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ABSTRACT 

 

        The hepatocellular carcinoma (HCC) is the most common cancer 

worldwide, which is high incidence and high mortality rate. HCC becomes a crucial 

cancer because it is low detected at the early diagnosis and the remedies are still not 

specific to late stage of HCC. Interestingly, the targeted therapy via monoclonal 

antibodies (mAbs) specific to tumor-associated antigen is continuously developed in 

treatment and diagnosis of the disease. After establishing and consequently explored, it 

was found that Hep88 mAb has been shown anticancer effects against a HepG2 cell 

line. In this study, the gene expression at mRNA level of caspase-3, caspase-8 and 

caspase-9, the caspases enzyme activities in IC50 dose of Hep88 mAb-treated HepG2 

cells and IC50 dose of doxorubicin-treated HepG2 cells were investigated to compare 

ability of them. After that, the concentration of Hep88 mAb treatment was increased to 

cytotoxic dose to detect the hallmarks of apoptosis by flow cytometry. Hep88 mAb-

treated HepG2 cells were stained with different methods to examine the apoptotic cell 

population, the cell cycle progression and active caspase-3 determination. Afterwards, 

the mechanisms of program cell death (PCD) of IC50 and cytotoxic dose of Hep88 

mAb were determined through the gene expression at mRNA level of Bax, Bcl-2, p53, 

cathepsin B, caspase-3 and caspase-9. Finally, the proteomic analysis of proteins 
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involved in the anticancer activities of Hep88 mAb in HepG2 cells were explored by 

GeLC-MS/MS. The results were demonstrated that Hep88 mAb induced HepG2 cell 

line by the activation and expression of caspase-3, caspase-8 and caspase-9 in 24 hours 

of treatment. When compare with doxorubicin, Hep88 mAb treated cells were revealed 

higher enzyme activation and higher gene expression. Moreover, the increasing of 

G2/M phase cell cycle arrest, subsequent increasing of apoptotic cells population and 

more active caspase-3 detection were found in cytotoxic dose of Hep88 mAb-treated 

HepG2 cells in time- and dose-dependent manner. The expression of Bax, Bcl-2, p53, 

cathepsin B, caspase-3 and caspase-9 were used to evaluate the paraptosis and 

apoptosis PCD. Up-regulation of Bax, p53, caspase-3 and caspase-9 as well as the 

down-regulation of Bcl-2 could be responsible for the apoptotic effects of Hep88 mAb 

observed in this study. While, up-regulation of cathepsin B (CTSB) might contribute to 

paraptosis effects. Both paraptosis and apoptosis were occurred after treated with IC50 

and cytotoxic dose of Hep88 mAb, which were depended on the strongest expression. 

Furthermore, the protein profile of Hep88 mAb-treated HepG2 cells had shown 323 

differentially expressed proteins. From all of differentially expressed proteins, 29 

proteins were found after Hep88 mAb. Two of these proteins were only found in IC50 

dose of treatment, they were spindlin-1 (SPIN1) and ankyrin repeat domain (CLIP4). 

Spindlin-1 might contribute to paraptosis effects and ankyrin repeat domain might 

relate to the inhibitory effects on apoptosis cell death of Hep88 mAb. While, the 

apoptosis induction in this study might associated with 29 proteins that involved 

apoptotic process and apoptotic signaling pathway. These findings represent new 

insights into the molecular mechanisms underlying the anticancer properties of Hep88 

mAb in liver cancer cells. 

 

Keywords: Hepatocellular carcinoma, Monoclonal antibody, Caspase, Apoptosis, 

Paraptosis, Bax, Bcl-2, p53 and Cathepsin B 
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บทคัดย่อ 
 

  โรคมะเร็งตับจัดเป็นมะเร็งที่พบเป็นอันดับต้นๆของโลก โดยมะเร็งตับนั้นมีบทบาท
ส าคัญเนื่องจากเป็นมะเร็งที่มีผลท าให้เกิดการตายสูง เนื่องมาจากวิธีการตรวจวินิจฉัยและการรักษายัง
ไม่จ าเพาะ อันเป็นที่น่าสนใจว่าการรักษาด้วยโมโนโคลนอลแอนติบอดีที่จ าเพาะกับแอนติเจนของ
มะเร็งนั้นยังคงถูกพัฒนาอยู่ตลอดเวลาเพ่ือที่จะน ามาใช้ในการรักษาและวินิจฉัยโรคมะเร็งทั้งหลาย ซ่ึง
หลังจากที่ได้มีการค้นพบว่าเฮป 88 โมโนโคลนอลแอนติบอดี (Hep88 monoclonal antibody) มี
ฤทธิ์ในการยับยั้งเซลล์มะเร็งตับเฮปจี 2 (HepG2) แล้วนั้น การศึกษาในครั้งนี้จึงได้ท าการทดลอง
เกี่ยวกับการแสดงออกของยีน คาสเปส-3 (caspase-3), คาสเปส-8 (caspase-8) และคาสเปส-9 
(caspase-9) ที่ระดับเอ็มอาร์เอ็นเอ (gene expression at mRNA level) และกิจกรรมของเอนไซม์
คาสเปส ในเซลล์มะเร็งตับเฮปจี 2 ที่ถูกกระตุ้นด้วยเฮป 88 โมโนโคลนอลแอนติบอดี และเซลล์มะเร็ง
ตับเฮปจี 2 ที่ถูกกระตุ้นด้วยยาโดโซรูบิซิน (doxorubicin) ที่ระดับความเข้มข้นที่สามารถยับยั้ง
เซลล์มะเร็งให้ลดลงครึ่งหนึ่ง (half-inhibitory concentration, IC50 dose) เพ่ือเปรียบเทียบกันกับ
ยารักษามะเร็งตับที่ใช้ในปัจจุบัน หลังจากนั้นท าการเพ่ิมความเข้มข้นของเฮป 88 โมโนโคลนอล
แอนติบอดี จนกระท่ังอยู่ในระดับที่ท าให้เซลล์มะเร็งตายได้ (cytotoxic dose)  เพ่ือตรวจดูเอกลักษณ์
ของการเกิดอะพอพโตซิส (hallmarks of apoptosis) จากเทคนิคโฟลไซโตมิทรี (flow cytometry) 
เซลล์มะเร็งตับเฮปจี 2 ที่ถูกกระตุ้นด้วยเฮป 88 โมโนโคลนอลแอนติบอดีจะถูกย้อมเซลล์ด้วยวิธีแบบ
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ต่างๆ ซึ่งจะท าให้ทราบถึง ประชากรเซลล์ที่เกิดอะพอพโตซิส  (apoptotic cells population) 
ลักษณะของวัฏจักรเซลล์ (cell cycle progression) และปริมาณของเอนไซม์คาสเปส-3ที่ท างานได้ 
(active caspase-3) หลังจากนั้นยังได้ท าการศึกษากลไกการตายของเซลล์มะเร็งตับหลังจากถูก
กระตุ้นด้วยเฮป 88 โมโนโคลนอลแอนติบอดีท่ีความเข้มข้นระดับที่ยับยั้งเซลล์มะเร็งลงครึ่งหนึ่ง (IC50 
dose)   และระดับที่ท าให้เซลล์มะเร็งตาย (cytotoxic dose)  ผ่านการพิจารณาการแสดงออกของ
ยีน  แบกซ์  (Bax), บีซีแอล -2 (Bcl-2), พี53  (p53), คาแธปซิน บี  (cathepsin B), คาสเปส-3 
(caspase-3) และ คาสเปส-9 (caspase-9) ที่ระดับเอ็มอาร์เอ็นเอ สุดท้ายท าการวิเคราะห์ข้อมูล
โปรตีนที่เกี่ยวข้องกับความสามารถในการยับยั้งมะเร็ง (anticancer activities) ของเฮป 88 โมโน
โคลนอลแอนติบอดีต่อเซลล์มะเร็งตับเฮปจี 2 ถูกส ารวจโดยเทคนิคเจล-แอลซี-เอ็มเอส/เอ็มเอส 
(GeLC-MS/MS) ซึ่งผลการทดลองแสดงให้เห็นว่าเฮป 88 โมโนโคลนอลแอนติบอดีกระตุ้นเซลล์มะเร็ง
ตับเฮปจี 2 ด้วยการกระตุ้นการท างานของเอนไซม์และการแสดงออกของคาสเปส ที่เวลา 24 ชั่วโมง 
เมื่อเปรียบเทียบกันกับยาโดโซรูบิซินยังพบว่าเซลล์มะเร็งตับหลังที่ถูกกระตุ้นด้วยเฮป 88 โมโน
โคลนอลแอนติบอดีมีการแสดงออกของยีนและกิจกรรมของเอนไซม์ของคาสเปส -3, คาสเปส-8 และ
คาสเปส-9 ที่เพ่ิมมากขึ้นนอกจากนี้การเพ่ิมขึ้นของการยับยั้งการเข้าสู่วัฏจักรเซลล์ในระยะก่อนการ
แบ่งเซลล์ (G2/M phase arrest), ส่งผลให้มีการเพ่ิมขึ้นของประชากรเซลล์ที่ เกิดอะพอพโตซิส 
(apoptotic cells population) และการเพ่ิมขึ้นของปริมาณของเอนไซม์คาสเปส -3ที่ท างานได้ 
(active caspase-3) ถูกพบในการทดลองเพ่ิมความเข้มข้นที่ใช้ในการกระตุ้นเซลล์มะเร็งจนกระทั่งอยู่
ในระดับที่ท าให้เซลล์มะเร็งตายได้ (cytotoxic dose) โดยพบว่าลักษณะต่างๆ ล้วนเพ่ิมขึ้นตาม
สัดส่วนของความเข้มข้นและเวลาที่ใช้ในการกระตุ้น ส่วนการแสดงออกของยีนแบกซ์ (Bax), บีซีแอล-
2 (Bcl-2), พี53  (p53), คาแธปซิน บี (cathepsin B), คาสเปส-3 (caspase-3) และ คาสเปส-9 
(caspase-9) ถูกใช้เพื่อประเมินผลการตายของเซลล์แบบอะพอพโตซิส และพาแรพโตซิส การเพ่ิมขึ้น
ของการแสดงออกของแบกซ์  (Bax), พี53  (p53), คาสเปส-3 (caspase-3) และ คาสเปส -9 
(caspase-9) และการลดลงของการแสดงออกของบีซีแอล-2 (Bcl-2) สามารถอ้างได้ถึงผลของการ
เกิดอะพอพโตซิสจากเฮป 88 โมโนโคลนอลแอนติบอดี ขณะที่การเพ่ิมขึ้นของการแสดงออกของ 
คาแธปซิน บี (cathepsin B) เกี่ยวข้องกับผลของการเกิดพาแรพโตซิส โดยทั้งการเกิดอะพอพโตซิส 
และพาแรพโตซิสถูกท าให้เกิดขึ้นหลังจากกระตุ้นด้วยระดับความเข้มข้นของเฮป 88 โมโนโคลนอล
แอนติบอดีที่ยับยั้งเซลล์มะเร็งให้ลดลงครึ่งหนึ่ง (IC50 dose) และระดับความเข้มข้นที่ท าให้เกิดการ
ตายของเซลล์มะเร็งตับ (cytotoxic dose) โดยที่ลักษณะการตายของเซลล์นั้นก็ขึ้นกับการแสดงออก
ที่เด่นชัดที่สุด นอกจากนี้ข้อมูลโปรตีนของเซลล์มะเร็งตับหลังจากการกระตุ้นด้วยเฮป 88 โมโน
โคลนอลแอนติบอดีพบว่ามีทั้งหมด 323 ชนิด และมีโปรตีนเพียง 29 ชนิดที่จะพบได้ในเซลล์มะเร็งตับ
หลังจากการกระตุ้นด้วยเฮป 88 โมโนโคลนอลแอนติบอดี โดยโปรตีน 2 ชนิด คือ สปินดลิน-1 
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(spindlin-1)  และแอนคิรินรีพีทโดเมน (ankyrin repeat domain) เป็นโปรตีนที่สามารถพบได้ใน
เซลล์มะเร็งตับที่ถูกกระตุ้นด้วยโมโนโคลนอลแอนติบอดีเฮป 88 ที่มีความเข้มข้นในระดับที่ยับยั้ง
มะเร็งลดลงครึ่งหนึ่งเท่านั้น (IC50 dose) โดยที่สปินดลิน-1เป็นโปรตีนที่เกี่ยวข้องกับกระบวนการตาย
แบบพาแรพโตซิส และแอนคิรินรีพีทโดเมนเป็นโปรตีนที่เกี่ยวข้องกับกลไกการยับยั้งการเกิดอะพอพ
โตซิสของเฮป 88 โมโนโคลนอลแอนติบอดี  ขณะที่มีโปรตีนที่เกี่ยวข้องกับกระบวนการเกิดอะพอพโต
ซิสอยู่ 29 ชนิด ซึ่งมีความเกี่ยวข้องกับกระบวนการเกิดอะพอพโตซิส (apoptotic process) และ 
กระบวนการส่งสัญญาณให้เกิดอะพอพโตซิส (apoptotic signaling pathway) อยู่ทั้งหมด 29 ชนิด 
ข้อมูลทั้งหมดที่ได้ท าการศึกษาในครั้งนี้จึงสามารถท าให้เกิดมุมมองใหม่ของกลไกการยับยั้งและกลไก
การตายของเซลล์มะเร็งตับหลังจากการถูกกระตุ้นด้วยเฮป 88 โมโนโคลนอลแอนติบอดี  
 
ค ำส ำคัญ: มะเร็งตับ, โมโนโคลนอลแอนติบอดี, คาสเปส, อะพอพโตซิส, พาแรพโตซิส, แบกซ์, บีซี
แอล-2, พี53  และ คาแธปซิน บี  
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CHAPTER 1 

INTRODUCTION 

 

1.1 Introduction 

 

Nowadays, the leading causes of death in the world were changed from 

accidental or infectious diseases to cancer. Cancer causes worldwide death accounted 

for 7.6 million deaths (around 13% of all deaths) in 2008 (Ferlay et al., 2010). In 

Thailand, cancer is also becoming a significant health problem. Hepatocellular 

carcinoma (HCC) is the leading cause of death in Thailand (Somboon, Siramolpiwat, 

& Vilaichone, 2014; Vatanasapt, Sriamporn, & Vatanasapt, 2002). While, HCC is the 

fifth most common cancer worldwide (Jemal et al., 2008). Its prevalence and mortality 

rate is varied from region to region, the lower is noticed in most developed area (5-10 

per 100,000) but, the higher is gradually detected in developing country (>20 per 

100,000) including in the South-East Asian countries. In Thailand, HCC is the most 

common cancer in men (37.4 per 100,000) and the third most common in women (16.3 

per 100,000). The main etiology for HCC in Thailand is hepatitis B virus (HBV) 

infection, while for worldwide are the chronic infection of hepatitis B virus (HBV), 

hepatitis C virus (HCV), and alcohol and aflatoxin ingestion.  These agents alter the 

function of groups of genes involved in the control of cell growth, apoptosis and DNA 

repair. The liver cell destruction, regeneration and the microenvironment alteration are 

occurred. The result of those events contributed to the multistep causation of HCC. 

Although, the technologies in HCC treatment and diagnosis have been continuously 

developed; the incidence and the mortality rate of HCC patient are still increased in 

every year. This trend is result from the defects in sensitivity and specificity during 

early detection, as well as less effective treatment in eliminating any remaining cancer 

cells. 

Along with other traditional HCC treatment modalities such as; surgical 

(hepatic resection), non-surgical management including percutaneous ethanol injection; 

PEI, transcatheter arterial chemoembolization; TACE, radiofrequency ablation; RFA, 

the survival rates depend on many factors but, especially on tumor size and staging 

(Osaki & Nishikawa, 2014). Alternatively, the immunotherapy via monoclonal 
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antibodies (mAbs) is a targeted therapy that specific to tumor-associated antigen. This 

remedy is also a target specific HCC cells that is expected to lead to the eradication of 

tumors and the diminishing of their progression, while also reducing toxicity to normal 

cells. The assassinate mechanism of cancer cell by monoclonal antibodies may be 

caused by its binding to 1) a cancer protein surface resulting in an immune-response 

(antibody-dependent cell-mediated cytotoxicity; ADCC or complement-dependent 

cytotoxicity; CDC), or 2) a growth-factor receptor that blocks the cell’s signaling 

capacity for cell growth.  

The advantages of monoclonal antibodies that described above leading 

to developed and produced monoclonal antibodies for treated any cancer in more 

widespread. Among these, Hep88 monoclonal antibody that specific to hepatocellular 

carcinoma was produced by Laohathai and Bhamarapravati (Laohathai & 

Bhamarapravati, 1985). The preliminary study was found that Hep88 mAb affects to 

destroy the hepatocellular carcinoma (Puthong, Rojpibulstit, & Buakeaw, 2009). 

Moreover, Hep88 mAb’s specific antigens, mortalin (HSPA9) and alpha-enolase, as 

well as the ultracellular structures in hepatocellular carcinoma after treated with Hep88 

mAb were previously studied (Manochantr et al., 2011; Rojpibulstit et al., 2014). The 

hepatocellular carcinoma alteration appearance was massive vacuolization of the 

cytoplasm and mitochondrial swelling, but absence of chromatin condensation. These 

imply the death of HCC induced by Hep88 mAb via apoptosis-like PCD (paraptosis). 

Though the characteristic to define as paraptosis were that of lacking of apoptotic 

morphology and might not respond through caspases cascade pathway. But so many 

reports up to date pointed out that various type of cell death could be mutually 

stimulated on the detected cells whereas the morphological change might be detected 

by the predominant one (Guo, Chen, Wang, & Chen, 2010). For example, it has been 

reported that the contribution to be apoptosis- or paraptosis-PCD in colorectal cancer 

cells after treated with Ginsenoside Rh2 activated were not accounted only as caspase- 

or non-caspase dependent (B. Li et al., 2011). But, instead it was controlled through 

any other pathway which trigger cascade reaction via several kinds of protease 

activation including caspase, cathepsin etc. This means that whilst the overlapping of 

various death routes was ongoing developed, more than one mechanism may be 
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activated at the same time. It was, however, resulting in turning up only dominant 

ultrastructural change as was subsequently detected by electron micrograph. 

Therefore, in this present study, to verify what apoptotic mechanisms, 

caspase- or non-caspase dependent, are induced by Hep88 monoclonal antibody on 

HepG2 cell line. The investigation was hence on the expression and activity of caspase-

3, caspase-8 and caspase-9 in HCC treated cells using real-time PCR technique and 

colorimetric assay, respectively. The Bax, Bcl-2, p53 and Cathepsin B expression in 

this study were also detected using real-time PCR technique as well. The active 

caspase-3 induction, cell cycle progression and apoptosis induction were investigated 

by flow cytometry. Moreover, the protein profile was determined by GeLC-MS/MS 

proteomics. Therefore, rather than the mechanism involving by Hep88 mAb induction 

cell death was determined, the overall of results from this study might be useful to get 

the propose mechanism that necessary to develop new drugs for the HCC treatment in 

the near future. 
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1.2 Objectives 

The objectives of this study are to study apoptosis and paraptosis 

mechanisms in hepatocellular carcinoma (HepG2) treated with Hep88 mAb compare 

with the untreated cell line, i.e.: 

1.2.1 To study the apoptosis mechanism after Hep88 mAb induction 

through the expression in mRNA level of caspase-3, caspase-8, caspase-9 and the 

enzymes activities of caspase-3, caspase-8 and caspase-9 at 24, 48 and 72 hours 

compare with doxorubicin. 

1.2.2 To monitor the cell cycle, the apoptosis induction and the active-

caspase-3 determination after treatment with increased the concentration of Hep88 

mAb. 

1.2.3 To investigate the mechanism of program cell death in IC50 and 

cytotoxic dose of Hep88 mAb-treated cells through the expression in mRNA level of 

Bax, Bcl-2, p53, cathepsin B, caspase-9 and caspase-3 at 3, 6, 9, 12, 18, 24 hours. 

1.2.4 To explore the protein profile of the Hep88 mAb-treated HepG2 

cells. 

 

1.3 Beneficiaries 

This is the first study about gene expression at the mRNA level (caspase-3, 

caspase-8 caspase-9, Bax, Bcl-2, p53, Cathepsin B), enzymes activities (caspase-3, 

caspase-8 and caspase-9), active caspase-3 detection, cell cycle progression, apoptosis 

induction and protein profile regarding the effect of Hep88 monoclonal antibody in 

hepatocellular carcinoma cell line. The results obtain from this study may provide 

information to understand the effect of Hep88 monoclonal antibody against 

hepatocellular carcinoma (HepG2). 
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Figure 1.1 A conceptual framework of this study 
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CHAPTER 2  

REVIEW OF LITERATURE 

 

2.1 Hepatocellular carcinoma (HCC) 

 

Hepatocellular carcinoma (HCC) is the most common and aggressive 

cancer in the world. It is recorded as the fifth most common cancer and the third most 

common cause of cancer death (El-Serag, 2012). It causes over 700,000 deaths 

worldwide annually (J. D. Yang & Roberts, 2010). Over the last decade, two main 

epidemiology patterns were exhibited. The high prevalence is in Asia while the relative 

low is in Europe and North America. However, up to date, the incidence has increased 

significantly in United Kingdom and United State of America. It has been reported that 

approximately 20,000 newly diagnostic cases in the USA each year (Altekruse, 

McGlynn, & Reichman, 2009). In Thailand, it ranks the first leading cancer in males 

and third in females since the mid-2000s (National Cancer Institute of Thailand, 2011). 

