aubrey et al., 2018). Therefore, the deletion of p53 networks facilitates the formation 
of serious diseases, particularly the impact on cancer initiation and rapid tumor 
progression (Royds and Iacopetta, 2006). In case of tumor protein p53 (TP53) mutation, 
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deletion in TP53 copy number, or aberrant activation of MDM2 protein, it have been 
defined as the main regulators of the perturbation of p53 activation (Jackson and 
Lozano, 2013; Liu et al., 2016; Kastenhuber and Lowe, 2017). For lung cancer, p53 
inactivation or elimination resulted in tumor progression and poor response to 
chemotherapy including cisplatin (Mitsudomi et al., 2000). It was shown that the 
function of p53 depends on the cellular available level (Lavin and Gueven, 2006). 

MDM2 was found to be substantially overexpressed in malignancies (Jones et 
al., 1998), and such an increase in MDM2 associates with poor prognosis and 
chemoresistance (Hou et al., 2019). MDM2 interacts with p53 and ligases the p53 to 
ubiquitin molecule, which intern targets p53 for proteasomal degradation (Moll and 
Petrenko, 2003). p53-binding domain or hydrophobic pocket domain at the NH2 
terminus (residues 25-109) of MDM2 binds to N-terminal domain (residues 18-26) of 
p53. Once they became complex, MDM2 as E3 ligase specific for p53 required E1-E2 
ubiquitins that later is recognized by proteasome to accomplish protein degradation 
(Moll and Petrenko, 2003). Several factors have been reported to disturb this MDM2-
p53 complex including cellular stress (Hu et al., 2012), DNA damage, phosphorylation 
of p53, and MDM2 inhibitor (Shangary and Wang, 2009). Interestingly, reactivation of 
p53 by hampering the interaction between p53 and MDM2 has shown beneficial effects 
in cancer cells (Yue et al., 2017).  

Besides reactivation of p53 as tumor suppressor, p53 has shown a contol in 
primary phases or metastastic progression (Shiota et al., 2008) In order to regulate EMT, 
p53 retains the transcriptional protein to attenuate EMT, whereas lack of p53 protein 
contributes to EMT phenotypes like increasing of Slug expression correlates with loss 
of E-cadherin in p53-null tumors (Smit and Peeper, 2008). Moreover, the ability of p53 
in control of mesencymal like cell morphology involvel in the Rho family of small 
GTPases. The activity of RhoA govers to elongated morphology characteristic of cancer 
cells (Sahai and Marshall, 2003). In p53-null cells, most subsequent studies have 
reported the increased activity of RhoA after loss of p53. This indicate that p53 loss 
can activate a more mesenchymal phenotype in human cancer. Moreover, considering 
that targeting MDM2 is the key factor to restore p53 protein level and has been 
associated with angiogenesis (Helei Huo et al., 2019), MDM2-targeted therapy thus may 
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be a promising strategy for treating advanced malignancies. 
In addition to cancer metastasis, the change of cancer cell phenotype of 

epithelial to mesenchymal transition (EMT) is essential for cell migration and invasion 
progression (van Zijl et al., 2011; Fares et al., 2020). The major hallmarks of this process 
are identified as loss of cell polarity and dissociation of cell-cell junction integrated 
with extracellular matrix (ECM) (Dongre and Weinberg, 2019). EMT resulted in the 
alteration of motility and adhesion regulatory proteins including the switch of E-
cadherin to N-cadherin with the induction of mesenchymal proteins such as Snail and 
Slug (Nurwidya et al., 2012; Sosa Iglesias et al., 2018). Toward cell metastasis, N-
cadherin, a mesenchymal phenotype, facilitates the interaction of cancer and stromal 
cells conferring cancer cell migration and invasion (Asnaghi et al., 2010) (Chen et al., 
2015; Dongre and Weinberg, 2019). Both E-cadherin and N-cadherin are adherents 
junction molecules (Araki et al., 2011). However, E-cadherin expression is only exhibited 
in epithelial tissue maintaining cell integrity and homeostasis, which has been 
correlated with a greater prognosis and long term total survival time in lung cancer 
(Asnaghi et al., 2010) whereas N-cadherin is mostly expressed in mesenchymal cells 
that responsible for cell motility (Yu et al., 2019). Thus, cells highly expressing N-
cadherin acquire the capacity to migrate and invade surrounding stroma and 
subsequently spread through the blood and lymphatic vessels to distant sites (Mrozik 
et al., 2018). Equally important, the cadherin alteration was found to be associated 
with zink-finger-family transcriptional activity encompassing Snail, and Slug (Wheelock 
et al., 2008). It has been demonstrated that Snail-transfected cells promoted the 
induction of N-cadherin and suppression of E-cadherin in which accomplished the 
progress of EMT (Takkunen et al., 2006). Thus, dysregulation of N-cadherin, as well as 
the transcriptional factor related to cancer behavior, has been investigated as intention 
therapy to combat cancer metastasis (Mrozik et al., 2018; Song et al., 2018). 

Also, another factor involved in successful metastasis is that cells ought to 
against anoikis, apoptosis induction during detachment (Buchheit et al., 2014). To allow 
this plasticity, integrin serves as a heterodimeric transmembrane receptor for cellular 
adhesion to ECM (Alanko et al., 2015; Seguin et al., 2015). On activation, the interface 
of specific extracellular ligands and outer domain of integrin cause dimerization of α 
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and β glycoprotein subunits of integrin to convey the ligand cues, extracellular signal 
to intracellular transduction (Cooper and Giancotti, 2019). As a result, it required 
adaptor protein-mediated kinase activation including the FAK signaling pathway. It has 
been confirmed that the integrin-mediated FAK apparatus contribute to control cell 
adhesion, mobility, phenotype synthesis, and cell survival and to restrict the anoikis 
induction. (Silginer et al., 2014; Alanko et al., 2015). The common integrins in epithelial 
cells such as αvβ3 and α5β1 are found overexpressed in many cancer (Desgrosellier 
and Cheresh, 2010). Although the functional activity of these integrins implies in 
biological activity, integrins have been indicated to facilitate the cancer cell survival in 
response to any cellular stress within the circulation, and cell adhesion to blood vessel 
endothelium at the secondary site (Alanko et al., 2015). Moreover, the expression of 
integrin β1 has been correlated to poor prognosis in NSCLC (Dingemans et al., 2010). 
Along with development of antimetastasis, previous studies have evidenced the 
correlation between integrin expression and metastasis by which down-regulation of 
integrin suppressed metastatic behavior (Li et al., 2012; Petpiroon et al., 2017) 
suggesting that this protein is deemed as a target of cancer therapy.  

3,4-dihydroxy-5,4′-dimethoxybibenzyl (DS-1), identified in Dendrobium 
signatum, has shown cytotoxic activity in several cancer types including breast cancer, 
liver cancer, and colon adenocarcinoma cells (Mittraphab et al., 2016). This suggests 
that DS-1 may exhibit anticancer potential. Moreover, other natural products isolated 
from Dendrobium signatum including Gigantol has been demonstrated that it 
potentially suppressed cancer cell metastasis (Charoenrungruang et al., 2014, 
Unahabhokha et al., 2016) and cancer stem cell phenotypes in lung cancer cells 
(Bhummaphan and Chanvorachote, 2015).  Structurally, DS-1 consists of a phenyl group 
or phenyl ring which is related to one benzene ring. Importantly, a  previous study 
reported that several MDM2 inhibitors in human clinal trials for cancer treatments with 
phenyl ring showed the binding affinity to the MDM2 domain (Yujun Zhao, et al., 2014). 
This indicates that DS-1 may exibit the potential to occupy  MDM2 pocket. As its activity 
in sensitized chemotherapy as well as targeting MDM2 or p53 mechanisms are not 
known, this study aimed at investigating the effect of DS-1 or combined with cisplatin 
in p53 level and interaction with MDM2 protein. In addition, Along with anti-metastasis 
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approaches for Non-Small Cell Lung Cancer, the present study also aimed to 
investigate the potential effect of DS-1 on EMT process. By conducting 
pharmacological, experimental, and computational modeling assessment, we 
demonstrated how DS-1 interruption MDM2-p53 complex resulted in the up-regulation 
of p53 protein level and DS-1-inhibited the mesenchymal phenotypes. Furthermore, 
our study provides intriguing data of a potent compound that can be developed as 
anti-metastasis particularly for NSCLC cells.  
Research questions 
1. Does DS-1 has an effect on apoptosis induction in lung cancer cells? 
2. Does DS-1 has an effect on MDM2-p53 complex in H460 cancer cells? 
3. Does DS-1 sensitize lung cancer cells to cisplatin-triggered apoptosis? 
4. Does DS-1 has an effect on EMT characteristics in Non-Small Lung Cancer cells? 
Objectives 
1. To identify the effect of DS-1 on apoptosis induction in lung cancer cells 
2. To identify the effect of DS-1 on MDM2-p53 complex in H460 lung cancer cells 
3. To identify the sensitization effect of DS-1 in lung cancer cells to cisplatin exposure 
4. To determine the mechanisms involved in DS-1 sensitizing H460 lung cancer cells 

to cisplatin-induced apoptosis 
5. To investigate the effect of DS-1 on EMT characteristics in Non-Small Lung Cancer 

cells 
Hypothesis  
1. DS-1 interacts with the p53-binding domain of MDM2 that mediates the 

accumulation of p53 and sensitizes lung cancer cells to cisplatin-induced 
apoptosis. 

2. DS-1 affects EMT in Non-Small Lung Cancer cells through integrin β1 and p-FAK 
suppression 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

CHAPTER II 

LITERATURE REVIEW 

Lung cancer 
Above a decade lung cancer becomes the most incident for all cancer cases 

with the highest mortality rate both in men and women (de Groot et al., 2018). As 
reported, the lung cancer case in 2008 was identified about 1.6 million cases with 1.4 
million mortalities and lamentably increased up to 1.8 million cases and 1.6 million 
lung cancer death in 2012. Among the cases, two histological types, Non-small cell 
lung cancer (NSCLC) and Small cell lung cancer (SCLC), are found that NSCLC is the 
common one around 80-85% of all lung cancer cases.  Moreover, the newly diagnosed 
patients are in the late stage of lung cancer that well-known to be associated with 
extremely poor progress. Many therapy options have been developed in order to offer 
a cure for all cancer patients. The available treatments unfortunately nowadays for 
patients mainly are limited by several reasons: the required test for individual 
pharmacotherapies, the patient’s capability of response, chemotherapy side effects, 
and expansion of chemoresistance (Molina et al., 2008; Zappa and Mousa, 2016).  

Development of lung cancer starts once the lung cells changing or turning 
into mutation. The occurrence of this is because of various initiation risk factors, the 
extrinsic factor including toxic substances or intrinsic factors like genetics of family 
history. American Lung Association revealed that the major factor recognized in more 
than 80% of lung cancer patients is tobacco smoke:  the active or even passive smoking 
is exposed by toxic chemicals of tobacco. Understanding the lung cancer risk factors 
beneficially inspires a strategy to prevent the incident. The expanding evidence 
showed that controlling tobacco use in the US has taken participation in lung cancer 
prevalence (Warren and Cummings, 2013; Balogh et al., 2014).  

Treatment preference for lung cancer patients in terms to determine the 
precise treatment depends on the tumor type; NSCLC or SCLC, and stage; early stage 
or late stage. Staging helps confirm the tumor cell prognosis: the higher stage patient 
is, the more tumor cells have spread. Standard treatments for patients with Non-Small 
Lung cancer include surgery, radiotherapy, chemotherapy, targeted therapy, or 
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combination therapy. based on lung cancer stage, patients diagnosed in early-stage (I-
II) are considered for surgical treatment and or combined with chemotherapy as 
neoadjuvant or adjuvant therapy. However, some patients may not capable of the 
surgery, then they receive radiation therapy or a combination of radiation therapy and 
chemotherapy. Moreover, patients diagnosed with late-stage lung cancer can be 
treated with chemotherapy. That also has a different response to all patients. 
Alternatively, palliative therapy can be a strategy to enhance the quality of life to other 
patients who cannot respond to chemotherapy (Chan and Hughes, 2015; Lemjabbar-
Alaoui et al., 2015; Zappa and Mousa, 2016).  
Cisplatin 

Cisplatin, cis-diamminedichloridoplatinum(II), is most often used as initial 
chemotherapy Non-Small Lung Cancer patients with advanced-stage; cisplatin, first 
introduced by M. Peyrone in 1844 and admitted by FDA (Food and Drug Administration) 
in 1978 for use of testicular and bladder cancer treatment, is now widely used for 
several solid malignancies. The most important, the use of cisplatin in lung cancer 
patient, indeed, depends on the tumor cell type or stage, and individual comorbidities 
(Cosaert and Quoix, 2002; Kelland, 2007; Amarasena et al., 2008). According to the 
characteristics of tumor cells, studies have reported that the advanced-stage lung 
cancer patients, who possess unrespectable cancer or metastatic NSCLC, respond to 
the cisplatin regiment with 10% survival rate at one year (Baxevanos and Mountzios, 
2018). In combination treatment, cisplatin plus pemetrexed was effectively used in 
nonsquamous NSCLC (Scagliotti et al., 2008). However, in accordance with long term 
therapy, side effects of cisplatin become a concern and also might not be tolerated 
for some patients. Collectively, the sensitive tumor cells to cisplatin no longer enable 
to develop chemoresistance leading to therapy failure (Shen et al., 2012; Barr et al., 
2013). 

The role of cisplatin as anticancer drug mainly causes DNA damage owing to 
the contained platin stating on target guanines, thus eliciting transcriptional inhibition, 
cell cycle arrest, DNA repair, and cell death. In term of molecular mechanisms, studies 
reported that the mode of action of cisplatin is recognized in the different cellular 
components. Fundamentally, the action of cisplatin in cell starts when it gets into the 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

8 
 

 

cells. The evidence showed that in cytoplasm, cisplatin cause ROS induction. This 
facilitates cisplatin to take an action on the mitochondrial outer membrane 
permeabilization (MOMP), thereby leading to apoptosis induction via the intrinsic 
pathway. In the nucleus, the aquated cisplatin attaches to DNA bases. This modulates 
the DNA damage by initiating DNA damage response (DDR), thus resulting in cell death 
(Galluzzi et al., 2011; Shen et al., 2012).  