The male: female ratio for HCC differs from 3-4:1 in the Northern part of Thailand to 

5-6:1 in the Central and Southern part of Thailand (Srivatanakul, Sriplung, & 

Deerasmee, 2004). An estimated 63,740 new cases (ASR= 38.6 per 100,000 population 

in males, ASR= 14.6 per 100,000 population in females) were found in 2011 (National 

Cancer Institute of Thailand, 2011). Unfortunately, the prognosis is very poor due to 

the late presentation, the difficulty of surgical approach and the lacking of an effective 

treatment to cure any remaining cancer cells. 

 

2.1.1 Pathogenesis of HCC 

All etiological factors associated with HCC are causes of chronic 

liver   disease. Thus, cirrhosis is the true risk factor for cancer development. Nearly 

80% of patients with HCC pass through the stage of cirrhosis before the stage of cancer 

developing (Minguez, Tovar, Chiang, Villanueva, & Llovet, 2009). The mechanisms 

that etiological factors lead to cirrhosis and development of HCC may involve chronic 

inflammation, which has been progressively recognized as a pro-carcinogenic 

condition. 
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However, there are several factors contribute to the pathogenesis of 

hepatocellular carcinoma (HCC). The number of HCC worldwide more than 80% 

caused by hepatitis B virus, hepatitis C virus and aflatoxin. In brief, the mechanism that 

these agents can alter the function of genes involved in the cell growth, apoptosis and 

DNA repair. The chronic hepatic inflammatory response that induced by HBV, HCV 

and aflatoxin are not only increase liver cell destruction and regeneration but also 

stimulate hepatic cell growth until it turns to be cancer. 

 

2.1.2 The cause of HCC 

From the majority of hepatocellular carcinomas (HCC) risk factor, it 

has been identified based on epidemiological studies i.e. chronic HBV and HCV 

infection and aflatoxin consumption.  

 

2.1.2.1 Hepatitis B Virus (HBV) infection 

 HBV is a small DNA virus that is classified as Hepadnavirus 

family (Liang, 2009). The chronic HBV infection increases the risk of HCC. The host 

immune responses are triggered by the recognition of viral antigen that presented on 

infected cell (Tseng et al., 2012). Presently, there are several mechanisms that HBV 

induces the normal liver cells to the pathogenesis and going to HCC. HBV serves 

directed genetic contribution to HCC by integrates part of its viral DNA genome at 

several locations into or close to cellular genes that control cell growth and apoptosis 

in the normal liver cells (Murakami et al., 2005). It causes the mutation and the 

malfunction in cell growth and apoptosis. On the other hand, it serves indirected genetic 

contribution by a small regulatory protein HBx, which implicate in signal transduction 

and transcription activation. HBx protein is binding with p53 (Kordestani, Mirshafiee, 

Hosseini, & Sharifi, 2014), thus p53 is inactivated their functions and then cancer is 

developed. 

   

2.1.2.2 Hepatitis C Virus (HCV) infection 

 HCV is a RNA virus that classified as Hepacivirus genus. It 

consists of a single-stranded plus sense RNA molecule and surrounds with necleocapsid 

and envelope (Chevaliez & Pawlotsky, 2006). After entry into cells, it is replicated, 
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released and transmitted to new infect. As a results, HCV infection is found in a variable 

proportion of HCC cases (El-Serag, 2012). The percentage of chronic infection 

development between HCV and HBV individual infection were found that HCV 

individual infection was higher HBV individual infection (approximately 75% of HCV 

and 10% of HBV). Chronic HCV infection is related to many factors that contribute to 

evasion of host immune response by the virus. The most frequent factor is the mutation 

of the viral genome that makes several quasispecies (Lauring & Andino, 2010).  

 The major role of HCV in carcinogenesis is likely to be 

indirect. The infected cell is responded to inflammation and lead to cell destruction, 

regeneration and fibrosis. However, the HCV also play a direct role to hepatocytes by 

HCV core protein that has been suggested to affect the regulation of genes expression 

in cell cycle and apoptosis (Chevaliez & Pawlotsky, 2006).  

 

2.1.2.3 Aflatoxins consumption 

 Aflatoxin B1 is one of the most potent hepatocarcinogens, it is 

identified as a class I carcinogen in USA and Europe. It is a contaminant toxin in many 

food products. The contaminant toxin consumption is mostly found in the developing 

countries, it leads the normal liver cell to HCC. Furthermore, it remains a serious cause 

of HCC in China and Sub-Saharan Africa, especially when coupled with HBV infection 

(Lv, Yu, Li, Luo, & Wang, 2014). 

 Aflatoxin B1 is metabolized by the liver detoxifying enzyme 

cytochrome p450 into exo-8, 9 epoxide (Kew, 2013). Aflatoxin B1 epoxide form 

adducts with DNA, and activates DNA mutations. The favorite site for aflatoxin 

induced DNA adducts is in the p53 gene. This leads to GC-TA transversion on p53 

gene, and resulting in p53 protein alteration by Arg (R) changes to Ser (S). This 

mutation can be detected in the half of HCC from highly aflatoxin contamination area 

(Smela, Currier, Bailey, & Essigmann, 2001). Based on the fact that p53 is a tumor 

suppressor gene which regulates the cell cycle by acting as transcription activator. It 

also plays a role in apoptosis and DNA repair. Hence, p53 inactivation or mutation are 

a common pathway for the HCC causation. 
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2.1.3 Treatment in HCC 

Nowadays, the numerous clinical management for HCC such as 

surgery, ablative therapies, regional therapies, radiation therapy and systemic therapies 

are widely used. Nevertheless, the results of treatment is depended on the size and stage 

of tumor. The early-stage can be managed successfully in curative treatments with 

transplantation, resection, and percutaneous ethanol injection (PEI) (Pang & Lam, 

2015) while a small percentage of late stage patient will achieve long-term survival 

after treatment with the same. The late stage of HCC is needed more specific because 

of the advanced nature of these HCC. It will be rapid recurrence, even the successfully 

in resection can be done.  Many treatment options exist for management of HCC, each 

has its own limitation. It is clearly expressed as the following. 

 

2.1.3.1 Liver transplantation  

 Liver transplantation is the replacement of HCC or diseased 

liver with a liver donor graft. However, the liver transplantation has many limitations. 

Liver from the donor must be compatible with the recipient (Bruix & Sherman, 2005). 

The chance of survival will be decreased, when the liver tumor has metastasized or the 

immunosuppressant drug is applied for the patient (Byam, Renz, & Millis, 2013). 

 

2.1.3.2 Surgical resection 

Surgical resection is operated to remove a tumor with 

surrounding normal liver tissue. However, the resection has to preserve the adequate 

part of liver remnant for normal body function. This remedy suggests for the patient 

who has well prognosis. Unfortunately, it is only a small number of patient who has a 

suitable liver function for surgical resection (Llovet, Schwartz, & Mazzaferro, 2005).  

 

2.1.3.3 Percutaneous ethanol injection 

The percutaneous ethanol (alcohol) injection (PEI) therapy has 

been widely used in Japan and accepted as an attractive alternative treatment in patients 

with a small size of hepatocellular carcinoma (HCC). The effects of ethanol are toxic 

at the cellular level. Ethanol diffuses into the cell and causes the protein denaturation 

and the cellular dehydration that lead to coagulation and necrosis. After that HCC 
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subsequently changes to fibrosis and small vessel thrombosis. Finally, it also contribute 

to cellular death. However, this therapy can achieve a 5-year survival rate of around 

60% for patients with small size of HCC (Yamamoto et al., 2001) 

 

2.1.3.4 Transcatheter arterial chemoembolization 

 Transcatheter arterial chemoembolization (TACE) is usually 

performed for unresectionable cancers as a temporary treatment for the patient who 

waiting for the liver transplant. TACE is done by injecting an antineoplastic drug (e.g. 

cisplatin) mixed with a radio opaque contrast and an embolic agent into the right or left 

hepatic artery via the groin artery (Sergio et al., 2008). The multiple trials show 

objective tumor responses and slowed tumor progression (Sergio et al., 2008). 

However, TACE is not suitable for patients with poor liver function and large tumors 

size. 

 

2.1.3.5 Radiofrequency ablation 

Radiofrequency ablation (RFA) uses high frequency radio-

waves to destroy tumor by local heating. The electrodes are inserted into the liver tumor 

under ultrasound image guidance. It is suitable for small tumors (Bruix & Sherman, 

2005). 

 

2.1.3.6 Immunotherapy 

Cancer immunotherapy is a medical term which is defined as 

the use of immune system to eliminate the cancer cell. The main types of cancer 

immunotherapy now being used, are included monoclonal antibodies (antibody-based 

therapy), cancer vaccines (cell-based therapy) and non-specific immunotherapies 

(Topalian, Weiner, & Pardoll, 2011). In the last few decades, antibody-based therapy 

for cancer has become established and achieved the successfully in recent years.  

Nowadays, the monoclonal antibodies are produced for cancer 

immunotherapy usage. It is designed to recognize and find specific proteins on cancer 

cells. So, it can be called targeted immunotherapy because of monoclonal antibodies 

are made to target to cancer cells. Monoclonal antibody has become critical for the 

successful treatment and it has been proved to increase survival rate of cancerous 
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patients in clinics. For examples; Bevacizumab, an anti-vascular endothelial growth 

factor (anti-VEGF) antibody that has been approved by the FDA and becomes widely 

used with many cancers (Pavlidis & Pavlidis, 2013). 

 

 

2.2 Monoclonal antibody 

  

A monoclonal antibody (mAb) is a produced-molecule that constructed to 

recognize only one specific antigen on the interested cells (Kohler & Milstein, 1975). 

It is classified to be mono-specific antibodies because they are all clones from a unique 

parent cell. 

In cancer immunotherapy, the effective therapeutic monoclonal antibodies 

are focused on mAbs-induced apoptosis cancer cells death (Crescence et al., 2012; de 

Weers et al., 2011). The novel mAbs that bind their targets and possess a novel 

mechanism. The multiple mechanisms have been proposed to explain the anti-cancer 

activity of unconjugated tumor antigen-specific monoclonal antibodies. Because of 

most mAbs do not directly induce cell death. It has to rely on immune effector 

mechanism.  

However, most of cancers have already developed a variety of mechanisms 

to escape the immune attack. Hence, several type of synthetic monoclonal antibodies 

can induce cell death without the need for immune effector mechanisms. It may be very 

important tool in the cancer treatment that have involved complex mechanisms to 

protect themselves from complement-dependent cytotoxicity (CDC) or antibody-

dependent cellular cytotoxicity (ADCC). For example: Cetuximab can directly inhibit 

cell proliferation, angiogenesis and survival by blocking epidermal growth factor 

receptor (EGFR) binding (Martinelli, De Palma, Orditura, De Vita, & Ciardiello, 2009). 

Moreover, mAbs can be conjugated to deliver the chemotherapeutic agents, 

radioactive agents and target signaling molecules for cancer treatment. 
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2.2.1 The death mechanism of cancer via monoclonal antibody 

treatment 

Monoclonal antibodies (mAbs)-mediated cell death can be classified 

by the appearance of mAbs. Two main type of mAb appearance are the conjugated 

mAbs and the naked mAbs. The conjugated mAbs are tagged with toxin, radioactive, 

or cytokine. They induces cell death through the co-function between monoclonal 

antibody and tagged molecules. The mAbs carry the tagged molecule to target cell, then 

the tagged molecule induces cell death. While, the naked mAbs might be directly 

binding with the specific protein on cell which mediate cancer cell death through 

antibody-dependent cellular cytotoxicity (ADCC), complement-dependent cytotoxicity 

CDC, or inducing program cell death. 

  

2.2.2 The anti-HCC monoclonal antibodies production 

Laohathai and Bhamarapravati produced anti-HCC mAbs by mice 

immunization (Laohathai & Bhamarapravati, 1985). An albino Balb/c mice were 

immunized by injection with the suspension of S102 HCC cell line into the peritoneum. 

At day 20 after the first immunized, Booster injections were given. After boosting for 

2 weeks, the mice were bled to collect antisera for the approximation of antibody 

against HCC antigen by using an indirect ELISA testing. Prior the fusion step between 

mouse spleen B-cell of immunized mice and myeloma cell for 3 days, the suspension 

of S102 was intravenous injected to be an antigen for final booster. The antibody 

producing B-cells from immunized mice were collected then fused with myeloma cell 

line (NS-1) to be anti-HCC-producing hybridoma cell. After that, the hybridoma cells 

were cultured for 10–14 days before collected the culture supernatants to screen the 

specific antibody production by using an indirect ELISA test (the plate was coated with 

the S102 HCC cell line). 

The anti-HCC-producing hybridoma cells were subcloned, and then 

frozen in liquid nitrogen until use. Monoclonal antibodies (mAbs) were produced in 

vitro by collecting high concentrated supernatants from the anti-HCC-producing clone. 

The mAbs from each positive clones were further purified from the supernatant using 

a purified protein column. The purified-mAbs from different hybridoma clones were 
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evaluated for their cytotoxic activity via the MTT colorimetric assay to screening for 

the effective anti-cancer hybridoma clone. 

 

2.2.3 Hep88 monoclonal antibody 

Hep88 monoclonal antibody (mAb) was generated by immunization 

of mice with the suspension of an established human hepatocellular carcinoma cell line 

from a Thai patient (S102) as mention earlier. This monoclonal antibody is able to either 

kill HepG2 cell line (ATCC strain HB 8065) or inhibit the proliferation of 

hepatocellular carcinoma cell lines: S102, R12 (established Thai patient’s 

hepatocellular carcinoma cell lines) but had no effect on the normal liver cell line: 

Chang liver (ATCC strain CCL 13). Moreover, preliminary results showed that this 

monoclonal antibody induced the cellular component of HepG2 cell line alteration as 

paraptosis morphology that showed cytoplasmic vacuolization, mitochondria and 

endoplasmic reticulum (ER) slightly swelling (Manochantr et al., 2011). The heat shock 

protein mortalin (HSP9A) is highlighted as a specific antigen of Hep88 mAb 

(Rojpibulstit et al., 2014).   

 

 

2.3. Program cell death (PCD) 

 

 Program cell death (PCD) is an essential process for the regulation of 

developed and homeostatic cell during an organism’s life cycle.  It is characterized by 

a series of biochemical event that lead to morphological changes. The program cell 

death has been often mentioned as “apoptosis”. The most defining features of apoptosis 

are involved in the activation of caspases, chromatin condensation, cell shrinkage, 

plasma membrane blebbing and DNA fragmentation (Elmore, 2007). However, the 

recent findings has shown the alternative PCD pathways (B. Li et al., 2011; Rojpibulstit 

et al., 2014; Zhou et al., 2014).  

Apoptosis-like PCD is also displayed as one of that alternative PCD (B. Li 

et al., 2011; Zhou et al., 2014). The features of apoptosis-like PCD has been shown the 

morphological of less compact chromatin condensation, cytoplasmic vacuolization and 
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independent of caspase activation and inhibition (Broker, Kruyt, & Giaccone, 2005). 

Thus, it can be defined as caspase-independent PCD.  

 

2.3.1 Caspase-dependent PCD 

Caspase-dependent PCD is mainly mention to apoptosis. It is 

characterized by the sequential activation of a series of caspases. Moreover, it is also 

defined by the morphological changes such as chromatin condenses, phosphatidylserine 

exposure, cytoplasmic shrinkage, membrane blebbing and formation of apoptotic 

bodies.  

The mechanisms of caspase-dependent PCD are highly complicated. 

Nowadays, there are two main pathway including the extrinsic or death receptor 

pathway and intrinsic or mitochondrial pathway.  

The extrinsic pathway initiate cell death through transmembrane 

receptor-mediated interactions. It plays a critical role in transmitting from the cell 

surface to the intracellular signaling pathways. The sequence of extrinsic events are 

occurred by the binding between the receptors and the homologous trimeric ligand. 

After that, the cytoplasmic adapter proteins are recruited which exhibit corresponding 

death domains that bind with the receptors. For example; the binding of Fas ligand to 

Fas receptor results in the assembly of the adapter protein Fas-associated death domain 

(FADD), and the binding of TNF ligand to TNF receptor results in the assembly of the 

adapter protein TNF receptor associated-protein with death domain (TRADD) and it 

links the activation to FADD (Elmore, 2007; Park, 2012). FADD then associates with 

procaspase-8 via dimerization of the death effector domain and forms a death-inducing 

signaling complex (DISC) (Kischkel et al., 1995). It is resulting in the auto-catalytic 

activation of procaspase-8. Once caspase-8 is activated, the apoptosis PCD is triggered 

(Kruidering & Evan, 2000) as shown in the Figure 2.1. 

   While, the intrinsic pathways initiate cell death through the intracellular 

signals that act directly on targets within the cell. Those signals cause the mitochondrial 

outer membrane permeabilization (MOMP), the release of cytochrome c and the 

clustering of procaspase-9 are both leading to caspase-9 activation (S. Yuan et al., 

2010). 
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   The important regulators of both extrinsic and intrinsic pathway are 

associated with mitochondria. The mitochondrial-mediated caspase activation is 

controlled by Bcl-2 family proteins. Pro-apoptotic proteins in Bcl-2 family for example, 

Bax, Bak, Bad, Bid, etc. are proved to be the bridging signaling generating 

mitochondrial outer membrane permeabilization (MOMP). Pro-apoptotic proteins, Bid 

is undergone a conformational change to truncated Bid (tBid) to facilitate Bax insertion 

by translocation from cytosol to the outer mitochondrial membrane in early step of 

intrinsic pathway resulting in the releasing of multiple factor molecules from 

mitochondria including cytochrome c (Du, Fang, Li, Li, & Wang, 2000; Wei et al., 

2000; Yamaguchi, Bhalla, & Wang, 2003). Cytochrome c was subsequently adapted 

with another molecules to form apoptosome and then activated caspase-9 and caspase-

3 (Estaquier, Vallette, Vayssiere, & Mignotte, 2012; S. Yuan et al., 2010). However, 

these events can be inhibited by the sequestration of anti-apoptotic Bcl-2 and pro-

apoptotic Bax proteins (Buron et al., 2010).  

 

2.3.2 Caspase-independent PCD 

Caspase-independent PCD differs from caspase-dependent PCD. The 

differences between them are involved several molecular mediators in mitochondria 

and lysosome. When the mitochondria is induced to form MOMP, it is able to release 

multiple factors that may trigger a caspase-independent cell death such as apoptosis-

inducing factor (AIF), Endo G and Omi/HtrA2 (Broker et al., 2005; Chipuk & Green, 

2005; Kook et al., 2007; Ruchalski et al., 2006; Zhou et al., 2014). While, cathepsins 

and multi-proteases can be released from lysosome by lysosomal membrane 

permeabilization (LMP) (Boya & Kroemer, 2008; Johansson et al., 2010; Tardy, 

Codogno, Autefage, Levade, & Andrieu-Abadie, 2006). The mitochondrial and 

lysosomal proteins releasing are caused by MOMP and LMP, which controlled by Bcl-

2 family proteins. (Szegezdi, Macdonald, Ni Chonghaile, Gupta, & Samali, 2009).  The 

scientific data of caspase-independent PCD demonstrated that involved in cathepsins 

activation and not responded to caspase inhibitors and caspases activation (Broker et 

al., 2005; Joy et al., 2010; Malhi, Guicciardi, & Gores, 2010; Sperandio et al., 2004). 

The proteolytic enzymes cathepsins are also released to degrade intracellular proteins 

or activate caspases as well as other enzyme to induce cell death (Bhoopathi et al., 2010; 
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Johansson et al., 2010; Oberle et al., 2010). It is now recognized this type of PCD as 

apoptosis-like PCD or paraptosis by morphological characterization different from 

apoptosis, i.e. numerous vacuolization without apoptotic body or membrane blebling 

(Chipuk & Green, 2005).  

 

 

Table 2.1 

 

Ultrastructural features of apoptosis and paraptosis (Danaila et al., 2013). 

Morphology Apoptosis Paraptosis 

 

Cell body 

 

Shrinkage 

 

Sometimes enlarged 
 

Cell membrane Intact, blebling Intact 

 
Cytoskeleton Collape before death Collape before death 

 

Lysosomes Intact Intact 
 

Endoplasmic reticulum Dilated, loss of libosomes from external 

membranes 
 

Sometimes dilated 

Mitochondria Intact with cytochrome c release and ATP 
synthesis 

 

Late swollen, without ATP synthesis 

Cytoplasm Compact and condensed, with intact organelles 
 

Vacuolised, with numerous vacuoles 

Nucleus Shrinkage and fragmented, disintegrating 

nucleolus 
 

Without fragmentation 

Chromatin Condensation and internucleosomal DNA 

fragmentation 
 

With or without condensation 

Apoptotic bodies and their 

removal 
 

Common heterophagy (rapid) by other cells Absent 

Note. Adapted from “Apoptosis, paraptosis, necrosis, and cell regeneration in 

posttraumatic cerebral arteries,” by L. Danaila, I. Popescu, V. Pais, D. Riga, S. Riga, 

and E. Pais, 2013, Chirurgia (Bucur), 108(3), p. 319-324. 