The molecular mechanism of cisplatin, as mentioned above, involves several 
intracellular activities. The fact that the cell adaptation after cisplatin exposure act in 
several pathways by which reduce the uptake and accumulation of cisplatin within the 
cells, these mechanisms are divided into four part including Mechanisms of pre-target 
resistance where prevention to cisplatin before reaching the target of action. That 
occurs by which 1) reduce cisplatin update by depletion of uptake transporter, CTR1; 
2) increase the elimination of cisplatin by eliciting efflux transporter, ATP7A/ATP7B and 
MRP2; 3) inactivate cisplatin by increasing glutathione (GHS). 
Cisplatin-induced oxidative stress 

Reactive oxidative stress (ROS) normally exhibits during cellular activity, but it 
can be controlled by the production of antioxidants such as GSH, glutathione; SOD, 
superoxide dismutase; and CAT, catalase, thus can maintain homeostasis of cellular 
component. Once cell under stress condition, it promotes the high level of ROS leading 
to cellular protein damage, and fatal DNA lesions. In terms of the mode of action of 
cisplatin, an accumulating study reported that by upregulating excessive ROS, cisplatin 
enables to cause depletion of mitochondrial membrane potential. Cells undergo 
apoptosis. This because induction of ROS has shown its role in generating extrinsic and 
intrinsic apoptosis cascade.  
Cisplatin-induced apoptosis 

The main effects of cisplatin as anticancer drugs cause cell death by apoptosis 
induction. The mechanism involves, Initially, genotoxic stress induced by cisplatin 
modulates a defect in survival signaling pathway that contributes to apoptotic-
programmed cell death. These have been confirmed that biochemical activities 
including regulation of cytochrome-c out from mitochondria, activation of caspase-9, 
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reduction of Bcl-2, induction of DNA damage mediates apoptotic cell death after 
cisplatin exposure.    

The molecular mechanisms of cisplatin, as mentioned above, involve several 
intracellular activities. The cell adaptation after cisplatin exposure act in several 
pathways by which reduce the uptake and accumulation of cisplatin within the cells, 
these mechanisms are divided into four parts: mechanisms of pre-target resistance, 
mechanisms of on-target resistance, mechanisms of post-target resistance, and 
mechanisms of off-target resistance (Galluzzi et al., 2011). Mechanisms of pre-target 
resistance are prevention to cisplatin before reaching the target of action. That occurs 
by which 1) reduce cisplatin update by lowering of uptake transporter, CTR1; 2) 
increase the elimination of cisplatin by eliciting efflux transporter, ATP7A/ATP7B, and 
MRP2; 3) inactivate cisplatin by increasing glutathione (GHS). The mechanism of on-
target resistance is that DNA lesions by cisplatin require capability on repairing system 
that gives a chance to repair the damage and also cells could allow the existence of 
unrepaired DNA. Thus, by this process cells are able to tolerate cisplatin exposure 
(Lindahl and Barnes, 2000, Wood et al., 2000). Mechanism of post-target resistance 
involves the alteration of genetic and signaling cascade resulting in cells escape from 
the apoptosis pathway. For instance, studies reported that cell resistance to cisplatin 
has shown the deficiency of Bax triggering apoptosis but mostly enhanced survival 
signaling cascade including MAPK and JNK pathway (Brozovic et al., 2004, Biagosch et 
al., 2010). 
p53 protein 

Cells continuously proliferate in proper control and maintenance. During living 
cells, however, they can be exposed to several cellular stresses. In turn, cellular 
stresses initiate the genomic instability that can be resulted in gene mutation or 
delegation. Consequently, expansion of the genomic instability can develop 
transformation cells. Thus, cells need a proper system to maintain itself during cellular 
stresses and prevent the initiation stage of cancer development. 

p53 or TP53 (tumor protein 53) is recognized as an important tumor 
suppressor protein that limits the cell division. Studies revealed the function of p53 is 
associated with involvement in cancer development (Vousden and Ryan, 2009). It is 
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not only induction of DNA damage but also protecting cells to expand cancer initiation. 
As its dubbed, p53 is “the guardian of the genome” by which modulate apoptotic 
induction, gene amplification, and senescence (Sujan et al., 2017). Hence, the 
functional change of this protein leads to cells growing abnormally. It has been 
identified that the mutation of p53 protein has been found in various of cancer for 
38%-50% including ovarian, esophageal, colorectal, head and neck, larynx, and lung 
cancer (Olivier et al., 2010).  
Structural features of p53 

Structurally, p53 composes of three main domains (Figure 2.1) that can be 
activated on the N-terminal or C-terminal domain with phosphorylation of serine/T in 
each (Yogosawa and Yoshida, 2018). The activation of p53 is mainly in response of 
cellular environment or under stress condition within three steps:  stabilization of p53, 
action on DNA binding, and transcriptional fuction (Zilfou and Lowe, 2009). The 
function of p53 in cellular growth arrest pathway is mediated through a dual role, 
transcriptional-dependent in the nucleus, and transcriptional-independent in the 
mitochondria (Figure 2.2) (Chi, 2014).  

 
Figure 2.1 Structure of p53 (Yee and Vousden, 2005) 

p53 plays as a transcriptional factor that upregulates several pro-apoptosis gene 
expression including Noxa, Bax, and Puma within nucleus mediated by directly 
interacting between p53 transactivation domain at 15-29 residues (p53TAD) and 
transcriptional machineries such as TBP, p300/CBP, and hTAFII31 (Wang et al., 2010). 
On the other hand, the interaction of p53 and anti-apoptosis proteins, Bcl-2, and Bcl-
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XL leads to lack of mitochondrial membrane permeability and thus promotes 
transcription-independent apoptosis (Moulder et al., 2018). 

 In normal cells, the amount of p53 is maintained at low level (Liu and Kulesz-
Martin, 2000) due to degradation protein by Mdm2 and ubiquitin-protein binging on N-
terminal domain. This complex also causes the co-location of p53 from nucleus to 
cytoplasm (Dai and Gu, 2010). As a result, p53 is accumulated in the cytoplasm in an 
inactive state (Cory and Adams, 2002).  

    
Figure 2.2 Activation of p53 in a dual different cellular pathway (Chi, 2014) 

The increase of p53 expression levels within cells is the critical factor for its activation. 
Accumulation of p53 is regulated by Mouse Double Minute 2 (MDM2) which is E3 
ubiquitin ligase protein, a specific p53 inhibitor, and responsible for p53 degradation 
via proteasome pathway (Figure 2.3). Structurally, MDM2 is a 491 amino acid, consists 
of several domains: 1) N-terminal p53 interaction domain, 1) central acidic domain, 2) 
zinc finger domain, and 3) C-terminal ring domain. Whereas p53 possesses 393 amino 
acids: N-terminal transactivation domains (TAD1 and TAD2, residues ~1–40 and ~40–
61, respectively), the proline-rich domain (PR, ~ 64–92), the central DNA-binding 
domain (DBD, residues ~ 100–300), the oligomerization domain (OD, residues ~ 323–
355), and the unstructured C-terminal domain (CTD, residues 364–393). It has been 
confirmed that the binding site of the mdm2-p53 complex is at hydrophobic pocket 
domain at the NH2 terminus (residues 25-109) of MDM2 and amphipathic peptide at 
the NH2 terminus (residues 18-26) of p53. Moreover, the mutation at the mdm2-
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binding site p53 (p53 residues Leu14, Phe19, Leu22, Trp23, and Leu26, and Leu26) 
have shown resistance to degradation by mdm2. Likewise, mutations of MDM2 at 
residues Gly58, Glu68, Val75, or Cys77 result in lack of p53 binding.  

 
Figure 2.3 mode of p53 activation (Brooks and Gu, 2010) 

Apoptosis-programmed cell death  
Program cell death is a crucial occurrence within biological systems. Two 

major types of program cell death, well-commonly known as necrotic and apoptotic 
type, are distinguished on the mechanism by which leads the cell to undergo mortality 
(Kim et al., 2006). Morphologically, necrotic cells are indicated by cell swelling and 
disfigurement of organelles mainly caused by environmentally determined, thus 
resulting in launch of intracellular component and inflammatory whereas apoptotic 
cells are indicated by cell shrinkage, condensation, and also DNA fragmentation mainly 
relevance to cell suicide, thus the dying cells are abolished by phagocytosis (Häcker, 
2000; Ziegler and Groscurth, 2004; Rello et al., 2005). 

The molecular mechanisms of apoptotic programmed cell death involve vast 
activity of several biochemical. Two categories of the mechanism which is disposed of 
different apoptotic-related protein in each have been identified (Dorn, 2013). Category 
I called extrinsic pathway involves death receptor known as member of the tumor 
necrosis factor (TNF) receptor that relay death signal from extracellular through 
activation of caspase 8 within cytoplasm triggering apoptosis. Whereas Category II 
called intrinsic pathway involves the mitochondrial pathway. The intracellular signaling 
stimuli initiate loss of membrane potential of mitochondria. As a result, the 
cytochrome-c enables to enter the cytoplasm then generating signal activates caspase-
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9 and caspase-3. Once the cell decides to suicide, it continuously suppresses DNA-
repairing system and regulates the function of PARP protein to fragment the DNA and 
finally, the dying cells are removed by phagocytosis process (Kim et al., 2006). 

B-cell lymphoma-2 (Bcl-2) family including pro- and anti-apoptosis which 
contributes to the process of apoptosis recognized has relevance with the activation 
of p53. High level of p53 is not only regulating the transcription of target gene but also 
collectively increasing pro-apoptosis protein such as Bax, and Bad, suppressing the anti-
apoptotic protein (Prochazkova et al., 2004). Understanding the apoptotic-modulating 
protein can help better to decide the effective strategy for chemosensitizer. 
MDM2 protein 

Murine double minute 2 (MDM2) is protein highly regulated because of role 
in modulating p53. MDM2 protein, also called as human double minute 2 (HDM2), was 
firstly identified in Balb/c3T3 fibroblast cell line (3T3DM) of tumor-bearing mice and 
located at chromosome. It has been reported by Bioportal for Cancer Genomics that 
MDM2 overexpression in prominent in lung cancer patients, breast cancer, liver cancer, 
and colorectal cancer. The amplification of MDM2 is a contributing factor of 
tumorigenesis in human by involving in genomic instability (M. Reza, 2017) The negative 
regulatory factor for p53 is MDM2. In biological condition, autoregulatory loop of 
MDM2–p53 leads to p53 protein as in normal condition (Marine & G Lozano., 2010). At 
this condition, the expressions of both MDM2 and p53 are a very low. At the 
mechanistic level, MDM2 binds to p53 via its N-terminal domain and forms the 
complex of MDM2-p53. The binding mechanism initiate the p53 transcription activation 
region and decreases p53 transcription activity. The MDM2 ring finger domain will then 
act as an E3 ligase and ubiquitinate p53. Proteasome interaction contributes to the 
degradation of the p53 protein. MDM2 will also specifically eliminate p53 from cells to 
reduce the p53 protein (Helei Hou, 2019) Several studies reported the potential 
correlation between MDM2 and chemoresistance in several cancers. One study 
proposed that MDM2 inhibit apoptosis mediated by cisplatin, which contribute to 
cisplatin resistance. In addition, the dysregulation of MDM2 and p53 loop epidermoid 
carcinoma affects to cisplatin tolerance. Cisplatin can induce both phosphorylation of 
p53 and mdm2 up-regulation which subsequently affects to minimize cisplatin 
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resistance and induce cisplatin resistance, respectively. Thus, the up-regulation of 
MDM2 plays a role in cisplatin tolerance and cisplatin sensitivity (Helei Hou, 2019). 
Drug sensitizer 

Chemosensitization is one of the strategies for cancer treatment. Simply put, 
one drug is administered to augment cancer cell sensitivity to another chemotherapy 
agent (Gupta et al., 2011). The changing of cancer cells to more sensitive involves the 
alteration of its physiology and metabolism. And thus increasing the development of 
program cell death when getting the second exposure of the treatment. Foremost of 
this mode is an enhancement of efficacy, delaying chemoresistance, and lowering 
dosages and toxicity of conventional chemotherapy agent. Therefore, 
chemosensitization is a somewhat promising approach for cancer therapy ahead (Cree 
et al., 2002; Campbell et al., 2012).  

Several strategies to achieve those goals of chemosensitization have been 
described by Shabbits (2003). Most of the focus targets involve modulating program 
cell death and preventing the mechanism of resistance of cancer cells to 
chemotherapy. Current scientific evidence reports have been revealed the promising 
outcome of chemosensitization approach (Shabbits et al., 2003). Whereas, in lung 
cancer therapy the strategies for chemosensitization have been found several targets 
in order to enhance the effect of chemotherapy agents such as Bcl-2, RAS-MAP 
pathway, and cell cycle regulation (Chanvorachote et al., 2009; Aung et al., 2017).  
Epithelial-mesenchymal transition (EMT) 

The alteration from epithelial cells to mesenchymal cells provides a chance 
for cell metastasis and invasion. This process is indicated by loss of epithelial 
phenotypes whereas upregulation of mesenchymal phenotypes during tissues or organ 
development, also best known as epithelial-mesenchymal transition (EMT) (Nistico et 
al., 2012; Garg, 2017). 

Like normal cells, cancer cells also have the ability to move or migrate from 
the original cancer cells (primary area) to another tissue or organ (secondary area). 
Primary lung cancer cells metastasize through the blood vessels to various distant 
organs such as liver, peritoneum, and bone. In patients with cardia cancer, the 
secondary cancer cells have been found in lung, nervous system, and bone. Whereas 
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In patients with non-cardia cancer and adenocarcinoma mostly metastasize to the 
peritoneum and, bone and ovaries respectively (Riihimaki et al., 2016).  

 
Figure 2.3 epithelial-mesenchymal transition (Vergara et al., 2016) 

Metastasis has been associated with the failure of chemotherapy because of the 
improvement of mesenchymal phenotypes during cell metastasis influence cell 
response to chemotherapy. For example, Snail, one of the mesenchymal markers, is 
transcription factor that initiates changing phenotypes toward EMT process. Hence, it 
increases cell motility, migration, and invasion. In addition, snail also is an important 
factor that causes chemoresistance due to the inhibition of apoptosis process by 
activating the survival signaling pathway like PI3K or p21 for cell proliferation. The 
evidence showed that suppression of snail by antisense oligonucleotides in the mouse 
model with colonic neoplasia provides the increasing number of cell death (Roy et al., 
2004). Furthermore, the expression of snail in cell survival is resistant to apoptotic 
stimuli and DNA damage (Barrallo-Gimeno and Nieto, 2005) (Siddik, 2009) (Smith and 
Bhowmick, 2016). Moreover, another mesenchymal phenotype like N-cadherin 
increases whereas epithelial characteristic, E-cadherin, is downregulated in cisplatin-
resistant lung cancer cells (Huang et al., 2016).  
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Figure 2.4 Snail targets (Barrallo-Gimeno and Nieto, 2005) 

The progression of EMT is regulated by several signaling cascade including SMAD, PI3K-
AKT, ERK-MAPK, and JNK signaling. For example, the interaction between ligan and TGF-
beta type 1 receptor generates the downstream signaling like PI3K-AKT then 
translocates to the nucleus in order to enhance the EMT related phenotypes (Gonzalez 
and Medici, 2014).  
 
Integrin 

Epithelial cells are surrounded by cell walls called extracellular matrix which is 
essential for living cells. This mediated the transmembrane cell-surface receptor, 
integrin. Nowadays, 24 types of integrin heterodimers have been identified as a form 
of combination 18 α- and 8 β-subunits. the way of cells sense and response to 
microenvironment is facilitated by the binding of integrin expression and EMC. Thus,            
integrin could mediate cell adhesion and intracellular signaling   (Lambert et al., 2012). 
In addition, integrin also serves extracellular communication, cell stability in tissue, and 
cells reposition toward migration and wound repair during cell development. The 
activation of integrin described as a transduction signal through integrin, which it is 
divided into multiple processes: 1) a signal within cells can promote the activation of 
integrin via the binding of talin to the β-integrin, in turn, 2) the active form of the 
integrin allows intracellular signal transduction and activate the downstream signaling 
including focal adhesion formation and actin cytoskeletal reorganization, 3) growth 
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factor also involved in activation of integrin. It generates a specific signal that enables 
to cross-tall with the integrin and elicits signal in the same pathway (Figure 2.5) In the 
same process of cancer, integrin-mediated cancer progression, and metastasis (Hamidi 
et al., 2016).  

 
Figure 2.5 Activation of integrin (Hamidi et al., 2016) 

Several studies have demonstrated the complexity function and diversity of 
integrin in cancer cells integrin-mediated cancer progression diversity of cancer cells 
(Table 2.1). 
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Table 1. Integrin in cancer progression 

 
(Desgrosellier and Cheresh, 2010) 

 
In addition, interrupting integrin function to treat cancer is a comprehensive 

and ongoing area of cancer research. Integrins are functionally based on the present 
of extracellular ligand, the focal adhesion formation, and in contact of cytoskeletal 
(Desgrosellier and Cheresh, 2010). Any Inhibition of these events prevents integrin 
functions and thus resulting in pharmacological effect. Based on a review of the existing 
anti-integrin therapeutics and preclinical literature, an integrin antagonism is widely 
used as target (Millard et al., 2011). However, the activation and downstream signaling 
of integrin indicates that alternative approaches are feasible. Integrin downstream 
Molecules downstream would also be beneficial therapeutic approach (Hamidi et al., 
2016). for example,  Focal adhesion kinase (FAK), a non-receptor tyrosine kinase acting  
in b-integrin signaling, is increased in focal adhesions and together with another kinase 
for adhesion turnover, actin cytoskeleton dynamics, and cell changed morphology and 
thus impacts cancer cell migration and cell invasion (Parsons et al., 2010). Several 

Tumor type Integrins expressed Associated phenotypes

Melanoma αvβ3 and α5β1 Vertical growth phase and lymph node 

metastasis
Breast α6β4 and αvβ3

Increased tumor size and grade, and decreased 

survival (α6β4). Increased bone metastasis (αvβb3)

Prostate αvβ3 Increased bone metastasis

Pancreatic αvβ3 Lymph node metastasis

Ovarian α4β1 and αvβ3
Increased peritoneal metastasis (α4β1) and tumor 

proliferation (αvβ3)

Cervical αvβ3 and αvβ6 Decreased patient survival

Glioblastoma αvβ3 and αvβ5
Both are expressed at the tumor-normal tissue 

margin and have a possible role in invasion

Non-small-cell lung carcinoma α5β1
Decreased survival in patients with lymph node-

negative tumors
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clinical trials with FAK (GSK2256098, PF04554878, VS-4718, and so on) and Src 
(dasatinib) inhibitors are currently underway (Golubovskaya, 2014). 

3,4-dihydroxy-5 4'-dimethoxybenzyl (DS-1) 
 Dendrobium is well-known as the major orchid found in tropical forests in North 
and Northeast Thailand. Previously, the therapeutic use of Dendrobium has been 
purposed in Traditional Chinese Medicine (TMC) as a universal remedy. Since then, 
accumulation of studies investigated the feature effects of Dendrobium isolates in 
different kinds of species including alkaloid, flavanoid and sesquiterpenoid have shown 
pharmacological activity such as anti-diabetic, anti-cancer, anti-metastasis, and anti-
pyretic (Cakova et al., 2017; Khwanduean Rattana, 2017). 3,4-dihydroxy-5 4'-
dimethoxybenzyl (DS-1) (Figure 2.6) was identified in both Dendrobium signatum and 
Dendrobium candidum. DS-1 isolated in a whole Dendrobium signatum plant has been 
shown cytotoxic effect in several cancer cells (Li et al., 2008; Mittraphab et al., 2016). 
The anticancer effect of DS-1 in Non-Small Cell Lung Cancer is not yet investigated. 

 
Figure 2.6 Chemical structure of 3,4-dihydroxy-5 4'-dimethoxybenzyl (DS-1) 
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CHAPTER III 
MATERIALS AND METHODS 

Materials 

1. Chemicals and reagents 
3,4-dihydroxy-5 4'-dimethoxybenzyl (DS-1), 3 -( 4,5- dimethylthiazol-2- yl )- 2, 5-

diphenyltetrazolium bromide (MTT), sodium dodecyl sulfate (SDS), Hoechst 33342, 
Propidium Iodide (PI), and bovine serum albumin (BSA) were purchased from Sigma-
Aldrich (St . Louis, MO). Roswell Park Memorial Institute (RPMI) 1640, Dulbecco's 
Modified Eagle Medium (DMEM), fetal bovine serum (FBS), and Immunoprecipitation kit 
were purchased from Thermo Fisher Scientific Inc (Waltham, MA). Antibodies for Bax, 
Bcl-2, p53, p-p53 (Ser15), Akt, p- Akt, E-cadherin, N-cadherin, snail, slug, vimentin, 
integrin-β1, integrin-β3, integrin-α5, RhoA, FAK, p-FAK (Try397), ubiquitin (P4D1) and 
GAPDH were purchased from Cell Signaling Technology (Beverly, MA) and 
chemiluminescence (Supersignal West Pico; Pierce, Rockford, IL, USA) 

2. Equipment 
Laminar flow cabinet (BossTech), microscopy (Nikon Eclipse TS100, Japan), 

carbon dioxide incubator, Autopipette:  2-10 µL, 10-100 µL, 20-100 µL, and 200-1.000 
µL, pipette tips: 2-10 µL, 10-100 µL, 20-100 µL, and 200-1.000 µL, cell culture plate: 
96-well, 24-well, and 6-well (Costar), conical tube: 15 mL and 50 mL (Neptune), bottle: 
250 mL, 500 mL, and 1000 mL (Duran), disposable pipette: 5 mL, Automated cell 
counter (TC20 Bio-Rad), pH meter, vortex mixer, balance, microplate reader, flow 
cytometer (Millipore Sigma) and fluorescence microscope (Nikon eclipse Ts2) 
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Methods 

1. DS-1 preparation 
DS-1 was isolated from Dendrobium signatum (Figure 2.5). The whole plant of 

Dendrobium signatum was purchased from Jatujak market, Bangkok, in October 2012, 
as previously described (Mittraphab et al., 2016). The extraction process of the dried 
plant (3.5 kg) was using MeOH at room temperature. The obtained extract (200 g) was 
partitioned with EtOAc and n-BuOH to give EtOAc extract (41 g), a n-BuOH extract (130 
g), and an aqueous extract (28 g). Then, The EtOAc extract was further separated by 
vacuum-liquid chromatography on silica gel (acetone: n-hexane, gradient) to yield 8 
fractions (A-H). Fraction E was again fractioned by CC (acetone: n-hexane, gradient). DS-
1 (184 mg) was obtained after the purification on Sephadex LH-20 (acetone). NMR 
spectroscopy was performed to determine its purity. DS-1 was dissolved in 
dimethylsulfoxide (DMSO) as a stock solution. Different concentration of DS-1 for each 
experimental group was prepared and diluted in cell culture media. The concentration 
of DMSO (< 0.2%) in the tested compound solution was no cytotoxic effect on H460 
cells. 

2. Cell culture 
The H460 and H292 cells were cultured in Roswell Park Memorial Institute 

(RPMI) 1640 medium containing 5% FBS, 2 mM L-glutamine, 100 units/ml penicillin, 
and 100 µg/ml streptomycin in a 5% CO2 environment at 370C.  

3. Preparation of patient-derived primary lung cancer cells from malignant 
pleural effusion  

Preparation of patient-derived primary lung cancer cells was conducted 
following the approved protocol by the Ethics Committee of the Faculty of Medicine, 
Chulalongkorn University, Bangkok, Thailand (IRB 365/62). This study was carried out in 
accordance with the principles of World Medical Association Declaration of Helsinki. 
All participants had been diagnosed with recurrent or advanced stage non-small cell 
lung cancer at the King Chulalongkorn Memorial Hospital. Primary cells in pleural 
effusion (500-1.000 mL) were collected through thoracentesis. The samples were then 
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centrifuged at 300 g for 10 min, at 4˚C. The cells were re-suspended in RPMI medium 
with 10% FBS, 2 mM L-glutamine, and 100 units/ml of each of penicillin and 
streptomycin and cultured for 10-15 passages. They were characterized as the patient-
derived primary cancer cells (ELC12, ELC16, ELC17, and ELC20). 

4. MTT assay 
Cell viability and cytotoxic effect of DS-1 alone or combined with cisplatin were 

determined by MTT colorimetric assay. Briefly, cells were plated in 96-well culture 
plates at density 1 x 104 cells/well in culture medium and allowed to attach overnight. 
Media was then substituted by new media containing the indicated compound and 
cells were incubated for 24 hours. After the treatment, media containing compound 
was replaced by MTT solution to each well for 4 hours incubation in dark room. An 
intensity reading of the formazan product is measured at 570 nm using a microplate 
reader, and the percentage of viable cells was calculated in relation to control cells. 
All analyses were performed in 3 independent replicate cell cultures. Cell viability was 
calculated as follow: 

Cell viability (%) = 
Cell viability of treatment group

Cell viability of control group
 x 100% 

 
Anti-proliferation effect of DS-1 is also analyzed by MTT assay. Briefly, cells (2 

x 103 cell/well) were pretreated with DS-1 (0-100 µM) for 24 hours. cells then incubated 
up to 48 hours. Cell viability was measured at different time point 0, 24, and 48 hours. 
Cell proliferation rate was calculated as follows: OD at 24 h or 48 h divided by OD at 
0 h, and the relative cell proliferation was determined by comparing the cell 
proliferation rate of treated cells and untreated cells.  

5. Apoptosis and Necrosis assay 
Apoptotic cells and necrotic cells induced by DS-1 were determined by 

visualizing the cell morphology. Firstly, cells in 96-well plate were treated with DS-1 
(0-200 µM) for 24 hours. After that cells were rinsed with PBS then incubated with 5 
µM PI and 10 µM Hoechst 33342 in PBS. Cells were analyzed and captured under 
fluorescence microscopy (Nikon Eclipse Ts2). Red- and blue-fluorescent nuclear 
represent necrotic and apoptotic/viable cells respectively.  
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6. Annexin-V/PI binding assay  
Apoptotic cell death was analyzed by Annexin-V/PI binding assay. After the 

indicated treatment, cells were harvested by trypsinization, then washed with PBS and 
collected by centrifugation, then cells were incubated in 100 µL of binding buffer 
containing 5 µL of FITC-Annexin V and 1 µL of PI solution at room temperature. After 
15 minutes of incubation adding 500 µL of binding buffer, the stained cells were 
immediately measured by flow cytometry.  

7. Cycloheximide chasing assay  
Cycloheximide (CHX) chasing assay was performed to identified p53 half-life in 

response to DS-1 treatment. Briefly, cells were treated with DS-1 (50 µM And 100 µM) 
with or without 50 µg/mL CHX, for 0, 1, 3, and 6 hours. The cells were then collected 
and lysed with RIPA lysis buffer containing the protease inhibitor cocktail (Roche 
Diagnostics, Indianapolis, IN, USA). The p53 protein level at each time point was 
determined by western blot as aforementioned.  

8. Immunoprecipitation 
Ubiquitination of p53 protein was determined by immunoprecipitation assay. 

Cells were pretreated with proteasome inhibitor MG132 (10 µmol/L) for 1 hour and 
then treated with DS-1 for 6 hours. After that cells were washed with ice-cold 

phosphate-buffered saline and lysed in lysis buffer at 4◦C for 20 minutes. The 

supernatant was separated by centrifugation at 14.000 × g for 10 min at 4◦C, measured 
for protein content using the Bradford method (Bio-Rad Laboratories, Hercules, CA). 
200 µg proteins with anti-p53 antibodies were incubated with the magnetic beat for 
overnight at 40C. Then western blot assay was conducting and using the ubiquitin 
(P4D1) Mouse mAb to detect the expression of Ub-p53 complex. 

9. Western Blot Analysis 
The protein expression indicating the molecular mechanism of DS-1 in lung 

cancer cells was identified by western blotting analysis. The cells were placed onto 60 
mm2 plates overnight. After treatments, the cells were washed with cold PBS and 
incubated with a lysis buffer containing 20 mM Tris-HCl (pH 7.5), 150 mM sodium 
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chloride (NaCl), 10% glycerol, 1 mM sodium orthovanadate, 50 mM sodium fluoride, 1 
mM phenylmethylsulfonyl fluoride, and a protease inhibitor cocktail (Roche Molecular 
Biochemicals, Indianapolis, IN, USA) for 30 min on ice. Cell lysates are collected, and 
the protein content was determined by using the BCA protein assay kit (Bio-Rad 
Laboratories, Hercules, CA, USA). The amount of protein from each loaded onto 7.5-
10% SDS-polyacrylamide gels. After separation, the proteins are transferred onto 0.45 
µm nitrocellulose membranes (Bio-Rad), and the transferred membranes were blocked 
in 5% nonfat dry milk in TBST (25 mM Tris-HCl (pH 7.5), 125 mM NaCl, 0.05% Tween 
20) for 1 h and subsequently incubated with a specific antibody overnight at 40C. Then, 
the membranes were washed three times in 5 minutes with TBST and incubated with 
horseradish peroxidase (HRP)–conjugated anti-rabbit or anti-mouse IgG isotype-specific 
secondary antibodies in 5% nonfat dry milk for 2 hours at room temperature.  After 
three-time washed with TBST, the immune complexes were detected using 
chemiluminescence and the appearance band will be quantified using Image-J 
software. 