 



 

 

  

1
7
 

 

Figure 2.1 Apoptosis pathway 

Note Retrieved from http://www.hixonparvo.info/apoptosis.jpg
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2.4 Caspases 

 

Normally, caspases are synthesized as inactive proenzyme, which are 

known as procaspases. The structure of caspases are organized into a prodomain region, 

a large subunit and a small subunit (Park, 2012). Upon activation, the large and small 

subunits of caspase are released from prodomain and then separated as a subunit as 

shown in the Figure 2.2. The active caspases are often contained with two large and 

two small subunits as the tetramer, so it possess two active sites (Salvesen & Riedl, 

2008). Caspases cleave peptide bond on carboxyl site of aspartic acid residues. 

Therefore, it can be called aspartate-specific cysteine proteases. 

 

 

Figure 2.2 The structure of caspases and its active form. 

 

Caspases can be divided into 2 families, which are play a role in apoptosis 

(caspase-2, -3, -6, -7, -8, -9, -10 and -12) and cytokine processing (caspase-1, -4, -5 and 

-11). The apoptotic caspases can be subdivided into initiator caspases and effector 

caspases based on their prodomain as shown in the Figure 2.3. The caspase-2, -8, -9 

and -10 are the long-prodomain initiator caspases, it can be recruited to caspase-

activating molecule (FADD or Apaf-1) through caspase recruitment domain (CARD) 

and death effector domain (DED) (S. Yuan et al., 2010). The short prodomain is the 

effector caspases that contain caspase -3, -6 and -7. However, caspases are divided into 

three subfamilies when based on their homology in amino acid sequences. Three 
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caspases subfamily members include apoptosis activator (caspase-2, caspase-8, 

caspase-9 and caspase-10), apoptosis executioner (caspase-3, caspase-6 and caspase-7) 

and inflammatory mediator (caspase-1, caspase-4, caspase-5, caspase-11, caspase-12, 

caspase-13 and caspase-14). 

 

 

Figure 2.3 The different structure of prodomain on the initiator and the effector of 

apoptotic caspases.  

 

The activation of caspases is induced by two main pathways. The death 

receptor induction via death signaling is apoptotic extrinsic pathway, and the 

mitochondria induction is apoptotic intrinsic pathway. 

The Fas ligand (FasL) and tumor necrosis factor (TNF)-2 are the death 

signals that can be specifically recognized with their corresponding death receptors, 

such as Fas (FasR) or TNF receptor (TNFR-1). The binding between the signal and 

death receptor causes FADD aggregation, which is interacted with death effector 

domains (DEDs) in the prodomain of procaspase-8. These interaction induce the 

oligomerization of procaspase-8, then form into the molecule complex named death-

inducing signaling complex (DISC). After that, two procasaspe-8 attach to each other 

and activate themselves to be caspase-8. It is vigorously activated and can directly 

activate the downstream procaspases (e.g. procaspase-3). Moreover, it can activate the 

mitochondria-mediated pathway by truncating Bid (a pro-apoptotic Bcl-2 family 

protein).  
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The mitochondria can be mediated procaspase-activation by induced 

mitochondria outer membrane permeability (MOMP). A truncating Bid dislocates from 

cytosol to attach to pro-apoptotic protein Bax/Bak on the mitochondrial membrane and 

let them oligomerization to channel form. As a result, the molecules such as cytochrome 

c, apoptosis-inducing factor (AIF) and other molecules are released from mitochondria 

and brought to program cell death. When cytochrome c in mitochondria was released 

to the cytosol, the apoptotic protease activation factor-1 (Apaf-1) is oligomerized 

together with procaspase-9, dATP and cytochrome c. It is resulting in a complex 

formation known as apoptosome that can activate caspase-9. Active form of caspase-9 

can activate apoptosis executioner caspases (procaspase-3 and procaspase-7) and lead 

to apoptosis in the cell.  

 

2.4.1 Caspase-8 

Caspase-8 is a member of the cysteine proteases, which is the critical 

protein in the extrinsic apoptotic pathway. Like all caspases, caspase-8 is synthesized 

as an inactive procaspase in the cytosol, and it is activated through the ligation of death 

receptor with cytosolic adapter protein that recruited to form the death-inducing 

signaling complex (DISC). Activated caspase-8 directly cleaves and initiates a cascade 

of downstream effector caspases.  

Furthermore, the linkage between caspase-8 and mitochondria is 

found. When Bid is cleaved by caspase-8, Bid can translocates to the mitochondria. It 

induces pro-apoptotic mitochondrial changes and lead to cytochrome c release as 

described earlier (Kruidering & Evan, 2000). 

 

2.4.2 Caspase-9 

Caspase 9 is the initiator caspase of the intrinsic apotosis pathway. 

The procaspase-9 structure mainly consisting of prodomain (CARD domain), large 

subunit and small subunit. CARD domain is found in both N-terminal of Apaf-1 and 

the prodomain of procaspase-9. As a results, they interact with each other by CARD 

domains and form a complex. When, procaspase-9 in a multimeric complex with dATP 

and Apaf-1 is called apoptosome. It has an effect on procaspase-9, procaspase-9 is 



21 

 

cleaved to generate the large and small subunits. The subunits then dimerized to form 

an activated caspase 9, and it subsequently activated downstream caspases 3. 

 

2.4.3 Caspase-3 

Caspase-3 is the effector caspase (a key factor in apoptosis 

execution), which is activated by other protease. Two copies of each large and small 

subunit are generated to form an active heterotetramer that cleaves the specific protein 

substrates within the cell. However, the active form of caspase-3 is highly labile and is 

rapidly turn to inactivated form (Tawa et al., 2004). 

The hallmark of apoptotic morphology such as DNA fragmentation, 

phosphatidylserine exposure on cell outer membrane and apoptotic body formation are 

caused by the function of caspase-3. Active caspase-3 cleaves the inhibitor of caspase-

activated DNase (ICAD) to release caspase-activated DNase (CAD) (Wolf, Schuler, 

Echeverri, & Green, 1999). Then, CAD promotes the DNA fragmentation in apoptotic 

cells. In addition, the phosphatidylserine exposure on cell outer membrane is caused 

from the inhibition of flippase activity by caspase-3 activition. The apoptotic body 

formation is caused from the cleavage of actin-myosin filaments by active caspase-3. 

 

 

2.5 Cathepsins 

 

Cathepsins are a class of globular proteases, it includes cathepsin A, B, C, 

D, E, F, G, H, L, K, O, S, V and W (Gondi & Rao, 2013; Tan, Peng, Lu, & Tang, 2013). 

Cathepsins are synthesized as inactive proenzymes and processed to become the active 

enzymes. 

Cathepsin B is a lysosomal cysteine protease that functions as an 

endopeptidase and an exopeptidase (Turk et al., 2012). Especially, the endopeptidases 

activities of cathepsins are auto-activated at acidic pH in the lysosomes (Turk, Turk, & 

Turk, 2001). It functions in intracellular protein catabolism, and be involved in other 

physiological processes such as caspase-dependent PCD (apoptosis) and caspase-

independent PCD (paraptosis). However, cathepsin B is also known to be settled in the 

mitochondria (Muntener, Zwicky, Csucs, Rohrer, & Baici, 2004) where it is associated 
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to initiate cell death. While, it is also known to be lived in the nucleus (Riccio et al., 

2001) where it is involved to the nuclear scaffold. 

Many evidences indicated that cathepsin B is also involved in downstream 

apoptosis regulation of mitochondria. The mechanisms are occurred when the lysosome 

is destabilization by stress induction. The active cysteine cathepsins are released in 

cytosol, where they process Bid to active and/or degrade pro-apoptotic Bcl-2 

homologues, by which free the pro-apoptotic activity of Bak and Bax. This is then 

followed by mitochondrial outer membrane permeabilization (MOMP) and subsequent 

cytochrome c release, which leads to caspase activation and execution of cell death 

program (Stoka, Turk, & Turk, 2005). 

Another way, cathepsin B may also stimulate cell death through caspase-

independent PCD by randomly cleave the intracellular proteins. 

 

 

2.6 Bax 

 

The Bax also known as Bcl-2-like protein 4, which is encoded by the Bax 

gene. The Bax gene was the first identified as pro-apoptotic member of the Bcl-2 protein 

family, it contains BH1, BH2 and BH3 domains. Bcl-2 family is group of genes that 

share some characteristic domains of Bcl-2 homology (BH) domains (BH1, BH2, BH3 

and BH4). As a result, these proteins can form heterodimers or homodimers to each 

other, they act as anti-apoptotic or pro-apoptotic regulators that are involved in a wide 

variety of cellular activities (Kelekar & Thompson, 1998).  

Bax is a kay regulator that promotes apoptosis through the mitochondria. 

Bax is usually found in the cytosol, but upon initiation of apoptotic signaling, Bax 

undergoes a conformational change. It becomes organelle membrane-associated, 

especially mitochondrial membrane associated. On the mitochondrial membrane, Bax 

interact with the voltage-dependent anion channel (VDAC) and form an oligomeric 

pore in the outer membrane. As a results cytochrome c and other pro-apoptotic factors 

from the mitochondria is released, and leading to activation of caspases (Keinan, 

Tyomkin, & Shoshan-Barmatz, 2010). In addition, there are many research that reveal 

the upregulated expression of Bax by the tumor suppressor protein p53. Bax has been 
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shown to be involved in p53-mediated apoptosis (W. Li et al., 2015; Munagala, Kausar, 

Munjal, & Gupta, 2011).  

 

 

2.7 Bcl-2 

 

The Bcl-2 family comprises a group of structurally related proteins and are 

grouped into three main groups: the anti-apoptotic proteins group (Bcl-2, Bcl-xL, Bcl-

w, Mcl-1, Bcl-10, and Bcl-2 related protein A1); the pro-apoptotic proteins group (Bak, 

Bax, Bcl-rambo, Bcl-xs, Bok/Mtd); and the pro-apoptotic BH3-only proteins group 

(Bad, Bid, Bik/Nbk, Bim, Blk, Bmf, Hrk/DP5). The balance between pro-apoptotic 

protein and anti-apoptotic protein is used to determine apoptotic cell death.  

Bcl-2 (B-cell lymphoma-2) protein, encoded by the Bcl-2 gene, is 

specifically considered as an important anti-apoptotic protein. The Bcl-2 protein 

contain BH1, BH2, BH3 and BH4 domain. The mitochondrial-mediated cell death is 

regulated by Bcl-2 that controls the mitochondrial membrane permeability. Bcl-2 

inhibits MOMP formation by binding to the pro-apoptotic protein Bax. Similarly in the 

report that demonstrated that an overexpression of Bcl-2 leading to preventing the 

release of cytochrome c from the mitochondria (Kelekar & Thompson, 1998).  

 

 

2.8 p53 

 

Thirty years ago, the 53 kDa protein was discovered in human and mouse 

cells. A variety of the 53 kDa protein (p53) studies, indicated that it was an oncogene. 

Oncogenes were thought to be the key to understanding cancer. In contrast, the 

existence of tumor suppressor genes was totally anticipant, and there was little reason 

to believe differently in the mid of 1980s until 4-5 years later (in 1989) the turning point 

in p53 research occurred. In the presently, the study about p53 has revealed many of 

the principles involving human tumorigenesis. The p53 acts as a tumor suppressor in 

many tumor types; induces growth arrest or apoptosis depending on the physiological 

condition and cell type.  
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Under normal conditions, p53 is inactive in the cytoplasm. When stress 

conditions, p53 level is increased and accumulated in nucleus (Solozobova, 

Rolletschek, & Blattner, 2009). The activation of p53 can cause cell cycle arrest through 

the transactivation of  the cell division process required genes (Vousden & Lu, 2002).   

Moreover, the p53 also involved in apoptosis induction by mediated either 

stimulation of Bax expression, or repression of Bcl-2 expression (Handayani, Sakinah, 

Nallappan, & Pihie, 2007). During apoptosis, Bax protein level increases and 

translocates from cytoplasm to mitochondria (Keinan et al., 2010). 

  

 

2.9 Polymerase chain reaction (PCR) 

 

The PCR is an amplification of short DNA sequences method, which was 

developed by Kary Mullis in 1983. In the reaction use a pair of primers, that are 

complementary to a defined sequence on the DNA. These primers are extended by an 

enzyme Taq polymerase (a thermo-stable DNA polymerase that was isolated from 

Thermus aquaticus, a bacterium that grows in hot spring water) so that a copy of the 

target sequence is made by a series of repeated temperature changes (called cycles).  

The PCR cycles contain three important steps to amplify target sequence as 

shown in the Figure 2.4. First, regular cycling event is denaturation step, consists of 

heating the reaction to 95°C to melting the DNA template by disrupting the hydrogen 

bonds between complementary bases, yielding single-stranded DNA molecules. 

Second, annealing step is lowered reaction temperature about 50–65 °C, allow 

annealing of the primers to the single-stranded DNA template. Stable DNA–DNA 

hydrogen bonds are only formed when the primer sequence very closely matches the 

template sequence. The polymerase binds to the primer-template hybrid and begins 

DNA formation. Third, extension or elongation step is the optimum temperature (72 

°C) of DNA polymerase used. The DNA polymerase synthesizes a new complementary 

DNA strand to the DNA template strand in 5' to 3' direction by adding deoxynucleotide 

triphosphates (dNTPs). After amplification, the target PCR product is abundant to be 

detected and analyzed on an agarose gel by staining with an ethidium bromide. 
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In addition, the PCR also had an impact on the RNA analysis when it was 

developed technique by using enzyme reverse transcriptase. RNA is isolated and 

synthesized to cDNA by that enzyme activity. The cDNA is then used in a conventional 

PCR and this is called reverse transcriptase-PCR (RT-PCR). The advantage of this 

improvement technique is the ability to identify the targeted gene that rare or low levels 

of expressed mRNA. 

 

 

Figure 2.4 The steps in PCR 

Note. Adapted from Vierstraete, A. (Producer). (1999). The steps in PCR [picture].\        

  Retrieved from http://users.ugent.be/~avierstr/principles/pcr.html  
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2.10 Real-time PCR 

 

A large number of techniques have been developed to analyze and 

determine amount of mRNA in the gene expression. The real-time PCR is currently 

being employed for high throughput analysis. This is not only important for the gene 

expression studies, but also important in screening a marker for certain clinical 

disorders. 

The real-time PCR is also called quantitative PCR or qPCR. It is a 

molecular biological technique based-on the polymerase chain reaction (PCR), which 

is detected and quantified the target amplified PCR products at a while the PCR 

progression by fluorescent signal detection. The reactions of real-time PCR are 

quantified at each time point of PCR cycle. This value is usually referred to threshold 

cycle (Ct) where the amplification is first detected.  

The Ct is a relative measure of the concentration of target in the PCR 

reaction, which is generated from the intersection between an amplification curve and 

a threshold line. The threshold line is a level of the changed reaction that used for the 

determination of the threshold cycle (Ct) in real-time. The level of threshold is set above 

the baseline (It is the initial cycles of PCR, there is little change in fluorescence signal), 

but sufficiently low to be within the exponential growth region of the amplification 

curve. 

The real-time PCR can identify between mRNAs with the most resembled-

sequences. This method requires small amount of template to analyze the gene 

expression. It can be operated to quantify the mRNA as either a one-step reaction, where 

the entire reaction from cDNA synthesis to PCR amplification is performed in a single 

tube, or as a two-step reaction, where reverse transcription and PCR amplification occur 

in separate tubes. 

The one-step real-time PCR is both reverse transcriptase and DNA 

polymerase reactions that occurs in a same tube. The starting template in this method 

is an RNA, which is rapidly degraded if not handled properly.  

The two-step real-time PCR is a method that separates the reverse 

transcription reaction from the real-time PCR reaction. The process of reverse 

transcription generate cDNA template and then, the cDNA template was diluted in the 
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same amount before using in the real-time PCR. This two-step method is often 

performed when using a non-specific DNA binding dye (such as SYBR Green I) 

because it is easier to eliminate primer-dimers through the manipulation of melting 

temperatures (Tm). 

 

2.10.1 Types of real-time quantification 

2.10.1.1 Absolute Quantitation 

The absolute quantitation uses the serial dilutions of known 

concentration standards to generate a standard curve. The standard curve produces a 

linear relationship between Ct and initial amounts of cDNA or mRNA (compare with 

plasmid DNA as copy number). The copy number of unknown samples are determined 

by compare Ct values with the standard curve. The amplification efficiencies are 

assumed equal in all of standards and samples. Furthermore, the concentration of 

standard serial dilutions have to quantification in the precise range and in the specific 

detectable levels.    

The standard for real-time PCR can be a fragment of double-

stranded DNA (dsDNA), single-stranded DNA (ssDNA), or plasmid-cloned DNA. The 

methods for constructing a DNA standard for two-step real-time PCR are cloning target 

gene sequence into a plasmid, purifying a conventional PCR product, or directly 

synthesizing the target nucleic acid. 

 

2.10.1.2 Relative Quantitation 

The relative quantitation is determined by the changes of 

sample gene expression compare with a reference sample. The results of relative 

quantitation are usually expressed as a target/reference ratio.  

Presently, there are many mathematical models available to 

calculate the gene expression from relative quantitation. However, this method depends 

on the yield different results. Thus, the amplification efficiency of the reaction is the 

most important consideration to get the accurate measurement when perform relative 

quantitation. The amplification efficiency is calculated by using the data from a 

standard curve with the following formula:  
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Exponential amplification = 10(-1/slope)  

 

Efficiency = [10(-1/slope)]-1 

 

 

2.10.1.3 Standard curve method 

The quantity of each experimental sample is determined using 

a standard curve and then expressed relative to a housekeeping gene sample. The 

housekeeping gene is used as a calibrator which is designated as 1-fold. The standard 

curve method is usually applied in the unequal amplification efficiencies of target gene 

and housekeeping gene. This method does not require to prepare the exogenous 

standards and quantify the calibrator samples. Moreover, the complex mathematics are 

not needed for this method. However, the results from this standard curve method must 

be normalized with an endogenous gene (usually a housekeeping gene). 

 

2.10.1.4 Comparative Ct method (2-ΔΔCt)  

The comparative Ct method is a mathematical model that 

calculates the changes in gene expression as a relative fold difference between an 

experimental and calibrator sample. While this method includes a correction for non-

ideal amplification efficiencies (not equal to 1), the kinetics of the target gene and 

housekeeping gene amplification must be equal.  

A validation in this method must be performed by the serial 

dilutions of the target gene and housekeeping gene. The data are plotted between the 

log scale of concentration and the difference of Ct value in each dilution. The slope of 

linear equation is used to determine the suitability of this method. If the value of slope 

is less than 0.1, the comparative Ct method can be used.  

In this real-time PCR method, the PCR product size should not 

be larger than 200 bp. The comparative Ct method does not require a standard curve, it 

should be strictly optimized before the experimental operation. 
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2.10.1.5 Pfaffl method 

Michael Pfaffl proposed the quantification method that 

combines the gene quantification and the normalization into a single calculation. The 

amplification efficiencies of the target and housekeeping genes are used to correct the 

differences in this method. The relative expression software tool (REST©), which runs 

in Microsoft® Excel, is operated to analyzed this method. The Pairwise Fixed 

Reallocation Randomization Test© is used to calculate the significance of result. The 

significance of result indicates that the reference gene is suitable for normalization. 

 

Among these methods described earlier, the absolute quantitation is more 

efficient than relative quantitation because it has reliable standards for quantitation in 

every PCR amplification. On the other hand, the relative quantitation data (comparative 

Ct) are only suitable to run the samples within the same real-time PCR reaction. The 

control gene is used in every time of real-time PCR reaction to confirm the reliability 

of data analysis between two real-time PCR reactions. If the real-time PCR 

quantification is not performed on the same times or in same laboratories, the constant 

results from absolute quantification are more suitable.  Nevertheless, both of absolute 

and relative quantitation methods produce comparable results in the term of fold-change 

of gene expression data. 

 

2.10.2 Normalization 

The normalization of gene expression data is used to correct the 

variation between samples from different individuals starting material. The variation 

usually occurs in the cell number or tissue mass, the integrity or quantity of RNA, or 

the process of experimental treatment. In the idealistic conditions, cell number is used 

to standardize the mRNA levels. Despite, whole tissue is unable to normalize the 

expression data. For these reason, the control gene (housekeeping gene) is used to 

normalize the expression data. The idealistic property of control gene for real-time PCR 

is an unchanging fashion although the expression is performed in any cell types, any 

stage of development, or any kind of treatment. Moreover, a control gene also acts as a 

positive control for the reaction. 
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2.10.3 Calculated Variation 

In the real-time PCR experiment, the intra- and inter-assay variation 

might be occurred. It can be calculated to validate the assay results. However, the Ct 

values cannot used to interpret the variation because they are the logarithm unit. Hence, 

the variation is calculated from the copy number to get the accuracy in the 

measurement. The amount of error on an intra-assay variation within a single assay 

quantification is observed when the same template is run multiple times on the same 

plate with the same reagents. The real-time PCR experiments are usually performed in 

triplicate, it can be calculated for an intra-assay variation. The high variation might be 

caused from the low concentration of template and the low specification of primer.  

While, the amount of error on an inter-assay variation within two separate assays 

quantification is observed when the same template is run on either the same or different 

days. The inter-assay variation is often calculated from a standard sample data that 

performed as a positive control in all plates.  

 

 

2.11 Flow cytometry 

 

Flow cytometry is a laser-based technology which is employed in cell 

counting, cell sorting and biomarker detection. The performed cells in this technique 

have been labelled with fluorophore before passed in a stream of fluid through the laser 

beams and detected by an electronic detection apparatus. The signals are collected to 

give an information in multiple parameters of many thousands of cells/particles per 

second. The forward light scatter data is related to the cell size while, the amount of 

side scatter data is related to the presence of intracellular granules.  A flow cytometry 

machine sorts and counts the cells that have been labelled by using fluorescent dyes. 

The labels that are used depend on the laser that is used in the analyzer. The laser excites 

the fluorochromes which emitted light are detected by the device. 
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2.11.1 Fluorophores 

There are several fluorophores that are used in flow cytometry. 

These fluorophores are generally attached to a molecule or an antibody that recognizes 

a target feature either displayed on the cell membrane or the intracellular component. 

Each of the fluorophores has a unique excited-peak and a unique emission wavelength. 

For example: The blue argon laser (488 nm) is an air-cooled laser, is easier to set up. It 

is used in single laser machines. Some of the labels using with the blue argon laser (488 

nm) including in the green channel on FL1 (Alexa Fluor 488, GFP, FITC, CFSE, 

DyLight 488 or CFDA-SE), orange channel on FL2 (PE or PI) and red channel on FL3 

(PE-Alexa Fluor 700, PerCP-Cy5.5, PerCP, PE-Cy5.5 or PE-Cy5).  

 

2.11.2 Cells sample preparation 

For flow cytometry, the cells must be suspended as single cells at a 

density of 105–107 cells/ml to prevent the narrow bores of the flow cytometer and its 

tubing from clogging up. However, the cells from solid tissues e.g. liver or tumors were 

produced single cells by mechanically or enzymatically method before analyzed. The 

cells staining for flow cytometry might be perform in fix cells or live cells, depend on 

the part of interesting on the cellular components. 

 

2.11.2.1 Cell fixation 

The fix cells were performed when study intracellular 

components by flow cytometry. The plasma membrane of the cell must be 

permeabilized to allow dyes or antibody molecules through while retaining the cell’s 

overall integrity. There are two most common ways to fixation and permeabilization. 

They are a one-step fix/perm protocol (ethanol/methanol) or a two-step fix/perm 

protocol (most often paraformaldehyde; PFA/Saponin).  

 

(1) Methanol/ethanol fixation  

 Methanol/ethanol fixation is very quick, fixes and 

permeabilizes at the same time and is very inexpensive. However, alcohols can lead to 

lipid extraction and removal of some protein and generally does not preserve 

intracellular structures. 
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(2)  PFA/Saponin fixation and permeabilization 

PFA/Saponin fixation and permeabilization is milder in this 

regard and tends to preserve epitopes and more “loosely” membrane-bound proteins. 

This process requires that saponin is in all wash steps. Saponin pores are transient and 

are needed to wash unbound antibody out of the permeabilized cell. In this case, the 

experiment need an appropriate negative control. Because the permeabilized cell has 

more surfaces for non-specific binding and can passively trap unbound antibody inside.  

 

 

2.12 Proteomics 

 

Because of the proteins are the parts of living lives. The emerging 

exploration of proteomes from the overall level of intracellular protein composition, 

structure, and activity patterns leading to illustrated an important component of 

functional genomics. For this reason, a mixture word of protein and genome which is 

the groups of proteins produced or modified by an organism called “proteome”. The 

proteomics is the large-scale study of proteins, especially their structures and functions. 

It is generally refers to the large-scale experimental analysis of proteins, which is often 

specifically used for protein purification and mass spectrometry. 

The polyacrylamide gel electrophoresis (SDS-PAGE) is a widespread 

method that uses to separate proteins from the samples. The proteins in SDS-PAGE gel 

are stained and followed by section and digestion the band of proteins to identify the 

differentially expressed proteins by mass spectrometry. This method is called the 

shotgun proteomics (GeLC-MS) which used in identifying whole proteins in complex 

mixtures by using a combination of high performance liquid chromatography combined 

with mass spectrometry. The shotgun proteomics method starts with the proteins in the 

mixture being separated on denaturing polyacrylamide gel (SDS-PAGE), cut into a 

range of protein size, digested with enzymatically and the resulting peptides. The 

peptides are separated by liquid chromatography. Finally, the mass spectrometry is used 

to identify the peptides. 
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2.13 Mass spectrometry 

 

Mass spectrometry (MS) is an extremely valuable analytical technique 

which is the most common technologies for proteomics. The principles of mass 

spectrometer helps to identify the amount and type of the presence of molecules in a 

sample by measuring the mass-to-charge ratio (m/z) and a large quantities of gas-phase 

ions. 

All type of mass spectrometers are basically similar. They consists of five 

essential components i.e. a vacuum system, a sample inlet, an ion source, a mass 

analyzer, and a detector as shown in Figure 2.5.  

 

 

Figure 2.5 Basic components of mass spectrometers. 

 

2.13.1 Vacuum system 

Mass spectrometer operate under the vacuum to minimize collision 

between air molecules and ions. The vacuum system is generated by the pumps includes 

thurbomolecular pump, diffusion pump and rotary vane pump. 

 

2.13.2 Sample inlet 

The sample inlet can be a high performance liquid chromatography 

(HPLC), gas chromatography (GC), or capillary electrophoresis system. 
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2.13.3 Ion sources 

The ion source in a mass spectrometer converts a part of the sample 

into ions by solid, liquid or gas phase ionization techniques. The ionization techniques 

have been a key to determine what types of samples can be analyzed by mass 

spectrometry. The electron ionization and chemical ionization are used for gases and 

vapors. The techniques often used with liquid and solid biological samples include 

electrospray ionization (ESI) and matrix-assisted laser desorption/ionization (MALDI). 

The ions are then transported by an electric and magnetic fields to the mass analyzer. 

 

2.13.4 Mass Analyzers 

A mass analyzer uses an electric and magnetic field to affect the 

path and velocity of the ionized molecules. The differences in masses of the fragments 

allows the mass analyzer to sort the ions. The ions move through the mass analyzer, 

which they depend on the mass-to-charge (m/z) ratios. In another word, more charged 

molecules are faster-moving than less charged molecules.  

 

2.13.4.1 Types of mass analyzers 

 There are several types of mass analyzers that used for mass 

spectrometry. They are in the following: 

(1) Time-of-flight (TOF) mass analyzer  

The TOF mass analyzer uses an electric field to accelerate 

the ions through the same potential in the fight tube. The lighter ions can travel to the 

detector faster than heavier ions. 

(2) Quadrupole mass analyzer  

The quadrupole mass analyzer uses an electrical fields that 

is created between 4 parallel rods by apply a direct current (DC) and radio frequency 

(RF) to each rod to selectively stabilize or destabilize the paths of ions. The ions can 

move along through this electrical field. When, ions are accelerated down to mass 

analyzer, it was passed to detector by the different of mass/charge in each molecule. 
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(3) Quadrupole-ion trap mass analyzer  

The quadrupole-ion trap mass analyzer uses the same 

principles as the quadrupole mass analyzer, but it traps ions in a two dimensional 

quadrupole field. The ions are become unstable and ejected from the trap to the detector 

by the increasing of mass-to-charge (m/z) ratios. 

 

2.13.5 Detectors 

The detector records either the charge when an ion passes and hits 

on a surface by measuring the value of an indicator quantity as an electron multiplier 

or a photomultiplier. Thus, the detector provides data for calculating the abundances of 

each ion present. In a detector, the signal is produced during the scanning as a mass 

spectrum. The ions are recorded as a function of m/Q by plotting the amount of signal 

versus m/z ratios. 
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CHAPTER 3 

RESEARCH METHODOLOGY 

 

From the objectives in this study, the experiments were designed to prove 

the mechanism of apoptosis and paraptosis in HepG2 cells after treated with Hep88 

mAb. The mRNA expression level of apoptotic and paraptotic involving genes were 

quantitated by real-time PCR. The apoptotic mechanism were confirmed again by 

caspases enzyme activities. Furthermore, the several hallmarks of apoptosis were 

determined by flow cytometry. The protein profile of Hep88 mAb-treated HepG2 cell 

was investigated by GeLC-MS/MS method. Overview of the experimental method in 

this study can be illustrated in the Figure 3.1. 

 

 
 

Figure 3.1 A conceptual framework of this study 
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3.1 Cell culture and cytotoxicity effect of Hep88 mAb 

The HepG2 cells were cultured in RPMI 1640 with 10% fetal bovine serum 

(Biochrom AG, Berlin). It was maintained at 37oC in a CO2 incubator and subculture 

every 3-4 days until use. The IC50 concentration of Hep88 mAb against HepG2 cell 

line was determined by varying dose ranging from 0 to 200 mg/ml for three days 

incubation via the MTT colorimetric assay as previously described (Manochantr et al., 

2011). The 50% growth-inhibitory effect or IC50 concentration had been detected at 

12.5 µg/ml for HepG2 cell line.  

 

 

3.2 Real-time PCR 

 

3.2.1 The apoptotic mechanism of Hep88 mAb treated-HepG2 cell 

HepG2 cells (6 x 105 cells) were cultivated in 6-well culture plate 

with RPMI 1640 medium which is contain 10% fetal bovine serum, and incubated at 

37°C in 5% CO2 for 24 hours prior treatment. HepG2 cells were treated with IC50 

concentration of Hep88 mAb for 24, 48 and 72 hours. Whereas, the positive and 

negative control carried out in this study were a chemotherapeutic drug, IC50 

concentration (0.06 µg/ml) of doxorubicin-treated HepG2 cell, and untreated HepG2 

cell, respectively. 

 

3.2.2 The early mechanism of PCD in HepG2 cell after treated with 

Hep88 mAb  

HepG2 cells (6 x 105 cells) were cultivated in 6-well culture plate 

with RPMI 1640 medium which is contain 10% fetal bovine serum, and incubated at 

37°C in 5% CO2 for 24 hours prior treatment. HepG2 cells were treated with IC50 (12.5 

µg/ml) and cytotoxic (62.5 µg/ml) concentration of Hep88 mAb for 3, 6, 9, 12, 18 and 

24 hours. The untreated HepG2 cells were used as control. 
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3.2.3 Validating the amplified PCR product 

3.2.3.1 Primer design 

Primer design was performed by Primer3 program 

(http://frodo.wi.mit.edu/cgi-bin/primer3/primer3_www.cgi) after identifying the 

specific sequence from genome databases (GenBank®). The primers were designed in 

a low Guanine/Cytosine content (20-80 %) region. The amplified size would be in a 

range between 100 to 200 bp whereas; the melting temperature (Tm) for the primers 

was limited within 55-65°C. 

3.2.3.2 PCR Amplification 

Designed primers were used to amplified gene in the sample 

by 30 cycles of PCR method (denaturation: 95°C 30 seconds, annealing: 55°C, 60°C or 

65°C 30 seconds and extension : 72°C 30 seconds). PCR products were run on 2% 

agarose gel to checking the PCR product size. 

3.2.3.3 Gene cloning  

PCR products of the expected predicted size were extracted 

from the gel by Geneaid Gel/PCR DNA Fragments Extraction Kit and ligated into 

pTZ57R/T vectors and transformed into E.coli DH5α competent cells by TAclone PCR 

cloning kit.  

3.2.3.4 Screening of gene recombinant plasmid 

Bacterial clones were placed on LB ampicillin agar plates and 

grown overnight at 37°C. A maximum of 10 colonies were picked from each plated 

transformation and were detected by colony PCR technique. 

3.2.3.5 Plasmid extraction 

The bacterial clone with interesting gene plasmid were 

cultivated in LB broth containing ampicillin overnight at 37°C, 200 rpm. The cells were 

pelleted by centrifugation at 8,000 rpm for 3 minutes before following the 

manufacturing’s protocol from QIAprep® Spin Miniprep Kit (QIAGEN). 
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3.2.3.6 Sequence analysis 

The plasmids were diluted as 100 ng/µl and analyzed by 

Macrogen Inc. (Korea) with the 96-capillary 3730xl DNA Analyzer (Applied 

Biosystems®). The sequence of gene recombinant plasmid was checked where the gene 

was by using reverse and forward primer sequence. The location of the primers show 

location of the gene that means the recombinant plasmid contains the gene. The 

nucleotide sequences of can be double check again by the nucleotide Basic Local 

Alignment Search Tool (BLAST) online database program 

(http://blast.ncbi.nlm.nih.gov/Blast.cgi?PROGRAM=blastn&PAGE_TYPE=BlastSear

ch&LINK_LOC=blasthome). 

 

3.2.4 Generating standard curve of interesting gene 

Copy Number was calculated from plasmid DNA concentration. The 

plasmid DNA was diluted to (Serial Dilution) 109-102. Diluted plasmid was added into 

Real-time PCR Master mix. The gene expression was operated and analyzed by using 

Bio-rad iQ5 and Exicycler™96 Bioneer. The data reported as Ct value of each dilution, 

we use Ct value compared with copy number to generated standard curve. 

3.2.4.1 Copy number calculation 

Once the size of the plasmid that contains the gene of interest 

was estimated, the copy number could be calculated as shown in the equation (Whelan, 

Russell, & Whelan, 2003):  

    

 

DNA copy  = 6.02 Х 1023 (copy/mol) X DNA amount (g) 

      DNA length (bp) X 660 (g/mol/bp) 

 

http://blast.ncbi.nlm.nih.gov/Blast.cgi?PROGRAM=blastn&PAGE_TYPE=BlastSearch&LINK_LOC=blasthome
http://blast.ncbi.nlm.nih.gov/Blast.cgi?PROGRAM=blastn&PAGE_TYPE=BlastSearch&LINK_LOC=blasthome
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3.2.5 Total RNA extraction  

Total RNA was extracted from cell culture by using TRI REAGENT® 

Molecular research center, Inc. Cell lysate was transferred into new tube, vortexed 

thoroughly and incubated at room temperature for a few minutes before centrifuged 

10,000 x g for 15 minutes. As a result, the supernatant was separated into 3 phases. The 

clear phase in the upper part was transferred into new tube and precipitated RNA with 

absolute isopropanol. The RNA pellet was washed with 70%Ethanol. Finally, the RNA 

pellet was re-suspended in DEPC water.  

 

3.2.6 Reverse transcription  

Total RNA was used as the template for first-strand complementary 

DNA (cDNA) synthesis. The reaction was started with denatured RNA and 

oligonucleotide primers (Oligo (dT) primers) at 70°C for 5 minutes, chilled on ice for 

1 minute and added 10 µl of Prime RT Premix (2X). The reaction mixture was 

incubated at 42 °C for 60 minutes, then stopped the reaction by heating at 70°C for 10 

minutes and chilled on ice. The cDNA concentration was measured an A260/A280 by 

NanoDrop 1000. 

 

3.2.7 Quantitative real-time PCR analysis  

The 2X Prime Q-Master Mix (with SYBR Green I) was used in the 

study of apoptosis mechanism after induction with Hep88 mAb for 24, 48 and 72 hours 

experiment. Real-time PCR was carried out in iCycler iQ™ Real-Time PCR Detection 

System (Bio-Rad Laboratories, Inc.). All samples were run in duplicate in final reaction 

volume of 20 µl. The PCR parameters were 1 cycle of initial denaturation at 94°C for 

10 minutes, 40 cycles of at 94°C, 60°C, 72°C for 30 seconds in each temperature. The 

primers used for PCR amplification of capase-3,-8,-9 and EF-2 are listed in the Table 

3.1. The EF-2 gene was used as control to normalize target gene expression.  
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The 2X KAPA SYBR® FAST qPCR Master Mix was used in the 

study of early mechanism of PCD in IC50 and cytotoxic dose of Hep88 mAb-treated 

cells experiment.  The gene expression was operated and analyzed by using 

Exicycler™96 Bioneer. All samples were run in triplicate in final reaction volume of 

10 µl. The PCR parameters were 1 cycle of initial denaturation at 94°C for 10 minutes, 

40 cycles of PCR reaction and hold for 30 seconds in each temperature. The primers 

used for PCR amplification of Bax, Bcl-2, p53, cathepsin B, caspase-3, caspase-9 and 

EF-2 are listed in the Table 3.2. The EF-2 gene was used as control to normalize target 

gene expression.  

The specificity of PCR products was confirmed by the single peak 

dissociation curves. Threshold cycle (Ct) value was compared with standard curve of 

each gene to report as copy number. The gene expression was calculated, used the copy 

number of interesting gene divided with housekeeping gene to normalize, then using 

the normalize value of treated sample divide with untreated sample. Finally, the results 

were reported as fold change of gene expression.   

 

 

Table 3.1  

 

Primer PCR for Real-time PCR 

Primers sequence of nucleotides (nt) size (nt) Product size 

Caspase-3 
Forward  5'-TGT TTG TGT GCT TCT GAG CC-3' 20 

210 bp 

Reverse   5'-CAC GCC ATG TCA TCATCA AC-3' 20 

Caspase-8 
Forward  5'-GAT CAA GCC CCA CGA TGA C-3' 19 

149 bp 

Reverse   5'-CCT GTC CAT CAG TGC CAT AG-3' 20 

Caspase-9 
Forward  5'-CAT TTC ATG GTG GAG GTG AAG-3' 21 

149 bp 

Reverse   5'-GGG AAC TGC AGG TGG CTG-3' 18 

EF-2 
Forward  5'-CTG AAG CGG CTG GCT AAG TCT GA-3' 23 

155 bp 

Reverse   5'-GGG TCA GAT TTC TTG ATG GGG ATG-3' 24 
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Table 3.2 

 

 Primer PCR for Real-time PCR 

Primers Sequence of Nucleotides (nt) 
Size 

(nt) 

PCR Product 

length 

Bax 

(55°C) 

Forward 5’-ATGTTTTCTGACGGCAACTTC-3’ 21 

133 bp 

Reverse 5’-AGTCCAATGTCCAGCCCAT-3’ 19 

Bcl-2 

(65°C) 

Forward 5’-ATGTGTGTGGAGACCGTCAA-3’ 20 

141 bp 

Reverse 5’-GCCGTACAGTTCCACAAAGG-3’ 20 

p53 

(60°C) 

Forward 5’-ATGTTTTGCCAACTGGCCAAG-3’ 21 

153 bp 

Reverse 5’-TGAGCAGCGCTCATGGTG-3’ 18 

Cathepsin B 

(55°C) 

Forward 5’-CAGCGTCTCCAATAGCGA-3’ 18 

164 bp 

Reverse 5’-AGCCCAGGATGCGGAT-3’ 16 

EF-2 

(60°C) 

Forward  5’-CTGAAGCGGCTGGCTAAGTCTGA-3’ 23 

155 bp 

Reverse   5’-GGGTCAGATTTCTTGATGGGGATG-3’ 24 

Caspase-3 

(60°C) 

Forward  5'-TGTTTGTGTGCTTCTGAGCC-3' 20 

210 bp 

Reverse   5'-CACGCCATGTCATCATCAAC-3' 20 

Caspase-9 

(65°C) 

Forward  5'-CATTTCATGGTGGAGGTGAAG-3' 21 

149 bp 

Reverse   5'-GGGAACTGCAGGTGGCTG-3' 18 
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3.3 Enzyme Colorimetric assay 

The caspase-3,-8 and -9 activities were assessed by using Caspase-3/CPP32 

Colorimetric assay kit, FLICE/Caspase-8 Colorimetric assay kit and Caspase-9 

Colorimetric assay kit (BioVision) according to the manufacturer’s instructions, with 

some modification. 

 

3.3.1 Protein extraction 

After treatment with IC50 concentration of Hep88 mAb for 24, 48 

and 72 hours, HepG2 cell pellets were protein extracted by 50 µl of ice cold cell lysis 

buffer, then incubated for 10 minutes on ice and brought them to sonicate for 10 times. 

The lysate was centrifuged at 13,800 rpm, 4°C for 20 minutes. The supernatants were 

cytoplasmic proteins which were transferred into the new tube. The protein 

concentration in each sample was determined by BCA™ Protein Assay Kit (Pierce, 

Rockford, IL). The protein concentration was adjusted to 100 µg/50 µl with cell lysis 

buffer.  