10. Immunofluorescence staining assay 
The expression of p-p53 was analyzed by immunofluorescence staining assay. 

Firstly, cells were treated with the indicated treatment. After that, cells were washed 
twice with PBS and fixed by 4% paraformaldehyde at 40C for 10 minutes. 
Permeabilization of the cells was performed by incubating the cells with 0.1% Triton 
x and 1% fetal bovine serum in PBS at 40C for 10 min. The cells were blocked with 3% 
BSA at room temperature for 30 minutes and incubated with p-p53, primary antibody, 
at 40C overnight (0.1% saponin and 1% fetal bovine serum in PBS). After that cells were 
washed again with PBS, then incubated with secondary antibody for 1 hour at room 
temperature. After staining, cells were visualized and captured using fluorescence 
microscopy. 

11. Structural Modeling 
In order to identify the binding modes and binding interactions of the DS-1 

molecule bound to MDM2 protein, the molecular docking technique on the basis of 
CHARMm-based DOCKER (CDCOKER) will be utilized to identify binding orientation, the 
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position of compound (ligand) on protein targets, as well as interaction energy between 
them. 

CDOCKER is based on a molecular dynamics simulated-annealing-based 
algorithm, which generates the various conformations of ligand before putting into the 
protein binding site. In the present study, 100 independent docking runs will be 
performed to obtain the complex formation between DS1 and MDM2 protein. Then, 
conformer with the lowest CDOCKER interaction energy as referred to the best pose 
will be selected and further analyzed. 

The acquired results will be determined in terms of interaction energy and 
binding orientation between DS-1 and p53-MDM2 complex. 

11.1 Preparation of DS-1 structure 
The 3D structure of DS-1 is built and optimized at the HF/6-31G(d) level of 

theory using the Gaussian09 software. 
11.2 Preparation of p53-MDM2 complex 

The X-ray structure of p53-MDM2 complex is obtained from Protein Data Bank 
(PDB ID: 1YCR). The binding pocket of p53-MDM2 complex is firstly identified before 
testing its interaction with DS-1. This has been previously studied that the binding site 
of the p53-MDM2 complex is at hydrophobic pocket domain at the NH2 terminus 
(residues 25-109) of MDM2 and amphipathic peptide at the NH2 terminus (residues 18-
26) of p53. Thus, the p53-binding pocket can be defined as the potential active site of 
the MDM2 protein to bind the ligand. 

11.3 Molecular docking  
Molecular docking of DS-1 with MDM2 will be carried out using the CDOCKER 

program in the Accelrys Discovery Studio 2.5Accelrys Inc.. CDOCKER will be used to 
dock DS-1 into the ligand-binding site of MDM2 and the interaction energy of each 
pose will be obtained. The process is generated based on the stimulation of annealing 
approach (i.e. heating and cooling steps). 100 poses will be ranked from its CDOCKER 
interaction energy values as following equation. Binding energy calculation: 
Ebinding = energy of complex (Ecomplex) – (energy of protein (Eprotein) − energy of 
ligand (Eligand))  
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11.4 Molecular dynamics (MD) simulation 
MD simulation of the best conformer of DS-1-MDM2 complex taken from 

molecular docking will be performed using AMBER 16 software package. The additional 
results in terms of structural analyses and binding affinity of DS1-MDM2 complex can 
be revealed by MD simulation. In the present study, MD simulation will be conducted 
to confirm the stability and recognition of DS-1 toward MDM2. The basic principle of 
MD simulation is to calculate forces (bonded and non-bonded interaction between 
atom in the system) based on Newton's second law of motion. Note that bonded 
interaction includes bond length, bond angle, and torsion, whereas non-bonded 
interaction includes electrostatic interaction and van der walls interactions. These 
interactions are commonly called “forces field”. 

12. Filopodia formation assay 
Cells at a density of 5 x 104 cells/well in 96 well-plate were treated with DS-1 

(0-100 µM) for 24 hours. The cells were continuously fixed with 4% paraformaldehyde 
for 10 min. After permeabilized with 0.1% Triton-X in PBS for 5 min, the cells were 
rinsed with PBS, blocked for unspecific binding with 0.2% BSA in PBS for 30 min, then 
incubated with a 1:100 dilution of phalloidin-rhodamine in PBS for 30 min, rinsed in 
PBS three times and mounted in 50% glycerol in PBS. Cell morphology of untreated 
and treated groups was capture captured using a fluorescence microscope (Nikon 
Eclipse Ts2, Japan; 40x magnification). 

13. Migration Assay 
Cell migration was determined by wound healing assays. A monolayer of cells 

was cultured in 96-well plates. The wound space was created by 1-mm-wide tips. After 
that, media was removed and washed with PBS. The cell monolayers were incubated 
with non-toxic concentration of DS-1 and permitted to migrate for 24 and 48 hours 
under a phase-contrast microscope. The percentage of the migration level was 
calculated as previously described (Yue et al., 2010), the different of wound area 
measured at 0 hours and wound area measured at 24 or 48 hours is divided by wound 
area measured at 0 hours, then multiplied by 100%. 
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14. Invasion Assay 
An invasion assay was performed using a 24-well transwell unit with 

polycarbonate (PVDF) filters (8 mm pore size). Each membrane was coated with 0.5% 
matrigel (BD Biosciences, Bedford, MA, USA) on the upper surface of the chamber 
overnight at 37˚C in the incubator. The cells were plated in the upper chamber at the 
density of 2×104 cells/ 100 μL in serum- free medium and were incubated with non-
toxic concentrations of DS-1 and a medium containing 10% FBS was added to the 
lower chamber of the unit. After 24 hours, the top medium and matrigel were removed 
and the cells on the upper side of the membrane were removed with a cotton swab 
while the bottom side was stained with Hoechst 33342. The cells were visualized and 
scored under a fluorescence microscope. 

15. Anchorage-independent cell growth assay 
Anchorage-independent cell growth was design in two-layer of soft agar. 

Briefly, the first layer was made by preparing 1% agarose and RPMI culture medium at 
ratio 1:1. The mixture was added into 24-well plate (500 µL/well) and placed at 40C. 
The second layer contained a mixture of the treated cell suspension in culture media 
and 0.33% agarose gel. After the first 3 h incubation and followed by every 3 days, 
culture medium with 10% FBS was added. Then 14 days later, colonies were 
photographed under microscopy (Nikon Eclipse Ts2, Japan; 10x and 20x magnification) 
and measured the colony number and size using ImageJ software. 

16. Statistical analysis 
 All numeric values are represented as the mean ± S.D from three independent 

experiments. Multiple comparisons were examined by analysis of variance (ANOVAs), 
followed by the Tukey posthoc test using Prisma 8 (Graphpad Software, San Diego, CA, 
USA). Statistical significance was set at *p<0.05.  
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17. Conceptual framework 
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18. Experimental Design 
This study was designed as following; 

Part I  Cytotoxic Effect of DS-1 on H460 cells 
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Part II Effect of DS-1 on p53 protein level 
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Part III Effect of DS-1 combined with cisplatin in H460 cells 
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Part IV Effect of DS-1 and/or cisplatin in patient-derived primary lung cancer  
cells 
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Part V Effect of DS-1 on EMT characteristics 
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Part VI Effect of DS-1 on EMT-related protein 
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19.  Cytotoxic effect and apoptosis induction of DS-1 on NSCLC cell 
19.1 Cytotoxic effect of DS-1  

   Evidence has been revealed that DS-1 has the capability to suppress cell 
viability in several cancer cell (Mittraphab et al., 2016), thus indicating that DS-1 may 
benefit to be developed as an anticancer agent. An attempt to inspect the effect of 
DS-1 on NSCLC cells, finding the toxicity, and specifying the non-toxic doses was the 
first investigation.  

Cells in 96-well plate were treated with DS-1 in several dose concentrations (0-
200µM) and let them in incubator at 370C for 24 h. Enzyme activity indicating the viable 
cells was measured by MTT assay. The non-toxic dose of DS-1 was determined by 
which concentration has no significant effect compared with control group and reduces 
cell viability no lower than 70%. Altogether, we could reveal IC50 concentration of DS-
1. 

19.2 Effect of DS-1 in apoptosis induction 
To confirm the cytotoxic effect of DS-1 that may affect apoptosis or necrosis 

induction on NSCLC cells. Apoptosis and Necrosis staining assay was performed. The 
cells were treated with DS-1 (0-150µM) for 24 h. Then cell nucleus will be stained with 
Hoechst and PI. Morphological change for all treatment and the non-treatment group 
was observed under fluorescent microscopy. 

20.  Mode of action of DS-1 in H460 cells 
As a prior test to investigate DS-1 toxicity on NSCLC, this study further extends 

more evidence by identifying the molecular mechanism. Cancer cells keep growing in 
the supports of apoptosis stimuli inhibition and survival signaling system (Kalimuthu 
and Se-Kwon, 2013). Thereby, apoptosis and survival signaling are therapeutic target to 
develop an anticancer agent. To aim so, the related proteins including Bcl-2, Bax, Akt, 
p-Akt, and p53 were investigated. 

Subconfluence Cells 80-90% in 6-well plate are treated with non-toxic doses 
of DS-1 (0-100 µM) and incubated for 24 h. The protein expressions of apoptosis and 
survival signaling pathways were determined by western blot analysis. 
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21.  Synergistic effect of DS-1 combined with cisplatin 
The standard therapy for NSCLC still tends to use platinum-based drug 

including cisplatin. The mechanism of cisplatin triggering DNA damage is categorized as 
a non-specific anti-cancer drug. it is well known that cisplatin cause nephrotoxicity and 
neurotoxicity as the advertising effect and the inherent resistance also enable to limits 
therapy achievement. In comparison in the use of cisplatin as double therapy versus 
monotherapy, studies demonstrated that the median survival of combination therapy 
with cisplatin is significantly higher than cisplatin alone. Increasing the efficacy, 
optimizing the side effect, and delaying resistance evolution are an expectation of the 
combination therapy by meaning that to enhance the curative outcome (Cosaert and 
Quoix, 2002; Cheong et al., 2005; Amarasena et al., 2008).  Here, we tested the response 
of H460 cells to a combination of DS-1 and cisplatin treatment.  

Cells were seeded onto a 96-well plate. After overnight, the media was 
replaced by new media containing DS-1 (0-100 µM). 24 h later cells incubate again with 
cisplatin (0-50µM) for 24 h and 48 h. After that, the viable cells were measured by MTT 
assay. In an effort to determine whether this combination treatment has a synergistic 
effect, the combination index (CI) was calculated using compuSyn software. 

22. Mechanism underlines DS-1 sensitizing H460 cells to cisplatin treatment 
The natural product has been widely used for many diseases. In the 

development of anti-cancer agent, natural product with the specific molecular 
mechanism has beneficially shown the effectivity to enhance chemotherapy potency 
(Demain and Vaishnav, 2011).  

In order to delve the mechanism by which DS-1 sensitizes H460 cells to 
cisplatin, immunoprecipitation assay was performed. Cells within 6-well plate were 
treated with MG132 for 3 h prior to DS-1 exposure for 6 h. Up to 250 µg protein into 
Eppendorf with magnetic bead and add anti-p53 for incubation overnight at 40C. 
Protein complex then detected by western blot analysis 

23. Molecular mechanism of combination of DS-1 and cisplatin 
To confirm the effect of DS-1 combined with cisplatin in apoptosis induction, 

cells were incubated with DS-1 prior to 24 h then treated with cisplatin for 24 h. The 
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expression of apoptosis-related proteins such as Bcl-2, Bax, p53 is investigated by 
western blot assay as mentioned above.  

24.  Effect of DS-1 combined with cisplatin on p-p53 expression 
To identify the expression of p-p53 after combination treatment, cells were 

incubated with DS-1 for 24 hours and then incubated again for 24 hours with cisplatin. 
The p-p53 expression was visualized by immunofluorescence assay. The treated cells 
were then incubated with p-p53 antibody overnight and fluorochrome-conjugated 
secondary antibody (Alexa Fluor® 488 Conjugate) for 1 hour at room temperature. After 
staining, cells were visualized and captured using fluorescence microscopy. 

25. Cytotoxic effect of DS-1 combined with cisplatin in patient-derived primary 
lung cancer cells 

To provide more evidence of the beneficial effect of DS-1 and combined with 
cisplatin, we further investigated the cytotoxic and synergistic effect in patient-derived 
primary lung cancer cells. Cells were treated with DS-1 with or without cisplatin for 24 
h. Then,  viable cells were measured by MTT assay.  

26. Effect of DS-1 on cell migration and invasion 
26.1 Effect of DS-1 on cell morfology 

Cancer cells originally grow within tissue. As they continuously proliferate, 
cancer spread in late-stage enables to metastasis through breaking out the normal 
tissue and reaches new region of the body (Bacac and Stamenkovic, 2008). During cell 
metastasis, the process follows several steps by which initiated by the change of 
cellular morphology. For instance, epithelial to mesenchymal transformation (EMT) is 
characterized by a prolonged cell spindle of the cytoskeleton. This is indicated as a 
higher metastatic potential than non-metastatic cells (Leber and Efferth, 2009; Lyons 
et al., 2016).  

To determine whether DS-1 inhibits the initiation stage of EMT progress. We 
previously observed the different cell morphology between control and treatment 
groups as mentioned above. The cell size was measured by ImageJ software. 
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26.2 Effect of DS-1 on cell migration and invasion 
Furthermore, as the morphological modification, it supports the cell behavior 

yielded in cell migration and invasion through the tissue to enter circulation where 
cells are facilitated to other organs or tissue. The ability of cell migration after DS-1 
treatment was analyzed by measuring the area of wound healing model. Whereas the 
ability of cell invasion after DS-1 treatment was evaluated the number of cells that 
invade through transwell filter compared to the control group. 

27. Effect of DS-1 on cell growth in an anchorage-independent model 
It has been well known that most of epithelial cells able to survive and 

proliferate require the proper conditions: cells attach within tissue and generate the 
activation of many survival signaling pathways (Guadamillas et al., 2011). Alike normal 
cells, cancer cells potentially defense themselves to survive within a detach condition 
called anchorage-independent. During EMT, cells travel from primary site to secondary 
site by detaching form. To determine whether DS-1 suppresses cell growth during 
anchorage-independent, cells pretreated with non-toxic doses of DS-1 for 24 hours 
were placed in adhesion model using anchorage-independent growth assay as 
mentioned in materials and methods. 

28. Effect of DS-1 on EMT phenotypes 
Cell metastasis evolvement is initiated by which the transformation of cells 

from epithelial cells with their cell-cell adhesion and cell polarity to mesenchymal 
cells with migratory and invasion ability (Mittal 2016). To investigate the effect of  DS-
1 on EMT-regulated protein. Western blot assay was performed to detect the protein 
expression of N-cadherin, E-cadherin, snail, and slug.  Moreover, integrin expression has 
been also associated with EMT progression (Bai et al. 2010; Larzabal et al. 2014). Thus 
integrin β1, integrin β3, integrin α5 as well as the downstream pathway including FAK 
protein level were determined by western blot assay. 

29. Expected benefit and application  
This finding demonstrated the novel activity of a pure compound DS-1 including 

a specific molecular mechanism on regulating MDM2-p53 complex with sensitizing 
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effect in NSCLC cells toward cisplatin-induced apoptosis and the potential effect as 
EMT inhibitor. This information is beneficial for developing DS-1 as a new potent 
anticancer agent for NSCLC. 
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CHAPTER IV 

RESULTS 

1. Cytotoxic effect of DS-1 on lung cancer cells and normal lung cells 
a. Cytotoxic effect of DS-1  

The cytotoxic effect of DS-1 has been addressed in several cancer cells 
including breast cancer cells, liver cancer cells, and colon adenocarcinoma cancer cells 
(Mittraphab et al., 2016). In the present study, we examined the effect of  DS-1 on 
H460 lung cancer cells. To determine the non-cytotoxic and cytotoxic concentration 
of DS-1, cells were first treated with DS-1 for 24 hours. After that, the cells were 
incubated with MTT reagent in dark room for 4 hours. The formazan product was 
diluted by DMSO, then measured by microplate reader at 570 nm. The result showed 
that DS-1 reduced cell viability in a dose-dependent manner and significantly reduced 
at 150 µM and 200 µM that indicated as toxic doses (Figure 4.1) 

 
Figure 4.1 Cytotoxic effect of DS-1 on H460 lung cancer cells. Cells were treated with 
several doses of DS-1 (0-200 µM) for 24 hours. Viable cells were identified by MTT 
assay. The percentage of the cell viability was calculated relative to control cells (taken 
as 100% viability). Values are means ± SD of three independent experiments, *P < 0.05 
versus non-treated cells.  
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b. Effect of DS-1 on apoptosis and necrosis induction 
To confirm the cytotoxic effect of DS-1, we further investigated the apoptosis 

and necrosis cell morphology. H460 cells were similarly treated with DS-1 and analyzed 
by Hoechst 33342 and PI staining assay. As shown in figure 4.2, the apoptotic 
morphology indicated by intense nuclear fluorescence, chromatin condensation, and 
fragmentation was seen along with the increasing dose concentration of DS-1. This 
revealed that DS-1 positively has potential on apoptosis induction in H460 cells after 
reaching the hight dose. 

 

 

 
Figure 4.2 The apoptotic and necrotic cells were stained by (a) Hoechst 33342 and (b) 
propidium iodide. Scale bar represents 25 µm. The percentage of apoptotic and 
necrotic nuclei was calculated as the total apoptotic/necrotic cell of the treatment 
group divided by the total apoptotic/necrotic cell of the control group and multiplied 
by 100%. The data is presented as mean ± SD (n=3). *p<0.05 versus control group. 
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2. DS-1 sensitizes cisplatin-induced apoptosis in H460 cells 
a. Cytotoxic effect of DS-1 combined with Cisplatin 

To determine the sensitizing effect of DS-1 on H460 cells to cisplatin treatment, 
we further investigated the cytotoxic effect of DS-1 combined with cisplatin on H460 
cells. Cells were pretreated with DS-1 for 24 hours prior then once again treated with 
cisplatin for 24 or 48 hours. The cell viability was analyzed by MTT assay. The results 
indicated that the living cells were reduced more at combination treatment than 
cisplatin alone in a dose- and time-dependent manner (Figure 4.3).  
 

 
Figure 4.3 DS-1 enhances the effect of cisplatin-induced cytotoxicity on H460 lung 
cancer cells. Cells were treated with DS-1 (50 and 100 µM) for 24 hours before 24 
hours cisplatin (25 and 50 µM) exposure. Viable cells were measured by MTT assay. 
The percentage of cell viability was calculated and compared to untreated cells. The 
data is presented as mean ± SD (n=3). *p<0.05 versus control group, #p<0.05 versus 
cisplatin-treated cells. 

b. Effect of DS-1 combined with cisplatin on apoptosis induction 
Since having shown that DS-1 could sensitize cells to cisplatin-induced 

cytotoxicity, to identify the effect of DS-1 in cisplatin-induced apoptosis, we then 
performed annexin V conjugated PI using Flow cytometry to measure the increasing 
number of apoptotic cells. Cells were pre-treated with DS-1 for 24 hours, then 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

43 
 

 

incubated with cisplatin for 24 hours. The cells were stained with annexin v and PI. 
Consistently, the results showed that in combination treatment of DS-1 and cisplatin 
has a high percentage of apoptotic cells (Figure 4.4). Accordingly, it could be assumed 
that DS-1 has the capability to sensitize the cells to cisplatin-induced apoptosis. 

 

 

 
Figure 4.4 Density maps of annexin V apoptosis detection results. After the treatment 
of DS-1 and cisplatin, apoptotic cells were measured by flow cytometry. Rates of living, 
early apoptosis, late apoptosis, and necrosis cells were obtained after the annexin V/PI 
analysis. . 

c. Combination index of DS-1 plus cisplatin  
The combination index (CI) was also calculated by CompuSyn software. CI < 1, 

CI = 1, and CI > 1 represented synergism, additive, and antagonism effect, respectively. 
DS-1 plus cisplatin showed CI lower than 1 implying that this combination has a 
synergistic effect (Figure 4.5). 
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Figure 4.5 Combination index (CI)-fraction affected (Fa) plot of DS-1 and cisplatin 
combination in H460 cells. Fraction affected; the range is 0-1, where Fa= 0 and 1 
represented 100% viability and 0% viability, respectively, and input into CompuSyn 
Software (Biosoft, Ferguson, MO, USA). CI < 1, CI = 1, and CI > 1 represented synergism, 
additive, and antagonism effect, respectively.  
3. DS-1 increases the expression of p53 on H460 cells 

a. Effect of DS-1 on protein-regulated apoptosis 
To investigate the mechanism of action of DS-1, the non-toxic concentrations 

of DS-1 (25-100 µM) were continuously evaluated on apoptotic-related proteins 
including p53, Bax, and Bcl-2 and survival signaling cascade proteins including Akt and 
p-Akt. H460 cells were treated with DS-1 (0-100 µM) for 24 hours. The protein 
expression was detected by western blot analysis. Interestingly, the results showed 
the increasing level of p53 protein expression in the DS-1 treated cells up to 2.24-6.00-
fold higher than that of the control group. Moreover, DS-1 also affected the induction 
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of Bax to 1.99-fold and inhibition of Bcl-2 0.26-fold protein expression to at 100 µM of 
DS-1, but slightly suppressed the expression of Akt/p-Akt protein compared to the 
untreated group (Figure 4.6A,B), given that DS-1 might regulate the accumulation of 
p53 protein, which in turn generates the cellular response including up-regulation of 
Bax and down-regulation of Bcl-2. 

b. Effect of DS-1 on p53 half-life  
p53 functions as an important regulatory for apoptosis induction in response to 

cellular stress stimulus including aberration of oncogene activation and DNA damage 
(Fridman and Lowe, 2003). Thereupon, rapid degradation, short half-life, and low 
intracellular level of p53 promote cancer cells thrive (Ozaki and Nakagawara, 2011). 
Accordingly, for the therapeutic approach, several studies have purposed the 
restoration of p53 function as a potential drug mechanism of action (Bossi and Sacchi, 
2007; Martinez, 2010; Hientz et al., 2017).  To evaluate whether DS-1 up-regulates p53 
level through increasing p53 stability, the CHX chasing assay was performed. CHX has 
been reported as a protein synthesis inhibitor and is widely used to determine half-
life of a protein (Schneider-Poetsch et al., 2010). Cells were subjected to 50 µg/mL 
CHX with or without DS-1 (50 µM and 100 µM) for 0, 1, 3, and 6 hours followed by 
western blot analysis. In the present of CHX, the expression of p53 protein was 
inhibited and the reduction of the protein is dominantly dependent on the rate 
degradation. As shown in figure 4.6 C and D, the result showed that DS-1 could increase 
the p53 half-life in CHX-treated cells from ~ 0.5 hours to ~ 1.10 and 1.84 hours at 50 
and 100 µM of DS-1, respectively. The half-life of p53 within cells is limited by its 
negative regulator MDM2 protein. This because the MDM2 targets p53 and ligases the 
protein with ubiquitin molecules for proteasomal degradation (Marine and Lozano, 
2010). 

c. Effect of DS-1 on Ub-p53 level 
Since DS-1 increased the level of p53 expression in H460 cells at the non-toxic 

dose, we presumed that  DS-1 might act on the preventive degradation of p53 protein 
that leads to increasing the accumulation of p53 protein in the nucleus. To confirm 
the effect of DS-1 on the prevention of p53 degradation, immunoprecipitation and 
western blot analysis were performed to detect the formation of  Ub-p53. H460 cells 
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were pretreated with MG132 (10 µM), a specific proteasome inhibitor, for 1 hour, and 
treated with DS-1 (50-100 µM) for 6 hours. As shown in figure 4.6E, the results indicated 
that the Ub-p53 complex was dramatically suppressed after DS-1 treatment, suggesting 
that DS-1 increases p53 protein by delaying the ubiquitin-proteasome degradation 
process.  
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Figure 4.6 The effect of DS-1 on apoptosis-related protein. (A) Cells were treated with 
DS-1 (0-100 µM) for 24 hours. The protein expression was detected by western blot 
assay. (B) The intensity was qualified by densitometry. (C) Cycloheximide was carried 
out to determined the half-life of p53 protein. Cells were subjected to DS-1 (50 and 
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100 µM) with or without 50 µg/mL cycloheximide (CHX) for 0,1, 3, and 6 hours. The 
p53 protein expression was detected by western blot. (D) The relative protein levels 
were calculated by densitometry. The half-life of p53 protein was calculated using 
GraphPad Prism’s one-phase decay algorithm. The data is presented as mean ± SD 
(n=3). **p<0.01 versus untreated cells at 0 hour, #p<0.05, ##p<0.01 versus CHX-treated 
cells (E) Cells were pretreated with proteasome inhibitor MG132 (10 µmol/L) for 1 hour 
and then treated with DS-1 (50-100 µM) for 6 hours. Cell lysates were 
immunoprecipitated with anti-p53 antibody, and the ubiquitinated protein level 
(ubiquitin (P4D1) mouse mAb) was analyzed by western blotting assay. The intensity 
of Ub-p53 protein level was qualified by densitometry and calculated relative to 
control. The values of all experiments are means of independent triplicate 
experiments ± SD *p<0.05, **p<0.01 versus control group. 
4. The combination of DS-1 and cisplatin enhanced the expression of p-p53 on 

H460 cells 
a. Effect of DS-1 combined with cisplatin on protein-related apoptosis 

Having shown that DS-1 sensitizes lung cancer cells to cisplatin-induced 
apoptosis, we further identified the mechanistic pathways involving in apoptosis 
induction including expression apoptosis-related protein, p53, Bax, Bcl-2, Akt/p-Akt, 
and activation of p53 in combination treatment. Cells were pretreated with DS-1 (50-
100 µM) for 24 hours and treated with cisplatin (25-50 µM) for 24 hours. The indicated 
proteins were investigated by western blot. As shown in figure. 4.7A-C, DS-1 could 
enhance the effect of cisplatin in regulating the p53-dependent apoptosis cascade 
including induction of Bax, suppression of Bcl-2, and attenuation of Akt/p-Akt. As the 
p53 is known to be stabilized and activated in response to DNA damage stimuli via 
phosphorylation at Ser-15 and the activated p53 then accumulated in the nucleus for 
its transcriptional activities.  

b. Effect of DS-1 combined with cisplatin on p-p53 level 
The p-p53 expression was evaluated by immunofluorescent assay and 

visualized under fluorescence microscopy. We investigated the activate status and 
nuclear localization of the protein in response to DS-1, cisplatin, and combination 
treatments. Figure. 4.7 D and E indicate that treatment of the cells with DS-1 slightly 
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increased the p-p53 level concentrated at the nucleus of cells, whereas cisplatin 
treatment could also enhance the intense signal of p-p53. Interestingly, the 
combination treatment dramatically increased the activated p53 and nuclear 
localization, suggesting that DS-1 may, at least in part, induce the accumulation of 
naive p53 prior to cisplatin treatment and such accumulation of the protein intern 
promoted the activation of p53. These indicated that the rule of DS-1 on cisplatin-
induced apoptosis acts on upregulation p53 to sensitize H460 lung cancer cells. Then 
the increasing p53 protein is activated after exposure to cisplatin. 
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Figure 4.7 The effect of DS-1 combined with cisplatin on apoptosis-related protein. (A) 
After 24 hours of DS-1 (50-100 µM) treatment, cells were exposed to cisplatin (25 and 
50 µM) for 24 hours. The protein expression was detected by western blot assay. (B-C) 
The intensity was qualified by densitometry. The relative protein level was calculated. 
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The membrane blots were re-probed with GAPDH to confirm equal loading of the 
sample. The data is presented mean ± SD (n=3) *p<0.05 versus control group, #p<0.05 
versus cisplatin-treated cells. (D) The representative images show phosphorylation of 
p53 (green) investigated by Immunofluorescence. Scale bar represents 25 µm. (E) The 
fluorescence intensity of p-p53 was analyzed using ImageJ software. The diagram 
illustrated signal intensity along the dotted line. The mean intensity/cell from at least 
50 cells was calculated relative to control group. The data is presented as mean ± SD 
(n=3) *p<0.05 versus cisplatin-treated cells. 
5. DS-1 interacts with the binding pocket of MDM2 protein 