 

3.3.2 Caspase-3/CPP32 Colorimetric assay  

Caspase-3 activity was determined by Caspase-3/CPP32 

Colorimetric assay kit. By following the manufacturer’s protocols, 50 µl of 2 µg/µl 

protein of cell lysate was mixed with 50 µl of 2X Reaction Buffer (containing 10 mM 

DTT) and 5 µl of 4 mM DEVD-pNA substrate (200 µM final concentration) in 96-well 

plate.  After 37°C, 2 hour incubation, the samples were quantified using a microplate 

reader PowerWave™ XS Microplate Spectrophotometer (BioTek) at 405nm. The level 

of fold-increase in CPP32 activity was analyzed and compared with the level of the 

untreated control. 
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3.3.3 FLICE/Caspase-8 Colorimetric assay 

Caspase-8 activity was determined by FLICE/Caspase-8 

Colorimetric assay kit. By following the manufacturer’s protocols, 50 µl of 2 µg/µl 

protein of cell lysate was mixed with 50 µl of 2X Reaction Buffer (containing 10 mM 

DTT) and 5 µl of 4 mM IETD-pNA substrate (200 µM final concentration) in 96-well 

plate.  After 37°C, 2 hour incubation, the samples were quantified using a microplate 

reader PowerWave™ XS Microplate Spectrophotometer (BioTek) at 405nm. The level 

of fold-increase in FLICE/Caspase-8 activity was analyzed and compared with the level 

of the untreated control. 

 

3.3.4 Caspase-9 Colorimetric assay 

Caspase-9 activity was determined by Caspase-9 Colorimetric assay 

kit. By following the manufacturer’s protocols, 50 µl of 2 µg/µl protein of cell lysate 

was mixed with 50 µl of 2X Reaction Buffer (containing 10 mM DTT) and 5 µl of 4 

mM LEHD -pNA substrate (200 µM final concentration) in 96-well plate.  After 37°C, 

2 hour incubation, the samples were quantified using a microplate reader PowerWave™ 

XS Microplate Spectrophotometer (BioTek) at 405nm. The level of fold-increase in 

Caspase-9 activity was analyzed and compared with the level of the untreated control. 

 

 

3.4 Flow cytometry 

HepG2 cells were treated with cytotoxic dose of Hep88 mAb for 24, 48 and 

72 hours to determine several hallmark of apoptosis such as phosphatidylsereine 

exposure, DNA fragmentation and active caspase-3 formation by the following 

methods. 
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3.4.1 Detecting apoptosis  

After treatment with Hep88 mAb, 1×106 cells/ml of HepG2 cells were 

washed twice in cold phosphate buffered saline (PBS) and then resuspended in binding 

buffer (0.02 µm sterile filtered 0.01M Hepes (pH 7.4), 0.14M NaCl, and 2.5 mM CaCl2 

solution) in the FITC Annexin V Apoptosis Detection Kit I (BD Pharmingen™). 

Aliquots 100 µl of this cell suspension were placed in 5 mL tubes with 5 µl Annexin 

V/FITC and 10 µl of 20 µg/ml propidium iodide. They were mixed thoroughly and 

incubated at room temperature away from sunlight for 15 minutes. PBS (400 µl) was 

then added. The suspension was analyzed with a fluorescence-activated cell sorter 

(FACS). The cell populations were calculated as the percentage by Cell Quest software 

(Becton Dickinson). Early apoptotic cells were positive-stained with annexin V and 

negative-stained with PI; however, Late apoptotic cells were positive-stained both 

annexin V and PI. The sum of early and late apoptotic cells population are divided with 

total population to calculate as the percentage of apoptotic cell.  

 

3.4.2 Detecting cell cycle  

The cells were washed twice in cold phosphate buffered saline (PBS) and 

fixed in 90% ethanol by drop the cell suspensions in vertexes ethanol. The fixed cell 

suspensions were placed at -20°C overnight then, centrifugation to pellet cell. The cell 

pellets were resuspended with PI/RNase Staining Buffer (BD Pharmingen™). They 

were mixed thoroughly and incubated at room temperature away from sunlight for 15 

minutes. Finally, the suspension was analyzed with a fluorescence-activated cell sorter 

(FACS). 
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3.4.3 Active caspase-3 

The cells were collected and washed twice in cold phosphate buffered 

saline (PBS). The cells were fixed with BD Cytofix/Cytoperm™ solution in Caspase-

3, Active Form, Apoptosis Kit (BD Pharmingen™) at a concentration of 1x106 cells/ 

0.5 ml for 20 minutes on ice. The cells were pelleted by centrifugation, then washed 

twice with BD Perm/Wash™ at room temperature. After that, the cells were stained 

with antibody for 30 minutes at room temperature. The results of active caspase-3 were 

detected by flow cytometry. 

 

3.5 Proteomics 

HepG2 cells were treated with IC50 and cytotoxic dose of Hep88 mAb for 

3, 6, 9, 12, 18 and 24 hours. The untreated HepG2 cells were used as control. Three 

group of treatment were used as the subject for proteomics analysis by a technique 

which combines SDS-PAGE and LC-MS/MS. This technique is called GeLC-MS/MS.  

 

3.5.1 Total protein extraction 

The cell pellets of Hep88 mAb treated HepG2 cells in various 

concentrations and times were extracted by 0.5%SDS (1:1). The protein concentrations 

were determined by the Lowry method. 

 

3.5.2 Protein concentration determination by Lowry method 

The sample protein concentrations were estimated by using the 

standard curve of bovine serum albumin (BSA). The cell lysate of sample was mixed 

with 200 µl of alkaline copper solution (freshly prepared by mixing solution A and 

solution B as shown in Appendix A) and then incubated for 30 minutes at room 

temperature. After incubation, 50 µl of Folin-Ciocalteu phenol reagent was added and 

well mixed into the reaction. The reaction mixture was incubated at room temperature 

for 30 minutes before the absorbance (A690) was measured by using a microplate 

reader. 
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3.5.3 Denaturing gel electrophoresis (SDS-PAGE) 

SDS-PAGE was performed on 12.5% polyacrylamide gels. The total 

proteins were mixed with 1/5 volume of sample loading buffer and heated at 95°C for 

5 minutes before loading to gel. The reservoir of electrophoresis was filled with 

electrophoresis buffer (0.025M Tris, 0.192M Glycine, 0.1%SDS). The proteins are 

separated by applying a current of 20mA/gel for approximately 70 minutes or until 

tracking dye has reached the bottom of the gel. The proteins bands were visualized by 

silver staining. 

 

3.5.4 Silver staining 

 After the electrophoresis, the polyacrylamide gels were fixed in the fixing 

solution (50% methanol, 10% acetic acid and 50µl/100 ml of 37% formaldehyde) and 

agitated for 30 minutes. The fixing gel was washed with 35% ethanol 2 times for 5 

minutes each and sensitized in 0.02% sodium thiosulfate for 2 minutes. After the 

sensitizing, the gel was washed with distilled water twice for 5 minutes each. The gel 

was stained by using 0.2% silver nitrate for 20 minutes, then rinsed with distilled water 

before being developed by adding developing reagent (6% sodium carbonate, 0.02% 

sodium thiosulfate and 50 µl/100 ml 37% formaldehyde) to gel and shaking until 

protein bands were visualized in the gel. When visualized completely development, the 

reaction was stopped by adding stopping solution (1.46% sodium EDTA) for 20 

minutes. The gel was kept in 0.1% acetic acid at room temperature until use. 

 

3.5.5 In-gel digestion 

The protein bands were excised into sections. Each band was cut into 

small pieces approximate 1 mm2/piece. Each band was subjected to in-gel digestion 

using an in house method developed by Proteomics Research Laboratory, Genome 

Institute, National Centre for Genetic Engineering and Biotechnology (BIOTEC), 

National Science and Technology Development Agency (NSTDA), Thailand.  The gel 

pieces were transferred to low binding 96 well plates, washed with distilled water and 

destained using 5%hydrogen peroxide (H2O2) until clear, then washed with distilled 

water 3 times before dehydration. The gel pieces were dehydrated with 

100%acetonitrile (ACN) for 5 minutes and disulfide bond were reduced by adding 
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10mM dithiothreitol (DTT) in ammonium bicarbonate, and then incubated at 56 °C for 

an hour. After that 100mM iodoacetamide (IAA) in 10mM ammonium bicarbonate was 

added and incubated room temperature in the dark for an hour to let protein alkylation. 

Next, the gel pieces were dehydrated again twice times with 100%acetonitrile (ACN) 

for 5 minutes each. The gel pieces were available continued with in-gel trypsin 

digestion step. The in-gel proteins were trypsin digested to      short-peptides by stand 

the reaction at room temperature for 20 minutes, before incubate at 37°C for 3 hours. 

The peptides were collected from the solutions, then transferred to a new plate. The 

extraction of remaining peptides in gel pieces were repeated by the addition of 50% 

ACN in 0.1% formic acid (FA).  The peptides solution was then incubated at 40°C until 

dry. The peptides samples were kept at        -80°C until analysis by LC-MS/MS. When 

analyzing, the peptides were resuspended with 0.1% formic acid. The peptides solutions 

were transferred into the vial for injection to ESI-QUAD-TOF mass spectrometer. 

 

3.5.6 Nano LC-MS/MS analysis 

The proteins that digest from gel electrophoresis were separated in 

Nanoscale LC-MS for Synapt HDMS system, NanoAcquity system (Waters Corp., 

Milford, MA) couple to a Symmetry C18 5 µm, 180-µm x Trap column and a BEH130 

C18 1.7 µm, 100-µm x 100-mm analytical reverse phase column (Waters Corp., 

Milford, MA).   The samples were transferred with an aqueous 0.1% formic acid 

solution, loaded by using an autosampler and separated on trap column at a flow rate of 

15 µl/min following separation at a flow rate of 1 µl/min. The mobile phase A was 0.1% 

formic acid in water and mobile phase B was 0.1% formic acid in acetonitrile. The 

peptides mixture were separated with 15-50% a mobile phase B gradient solution over 

15 minutes at flow rate of 600 nl/min followed by a 3-minute rinse with 80% of mobile 

phase B. The flow-through peptides were sprayed and then detected in ESI-QUAD-

TOF mass spectrometer. The [Glu1]-Fibrinopeptide B was used as the reference sprayer 

of mass spectrometry, which was adjusted the flow rate to 500 nl/min to maintain a 

constant concentration at 200 fmol/µl. The tryptic peptides samples were analyzed 

using a SYNAPT™ HDMS mass spectrometer (Waters Corp., Manchester, UK). The 

time-of-flight analyzer of the mass spectrometer was also calibrated and corrected using 

the monoisotropic mass of [Glu1]-Fibrinopeptide B. The quadrupole mass analyzer was 
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adjusted that ions for efficiently transmitted on the MS/MS detection. The peptides 

mixture were completely operated within 40 minutes to detect the peptide.  

 

3.5.7 Protein identification and Gene ontology categories 

DeCyder MS Differntial Analysis software (GE Healthcare) used to 

qualify the differentially expressed peptide in all samples. The LC-MS raw data was 

converted to mzXML file by CompressXport software. All peptides were detected with 

the software in PepDetect module. The isotropic peaks was determined to assign the 

charge states of peptide. The MS signal intensities of LC-MS data were used to 

determine the compatible of consecutive charge states and quantification. The data from 

PepDetect module was transferred to be a subject in PepMatch module. This module 

was used to matching peptides across different signal intensity maps. Finally, the 

PepMatch module reported the quantitative comparison data (MS/MS data).    The 

MS/MS data from DeCyder MS software was submitted to search in human database. 

While, the Mascot software (Matrix Science) was used to identify the data. 

The data was searched with Human database for protein identification. 

Database inquiry was specified as the following: enzyme - trypsin, fixed modification 

- carbamidomethyl (C), variable modification - oxidation (M), mass values - 

Monoisotropic, protein mass - unrestricted, peptide mass tolerance - ±1.2 Da, fragment 

mass tolerance - ±0.6 Da, max missed cleavages - 3, instrument type - ESI-QUAD-TOF 

and the number of inquiries - 53. Therefore the mascot DAT files were merged and 

evaluated the peptide level on DeCyder MS software and the data was export to 

Microsoft Excel.  
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3.5.8 Gene ontology annotation and mapping of protein networks  

 The proteins information were obtained from the online database 

especially, Uniprot Knowledgebase database. It was used to perform gene ontology 

annotation. All of the gene ontology information contain 3 terms including biological 

process, cellular component and molecular function. The Search Tool for Retrieval of 

Interacting Genes (STRING) was using to search interaction of each proteins by 

Uniprot IDs. The search helps more understanding of cellular functions and annotate 

all functional interactions among protein in cell. 

 

3.5.9 Quantification of the changes in protein analysis 

The MultiExperiment Viewer software (Mev) was used to analyse the 

changes in the protein between group of treatment and control. 
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CHAPTER 4  

RESULTS AND DISCUSSIONS 

 

From preliminary report, it has been shown that IC50 dose of Hep88 mAb 

induced HepG2 cell death through paraptosis morphology (Manochantr et al., 2011). 

In this study, the gene-expression at mRNA level of caspase-3, caspase-8 and 

caspase-9 after IC50 dose of Hep88 mAb treatment were considered to compare with 

anti-cancer drug doxorubicin treatment by real-time PCR. The enzyme activities of 

caspase-3, caspase-8 and caspase-9 were also determined to compare with anti-cancer 

drug doxorubicin treatment by enzyme colorimetric assay. Furthermore, the apoptotic 

PCD morphology of cytotoxic dose of Hep88 mAb-treated HepG2 cells were 

monitored by flow cytometry. The differences of PCD molecular mechanism between 

IC50 and cytotoxic dose of Hep88 mAb treated-HepG2 cells were investigated in both 

mRNA and protein level by real-time PCR and GeLC-MS/MS.  

 

4.1 The expression of mRNA involving the mechanism of apoptosis and 

paraptosis 

 Real-time PCR technique was performed to analyze the expression of 

genes involving paraptosis and apoptosis. Each gene was validated to accurately 

calculate the expression by the standard curve. Plasmids were constructed as the 

standard template for copy-number determination. The apoptotic mechanisms and the 

early mechanisms of PCD in HepG2 cell after Hep88 mAb treatment were performed 

by this technique. 

 

4.1.1 Plasmids construction and copy-number determination 

In this study, the interesting genes were ligated into bacterial 

plasmid to use as an effective and accurate standard template for real-time PCR. To 

calculate a molecular weight of plasmid, the length of plasmid (bp) was multiplied by 

the average weight of a double-stranded base pair (660 g/mol/bp). The copy number 

was calculated from the concentration of plasmid (g), the Avogadro constant 

(6.02x1023 copy/mol) and the molecular weight (g/mol). The cloned plasmids were 
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quantified and calculated as the copy number. The standard curve of each gene was 

generated by serial dilution of plasmid. The standard curve of genes were linear in the 

range tested for R2=0.999 (caspase-3), R2=0.997 (caspase-8), R2=0.995 (caspase-9) 

and R2=0.994 (EF-2) as shown in Figure 4.1. The standard curves of Bax, Bcl-2, p53, 

cathepsin B (CTSB), caspase-3, caspase-9 and EF-2 gene were next set up as shown 

in Figure 4.2. Linear plot was shown in the range tested for R2 = 0.995 (Bax), R2 = 

0.997 (Bcl-2), R2 = 0.991 (p53) R2 = 0.999 (cathepsin-B), R2 = 0.992 (caspase-3), R2 

= 0.996 (caspase-9), and R2 = 0.997 (EF-2). 

These results showed that the regression analysis is extremely closed 

in linearity (Figure 4.1 and 4.2). These goodness-of-fit statistical results guaranteed 

that our real-time PCR results were of sufficient reproducibility to quantify those 

parameters of the genes expression following incubation with Hep88 mAb as formerly 

discussed by Pfaffl M.W.& Hageleit M. (Pfaffl & Hageleit, 2001).  

 

Figure 4.1 Standard curve for caspase-3, -8, -9 and EF-2 gene. The copy number 

of plasmid DNA template ranges from 109-102 copies. The standard curve of genes 

were linear in the range tested for R2 = 0.999 (caspase-3), R2 = 0.997 (caspase-8), R2 

= 0.995 (caspase-9) and R2 = 0.994 (EF-2). 
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Figure 4.2 Standard curve for Bax, Bcl-2, p53, cathepsin B (CTSB), caspase-3, 

caspase-9 and EF-2 gene. The copy number of plasmid DNA template ranges from 

109-102 copies. The standard curve of genes were linear in the range tested for for R2 

= 0.995 (Bax), R2 = 0.997 (Bcl-2), R2 = 0.991 (p53) R2 = 0.999 (cathepsin B), R2 = 

0.992 (caspase-3), R2 = 0.996 (caspase-9), and R2 = 0.997 (EF-2). 
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4.1.2 The mRNA expression of caspase-3, caspase-8 and caspase-9 at 

24, 48 and 72 hours 

The expression of the genes in the apoptotic mechanism was 

quantitated by real-time PCR. Real-time PCR results show statistically significant 

differences in mRNA expression of caspase-3, caspase-8 and caspase-9 (p < 0.05) in 

Hep88-treated HepG2 (Figure 4.3). The mRNA expression of caspase-3, caspase-8 

and caspase-9 was higher than in the control group after incubation for 24 hours 

(caspase-3: fold change =34.08 ± 29.01; caspase-8: fold change: 43.90 ± 40.48; p < 

0.05, caspase-9: fold change=20.65 ± 1.41; p < 0.001; Figure 4.3). In addition, after 

incubation for 48 hours, the caspase-3 and caspase-8 expression in Hep88-treated 

HepG2 was significantly lower than in the control group (caspase-3: 0.15 ± 0.14; p < 

0.01, caspase-8: 0.32 ± 0.11; p<0.01; Figure 4.3). In the HepG2 that had been treated 

with doxorubicin for 48 and 72 hours, results show statistically significant differences 

in expression of caspase-3 and caspase-9 (p < 0.05). By contrast, there were no 

statistically significant differences in HepG2 treated with doxorubicin for 24 hours in 

the mRNA expression of caspase-3, caspase-8 and caspase-9 when compared with 

control (p > 0.05).  

The quantitative real-time PCR results confirmed the powerful 

potency of Hep88 mAb in the induction of HCC cell death by up-regulation of 

caspase-3,-8 and -9 genes expression after 24 hours of incubation when compared 

with untreated cells. These outcomes were consistent with findings from other 

researchers (Del Puerto et al., 2010; R. K. Gupta, Banerjee, Pathak, Sharma, & Singh, 

2013; Selim & Hendi, 2012), which reported the apoptotic induction pathway 

significantly increased the presence of caspase-3, -8 and -9 mRNA expressions. 

Interestingly, when compared with the chemotherapeutic drug doxorubicin, an early 

and remarkably apoptotic induction was outstandingly demonstrated. From these 

results, it has been confirmed that Hep88 mAb induced the up-regulation of the 

caspase cascade mechanism after 24 hours of incubation. Meanwhile, doxorubicin 

induced an up-regulation of those three caspases in a time-dependent manner, i.e. from 

a slightly advanced stage of induction to a completely advanced stage of induction, 

from 24 hours to 72 hours as shown in Figure 4.3. From a comparison of those up-
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regulated fold changes of Hep88 mAb with doxorubicin, it was shown that Hep88 

mAb more strongly activated caspase-3 and -9 expressions than did doxorubicin (p < 

0.05). This result demonstrates its effectiveness over the common chemotherapeutic 

drugs that have been used in cancer therapy up to the present time. 

The apoptotic mechanism induced by Hep88 mAb might be started 

either upon binding with its receptor or just after cellular internalization. Its effect is 

possible on both an extrinsic and intrinsic pathway. As regards the extrinsically 

proposed mechanism, it induced the activation of initiator caspase-8, which is the key 

substance of HCC-inducing apoptosis as reported by Cho et al. (Cho et al., 2010). It 

is subsequently the initiator of the caspase cascade reaction and also activates the 

effect of the caspase-3. Alternatively, an intrinsic pathway is normally explained 

scientifically by a mitochondria-mediated mechanism. This process results in the 

releasing of cytochrome c, which thus stimulates the assembly of procaspase-9 with 

Apaf-1 and cytochrome c itself to become an apoptosome. It then activates caspase-9, 

which then ultimately initiates caspase-3 activation (R. K. Gupta et al., 2013; S. Gupta, 

Kass, Szegezdi, & Joseph, 2009). 

 

4.1.3 The pathway determination through Bax, Bcl-2, p53, cathepsin 

B, caspase-9 and caspase-3 mRNA expression at 3, 6, 9, 12, 18 and 24 

hours. 