A study reported that intrusion on the interaction of MDM2 and p53 complex 
has been revealed as a way to prevent p53 degradation (Klein and Vassilev, 2004), 
giving a thought that DS-1 may inhibit ubiquitination of p53 by targeting MDM2 protein. 
To predict the binding mode of DS-I into MDM2, molecular docking was performed 
using CHARMm-based DOCKER (CDOCKER) program in the Accelrys Discovery Studio 
2.5Accelrys Inc. The 3D structure of DS-1 was built and optimized at the HF/6-31G(d) 
level of theory using the Gaussian09 software while the X-ray structure of MDM2-p53 
complex was retrieved from Protein Data Bank (PDB ID: 1YCR). The results of the study 
showed that DS-1 could bind with the binding pocket of MDM2 (Figure 4.8). Accordingly, 
Molecular Dynamic (MD) simulation was also carried out to define its structural 
analyses and binding affinity. As observed, DS-1 with MDM2 showed the binding affinity. 
DS-1 was found to contact with the binding pocket of MDM2 by carbon-hydrogen bond 
at Lys27, π-Alkyl interactions at Ile37 and Leu30, and Van der Waals interactions at 
Ile75, Val51, Val69, Phe67, Met38, Tyr43, Gly34, Phe31, and Lys27 (Figure 4.8C). Hence, 
this molecular docking study provides a prediction of the DS-1 ability to reside with 
numerous active pockets of MDM2. Moreover, MD simulation also showed the 
structural stability and interaction mechanism of the protein-ligand complex, which 
verified that the Root-mean-square deviation  (RMSD) plot of  MDM2-DS-1 complex 
reached a plateau and continuously stable after 50 ns (Figure 4.8D-G). Moreover, 
hydrogen bond was analyzed by AMBER, which was computed with 100 ns simulation. 
The length and angle cutoffs of hydrogen bonds used was ≤ 3.5 Å and ≥ 120o, 
respectively. DS-1 bound with MDM2 pocket with approximately ~2 ± 1 hydrogen 
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bonds. The number of atom contact in intermolecular interaction of MDM2-DS-1 
complex was also analyzed in time course simulation. The results showed that ~21 ± 
7 intermolecular atom contacts were found in the simulation which indicated our 
simulation model is stable. 
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Figure 4.8 Molecular docking model of DS-1 and MDM2. (A) Domain structure of p53 
(upper) and  MDM2 (lower). p53 possesses 393 amino acids: N-terminal transactivation 
domains (TAD1 and TAD2, residues ~1–40 and ~ 40–50, respectively), the proline-rich 
domain (PR, ~ 64–82), the central DNA-binding domain (DBD, residues ~ 100–300), the 
oligomerization domain (OD, residues ~ 323–353), and the unstructured C-terminal 
domain (CTD, residues ~ 363–393). MDM2 is a 491 amino acid, consists of several 
domains, N-terminal p53 interaction domain (Hydrophobic domain, residues ~ 18-101), 
Nuclear localization signal (NLS, residues ~ 18-101), Nuclear export signal (NSE, residues 
~ 181-185), central acidic domain (residues ~ 237-285), zinc finger domain (residues ~ 
289-331), and Ring-finger domain (residues ~ 466-473). (B) Comparison of the 2D 
structure complex of MDM2 (green), p53 (magenta), and DS-1. (C) The binding site of 
DS-1 on MDM2 protein. The interaction between them is represented in different colors 
(carbon-hydrogen bond interaction at Lys27, π-Alkyl interactions at Ile37 and Leu30, 
and Van der Waals interactions at Ile75, Val51, Val69, Phe67, Met38, Tyr43, Gly34, 
Phe31, and Lys27). (D) An illustration of The number of intermolecular atom contacts 
between DS-1 and MDM2. (E) Structure stability of DS-1-conjugated MDM2 was 
evaluated by Root-mean-square deviation (RMSD) analysis. (F) The number of 
intermolecular hydrogen bonds between protein and ligand was computed for 
simulation time. (G) The number of intermolecular atom contacts between protein 
and ligand (calculated from 4 Å sphere of ligand) was determined for simulation time. 
6. Effect of DS-1 on patient-derived primary lung cancer cells 

We next investigated the DS-1 sensitizing effect on primary lung cancer cells. 
The patient-derived primary lung cancer cells were generally characterized. The cells 
were treated with various concentrations of DS-1 (0-150 µM) and/or cisplatin (0-50 µM) 
for 24 hours. Cell viability was measured by MTT assay. The result indicated that DS-1 
or cisplatin alone decreased the viable cells significantly. Importantly, the combination 
showed that DS-1 could enhance the cells to cisplatin-induced cytotoxicity (Figure 
4.9A, B). To confirm, apoptosis and necrosis were evaluated by co-staining of Hoechst 
33342 and Propidium Iodide (PI). After the 24 hours incubation of DS-1, cisplatin, or 
combination, cells were incubated with Hoechst 33342 and PI and visualized under 
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fluorescent microscopy. The results show the consistent data inducting that DS-1 could 
sensitize cisplatin-induced apoptosis and the combination treatment caused the 
highest apoptosis response compared to cisplatin or DS-1 treatment (Figure. 4.9C, D). 
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Figure 4.9 DS-1 sensitizes patient-derived primary lung cancer cells. The cells were 
treated with DS-1 (0 -150 µM) for 24 hours or combined with cisplatin (25 and 50 µM). 
(A-B) Living cells were measured by MTT assay. The percentage of cell viability was 
calculated and compared to untreated cells. (C) The apoptotic and necrotic cell 
morphology stained by (a) Hoechst 33342 and (b) propidium iodide were visualized 
under fluorescent microscopy. Scale bar represents 50 µm. (D) The percentage of 
apoptotic and necrotic nuclei was calculated relative to control group. The data is 
presented mean ± SD (n=3) *p<0.05 versus control group, #p<0.05 versus cisplatin-
treated cells. 
7. Effect of DS-1 on proliferation of H460 and H292 cells 

A previous study showed that multiple cascades control the proliferation and 
metastasis of cancer cells in a different way. However, the unregulated proliferation of 
cancer cells could facilitate metastasis progression (Endo et al., 2019). Therefore, we 
first looked at cell proliferation of H460 and H292 cells in the presence of DS-1. Briefly, 
cells were incubated the cells in 96-well plate with various doses of DS-1 (0-100 µM) 
for 0, 24, and 48 h. The increasing number of cells for each time point was measured 
by MTT assay. The results showed that relative cell proliferation at 24 h was fairly 
attenuated at DS-1 treatment, while at 48 h of cell incubation was gradually 
suppressed on both the lung cancer cells (Figure 4.10). 

 
Figure 4.10 DS-1 inhibits cell proliferation of H460 cells. Cells were treated with DS-1 
(0-100 µM). Cell viability was analyzed using MTT assay at 0, 24, and 48 h. Relative 
proliferation was calculated by comparing with the control group. The data is 
presented at mean ± SD (n=3), *p<0.05 versus control group. 
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8. DS-1 inhibited migration and invasion of H460 and H292 cells 
a. Effect of DS-1 on cell morphology 

To examine the effect of DS-1 on cell behavior, we further assessed the EMT-
related morphological change. Normally, epithelial cell morphology is characterized 
as round, elongated, or spherical. On development of cancer migration and invasion, 
cells tend to exhibit morphological transformation of epithelial cells to a spindle 
mesenchymal cell shape which is characterized by the form of filopodia or plasma 
membrane protrusions (Elaskalani et al. 2017). Cells were treated with DS-1 for 24 h. 
After that, the phalloidin-rhodamine staining assay was conducted. As shown in Figure 
4.11, relative filopodia per cells of DS-1 treatment group (100 µM) reduced the 
formation of filopodia of both cells suggesting that DS-1 might exhibit prevention on 
mesenchymal-like morphology.  

 
Figure 4.11. Effect of DS-1 on filopodia formation of H460 and H292 cells. After 
treatment with nontoxic concentrations of DS-1, cells were stained with phalloidin-
rhodamine and examined using fluorescent microscopy. Filopodia characteristics are 
indicated by arrowheads. Scale bar represents 100 µm. Relative number of filopodia 
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per cell compared with the control. Data are shown as the mean ± SD (n=3). *p<0.05 
versus non-treated control. 

b. Effect of DS-1 on cell migration and invasion 
Next, we tested DS-1 on regulating migration and invasion of H460 and H292 

cells. Wound healing assay and transwell invasion assay were performed. Cell 
movement was captured under phase bright microscopy at 0, 24, and 48 h. The results 
showed that DS-1 prevented cell migration of H460 and H292 cells in a dose-
dependent manner. Similarly, transwell invasion results showed a reduced number of 
H460 and H292 cell invasion at 25, 50, and 100 µM of DS-1 compared to control group 
(Figure 4.12). These evidenced that DS-1 potentially inhibited NSCLC migration and 
invasion. 
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Figure 4.12 DS-1 inhibits migration and invasion of H460 cells. Cells were pretreated 
with DS-1 (0-100 µM) for 24 h. Cell migration was evaluated by wound healing assay. 
The percentage of wound closure migration level at 24 and 48 h was determined by 
comparing it with the wound area at 0 h. Cell invasion was investigated by transwell 
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migration assay (pore size: 8 µm). The treated cells with DS-1 were inserted onto the 
upper chamber containing the set of matrigel and incubated for 48 h. The invaded 
cells were stained with Hoechst 33342 and visualized by fluorescence microscopy (20X 
magnification). The relative invasion was calculated as total invaded cells of the 
treatment group divided by total invaded cells of control group. The data is presented 
as mean ± SD (n=3). *p<0.05 versus control group. 

c. Effect of DS-1 on Anchorage-independent growth  
Cancer metastases are related to aggressiveness in which cells enable to survive 

in detached condition (Buchheit et al., 2014). As they were resistant to anoikis, the 
invaded cells get into systemic circulation form metastatic colonies and reach distant 
tissue (Nguyen et al., 2009). It has been clarified that such interaction of tumor cells 
and platelets mediate the survival cascade and elude tumor cells from shear stress 
(Yu et al., 2014). Thus, we further questioned whether DS-1 could inhibit H460 cell 
growth in the anchorage-independent model. Cells were pre-treated with DS-1 (0-100 
µM) for 24 h, then subjected to soft agar anchorage-independent growth assay as 
illustrated in materials and methods. Our result exhibited that DS-1 significantly 
reduced the number as well as the size of colonies (Figure 4.13). 
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Figure 4.13 DS-1 inhibits cell growth of H460 cells in the anchorage-independent 
condition. (A-B) Cells were pretreated with DS-1 (0-100 µM) for 24 hours and subjected 
to anchorage-independent assay. After 14 days of incubation, cells were captured 
under phase bright 10X (upper) 20X (lower) magnification. The results were represented 
in relative number and size of the colonies. The data is present mean ± SD (n=3). 
*p<0.05 versus control group.  
9. DS-1 suppressed EMT properties 

Cell metastasis evolvement is initiated by which the transformation of cells 
from epithelial cells with their cell-cell adhesion and cell polarity to mesenchymal 
cells with migratory and invasion ability (Mittal, 2016). Following our findings, DS-1 
exhibited an inhibitory effect on NSCLC cell migration and invasion. We suspected that 
DS-1 might regulate EMT properties. Western blot assay was performed to detect EMT-
related protein expression. As shown in Figure 4.14A DS-1 downregulated the 
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expression of mesenchymal markers such as N-cadherin, snail, and slug but increased 
epithelial marker such as E-cadherin. These indicated that DS-1 inhibits the initiation of 
cell metastasis by regulating the cadherin switching. Moreover, integrin expression has 
been also associated with the EMT progression (Bai et al., 2010; Larzabal et al., 2014). 
We next investigated the expression of integrin including α5, β1, and β3. After 24 h of 
the DS-1 treatment, integrin β1 expression was significantly decreased at 100 µM 
concentration of DS-1. However, the moderate change was shown on integrin α5 and 
β3 expression in response to DS-1 exposure (Figure 4.14B). Furthermore, total FAK 
protein and p-FAK (Try397) were also determined. We found that DS-1 reduced the 
active form of FAK compare to the control group. As FAK/p-FAK is one of the 
downstream pathways of integrin that contributes to cancer metastasis, these results 
indicated the mechanism of action of DS-1 in which might diminish integrin β1-
mediated FAK activation to cell migration. 
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Figure 4.14 Effect of DS-1 on EMT regulatory proteins in H460 cells. (A-J) Cells were 
treated with 25, 50, 100 µM of DS-1. The protein expression was detected by Western 
blot and quantified using ImageJ software. Relative protein level was calculated and 
compared with untreated group. The data is present mean ± SD (n=3). *p<0.05 versus 
control group.



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

CHAPTER V 

DISCUSSION AND CONCLUSION 

The gene encoding p53 (TP53) in early year of the discovery was initially 
recognized as an oncogene but after ten years it was correctly recognized as a tumor 
suppressor, which gain much attention in p53 research (Levine and Oren, 2009). p53 
protein has feature function not only as a tumor suppressor but also as transcriptional 
factor (Zilfou and Lowe, 2009). The dimer form between  DNA-binding domine (DBD) 
of p53 (residues 90-300) (Figure 2.3) and response element (RE) of DNA is recognized 
to initiate p53 acting on transcriptional alteration that regulates several cellular 
responses including cell cycle arrest, apoptosis cell death, senescence and DNA repair 
system (Wang et al., 2010). The fundamental of p53 activation is mediated by multiple 
cellular stress or a genotoxic exposure on the cells which causes the translocation of 
p53 from the cytoplasm to nucleus and stabilization of p53, turns to its active form 
(Liang and Clarke, 2001; Sansome et al., 2001; Kumari et al., 2014). 