4.1.3.1 The mRNA expression of Bax, Bcl-2, p53, cathepsin B, 

caspase-9 and caspase-3  

Statistically significant differences in fold change of the 

early apoptotic genes in the apoptotic mechanism. The mRNA expression levels of 

Bax, Bcl-2, p53, cathepsin B, caspase-3 and caspase-9 in Hep88 mAb-treated HepG2 

cell comparing with the untreated cells by real-time PCR is shown (p < 0.05) (Figure 

4.4, 4.5, 4.6, 4.7 and 4.8).  
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Figure 4.3 Effects on caspase expression of doxorubicin and Hep88 monoclonal 

antibody-treated HepG2 cells. The charts show fold change of caspase-3, -8, -9 gene 

expression in doxorubicin-treated HepG2 mRNA (upper) and Hep88-treated HepG2 

mRNA (lower) after incubation for 24, 48 and 72 hours. The doxorubicin-treated 

HepG2 of caspase-3, -8 and -9 mRNA expressions were gradually increased from 24 

to 72 hours. Meanwhile, the Hep88 treated HepG2 of caspase-3,-8 and -9 mRNA 

expressions were significantly increased during the first 24 hours; after that it was then 

decreased. Effects on caspases expression of Hep88 monoclonal antibody-treated 

HepG2 cells were determined using Real-time PCR methods. Data are expressed as 

fold change, and are means ± SD (n ≥ 3). * p < 0.05 vs. control, ** p < 0.001 vs control. 
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(1) IC50 dose of Hep88 mAb treatment 

Figure 4.4 represented the mRNA expression of p53, Bax, 

caspase-9 gene after 12, 18 and 24 hours of incubation that were regulated in the same 

direction. While, the cathepsin B expression after 12, 18 and 24 hours of incubation 

was significantly down-regulated. Noticeably, after 18 hours of incubation, the 

expression of anti-apoptotic Bcl-2 was started to down-regulate. When considering at 

the earlier time point (3, 6 and 9 hours) in Figure 4.5, the cathepsin B was prominent 

over-expressed after 3 hours of incubation. Meanwhile, the caspase-9 and caspase-3 

expression were up-regulated at the same time. When focus at 9 hours of incubation, 

the expression of p53, Bax and caspase-3 was slightly increased. Unfortunately, over-

expressed Bcl-2 had turned over. Therefore, the HepG2 cells were inhibited to undergo 

to apoptosis cell death, even though the up-regulated apoptotic genes expression were 

found.  

After 12 hours of incubation with IC50 dose of Hep88 

mAb, it was demonstrated the significant increase of Bcl-2 expression and Bcl-2/Bax 

expression ratio (Figure 4.4 and 4.6). The Bcl-2 expression graph showed highly anti-

apoptotic event at 12 hours of treatment before significance decrease (Figure 4.4).  A 

ratio of Bcl-2/Bax was used to determine the survival or death of cells following an 

apoptotic stimulus, which will be indicated apoptosis induction when lower than one 

(Y. Q. Liu et al., 2014; Pan, Wang, Huang, Luo, & Ling, 2014).  

These results imply that IC50 dose of Hep88 mAb can 

induce apoptosis cell death in HepG2 cell, but at the same time it tries to avoid this 

process by triggered anti-apoptotic gene expression. On the other way, the 

overexpression of cathepsins have been demonstrated in many cancers (Gondi & Rao, 

2013). The cathepsins are involved either directed or indirected cell death. Cathepsin 

B involves either in the progression of cancer cells, or cell proliferation and apoptosis 

induction in HCC (Xu et al., 2014). Previously, Foghsgaard et al. reported a role of 

cathepsins in the execution of caspase-independent cell death, which results in a 

paraptosis-like morphology (Foghsgaard et al., 2001). This is well correlated with our 

results that after earliest Hep88 mAb treatment, the rapid up-regulated of Cathepsin B 

(CTSB) is strongly expressed at 3 hours incubation. 
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Figure 4.4 Real-time PCR analysis for Bax, Bcl-2, p53, cathepsin B, caspase-3 and 

caspase-9 expression in IC50 dose of Hep88 mAb treatment at 12, 18 and 24 

hours. The caspase-9, Bax and p53 expression at 18 hours after treatment were 

displayed in the same direction. However, caspase-3 expression on IC50 dose of 

Hep88 mAb showed slightly difference in each time point. Overexpressed Bcl-2 was 

shown that it was decreased after IC50 dose of treatment for 18 and 24 hours. 
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Figure 4.5 Real-time PCR analysis for Bax, Bcl-2, p53, cathepsin B, caspase-3 and 

caspase-9 expression in IC50 dose of Hep88 mAb treatment at 3, 6 and 9 hours. 

Cathepsin B was shown highly expression since 3 hours and then significantly 

decrease when prolong incubation. The up-regulation of caspase-9 and caspase-3 

expression were represented after 3 hours treatment. At 9 hours of IC50 dose treatment 

was demonstrated that overexpressed Bcl-2. The p53, Bax and caspase-3 expression 

were slightly increased then up-regulated at 9 hours of incubation in the same trend. 
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Figure 4.6 Real-time PCR analysis for Bcl-2 expression, Bax expression and the ratio of Bcl-2/Bax in IC50 dose and cytotoxic dose 

of Hep88 mAb treatment at 12, 18 and 24 hours. The graphs show highly anti-apoptotic event in IC50 dose of Hep88 mAb induced-

HepG2 cell at 12 hours of treatment. After prolong incubation, the anti-apoptotic Bcl-2 expression is significantly decreased. The Bcl-

2/Bax expression ratio shows a value lower than 1. It can be indicated that apoptosis induction is caused through Bax activities. In addition, 

the bar chart of cytotoxic dose treatment represents the expression of Bax, which is higher than Bcl-2. These results strongly supported the 

apoptosis induction of Hep88 mAb through an up-regulation of Bax together with a down-regulation of Bcl-2.
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Table 4.1 

 

The fold change of the expression of early apoptotic mechanism involving genes 

after IC50 dose of Hep88 mAb treatment. 

  

gene 

fold change of gene expression 

3h 6h 9h 12h 18h 24h 

CTSB 992.81±365.38 4.76±5.51 68.01±14.74 1.00±0.33 0.18±0.03 0.01±0.00 

Bax 0.02±0.00 0.03±0.00 11.07±4.56 1.55±0.24 27.03±9.24 0.47±0.10 

p53 0.00±0.00 0.51±0.05 16.08±2.53 1.50±0.79 21.22±2.20 0.40±0.10 

Bcl-2 0.02±0.00 37.02±10.96 614.46±178.32 22.97±6.29 0.28±0.16 0.19±0.09 

caspase-3 6.24±1.04 0.90±0.30 11.93±5.01 1.36±0.58 1.17±0.08 0.76±0.15 

caspase-9 2.08±0.59 5.50±0.65 0.11±0.03 2.85±0.21 16.01±0.85 1.46±0.39 

 

 

 

Table 4.2 

 

The fold change of the expression of early apoptotic mechanism involving genes 

after cytotoxic dose of Hep88 mAb treatment. 

  

gene 

fold change of gene expression 

3h 6h 9h 12h 18h 24h 

CTSB 247.92±62.55 2.32±1.35 66.67±11.60 0.70±0.12 196.80±47.15 0.08±0.04 

Bax 0.28±0.03 0.04±0.00 22.88±2.67 6.08±1.38 4.95±2.33 4.53±0.70 

p53 0.00±0.00 1.92±1.03 25.86±4.04 7.53±3.44 0.07±0.03 39.70±7.90 

Bcl-2 0.00±0.00 9.56±5.94 23.78±13.96 0.68±0.11 3.19±0.51 1.16±1.02 

caspase-3 6.19±1.58 0.94±0.18 29.85±11.14 1.78±0.99 2.81±0.85 10.68±4.67 

caspase-9 5.62±3.74 3.08±1.32 1.06±0.15 5.91±1.00 1.75±0.36 3.67±1.37 

(2) Cytotoxic dose of Hep88 mAb treatment 

Figure 4.6 represents up-regulation of pro-apoptotic protein, 

Bax, over anti-apoptotic one, Bcl-2, in any time of treatment. Interestingly, Bcl-2/Bax 
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expression ratio decreased lower than one. This was strongly supported the apoptotic 

induction of Hep88 mAb through up-regulation of Bax expression while down-

regulation of Bcl-2 expression. 

In addition, it has been demonstrated that the Bax and 

caspase-9 expression were consistent with the p53 expression along 12, 18 and 24 hours 

of treatment (Figure 4.7). It shows up- and down- and up- significantly regulation 

response from the start till the last of treatment (12, 18 and 24 hours of incubation 

times). On the other hand, the flipped response was found at the Bcl-2 expression (Table 

4.2, Figure 4.7).  

To monitor the response of p53, Bax and caspase-9 

expression at the earlier time of treatment, we also conducted the real-time PCR at 3, 6 

and 9 hours of treatment. The results of p53 expression show gradually increased (Table 

4.2, Figure 4.8). It was related to Bax expression (Table 4.2, Figure 4.8). While, the 

caspase-9 expression at the earlier time of treatment wasn’t correlated to Bax and p53 

expression. Perhaps Hep88 mAb firstly induced HepG2 cell through the extrinsic 

pathway. Caspase-8 might be activated by DISC. Active caspase-8 initiated the cascade 

downstream reaction. Bid was truncated and directly let the releasing of cytochrome c 

to induce caspase-9 (Chipuk & Green, 2008). Hence, the caspase-9 expression was up-

regulated since 3 hours of treatment. 

However, when focused on caspase-3 expression (Figure 

4.7) after 12, 18 and 24 hours of incubation, it is likely to its strongest increase after a 

prolonged incubation time of treatment, which correspond to flow cytometry results.  

Additionally, for the protein involving in paraptosis 

morphology i.e. cathepsin B (CTSB), it’s strongly expression (Figure 4.7). Cathepsin B 

mRNA expression is up-regulated after 18 hours of treatment but lower to lowest 

expression is detected either at an early (12 hours) or late treatment (24 hours). This 

triggered us to reveal what the response would be detected at the earlier point. The data 

on Figure 4.8 shows the strongest up-regulation of CTSB expression at the earliest hours 
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(3 hours) of treatment. It’s possible that, HepG2 cell suddenly up-regulated cathepsin 

B expression from the external induction.  

Cathepsin B might be contributed to loss of mitochondria 

membrane potential and releasing of cytochrome c (Guicciardi et al., 2000). And 

afterwards, intrinsic apoptotic pathway was initiated by the up-regulation of capase-9 

and caspase-3 which is correlated well with the previously reports (Joy et al., 2010; 

Morchang et al., 2013). Nevertheless, the death induction was further stimulated after 

Hep88 mAb binding to its specific antigen (Ag) which might be corresponding with 

death receptor at the cell membrane. The extrinsic apoptotic pathway was subsequently 

induced (Guicciardi et al., 2000). 

However, cathepsin B wasn’t completely released because 

LMP was suppressed by Hsp70 mortalin-Bax and Hsp70 mortalin-p53 binding 

complexes (Stankiewicz, Lachapelle, Foo, Radicioni, & Mosser, 2005; Taurin et al., 

2002; Wadhwa et al., 2006; X.-M. Yuan et al., 2002). Taurin and co-workers found the 

p53 expression in mortalin-transfected cells was delayed to response death induction 

(Taurin et al., 2002). Moreover, Stankiewicz et al. also found Hsp70 blocks heat-

induced apoptosis by inhibiting Bax activation (Stankiewicz et al., 2005). For this 

reason, Hep88 mAb-treated HepG2 cells for 3 hours wasn’t shown the p53 and Bax up-

regulation. Anywise, after prolong the incubation time, Hep88 mAb might be fully 

internalized into the HepG2 cell as it was widely reported (Jedema et al., 2004; Kovtun 

& Goldmacher, 2007; Walter, Raden, Kamikura, Cooper, & Bernstein, 2005). It was 

then binding to Hsp70 mortalin to restore p53-function. Thereby, p53 was beginning 

up-regulated. Similarly to Walker and colleagues have been reported, the molecule 

specific to mortalin was also induced p53 by stealing it from the p53–mortalin complex 

(Walker, Bottger, & Low, 2006).   
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Notwithstanding, the cancer cell attempts to combat and 

escape from the death induction of Hep88 mAb-treatment by up-regulated Bcl-2 

expression. As a results, MOMP and LMP were suppressed to release cytochrome c 

and cathepsin B. This probably means, cancer cell have adapted to avoid harm. Related 

to many reports demonstrated that an overexpression of Bcl-2 has been found 

associated with apoptotic resistance to anti-cancer treatment (Douarre et al., 2005; 

Sartorius & Krammer, 2002). The cell after treatment shown the balance between anti-

apoptosis and apoptosis which it was occurred like a seesaw board. Whenever this 

balance is lost, the cell decide to specify their way to living or dead.  

Therefore, the excess of death induction in this study lead to 

HepG2 death via stimulate both cathepsin B and mitochondria mediated-caspase that 

can lead to paraptosis and apoptosis respectively. It is well correlate with our previous 

report that the fastest mechanism, the predominant death morphology verification. All 

of the results from this study confirm the cytotoxic mechanism of Hep88 mAb that it 

triggered HCC to be death via the paraptosis till apopotosis.  
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Figure 4.7 Real-time PCR analysis for Bax, Bcl-2, p53, cathepsin B, caspase-3 and 

caspase-9 expression in cytotoxic dose of Hep88 mAb treatment at 12, 18 and 24 

hours. The Bax and caspase-9 expressions were consistent with the p53 expression 

during the period of treatment. Bcl-2 expression increased at 18 hr of treatment, while 

it varied in an opposite way with the p53, Bax and caspase-9 expression. Similarly, the 

cathepsin B expression revealed the up-regulation after 18 hr of treatment, while the 

caspase-3 expression is likely to increase after prolonged incubation time of the 

treatment.  
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Figure 4.8 Real-time PCR analysis for Bax, Bcl-2, p53, cathepsin B, caspase-3 and 

caspase-9 expression in cytotoxic dose of Hep88 mAb treatment at 3, 6 and 9 hours. 

Cathepsin B was shown highly expression at 3 hours, then significantly decreased at 6 

hours and up-regulated again at 9 hours of incubation. The graph also represents 

caspase-9 and caspase-3 expression were up-regulated at 3 hours. At 9 hours was 

demonstrated that overexpressed Bcl-2. While, cytotoxic dose treatment was contrary 

revealed. The p53, Bax and caspase-3 expression were slightly increased after 6 hours 

then up-regulated at 9 hours of incubation in the same trend. 
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4.2 Enzyme activity involving in the apoptotic mechanism 

4.2.1 Caspase-3, -8 and -9 activities  

The activation of caspase activity is a unique feature of apoptotic cell 

death. We determined Hep88-induced activation of the protease activities of caspase-

3, caspase-8 and caspase-9. As shown in Figure 4.9, caspase-3, caspase-8 and caspase-

9 activities in doxorubicin-treated HepG2 (1.748 ± 0.37, 3.786 ± 0.21, 16.889 ± 7.22; 

p < 0.05) and Hep88 mAb-treated HepG2 (1.412 ± 0.15, 5.197 ± 0.90, 41.228 ± 18.192; 

p < 0.05) are significantly different at 24 hours following incubation. By contrast, at 48 

and 72 hours, there was no significant effect on caspase-3, caspase-8 and caspase-9 

activities in the HepG2 cells (except caspase-8 and caspase-9 in Hep88-treated HepG2 

cell for 72h; 1.50 ± 0.27 and 14.334 ± 5.19; p < 0.05 respectively). 

The caspase-3, -8 and -9 activities were induced by Hep88 mAb 

within 24 hours of incubation, which were correlated well with the mRNA expression 

results. The apoptotic mechanism induced by Hep88 mAb is involved in the extrinsic 

and intrinsic pathway. Caspase-8 was activated by the extrinsic induction, then it 

stimulated the downstream caspases. On the other hand, caspase-9 was activated by the 

apoptosome formation. It subsequently activated the downstream effector caspases. 

The initiator caspase-8 is activated by two subunits of procaspase-8 

compact to each other through the death-inducing signaling complex (DISC) that 

recruited from the ligation of death receptor with cytosolic adapter protein. As a results, 

activated caspase-8 is the key substance of the extrinsic apoptotic pathway. Even so, an 

intrinsic pathway can occurred by the caspase-8 through pro-apoptotic Bid cleavage. A 

truncate form of Bid (tBid) can translocates to the mitochondria and lead to cytochrome 

c release (Kruidering & Evan, 2000). Procaspase-9 combine with cytochrome c, dATP 

and Apaf-1 in a multimeric complex, is called apoptosome. As a results, caspase-9, the 

initiator caspase of the intrinsic apotosis pathway is activated. 
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Figure 4.9 Effects on caspase activities of doxorubicin and Hep88 mAb-treated HepG2 

cells. The charts show fold increases of caspase-3, -8, -9 enzyme activities in doxorubicin-

treated HepG2 (upper) and Hep88-treated HepG2 (lower) after incubation for 24, 48 and 72 

hours. The doxorubicin-treated HepG2 of caspase-3,-8 and -9 activities were increased at 24 

hours, while the Hep88 mAb-treated HepG2 of caspase-3,-8 and -9 activities also increased 

highly during the first 24 hours. Effects on caspases activities were determined using HepG2 

cells treated as described in the methods. Caspase activities in HepG2 were determined using 

the caspase-activity detection kits (see Methods). Data are expressed as fold increase, and as 

means ± SD (n ≥ 3).* p < 0.05 vs. control. 
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4.3 Flow cytometry 

 

The principle of apoptotic morphology detection by flow cytometry 

depends on the hallmarks of apoptosis. Thereby, several flow cytometry techniques can 

be used to evaluate apoptotic cell population. The phosphatidylserine exposure is 

observed on the plasma membrane of apoptotic cells by annexin V/FITC staining. The 

plasma membrane of both healthy cells and early apoptotic cells are integrity, those 

cells aren’t stained with propidium iodide (PI). While, the late apoptotic cells and 

necrotic cells were loss of plasma membrane integrity, they are stained with PI. In 

addition, a fluorescent dye PI is used for DNA staining in cell cycle analysis because 

each phase of cell cycle contains different quantity of the DNA content. The active 

caspase-3 is a key of apoptosis, it is detected in cells by specific staining with 

fluorescent tag monoclonal antibody. 

 

4.3.1 Hep88 mAb induced apoptotic cell death in HepG2 cells 

The mode of cell death induced by Hep88 mAb in HepG2 cells was 

confirmed by annexinV/PI double staining. Hep88 mAb-treated cells induced a 

decrease in the percentage of viable cells (annexinV-/PI-) as compared to control cells 

with a concurrent increase in the percentage of early apoptotic cells (annexin V+/PI-). 

The percentage of early apoptotic cells increased in a dose- and time-dependent manner 

(Figure 4.10 and 4.11). The increase in the apoptotic population is associated with the 

increase in the sub-G1 population observed in the cell cycle analysis (Figure 4.12). 

These results suggest that Hep88 mAb induces cell death through an apoptotic 

mechanism. 

As cells are entering the apoptosis state, the earliest feature of this 

activity is the phosphatidylserine translocation from the inner cytoplasmic membrane 

to the outer membrane, a movement which can be detected by Annexin V staining. Our 

Annexin V-PI staining data found a significant increase of an early apoptotic cell 

population with elevated concentration and prolonged exposure time (Figure 4.10 and 

4.11).  
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Figure 4.10 Flow cytometry analysis of apoptotic cell death in Hep88 mAb-treated 

HepG2 cells. HepG2 cells were untreated or treated with Hep88 mAb at 50, 62.5 and75 

g/ml for 24, 48 and 72 h. Cells were stained with annexin V/PI and subsequently 

analyzed by flow cytometry. Annexin V+/PI- cells were in early stages of apoptosis and 

double positive cells were in late apoptosis, whereas annexin V-/PI+ cells were necrosis. 

The percentage of early apoptotic cells increased in a dose- and time-dependent manner. 
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Figure 4.11 Changes in the percentage of early apoptotic and viable HepG2 cells 

induced by Hep88 mAb. The charts show percentage of early apoptotic and viable 

cells in Hep88-treated HepG2 after incubation for 24, 48 and 72 hours. The percentage 

of viable cells inHep88-treated HepG2 were decreased, while the percentage of early 

apoptotic cells was increased after elevated dose and prolonged exposure time. 

Percentage of viable and apoptotic cells of Hep88 mAb-treated cells was analyzed. 

(mean ± SD, n ≥ 3), *p  0.05 vs. control, ǂ p  0.0548 and 72-h incubation vs 24-h 

incubation of their corresponding doses. 
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4.3.2 Hep88 mAb induced cell cycle progression in HepG2 cells  

Apoptotic cells show staining below the G1 population of normal 

diploid cells. The DNA-specific fluorochrome PI identified a distinct hypo-diploid cell 

(sub-G1) population as apoptotic cells. Figure 4.12 shows a representative DNA-

histogram of HepG2 cells as observed at 24hr, 48hr 72hr after treatment with 50, 62.5 

and 75 µg/ml of Hep88 mAb. The percentages of each phase population were measured 

by Flow cytometry. Populations of apoptotic cells (sub-G1) and G2/M cells were higher 

in the experimental group than in the control group. Furthermore, at the same 

concentration of Hep88 mAb, apoptotic cells increased over time. This increase 

correlates well with many pieces of evidence indicating that apoptosis induction not 

only involves an extrinsic (caspase-8 activation) apoptosis pathway and a 

mitochondrial/intrinsic (caspase-9 and caspase-3 activation) apoptosis pathway, but 

also induces cell cycle arrest as well (Lin, Lu, Wang, Chan, & Chen, 2013; Y. X. Wang, 

Cai, Jiang, Zhou, & Wu, 2014; B. Yang et al., 2013; Zhu et al., 2013).  

From within the scope of these patterns, the cell cycle can be 

determined by the quantization of DNA content (PI staining) within the cell. The cycle 

is based on differences in DNA content in each phase by following the cells in pre-

replicative phase (G1), replicate DNA- (S phase) and post-replicative plus mitotic 

(G2/M)- phase cells. Moreover, DNA content can be used  to estimate apoptotic cells 

by sub-G1 (Darzynkiewicz, Halicka, & Zhao, 2010). During the cell cycle, the potential 

target for cancer therapy is a G2/M checkpoint (Y. Wang et al., 2009), because G2/M 

is a checkpoint that prevents DNA-damaged cells from entering mitosis and allows for 

the DNA repair. If cells cannot repair the damage during cell cycle arrest, the cell cycle 

progression with the DNA damage causes cell death or apoptosis (H. Wang, Zhang, Sit, 

Lee, & Wan, 2014; Yu & Zhang, 2003). As based on this point, it has been found that 

many publications on the novel cytotoxic molecule with regard to its role in cancer 

therapy are concerned with G2/M phase arrest (Lin et al., 2013; Y. X. Wang et al., 

2014; B. Yang et al., 2013; Zhu et al., 2013). Remarkably, our results revealed that 

Hep88 mAb induced HepG2 cells to arrest at the G2/M phase and to increase in the 

sub-G1 peak (Figure 4.7) in a dose- and-time-dependent manner. This cell cycle data 

was correlated with significantly increased cell death, as determined by annexin V 

staining. This correlation might be the result of mortalin depletion after recognition by 
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Hep88 mAb. It induces the restoration of p53-activating apoptosis induction and finally 

activates cell cycle arrest (Agarwal, Agarwal, Taylor, & Stark, 1995; Kaul, Aida, 

Yaguchi, Kaur, & Wadhwa, 2005; Starenki, Hong, Lloyd, & Park, 2014). 

 

Figure 4.12 Effects on varying doses and times of Hep88 mAb incubation on cell 

cycle progression in HepG2 cells. HepG2 were seeded into each well of six-well plates 

and cultured in 10% FBS-RPMI at 37°C. After 24 h, the cells were treated with Hep88 

mAb for 24 h, 48 h and 72 h in varying doses. The cells were then collected for PI 

staining assay. The DNA-histogram showed that Hep88 mAb promoted altered HepG2 

cell cycle progression. The G2/M cell cycle arrest and apoptosis (sub-G1) were found 

with increases in doses and incubation times of Hep88 mAb.  
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4.3.3 Effect of Hep88 mAb on an active caspase-3 expression  

The caspase-3 has also been confirmed as active following incubation 

with Hep88 mAb by using an antibody that specifically recognizes the active form of 

caspase-3 for staining. After treatment with various concentrations of Hep88 mAb, the 

mean intensity of the content in the samples increased, indicating increased active 

caspase-3. According to the concentration of Hep88 mAb at 72 h, active caspase-3 

staining was 125.46%, 145.34% and 167.31% higher than in the control group, which 

was statistically significant as shown in Table 4.3 and Figure 4.13. The results also 

correlated well with another analytical apoptosis study in a time- and dose-dependent 

manner. 

 

 

Figure 4.13 Effect of Hep88 monoclonal antibody on active caspase-3 in HepG2. 

The overlay untreated control HepG2 cell is shown with various Hep88 mAb 

concentrations during treatment at 24, 48 and 72 hours. The mean intensity of active 

caspase-3 showed a greater increase than in the control group in a dose- and time-

dependent manner.  
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Table 4.3  

 

Effect of Hep88 monoclonal antibody on active caspase-3 expression in HepG2. 

Time 

Mean intensity 

Control 50 µg/ml Hep88 mAb 62.5 µg/ml Hep88 mAb 75 µg/ml Hep88 mAb 

24h 8.04 ± 2.88 7.67 ± 2.51 8.28 ± 3.06 9.12 ± 3.20 

48h 7.99 ± 2.16 8.96 ± 2.49 9.28 ± 2.70 11.06 ± 3.39 

72h 8.30 ± 2.80 10.41 ± 3.33 12.06 ± 3.80* 13.89 ± 4.46* 

(mean ± SD, n = 3)*p < 0.05 vs. control group 

 

 

4.4 GeLC-MS/MS 

 

4.4.1 The differentially expressed proteins in the Hep88 mAb-treated 

HepG2 cells from GeLC-MS/MS analysis 

GeLC-MS/MS analysis revealed a total of 323 differentially expressed 

proteins (Figure 4.14). We found that 29 differentially expressed proteins were 

appeared after treated HepG2 cell line with Hep88 mAb (as shown in Figure 4.14, Table 

4.5). Two of that 29 differentially expressed proteins only found in IC50 concentration 

treatment (ankyrin repeat domain 32 and spindlin-1) after 3 hours of incubation (Figure 

4.18).  In addition, there were 2 interesting proteins that did not found in cytotoxic 

concentration treatment but found in untreated control and IC50 concentration 

treatment. In turn, there were 4 interesting proteins that did not found in IC50 

concentration treatment but found in untreated control and cytotoxic concentration 

treatment. 
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Figure 4.14 The Venn diagram comparison of the differentially expressed proteins 

from the Hep88 mAb-treated HepG2 cells. 

 

Ankyrin repeat domain 32 is a member in the ankyrin repeat family 

protein that mainly mediated protein-protein interaction. It is involved in DNA repair 

and/or DNA damage signaling pathways. The ankyrin repeat domain 32 has been 

shown to interact with an E3 ligase. The binding of ankyrin repeat domain 32 to E3 

ligase is required for E3 ligase function in the promoting ubiquitination (T. Liu et al., 

2012). E3 ligase is functioned as a mediator for DNA damage response signals to 

activate the G2/M checkpoint for maintain the genome integrity and cell survival after 

induced-damage exposure (Sasatani et al., 2015). Interestingly, after treated HepG2 cell 

with IC50 dose of Hep88 mAb also found the ankyrin repeat domain 32 protein. This 

indicated that HepG2 cell try to survive by produced this protein after treatment, and 

rapidly repairs the damage. In the same time, this protein wasn’t found in the cytotoxic 

dose of treatment. The results correlated well with the cell cycle data in this studies 

which shown the G2/M arrest after increasing dose of Hep88 mAb treatment. 

In addition, the G2/M phase cell cycle arrest is involved the nuclear 

protein spindlin-1. It increased the G2/M phase cells and made cell growth faster in 

mouse embryonic fibroblast cells (Gao et al., 2005). Spindlin-1 contains three tandem 

tudor-like domains which play an important role in epigenetic control of gene 
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expression and DNA damage response. Spindlin-1 can binding with histone peptide by 

the interaction between aspartic acid residue and N-terminal group of histone protein 

to stimulate rRNA transcription (W. Wang et al., 2011; N. Yang et al., 2012). These 

data suggest that spindlin-1 is also involved in regulation of transcription. It’s possible 

that HepG2 cell try to increase the G2/M phase cell to repair the damage from the Hep88 

mAb induction by spindlin-1 activity. However, when the intracellular damage had 

been accumulated in a large number, cell turn from arrest to apoptotic cell death 

pathway. 

When the cells were treated with cytotoxic dose of Hep88 mAb, it was 

contributed to absent two proteins (Figure 4.14). Two absented proteins were plectin 

and pterin-4-alpha carbinolamine dehydratase. Plectin is an essential protein that 

involve in the cell structure maintaining. The deficiency of plectin mediates the collapse 

of cytoskeleton (Cheng et al., 2015; Y. H. Liu et al., 2008) which may turn the cancer 

cell to apoptosis. While another one protein was an enzyme in tetrahydrobiopterin 

synthesis, named pterin-4-alpha-carbinolamine dehydratase. This enzyme is also a 

cofactor for hepatocyte nuclear factor 1 alpha (HNF1A) transcription (Thony, 

Neuheiser, Blau, & Heizmann, 1995). If this enzyme is depleted, it might be contributed 

to reach the defect on the transcription in liver cell. From such data (Figure 4.17) 

probably means the cytotoxic dose of Hep88 mAb causes the cytoskeleton damage and 

the malfunction of transcription. 

While, the cells were treated with IC50 dose of Hep88 mAb, led to lack 

in four proteins including X-prolyl aminopeptidase (aminopeptidase P) 1, potassium 

channel regulatory protein, keratin type II cytoskeletal 6B and HFSE-1.  

X-prolyl aminopeptidase 1 is a catalytic exopeptidase enzyme that 

cleavage on the N-terminal of peptide, which may play a role in degradation and 

maturation of many peptides (Iyer et al., 2015). The potassium channel regulatory 

protein can upregulate the potassium channel to increase the potassium efflux at early 

apoptosis (Wible et al., 2002). This two proteins were also up-regulated after treated 

with cytotoxic dose of Hep88 mAb when compare with the expression of protein in 

untreated control cell. 
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4.4.2 Mapping proteins network from the GeLC-MS/MS data 

The identified proteins in this studies were grouped according to their 

biological functions, derived from the annotated in the UniprotKB database (Figure 

4.15 and 4.16). There were 29 apoptotic proteins that involved in apoptotic signaling 

pathway (7 proteins), apoptotic process (21 proteins) and an apoptotic cell clearance 

(as shown in Table 4.4). All of apoptotic proteins in Hep88 mAb-treated HepG2 cell 

were used as the subject to network interaction analysis by STRING database, which 

integrates protein-protein interaction data from various sources (Figure 4.19 and 4.20).   

Interestingly, its functional partners of 60 kDa heat shock protein 

(HSPD1) is 10 kDa heat shock protein (HSPE1), a major heat shock protein which 

functions as a chaperonin that helps to correct the folding of other proteins. Besides that 

HSPD1 can link to the negative regulation of apoptosis proteins, heat shock protein 75 

(TRAP1) and heat shock protein 70 (HSPA5) as shown in Figure 4.20. 

The HSPD1 also links with a regulator protein of oxidative stress-

induced intrinsic apoptotic signaling pathway named protein disulfide-isomerase 

precursor (P4HB), and protein disulfide-isomerase A6 (PDIA6), protein in the group of 

apoptotic cell clearance protein. Both of them are the protein in ER stress response, 

which is involved in the intrinsic apoptotic pathway. P4HB acts as a molecular 

chaperon that improve the misfolded proteins in ER stress response (Sun et al., 2013). 

While, PDIA6 is the protein that control the ER response. The hyperresponse of ER 

stress was found in PDIA6-deficient cells, it resulting in overstated upregulated the 

unfolded protein response (UPR) target genes and increased apoptosis via activation of 

apoptotic mediators (Eletto, Eletto, Dersh, Gidalevitz, & Argon, 2014). These proteins 

were inhibited when the intrinsic apoptotic PCD is happened. However, the up-

regulated of these chaperon proteins has wildly reported that correlated with the 

therapeutic resistance. 
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Three apoptotic process proteins; the voltage-dependent anion-

selective channel protein 1 (VDAC1), glyceraldehyde-3-phosphate dehydrogenase 

(GAPDH) and albumin (ALB) were the differentially expressed proteins, which found 

in this study.  GAPDH can be interacted with VDAC1 in mitochondria which it lead to 

mitochondria permeabilization and release of cytochrome c (Tarze et al., 2007). While, 

excessive albumin uptake is initiated the increase of calcium concentration in 

mitochondria that let cytochrome c release (Erkan, Devarajan, & Schwartz, 2007). The 

relation of these proteins indicated that Hep88 mAb caused apoptosis by the 

intracellular damage that induced intrinsic apoptotic PCD.  

Furthermore, the apoptotic signaling pathway was stimulated through 

the Fas (TNFRSF6)-associated via death domain (FASLG) and tumor necrosis factor 

ligand super family 8 (TNFSF8), which were linked to many functional partner proteins 

in the extrinsic apoptosis induction such as FADD, FAS, and CASP8. This might be 

interpreted that the apoptosis cell death induction by Hep88 mAb through Fas ligand 

and tumor necrosis factor ligand triggered extrinsic apoptotic induction process. 

In addition, the expression of many proteins after cytotoxic dose of 

Hep88 mAb treatment were increased when compared with IC50 dose of Hep88 mAb 

treatment and untreated control by using MultiExperiment Viewer software (Mev) 

(Figure 4.18). The proteins are involved in transcription, metabolic process, transport 

and proteolysis (Table 4.5). These data can be used to predict the effect of Hep88 mAb 

on HepG2 cells in the near future. 
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Figure 4.15 The functional distribution of proteins significantly differentially 

expressed in Hep88 mAb-treated HepG2 cells.  

 

 

Figure 4.16 The cellular component distribution of proteins significantly 

differentially expressed in Hep88 mAb-treated HepG2 cells.         
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Table 4.4 

 

Apoptotic proteins altered after Hep88 monoclonal antibody treatment. 

Accession number Gene name Protein name Biological process Localization 

Apoptotic process 

gi|578816051 PLEC plectin  apoptotic process Cytoplasm 

gi|578817995 TNFSF8 tumor necrosis factor ligand superfamily member 8  apoptotic process Membrane 

gi|578825607 ACIN1 apoptotic chromatin condensation inducer in the nucleus  apoptotic process Nucleus 

gi|62089230 SLC25A6 ADP,ATP carrier protein, liver isoform T2 variant  apoptotic process Mitochondria 

gi|530380137 VDAC1 voltage-dependent anion-selective channel protein 1  apoptotic process Mitochondria 

gi|9956035 GAPDH Homo sapiens glyceraldehyde-3-phosphate 

dehydrogenase (GAPDH)  

apoptotic process Cytoplasm 

gi|55743092 ALX4 homeobox protein aristaless-like 4  regulation of apoptotic process Nucleus 

gi|530413039 BECN1 beclin-1  negative regulation of apoptotic process Cytoplasm 

gi|530389399 MTDH protein LYRIC  negative regulation of apoptotic process Endoplasmic 

recticulum 

gi|32189392 PRDX2 peroxiredoxin-2  negative regulation of apoptotic process Cytoplasm 
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Table 4.4 (Continue) 

 

 

Accession number Gene name Protein name Biological process Localization 

gi|530370277 HSPD1 60 kDa heat shock protein, mitochondrial  negative regulation of apoptotic process Mitochondria 

gi|578814707 KRIT1 krev interaction trapped protein 1  negative regulation of endothelial cell 

apoptotic process 

Cytoplasm 

gi|332356380 ALB albumin  negative regulation of apoptotic process Extracellular 

region 

gi|71043932 ZSWIM2  E3 ubiquitin-protein ligase  apoptotic process Nucleus 

gi|530366444 TP53BP2 apoptosis-stimulating of p53 protein 2  apoptotic process Cytoplasm 

gi|578831071 SEPT4 septin-4  apoptotic process Mitochondria 

gi|78101187 EIF2AK2 Chain B, Pkr Kinase Domain-Eif2alpha Complex negative regulation of apoptotic process Cytoplasm 

gi|372466577 KRT8 keratin, type II cytoskeletal 8  hepatocyte apoptotic process Cytoplasm 

gi|40354195 KRT18 keratin, type I cytoskeletal 18  hepatocyte apoptotic process Cytoplasm 

gi|16507237 HSPA5 78 kDa glucose-regulated protein  negative regulation of apoptotic process Endoplasmic 

recticulum 
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Table 4.4 (Continue) 

 

 

Accession number Gene name Protein name Biological process Localization 

gi|530389873 ACER2 alkaline ceramidase 2  activation of cysteine-type endopeptidase 

activity involved in apoptotic process 

Golgi membrane 

Apoptotic signaling pathway 

gi|20070125 P4HB protein disulfide-isomerase precursor  regulation of oxidative stress-induced intrinsic 

apoptotic signaling pathway 

Endoplasmic 

recticulum 

gi|578833135 ARHGEF18 rho guanine nucleotide exchange factor 18  apoptotic signaling pathway Cytoplasm 

gi|530361574 VAV3 guanine nucleotide exchange factor VAV3  apoptotic signaling pathway Cytoplasm 

gi|119595168 FASLG Fas (TNFRSF6)-associated via death domain apoptotic signaling pathway Extracellular 

region 

gi|545719855 BCAP31 Chain B, Crystal Structure Of Bap31 Vded At Acidic Ph positive regulation of intrinsic apoptotic 

signaling pathway 

Endoplasmic 

recticulum 

gi|148887400 MCF2L Guanine nucleotide exchange factor DBS apoptotic signaling pathway Cytoplasm 
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Table 4.4 (Continue) 

 

 

Accession 

number 

Gene name Protein name Biological process Localization 

gi|440309857 TRAP1 heat shock protein 75 kDa, mitochondrial  negative regulation of oxidative stress-

induced intrinsic apoptotic signaling pathway 

Mitochondria 

Apoptotic cell clearance 

gi|578802476 PDIA6 protein disulfide-isomerase A6  apoptotic cell clearance Endoplasmic 

recticulum 
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Figure 4.17 The quantification of the change of 29 apoptotic proteins differentially expressed proteins in HepG2 cell after treated 

with Hep88 mAb. 
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Table 4.5 

 

The differentially expressed proteins altered after Hep88 monoclonal antibody treatment. 

 

Accession 

number 

 

Protein name 

 

Gene Name 

 

Biological processes 

 

Localization 

 

Hep88 mAb 

treatment effect 

IC50 

conc. 

Cytotoxic 

conc. 

Gene expression 

gi|578830602 nucleosome-remodeling factor BPTF transcription Nucleus 1.09 0.09 

gi|238908505 DNA-directed RNA polymerase III  POLR3B transcription Nucleus 3.05 7.19 

gi|187608750 cellular nucleic acid-binding protein  CNBP transcription Nucleus 3.93 5.89 

gi|4884564 vitamin D3 receptor interacting protein  MED24 transcription Nucleus 5.53 5.05 

gi|145275210 ribosome production factor 1  RPF1 rRNA processing Nucleus 2.01 6.53 

gi|83700235 eukaryotic initiation factor 4A-II  EIF4A2 gene expression Cytoplasm 5.34 6.03 

gi|157384182 ubiquitously transcribed tetratricopeptide repeat 

protein Y-linked transcript variant 241  

UTY regulation of gene 

expression 

Unknown 6.04 8.96 

Metabolic process 

gi|514830150 Chain B, The Crystal Structure Of Apo Human 

Hdhd4 From Se-mad 

NANP metabolic process Cytoplasm 3.03 5.95 

gi|3005599 katanin p80 subunit KATNB1 metabolic process Cytoplasm 3.41 4.11 

gi|530367796 NADH dehydrogenase [ubiquinone] complex I, 

assembly factor 7  

NDUFAF7 mitochondrial respiratory 

chain complex I assembly 

Mitochondria 4.11 3.79 
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Table 4.5 (continue) 

 

 

Accession 

number 

 

Protein name 

 

Gene Name 

 

Biological processes 

 

Localization 

Hep88 mAb 

treatment effect 

IC50 

conc. 

Cytotoxic 

conc. 

 

Transport 

 

gi|21729876 ATP-binding cassette sub-family C member 11 ABCC11 transport Membrane 5.46 7.50 

gi|154759255 collagen alpha-1(XXVIII) chain  COL28A1 negative regulation of 

endopeptidase activity 

Endoplasmic 

recticulum 

4.08 3.87 

gi|13194195 chloride channel CLIC-like protein 1  

 

CLCC1 transport Endoplasmic 

recticulum 

2.89 7.30 

Cell cycle 

gi|112293285 spindlin-1  SPIN1 cell cycle Nucleus 7.45 0 

gi|194385806 unnamed protein product  TJP3 regulation of G1/S 

transition of mitotic cell 

cycle 

Tight junction 5.53 5.84 

gi|530413971 Polycomb group protein  ASXL3 regulation of cell growth Nucleus 3.28 5.95 

gi|578803172 structural maintenance of chromosomes protein 6  SMC6 DNA repair Nucleus 4.87 0.62 

gi|578807117 disks large homolog 1 DLG1 mitotic cell cycle 

checkpoint 

Membrane 4.35 7.23 
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Table 4.5 (continue) 

 

 

Accession 

number 

 

Protein name 

 

Gene Name 

 

Biological processes 

 

Localization 

Hep88 mAb 

treatment effect 

IC50 

conc. 

Cytotoxic 

conc. 

       

gi|119609684 CASK interacting protein 2  CASKIN2 biological process Cytoplasm 4.36 6.13 

gi|530394858 probable G-protein coupled receptor 123  GPR123 signal transduction Membrane 5.28 6.24 

gi|578807017 adenylate cyclase type 5  ADCY5 signal transduction Membrane 6.21 5.45 

gi|2565061 CAGH32, partial  EP400 chromatin modification Nucleus 4.66 4.67 

 

Proteolysis 

      

gi|2065171 CAPN5 protein  CAPN5 proteolysis Cytoplasm 4.67 6.36 

 

Unknown 
gi|578831523 glutamine-rich protein 2  QRICH2 unknown Unknown 3.87 7.49 

gi|109698611 mast cell-expressed membrane protein 1  MCEMP1 unknown Membrane 4.52 5.71 

gi|119574967 hCG1781322  unknown unknown Unknown 3.92 5.61 

gi|119568809 hCG1793313 unknown unknown Unknown 4.22 5.12 

gi|119616435 ankyrin repeat domain 32 ANKRD32 unknown Nucleus 6.55 0 

gi|119603197 hCG1639851 [Homo sapiens] unknown unknown Unknown 8.06 7.80 
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Figure 4.18 The quantification of the change of 29 proteins differentially expressed proteins in HepG2 cell after treated with Hep88 

mAb.  