These functions maintain genome stability and preventing survival and 
propagation of harmful cancer cells (Laptenko and Prives, 2006). Moreover, the 
employment of p53 activation for cancer has shown a positive effect on cell sensitivity 
to chemotherapy (Trepel et al., 1997; Hernandez-Valencia et al., 2018). However, it has 
been classified as the p53 status in many cancer types as inactivated or loss of function 
that is related to cancer progression (Soussi and Wiman, 2015). Moreover, tumor 
protein p53 (TP53) mutation, deletion in TP53 copy number, and aberrant activation 
of MDM2 protein have been defined as the main regulators of the perturbation of p53 
activation (Jackson and Lozano, 2013; Kastenhuber and Lowe, 2017), 2013; Liu et al., 
2016; Kastenhuber and Lowe, 2017). 

MDM2 continuously depletes p53 through its ubiquitin E3 ligase activity. The 
ubiquitination of p53 is an important step for the degradation of the protein via 
proteasome function. An approach to inhibit p53 degradation by interfering MDM2-p53 
interaction has garnered increasing attention recently as p53 suppression or 
inactivation is well-defined to potentiate oncogenic potentials. As the concept of 
targeting MDM2 and restoring normal p53 function has offered traction for novel anti-



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

65 

cancer therapeutics, the present study demonstrates how a bibenzyl-phenanthrene, 
isolated from Dendrobium Signatum, interacts with MDM2 and inhibits MDM2-
dependent p53 degradation in human lung cancer cells. We also found that the 
increase of p53 level in lung cancer cells could enhance cancer cell response to 
cisplatin in lung cancer cells and pleural effusion-derived primary lung cancer cells 
(Figure. 4.9).  

Considering MDM2-p53 interaction, the functional domain of MDM2 provides 
the fundamental principle for the oncogene properties (Figure 4.8). The N-terminal 
p53-binding domain is required for MDM2-p53 interaction. The acidic domain and an 
adjacent zinc finger connect the interaction of MDM2 with many ribosomal proteins 
(RPs). And the RING finger domain is where the E3 ubiquitin ligase activity of MDM2 and 
mediates the ubiquitin-conjugating E2 enzyme to promote the target protein 
ubiquitination (Canon et al., 2015). In association with p53 inactivation, MDM2-p53 
interaction causes the suppression of p53 transcriptional function via exporting of p53 
protein into the cytoplasm or promoting the degradation (Hayashi et al., 2006; Oliner 
et al., 2016). MDM2 blocks the N-terminal trans-activation domain of p53 and facilitates 
p53 degradation through the ubiquitin-proteasome pathway (Liang and Clarke, 2001; 
Asher et al., 2002). Therefore, the half-life of p53 could be prolonged by protecting 
p53 from the ubiquitination process (Pant and Lozano, 2014). Many studies have 
highlighted the impact of the high level of MDM2 in cancers.  

Studies have demonstrated that cellular level of MDM2 protein was responsible 
for the inactivation of p53 and the high level of MDM2 associated with tumor 
progression in sarcoma (Turc-Carel et al., 1986; Meltzer et al., 1991; Oliner et al., 2016). 
Recently, about forty types of malignancies, including solid tumors, sarcomas, and 
leukemia were reported to have elevated MDM2 expression that associate with poor 
clinical prognosis and decreased response to therapeutic agents (Rayburn et al., 2005; 
Oliner et al., 2016). Specifically, a study in NSCLC patients found that 21% of 116 
patients had overexpressed of MDM2. The overexpression of MDM2 protein mediated 
by MDM2 gene amplification has been linked with metastasis, radioresistance, as well 
as chemoresistance (Rayburn et al., 2005). Also, it suppresses the accumulation and 
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activation of p53 apoptotic pathway (Zhao et al., 2014). These findings have supported 
the concept that targeting MDM2 offers a promising means for cancer treatment.  

In the present study, we have found that non-toxic doses of DS-1 increased 
p53 protein by preventing p53-ubiquitination. Consequently, DS-1 caused the 
induction of apoptosis-related proteins including Bax and suppression of Bcl2, and 
Akt/p-Akt (Figure. 4.6A,B), and apoptosis induction was found at high concentration of 
DS-1 (150 µM) (Figure. 4.2). Interestingly, DS-1 at non-toxic concentration (100 µM) 
barely increases the activated p53 in comparison to cisplatin (Figure. 4.7D,E). It is 
possible that the low concentrations of DS-1 accumulated p53 protein but did not 
affect the activation of p53. Since aberrant activation of MDM2 protein was frequently 
found in cancer cells (Higashiyama et al., 1997; Wade et al., 2013). Studies targeting 
the interaction of p53 and MDM2 have shown a beneficial effect on the reactivation 
of p53 protein that mediates apoptosis induction in cancer cells (Moll and Petrenko, 
2003; Yue et al., 2017; Moulder et al., 2018). Mechanistically, the Hydrophobic domain 
(residues 18-101) of MDM2 binds p53 tumor-suppressor at N-terminal domain of p53 
(Phe19, Leu22, Trp23, and Leu26) (Shangary and Wang, 2008) which have been found 
as the basis for the therapeutic design to develop an inhibitor of MDM2-p53 interaction. 
Moreover, It has been previously described that compounds that act as MDM2 inhibitor 
and interact with the hydrophobic domain of MDM2 like Nutlin, the first MDM2 inhibitor 
to enter phase I clinical trials showed the interaction with MDM2 at Trp23, Leu26 and 
Phe19 could interfere its interaction with p53 (Zhao et al., 2015). Interestingly, the 
result of the present study showed that DS-1 interacts with the binding pocket of 
MDM2 at Lys27, Leu30, Ile37, Ile75, Val51, Val69, Phe67, Met38, Tyr43, Gly34, and 
Phe31 (Figure 4.8B,C). In turn, the presence of DS-1 probably inhibits the interaction of 
p53 and MDM2 leading to stabilize and restore the intracellular p53 protein. In line 
with this study, several compounds targeting activity MDM2 also induced p53-mediated 
apoptosis in cancer cells (Sun et al., 2008; Ohnstad et al., 2011; Yu et al., 2019). A study 
in Xenograft models of non-small lung cancer cells showed that the inhibition of MDM2 
and p53 interaction could enhance apoptotic response and cell cycle arrest (Hai et al., 
2015). Additionally, of clinical relevance, drugs targeting MDM2 have been extensively 
studied in many cancer types and some of which are being tested in clinical trials such 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

67 

as MK-8242, SAR405838, RO5045337, RO5503781, CGM097, and DS-3032b (Zhao et al., 
2015). Notably, p53 driven by MDM2 plays a crucial role in apoptosis by regulating the 
activation of p53. 

Moreover, chemotherapy including cisplatin remains the first treatment option 
because it has shown the substantial benefits for NSCLC patients (Cosaert and Quoix, 
2002; Horita et al., 2017). Albeit initial treatment for lung cancer is responding well to 
cisplatin, the long-term treatment proves to be ineffective and unsatisfactory due to 
the development of drug resistance (Galluzzi et al., 2012; Barr et al., 2013).  In one 
study, cisplatin-caused DNA damage triggers the elevating of MDM2-p53 loop in tumor 
cells. Simultaneously, this has been linked to the ability of a protein called Mushashi-
2 (MSI-2) governing the E3 ligase activity of MDM2 to accelerate p53 degradation (Hou 
et al., 2019). Moreover, a study confirmed that MDM2–p53 autoregulatory loop 
contributes to cell resistance, that upregulation of MDM2 expression and non-
phosphorylated p53 were exhibited in cisplatin-resistant tumor cells (Sheng et al., 
2017). Therefore, previous studies have reported that MDM2 inhibitor combined with 
cisplatin was expected to be a promising strategy to enhance treatment outcomes 
(Ambrosini et al., 2007; Canon et al., 2015; Deben et al., 2015). Moreover, in cultured 
cells of non-small cell lung cancer, treatment of an MDM2 inhibitor, and cisplatin 
synergistically induced apoptosis cell death compared to Nutlins-3a or cisplatin alone 
(Deben et al., 2015). Small molecules that inhibit MDM2 including Nutlin-3a, induced 
p53 activation and showed to be effective in combination with known chemotherapy 
(Ohnstad et al., 2011). In a xenograft model of NSCLC, mice subcutaneously injected 
with NCI-H460 cells, AMG 232 (MDM2 inhibitor) combined with cisplatin in mice showed 
synergistic antitumor activity, at the same time the activity of p53 was increased (Canon 
et al., 2015). Consistent with our study, we also reported that the synergistic effect of 
DS-1-combined with cisplatin induces programmed cell death by apoptosis via 
enhancing the activation of p53 and its downstream apoptotic pathway. Collectively, 
we provided feature information of a new compound together with the mode of action 
of DS-1 by which enhances the expression of p53 protein gives a chance to cisplatin 
upregulate the phosphorylation of p53 and thus increased the cytotoxic effect and 
apoptotic cells in NSCLC.  
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Figure 5.1 Systematic mechanism of action of DS-1. The correlation between p53 and 
MDM2 is an autoregulatory feedback loop. p53 promotes the expression of MDM2. 
Successively, MDM2 inhibits p53 activity and mediates p53 degradation. The 
mechanisms of DS-1 on NSCLC; DS-1 interacts with MDM2 resulting in accumulating 
p53 intracellular protein prevent p53 ubiquitination, as observer DS-1 reduces 
ubiquitin-p53 complex. 

For cancer metastasis, despite EMT phenomenon in such cellular biology 
taking place in many processes during the development of living cells, aberration EMT 
has been associated with metastasis and resistance evolvement in many types of 
cancer cells (Savagner 2010; Xiao and He 2010). A study has conclusively demonstrated 
EMT as cancer hallmark is purposed for the initiation of cancer cell migration and 
invasion, which is related to the risk of lung cancer in treatment failure (Messaritakis et 
al., 2017). Suppressing molecular mechanisms governing EMT has been considered an 
effective target for anticancer strategies in many preclinical and early-clinical study 
(Yang et al., 2019). Certain integrins are emerging as pivotal factors of cancer cell 
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refraining from apoptosis during metastasis. The integrin function to respond to the 
extracellular signal transduction and generate the coordinate signaling pathway 
activation of focal adhesion kinase (FAK) (Alanko et al., 2015). FAK signaling pathway 
activation supporting cell proliferation and survival has been reported also to regulate 
the transcriptional factor of EMT (Zouq et al., 2009; Sulzmaier et al., 2014). Therefore, 
EMT-regulating property is a considerable strategy to impede cancer metastasis. 

Previously, studies interested in the active compounds of Dendrobium species 
have revealed the anti-metastasis effect in Non-small cell lung cancer cells (Chaotham 
et al. 2014; Charoenrungruang et al. 2014). In the present study, an expanded 
investigation of another isolate of Dendrobium signatum, 3,4-dihydroxy-5,4′-
dimethoxybibenzyl (DS-1), aimed to determine the anti-metastasis potency in NSCLC 
cells. For cancer metastasis, it has been revealed that most cancer cells could generate 
survival signals once in contact with the basement membrane (Nguyen et al. 2009). 
Whereas, in the condition of the loss of cell-cell adhesion toward cell dissemination, 
invaded cancer cells defense to survive in circulation, termed anoikis resistance, and 
thus succor to reach the secondary distance(Simpson et al. 2008). Interestingly, we 
found that DS-1 could inhibit cell growth in the anchorage-independent condition 
(Figure 4.13). Moreover, the occurrence of EMT, typically characterized by reduction of 
epithelial markers such as E-cadherin, and enhancement of mesenchymal markers 
including N-cadherin is controlled by activation such transcriptional factors including 
snail, and slug (Dongre and Weinberg 2019). Studies demonstrated the correlation 
between snail protein and N-cadherin, where the induction of slug/snail in lung cancer 
cells caused increasing of N-cadherin as well as cancer cell movement and invasion 
(Wang et al., 2013; Yang et al., 2017). Moreover, as has been studied, snail showed the 
ability to inhibit the expression of E-cadherin by blocking the binding of its promoter 
(CDH1) (Herranz et al. 2008), which plays important role in chemoresistance as well as 
radioresistance (Kurrey et al. 2009). Thereupon, small molecules that showed inhibition 
of these proteins could prevent metastasis advancement (Otsuki et al., 2018). In 
agreement with the present study, DS-1 caused migration and invasion prevention of 
lung cancer cells (Figure 4.12) together with accentuation of mesenchymal properties 
(N-cadherin, snail, and slug) and enhancement of E-cadherin (Wheelock et al. 2008). 
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Importantly, the protein expression of integrin β1 and p-FAK was also reduced in 
response to DS-1 treatment (Figure 4.14). This might possible that DS-1 could inhibit 
migration and invasion through suppression on integrin β1-mediated FAK pathway.  
In conclusion, our study revealed the potential effect of DS-1 on suppression of integrin 
and activation of downstream pathway of FAK, which showed a promising purpose to 
block EMT step cancer cells toward metastasis. Taken together, our study provided 
the basic data to support the further investigation of DS-1 as anticancer therapy.
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 APPENDIX  

Table of Experimental Results 
Table 2. The percentage of cell viability was determined by MTT assay after the 
treatment of DS-1 (0-200 µM) for 24 hours. 

 
Value represents means ± SD of three independent experiments, *p<0.05 versus 
control group. 
Table 3. The percentage of apoptotic and necrotic H460 cells was investigated by 
Nucley staining assay using Hoechst 33342 

 
Value represents means ± SD of three-independent experiments, *p<0.05 versus 
control group. 
 
 
 
 

DS-1 (µM )

0 100.00 ± 0.00

25 92.38 ± 3.20

50 88.92 ± 3.67

100 87.42 ± 5.20

150 75.13 ± 5.27*

200 52.71 ± 8.00*

Cell Viability (%)

DS-1 (µM )

0 0.00 ± 0.00 0.00 ± 0.00

25 0.66 ± 0.62 0.26 ± 0.30

50 1.40 ± 0.20 0.24 ± 0.24

100 2.79 ± 1.08 0.65 ± 0.18

150 4.82 ± 1.63* 0.67 ± 0.28

% Necrosis% Apoptosis
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Table 4. The percentage of cell viability was investigated by MTT assay after the 
treatment of DS-1 combined with cisplatin  

DS-1 (µM ) Cisplatin (µM ) Cell Viability (%) 

0 0 100.00 ±  0.00 

- 25 84.65 ±  3.69* 

50 25 67.75 ±  6.50*# 

100 25 42.83 ±  0.76*# 

- 50 65.07 ±  3.87* 

50 50 45.53 ±  1.92*# 

100 50 32.77 ±  3.59*# 

Value represents means ± SD of three-independent experiments, *p<0.05 versus 
control group, #p<0.05 versus cisplatin-treated cells. 
Table 5. Number of apoptotic H460 cells treated with DS-1 and cisplatin was 
investigated by Annexin and PI staining assay using flow cytometry 

 
a: Living cells, b: Early apoptotic cells, c: Late apoptotic cells, d: Necrotic cells. 
 
 
 
 
 
 
 

a b c d

0 0 93.67 6.19 0.03 0.11

0 25 86.69 4.22 7.13 1.96

50 25 88.31 1.38 9.45 0.86

100 25 46.01 17.73 33.16 3.20

DS-1 (µM ) Cisplatin (µM )
% cell in each stage
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Table 6. Combination index of DS-1 plus cisplatin 

 
Fa: Fraction affected, CI: Combination index 

Table 7. Relative apoptosis-related protein of H460 cells was detected by western 
blot analysis 

 
Value represents means ± SD of three-independent experiments, *p<0.05, **p<0.01 
versus control group. 
 
 
 
 
 
 
 
 
 
 

 DS-1 (µM) Cisplatin (µM) Fa CI

50 25 0.32 0.35542

50 50 0.54 0.06605

100 25 0.57 0.03346

100 50 0.67 0.02076

0 1.00 ± 0.00 1.00 ± 0.00 1.00 ± 0.00 1.00 ± 0.00

25 2.23 ± 0.44* 1.34 ± 0.14 1.32 ± 0.08 1.19 ± 0.59

50 3.93 ± 0.50** 1.10 ± 0.09 0.91 ± 0.18 1.91 ± 0.20*

100 6.00 ± 0.54** 0.721 ± 0.03* 0.26 ± 0.15* 1.98 ± 0.10*

p53 p-Akt/Akt Bcl-2 Bax

Relative protein level
DS-1 (µM )
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Table 8. Relative p53 protein after the treatment of DS-1 and cycloheximide (CHX) 
was detected by western blot analysis 
 

Time (h) 
Relative p53 protein level 

CHX  CHX + DS-1 (50 µM) CHX + DS-1 (100 µM) 

0 1.00 ±  0.00 1.00 ±  0.00 1.00 ±  0.00 

1 0.36 ±  0.06* 0.53 ±  0.08*# 0.79 ±  0.08*# 

3 0.23 ±  0.10* 0.31 ±  0.06* 0.42 ±  0.04* 

6 0.10 ±  0.03* 0.13 ±  0.09*# 0.28 ±  0.07*# 

 
Value represents means ± SD of three-independent experiments, *p<0.01 versus 
control group, #p<0.01 versus CHX-treated cell group. 
Table 9. Relative Ub-p53 level of H460 cells after the treatment of DS-1 and  MG132 
was detected by immunoprecipitation and western blot analysis 

 
Value represents means ± SD of three-independent experiments, *p<0.01 versus 
control group 
 
 
 
 
 
 
 
 

 DS-1 (µM)

0 1.00 ± 0.00

50 0.59 ± 0.19*

100 0.38 ± 0.08*

Relative Ub-p53 protein level
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Table 10. Relative apoptosis-regulated proten level of H460 cells treated with DS-1 
and cisplatin was determined by western blot assay  

DS-1 (µM) 
Cisplatin 

(µM) 

Relative protein level 

p53 p-Akt/Akt Bcl2 Bax 

0 0 1.00 ±  0.00 1.00 ±  0.00 1.00 ±  0.00 1.00 ±  0.00 

0 25 2.70 ±  0.90* 0.80 ±  0.08 0.94 ±  0.07 1.31 ±  0.14 

50 25 8.82 ±  1.02*# 0.75 ±  0.15 0.90 ±  0.05 2.78 ±  0.64* 

100 25 9.05 ±  1.59*# 0.70 ±  0.16 0.90 ±  0.07 2.36 ±  0.34* 

0 50 4.81 ±  1.13* 0.78 ±  0.17 0.96 ±  0.13 2.02 ±  0.25* 

50 50 9.53 ±  1.75*# 0.71 ±  0.12 0.61 ±  0.17* 1.96 ±  0.10* 

100 50 12.12 ±  1.12*# 0.51 ±  0.14* 0.42 ±  0.23* 2.02 ±  0.18* 

 
Value represents means ± SD of three-independent experiments, *p<0.05 versus 
control group and #p<0.05 versus cisplatin-treated cells. 
 
Table 11. Mean of p-p53 intensity in response to DS-1 and/or cisplatin treatment 

 
Value represents means ± SD of three-independent experiments, *p<0.05 versus 
cisplatin-treated cells 
 

DS-1 (µM ) Cisplatin (µM )

0 0 1.00 ± 0.00

100 0 4.78 ± 16.13

0 25 5.57 ± 2.46

100 25 11.10 ± 3.03*

0 50 16.28 ± 4.33

100 50 22.89 ± 2.86*

Mean of intensity
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Table 12. The percentage of cell viability of patient-derivated lung cancer cells was 
determined by MTT assay after the treatment of DS-1 and/or cisplatin 

 
Value represents means ± SD of three-independent experiments, *p<0.05 versus 
control group 
 

DS-1 
(µM ) 

Cisplatin 
(µM ) 

% Cell viability 

E20 E12 

0 0 100.00 ±  0.00 100.00 ±  0.00 

- 25 70.51 ±  6.18* 73.44 ±  1.86* 

50 25 72.81 ±  9.05* 66.51 ±  7.54* 

100 25 39.69 ±  2.84*# 58.92 ±  6.62*# 

- 50 47.93 ±  1.82* 60.66 ±  1.05* 

50 50 36.77 ±  9.30* 46.85 ±  3.39*# 

100 50 30.32 ±  8.38* 38.44 ±  0.54*# 

 
 
 
 
 
 
 
 

0 100.00 ± 0.00 100.00 ± 0.00 100.00 ± 0.00 100.00 ± 0.00

25 109.70 ± 3.64 96.19 ± 4.28 102.21 ± 0.92 94.42 ± 3.17

50 89.74 ± 2.86 95.12 ± 2.38 86.55 ± 2.55* 92.95 ± 1.81

100 76.62 ± 6.57* 72.59 ± 4.56* 78.95 ± 6.37* 74.59 ± 4.62*

E20 E12 E17 E16
DS-1 (µM )

% Cell viability
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DS-1 
(µM ) 

Cisplatin 
(µM ) 

% Cell viability 

E17 E16 

0 0 100.00 ±  0.00 100.00 ±  0.00 

- 25 74.51 ±  0.81* 74.68 ±  1.08* 

50 25 72.19 ±  5.25* 65.51 ±  6.32* 

100 25 41.66 ±  7.55*# 42.19 ±  3.13*# 

- 50 51.23 ±  1.21* 60.27 ±  4.77* 

50 50 38.49 ±  4.79* 46.04 ±  8.88*# 

100 50 20.23 ±  7.79*# 17.53 ±  0.70*# 

 
Value represents means ± SD of three-independent experiments, *p<0.05 versus 
control group and #p<0.05 versus cisplatin-treated cells. 
 
Table 13. The percentage of apoptotic and necrotic patient-derived lung cancer cells 
was investigated by Nucley staining assay using Hoechst 33342 

DS-1 
(µM ) 

Cisplatin 
(µM ) 

Primary-derived patient E20 cells 

% Apoptosis % Necrosis 

0 0 0.00 ±  0.00 0.00 ±  0.00 

100 - 3.60 ±  1.00 0.00 ±  0.00 

- 25 9.57 ±  1.90* 2.40 ±  1.00 

100 25 31.71 ±  2.88*# 8.33 ±  2.35 

- 50 36.56 ±  3.24* 11.65 ±  1.98 

100 50 42.67 ±  2.20*# 12.59 ±  0.92*# 
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DS-1 
(µM ) 

Cisplatin 
(µM ) 

Primary-derived patient E12 cells 

% Apoptosis % Necrosis 

0 0 0.00 ±  0.00 0.00 ±  0.00 

100 - 5.45 ±  1.42 0.00 ±  0.00 

- 25 10.77 ±  2.58* 2.41 ±  1.02 

100 25 20.36 ±  3.82*# 10.79 ±  2,00*# 

- 50 17.12 ±  3.05* 10.29 ±  1.97* 

100 50 59.81 ±  2.71*# 5.97 ±  7.35 

 

DS-1 
(µM ) 

Cisplatin 
(µM ) 

Primary-derived patient E16 cells 

% Apoptosis % Necrosis 

0 0 0.00 ±  0.00 0.00 ±  0.00 

100 - 7.86 ±  0,00 0.00 ±  0.00 

- 25 15.84 ±  3.41* 3.41 ±  1.65 

100 25 41.41 ±  8.40*# 8.40 ±  0.68*# 

- 50 38.28 ±  8.55* 8.55 ±  3.19* 

100 50 72.87 ±  12.31*# 12.31 ±  0.68* 

 

DS-1 
(µM ) 

Cisplatin 
(µM ) 

Primary-derived patient E17 cells 

% Apoptosis % Necrosis 

0 0 0.00 ±  0.00 0.00 ±  0.00 

100 - 3.40 ±  0.73 0.00 ±  0.00 

- 25 8.95 ±  0.78* 2.47 ±  1.08 

100 25 31.95 ±  2.99*# 7.21 ±  2.58* 

- 50 33.27 ±  6.30* 7.99 ±  2.59* 

100 50 50.14 ±  3.52*# 11.54 ±  3.29* 
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Value represents means ± SD of three-independent experiments, *p<0.05 versus 
control group and #p<0.05 versus cisplatin treated cells. 
Table 14. Relative cell proliferation of H460 and H292 was determined by MTT assay 
after incubation with DS-1 for 24 hours and 48 hours 

 
 

 
 

Value represents means ± SD of three-independent experiments, *p<0.05 versus 
control group 
 
 
 
 
 
 
 

0 1.00 ± 0.00 1.43 ± 0.25 2,00 ± 0.43

25 1.00 ± 0.00 1.46 ± 0.37 1.96 ± 0.37

50 1.00 ± 0.00 1.30 ± 0.10 1.56 ± 0.05

100 1.00 ± 0.00 1.23 ± 0.05 1.43 ± 0.06*

DS-1 

(µM ) 0h 24h 48h

Relative cell proliferation of H460

0 1.00 ± 0.00 2.10 ± 0.14 3.29 ± 0.12

25 1.00 ± 0.00 1.84 ± 0.09 3.21 ± 0.32

50 1.00 ± 0.00 1.74 ± 0.13* 2.76 ± 0.04

100 1.00 ± 0.00 1.57 ± 0.12* 2.16 ± 0.39*

DS-1 

(µM )

Relative cell proliferation of H292

0h 24h 48h
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Table 15. Relative filopodia formation of H460 and H292 was determined by 
phalloidin-rhodamine staining assay 

 

Table 16. The percentage of migration level of H460 and H292 cells treated with DS-
1 was investigated by wound healing migration assay 

 
Value represents means ± SD of three-independent experiments, *p<0.05 versus 
control group 
 

 
Value represents means ± SD of three-independent experiments, *p<0.05 versus 
control group 

0 1.00 ± 0.00 1.00 ± 0.00

25 0.72 ± 0.07* 0.92 ± 0.16

50 0.49 ± 0.03* 0.47 ± 0.08*

100 0.41 ± 0.07* 0.42 ± 0.07*

 DS-1 (µM)
H460 H292

Relative number of filopodia/cell

0 13.39 ± 2.61 42.16 ± 6.33

25 12.51 ± 4.75 36.95 ± 2.90

50 9.30 ± 1.53 33.22 ± 3.01

100 9.83 ± 2.40 29.39 ± 3.38*

DS-1 

(µM ) 24h 48h

% migration level of H460 cells

0 24.88 ± 4.23 53.57 ± 4.19

25 24.07 ± 3.14 49.22 ± 2.61

50 17.70 ± 5.54 40.11 ± 8.58

100 16.24 ± 6.13 37.51 ± 3.77*

DS-1 

(µM )

% migration level of H292 cells

24h 48h
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Table 17. Relative invasion of H460 and H292 cells treated with DS-1 was investigated 
by transwell invasion assay 

 
Value represents means ± SD of three-independent experiments, *p<0.05 versus 
control group 
 
Table 18. Relative colony size and  number of H460 cells treated with DS-1 was 
determined by anchorage-independent growth 

 
Value represents means ± SD of three-independent experiments, *p<0.05 versus 
control group. 
 
 
 
 
 
 
 

0 1.00 ± 0.00 1.00 ± 0.00

25 0.69 ± 0.04* 0.84 ± 0.11

50 0.54 ± 0.05* 0.43 ± 0.08*

100 0.36 ± 0.05* 0.33 ± 0.05*

Relative invasion

H460 H292

DS-1 

(µM )

DS-1 (µM )

0 1.00 ± 0.00 1.00 ± 0.00

25 0.90 ± 0.24 0.75 ± 0.20

50 0.76 ± 0.10 0.66 ± 0.07*

100 0.57 ± 0.13* 0.52 ± 0.05*

Relative colony number Relative colony size
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Table 19. Relative protein level of EMT-regulated protein of H460 was investigated by 
western blot assay 

 
 

 
 

 
Value represents means ± SD of three-independent experiments, *p<0.05 versus 
control group.

0 1.00 ± 0.00 1.00 ± 0.00 1.00 ± 0.00

25 1.06 ± 0.08 1.32 ± 0.20 0.90 ± 0.07

50 0.83 ± 0.10 1.70 ± 0.48 0.79 ± 0.24

100 0.60 ± 0.09* 2.66 ± 1.01* 0.46 ± 0.08*

 DS-1 (µM)
N-cadherin E-cadherin Snail

Relative protein level

0 1.00 ± 0.00 1.00 ± 0.00 1.00 ± 0.00

25 1.20 ± 0.10 0.90 ± 0.06 0.90 ± 0.12

50 1.17 ± 0.09 0.87 ± 0.05 0.95 ± 0.10

100 0.74 ± 0.07* 0.90 ± 0.11 0.92 ± 0.07

 DS-1 (µM)
Integrin β1 Integrin β3 Integrin α5

Relative protein level

0 1.00 ± 0.00 1.00 ± 0.00 1.00 ± 0.00

25 0.86 ± 0.36 1.71 ± 0.18 0.80 ± 0.14

50 0.92 ± 0.42 1.53 ± 0.06 0.80 ± 0.20

100 0.57 ± 0.22 0.46 ± 0.10* 0.78 ± 0.06

 DS-1 (µM)
p-FAK/FAKSlug RhoA

Relative protein level
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