90 

 

 

9
0
 

 

 

Figure 4.19 The 29 apoptotic proteins of 323 differentially expressed proteins in 

Hep88 mAb-treated HepG2 cells. The network of apoptotic proteins in this study were 

mostly involved in apoptotic process and apoptotic signaling pathway. 
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Figure 4.20 The 29 apoptotic proteins of 323 differentially expressed proteins in 

Hep88 mAb-treated HepG2 cells with its functional partners’ proteins. The 

network of these differentially expressed proteins and their linked proteins can be used 

to predict the apoptotic effects after Hep88 mAb treatment. The linked proteins are a 

group of negative regulation of apoptotic proteins, a group of intrinsic apoptotic 

proteins and a group of extrinsic apoptotic proteins. 
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CHAPTER 5 

CONCLUSIONS AND RECOMMENDATIONS 

 

Although many therapeutic strategies have shown remarkable anticancer 

effect, but toxicity to normal cells are unavoidable. The novel anticancer that effective 

but less toxic has great interesting. Especially, the anticancer effect to HCC, because it 

is a cancer with a complex disease and multiple signaling pathways involved. Its 

pathogenesis of HCC contributes to difficult treatment. For this reason, targeted therapy 

like monoclonal antibody appear to be a promising tool for HCC treatment. The 

recently report of Hep88 mAb had an anticancer activity effect in HCC cell lines, but 

its mechanism is still unclear. Therefore, in this present study informed about the death 

induction mechanisms in hepatocellular carcinoma (HepG2) treated with Hep88 mAb. 

Firstly, the expression at mRNA level of caspase-3, caspase-8, caspase-9 (apoptotic 

genes involving in the apoptotic mechanism after 24, 48, 72 hours of incubation) 

including their enzymes activities were evaluated compare with chemotherapeutic drug. 

Afterwards, the Hep88 mAb-treated HepG2 cells were detected to confirm the active 

caspase-3 induction, cell cycle proliferation and apoptosis induction by using flow 

cytometry. Early apoptotic mechanism during 3-24 hours of treatment were determined 

by the expression at mRNA level of Bax, Bcl-2, p53, caspase-9, caspase-3 and 

cathepsin B. Finally, the protein profiles were determined by 1-D gel electrophoresis 

and LC-MS/MS. 

The expression of caspases and their enzyme activities after treated with 

IC50 dose of Hep88 mAb were demonstrated. It can induced apoptosis in HepG2 cells 

after 24 hours of incubation through the up-regulation of caspase-3, caspase-8 and 

caspase-9 mRNA expression. While, doxorubicin induced the up-regulation of those 

three caspases in the time dependent manner. However, the caspases induction of IC50 

dose of doxorubicin treated HepG2 cells were less than Hep88 mAb. This result 

demonstrates its effectiveness over the common chemotherapeutic drug normally use 

in the cancer therapy up to date. 

When Hep88 mAb concentration was varied to cytotoxic dose, Hep88 mAb 

caused the increasing of apoptotic cells and increasing of active caspase-3 in time- and 
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dose-dependent manner. In addition, G2/M phase cell cycle arrest was increased after 

increasing the concentration of Hep88 mAb to cytotoxic dose. 

The mechanism involved cell death induction in cytotoxic dose of Hep88 

mAb-treated HepG2 cells were demonstrated. It was found that the up-regulation of 

tumor suppressor p53, pro-apoptotic Bax, cathepsin B, caspase-3, caspase-9 while 

decreasing of anti-apoptotic Bcl-2. This was suggested that the cancer cell undergoing 

paraptosis and apoptosis via cascade reaction as the proposed mechanism as shown in 

Figure 5.1-5.6.  

IC50 dose of Hep88 mAb can induce apoptosis cell death in HepG2 cell, 

but at the same time the cells tried to escape death phenomenon. It was noticeable from 

an upregulation of anti-apoptotic gene, Bcl-2 expression as shown in Figure 5.7-5.12. 

On the other way, the overexpression of cathepsin B in an early treatment (3, 6 and 9 

hours of treatment) are involved either directed or indirected cell death by a role in the 

execution of caspase-independent cell death. It results in a paraptosis-like morphology.  

The protein profile in Hep88 mAb-treated HepG2 cells were explored, it 

revealed 323 differentially expressed peptides. Interestingly, the protein profile of IC50 

dose of Hep88 mAb treatment had shown ankyrin repeat domain 32 and spindlin-1. 

These two proteins were involved G2/M phase cell. From the data, we suggest that 

HepG2 cell try to survive by these proteins. The G2/M phase cells were increased to 

rapidly repair the damage from the Hep88 mAb induction. Moreover, it was related 

with the cell cycle analysis by flow cytometry, IC50 dose of Hep88 mAb-treated 

HepG2 cells were not mediated G2/M phase cell cycle arrest. 

Furthermore, the protein profile of cytotoxic dose of Hep88 mAb-treated 

HepG2 cell was contributed to the absent of plectin and pterin-4-alpha carbinolamine 

dehydratase. Plectin is an essential protein that involve in the cell structure maintaining 

and pterin-4-alpha carbinolamine dehydratase is a cofactor for hepatocyte nuclear 

factor 1 alpha (HNF1A) transcription. It probably means the cytoskeleton damage and 

the malfunction of transcription was caused by the cytotoxic dose of Hep88 mAb. 

When mapping proteins in Hep88 mAb-treated HepG2 cell were found 29 

apoptotic proteins. The apoptotic signaling pathway was stimulated through Fas ligand 

and tumor necrosis factor ligand to trigger extrinsic apoptotic induction process. While, 

the proteins involved in the intracellular damage that induced intrinsic apoptotic PCD 
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was also found. Besides this, the molecular chaperon proteins in ER stress response 

were involved in the intrinsic apoptotic pathway. These proteins were inhibited when 

the intrinsic apoptotic PCD is happened. However, the up-regulated of these chaperon 

proteins has wildly reported that correlated with the therapeutic resistance. 

The interesting outcomes of our study shown the possibility of the Hep88 

mAb mechanism on the induction program cell death of HCC in both cytotoxic and 

IC50 dose. However, further study on the electron microscope will be certificated in 

order to confirm the apoptosis cellular alteration morphology of cytotoxic dose of 

Hep88 mAb treatment. The step of post-trancriptional and post-translational 

mechanisms are also needed to be clear understood in the relationship between mRNA 

and protein expression. These activities should be further investigated. The interesting 

outcomes of Hep88 mAb study might be a promising tool to develop new drugs for the 

effective treatment of HCC in the near future.  
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Figure 5.1 The proposed mechanism of cytotoxic dose of Hep88 mAb-treated 

HepG2 cell at 3 hours. Cathepsin B was up-regulated, the loss of mitochondria 

membrane potential was developed resulting in the releasing of cytochrome c and then 

initiating the up-regulation of capase-9 and caspase-3. The death induction was further 

stimulated after Hep88 mAb binding to its specific antigen (Ag) which might be 

corresponding with death receptor at the cell membrane. The extrinsic apoptotic 

pathway was subsequently induced. 
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Figure 5.2 The proposed mechanism of cytotoxic dose of Hep88 mAb-treated 

HepG2 cell at 6 hours. The up-regulated Bcl-2 caused the remarkable reduction of 

regulation of cathepsin B, caspase-9 and caspase-3 in Hep88 mAb-treated HepG2 cell 

at 6 hours. During these escape phenomenon was risen, Hep88 mAb is still ongoing 

induction the cell to apoptosis from the extrinsic apoptotic pathway. This initial induced 

tumor suppressor p53 gene to be up-regulated. 
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Figure 5.3 The proposed mechanism of cytotoxic dose of Hep88 mAb-treated 

HepG2 cell at 9 hours. Cathepsin B, caspase-3, p53 and Bax expression were 

drastically increased. For gradually increased and released from lysosome of Cathepsin 

B, dead-escape phenomenon was no longer withstand while the strongest and fastest 

characteristic of cell death was dramatically induced. At this time, however, an overt 

up-regulation of Bcl-2 was come into sight. This initiated the signaling pathway of 

gradual inhibition of LMP and MOMP. 
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Figure 5.4 The proposed mechanism of cytotoxic dose of Hep88 mAb-treated 

HepG2 cell at 12 hours. Many damages were accumulated in cell. It still induced p53, 

Bax, caspase-9 and caspase-3 to up-regulated. While, cathepsin B and the anti-

apoptotic Bcl-2 was down-regulated. In the DNA damage response, p53 was 

accumulated in the nucleus which was transactivated pro-apoptotic gene Bax to 

stimulate the intrinsic apoptotic pathway entering. When Bax protein level increases, it 

plays a dominant role to generate MOMP at the mitochondria. Eventually, cytochrome 

c is released to activate cascade caspases. 
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Figure 5.5 The proposed mechanism of cytotoxic dose of Hep88 mAb-treated 

HepG2 cell at 18 hours. Cathepsin B and Bcl-2 expression was outstanding up-

regulated again, Cathepsin B was translated, accumulated in lysosome and finally 

released into cytosol to cleave another intracellular proteins. Besides that, it can induce 

Bax translocate to mitochondria to release cytochrome c, then activate capase-9 and 

caspase-3. As a result, the apoptosis cell death induction was still significant increased, 

although, anti-apoptotic Bcl-2 was up-regulated and p53 was down-regulated 
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Figure 5.6 The proposed mechanism of cytotoxic dose of Hep88 mAb-treated 

HepG2 cell at 24 hours. At 24 hours, up-regulation of pro-apoptotic protein i.e. p53, 

Bax, caspase-9 and caspase -3 were strikingly detected. On the other hand, down-

regulation of anti-apoptosis Bcl-2 and paraptosis engagement protein, cathepsin B was 

conversely remarked.  This is well correlate with our previous report that the fastest 

mechanism, the predominant death morphology verification. All of the results from this 

study confirm the cytotoxic mechanism of Hep88 mAb that it triggered HCC to be death 

via the paraptosis till apopotosis.  
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Figure 5.7 The proposed mechanism of IC50 dose of Hep88 mAb-treated HepG2 

cell at 3 hours. HepG2 was treated with Hep88 mAb for 3 hours. The cancer cell try to 

evade the harm by suddenly up-regulated cathepsin B expression. Over-expressed 

cathepsin B was transcript in nucleus then transported and packed in the vesicles and 

lysosome. While, caspase-9 expression were also up-regulated through the extrinsic 

and intrinsic apoptotic PCD. This might be cause the early cellular response to death 

induction of Hep88 mAb-treated HepG2 cell. However, cathepsin B wasn’t released 

because LMP was suppressed by Hsp70 mortalin-Bax and Hsp70 mortalin-p53 binding 

complexes. 
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Figure 5.8 The proposed mechanism of IC50 dose of Hep88 mAb-treated HepG2 

cell at 6 hours. HepG2 was treated with Hep88 mAb for 6 hours. The cancer cell try to 

escape the death induction of Hep88 mAb-treated HepG2 cell by up-regulated Bcl-2 

expression. MOMP and LMP were suppressed to release cytochrome c and cathepsin 

B by Bcl-2 activity. However, the death induction was still induced through extrinsic 

apoptotic PCD. 
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Figure 5.9 The proposed mechanism of IC50 dose of Hep88 mAb-treated HepG2 

cell at 9 hours. HepG2 was treated with Hep88 mAb for 9 hours. Hep88 mAb were 

intranalized into the HepG2 cell. The Hsp70 mortalin-p53 complex was reduced. p53 

was liberated then translocated into nucleus and continuously up-regulated to induces 

transcription-dependent apoptosis through transcriptional activation of pro-apoptotic 

gene Bax. The expression of Bax gene was correlated well with p53 up-regulation. 

However, MOMP and LMP weren’t generated to release cytochrome c and cathepsin 

B to cytosol because of overexpressed Bcl-2 was found. The death induction was 

mainly induced through extrinsic apoptotic induction. 
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Figure 5.10 The proposed mechanism of IC50 dose of Hep88 mAb-treated HepG2 

cell at 12 hours. HepG2 was treated with Hep88 mAb for 12 hours. The expression of 

p53 was still up-regulated in small amount than previously time point to induces 

transcription-dependent apoptosis through transcriptional activation of pro-apoptotic 

gene Bax. The expression of Bax and caspase-9 gene was correlated well with p53 up-

regulation. However, Bcl-2 expression was still overexpressed. On the other hand, 

caspase-9 expression was up-regulated. It possible that Bax was oligomerized to 

generate MOMP and release cytochrome c to cytosol. The death induction was induced 

through mitochondria mediated caspase that lead to apoptosis. 
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Figure 5.11 The proposed mechanism of IC50 dose of Hep88 mAb-treated HepG2 

cell at 18 hours. HepG2 was treated with Hep88 mAb for 18 hours. The expression of 

p53 was up-regulated again and lead to up-regulated Bax and caspase-9 gene. The death 

induction in HepG2 cell was induced through mitochondria mediated-caspase that can 

lead to apoptosis by Hep88 mAb. However, the induction wasn’t strong enough to 

activate caspase-3 transcription and activation to apoptosis. 
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Figure 5.12 The proposed mechanism of IC50 dose of Hep88 mAb-treated HepG2 

cell at 24 hours. HepG2 was treated with Hep88 mAb for 24 hours. At this moment, 

cathepsin B and Bcl-2 expression were down-regulated. This might be possible that 

mortalin is increased by intracellular stress and sequestered to cytoplasmic p53. p53 

can't translocate into nucleus. So, p53 was down-regulated. Moreover, Bax, and 

caspase-3 expression was also down-regulated. The caspase-9 expression was shown 

decrease than the earlier time point, but it still up-regulated. 
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APPENDIX A 

CHEMICAL REAGENTS PREPARATION 

 

1. Protein extraction reagents 

 

1.1 0.5% SDS 

Sodium dodecylsulphate (SDS)      0.5    g 

  Deionized water               100.0    ml 

 

2. Protein determination reagents 

 

2.1 Lowry method  

 

2.1.1 Alkaline copper solution 

 

2.1.1.1 Solution A 

CuSO4∙7H2O      40   mg 

Sodium citrate dehydrate          100   mg 

Deionized water           10.0  ml 

 

2.1.1.2 Solution B 

Sodium carbonate   2.0  g 

Sodium hydroxide   0.4  g 

Deionized water              100.0  ml 

 

2.1.2 20% Folin-Ciocalteu phenol reagent 

Folin-Ciocalteu phenol      10      ml 

Deionized water           10      ml 
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3. SDS-PAGE preparation reagents 

 

3.1 (5X) SDS-loading buffer 

SDS              5.0         g 

DTT              3.850     g 

Bromophenol blue                    0.012     g 

1M Tris-HCl, pH 6.8                  6.5       ml 

87% Glycerol                25.0       ml 

Deionized water              17.5       ml 

 

3.2 (10X) Electrophoresis running buffer 

Tris-base                   3.0    g 

Glycine                 14.0    g 

10% SDS                10.0   ml 

Deionized water                        add to 100.0   ml 

 

3.3 5% Stacking gel 

40% Acrylamide               0.200    ml 

Deionized water              0.908    ml 

10% SDS              0.015    ml 

10% Ammonium persulphate            12.5    µl 

TEMED             0.85  µl 

 

3.4 12.5% Separating gel 

40% Acrylamide                 3.130   ml 

Deionized water             4.230   ml 

10% SDS              0.125   ml 

10% Ammonium persulphate (APS)                     50   µl 

TEMED        10   µl 
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4. Silver staining reagents 

 

4.1 Fixing solution 

99.8% Methanol                100    ml 

100% Acetic acid                24    ml 

37% Formaldehyde            100    µl 

Deionized water                                       add to 200    ml 

 

4.2 Washing solution (35% ethanol) 

95% ethanol                         73    ml 

Deionized water                                   add to 200    ml 

 

4.3 Sensitizing solution (0.02% sodium thiosulfate) 

Sodium thiosulfate               40     mg 

Deionized water                                      add to 200     ml 

 

4.4 Staining solution (0.2% silver nitrate) 

Silver nitrate               0.4    g 

 Deionized water                   add to 200    ml 

 

4.5 Developing solution (6% Sodium carbonate) 

Sodium carbonate                      12       g 

37% Formaldehyde                        100      µl 

0.02% Sodium thiosulfate                              4     ml 

Deionized water                                       add to 200    ml 

 

4.6 Stopping solution (1.46% Sodium EDTA)  

Sodium EDTA               2.92     g 

Deionized water                         add to   200    ml 
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5. In-gel digestion reagents 

 

5.1 10mM Ammonium bicarbonate  

Ammonium bicarbonate            39.5   g 

Deionized water                                         add to 50   ml 

 

5.2 Reducing solution 

DTT                            15.42   mg 

10mM Ammonium bicarbonate          10    ml 

  

5.3 Alkylating solution 

Iodoacetamide                185    mg 

10mM Ammonium bicarbonate         10     ml 

 

5.4 50% acetonitrile in10 mM ammonium bicarbonate 

100% Acetonitrile          5    ml 

 10mM Ammonium bicarbonate                     5    ml 

 

5.5 10 ng/ µl Trypsin solution 

Trypsin         10   mg 

50% acetonitrile in10 mM ammonium               1   ml 

bicarbonate 

 

5.6 30% Acetonitrile  

100% Acetonitrile          3    ml 

Deionized water          7    ml 

 

5.7 50% Acetonitrile 

100% Acetonitrile          5    ml 

Deionized water          5    ml 
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5.8 0.1% Formic acid 

Formic acid           5    ml 

Deionized water          5    ml 

 

5.9 Peptide extraction solution 

0.1% Formic acid          5    ml 

100% Acetonitrile          5    ml 

 

6. Chemicals lists 

 

Water (LC grade)  (Labscan, Thailand) 

Absolute Ethanol (AR grade)  (Labscan, Thailand) 

Acetone   (Labscan, Thailand) 

40%Acrylamide (BIO-RAD, China) 

Agarose (BIO-active) 

Ammomium persulfate (APS) (USB corporation, USA) 

Ammomium sulfate (Sigma Aldrich, France) 

Ammomium bicarbonate (Sigma, USA) 

Acetronitrile (AR grade) (Labscan, Thailand) 

β-mercaptoethanol (GE Healthcare, Sweden) 

Bovine serum albumin (BSA) (Damsladt, Germany) 

Bromophenol blue  (Sigma, USA) 

Calcium chloride (CaCl2.2H2O) (BIO BASIC INC., Thailand) 

Copper sulfate (CuSo4.7H2O) (Fisher scientific, UK) 

Chloroform (Labscan, Thailand) 

DEPC treat-water (USB corporation, USA) 

Dithiotheritol (DTT) (GE Healthcare, Sweden) 

Folin-Ciocalteu phenol  (Merck, Germany) 

37%Formaldehyde   (Sigma, USA) 

Formic acid (Scharlau, Spain) 

Glycerol (87% w/w) (GE Healthcare, UK) 
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Glacial acetic acid (Labscan, Thailand) 

Hydrochloric acid            (Labscan, Thailand) 

Iodoacetamide (IAA)          (GE Healthcare, UK) 

Isopropanol  (VWR International 201) 

Mercaptoethanol  (GE Healthcare, Sweden) 

Methanol (AR grade) (Labscan, Thailand) 

Phenol (Amresco, Thailand) 

Protein standard marker (Bio-Sciences AB, Sweden) 

Silver nitrate  (AppliChem, UK) 

Sodium EDTA       (USB Corporation, USA) 

Sodium citrate   (Merck, Germany) 

Sodium chloride  (Labscan, Thailand) 

Sodium carbonate   (Sigma, Germany) 

Sodium hydroxide (Saharlau, Spain) 

Sodium dodecyl sulfate (SDS) (Uppsala, Sweden) 

Sodium thiosulfate (Sigma, USA) 

TEMED  (USB corporation, USA) 

Tris-base (USB corporation, USA) 

Trypsin (PROMEGA, USA) 
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APPENDIX B 

PROTEIN STANDARD CURVE 

 

1. Protein standard curve of BCA method 

  
 

 

 

2. Protein standard curve of Lowry method 
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APPENDIX C 

PLASMID DNA PREPARATION                            

 

1. Competent cell preparation by Calcium chloride (CaCl2) method 

1.1. A colony of DH5α from LB plate was inoculated in 3 ml of LB medium, then 

incubatd overnight at 37°C shaking 200 rpm. 

1.2. 1 ml of overnight grown culture of E.coli DH5α was inoculated to 100 ml of 

LB medium and shaked at 37°C, 200 rpm until the OD600 reaches between 

0.4-0.6 (typically 4-6 hr). 

1.3. All bacterial cells were collected by centrifugation at 5,000 rpm, 4°C for 3 min. 

1.4. The bacterial pellet was gently resuspend in 5 ml of ice-cold CaCl2 (about 1/20 

of original volume), then incubated on ice 5-10 min and collected by 

centrifugation at 5,000 rpm, 4°C for 3 min. 

1.5. The bacterial pellet was gently resuspend again in 5 ml of ice-cold 14% glecerol 

in 0.1 M CaCl2 (about 1/20 of original volume), then incubated on ice 10-15 

min and aliquot (50 µl) in new tube. 

1.6. Flash freeze in liquid nitrogen, then store at -80°C. 

 

2. Ligation 

2.1  The interesting genes were amplified with PCR technique.  

2.2  PCR products of the expected predicted size were ligated into pTZ57R/T 

vectors by 4°C incubation for 1 hour (TAcloning kit). 

2.3 The ligated vector was transformed into E.coli DH5α competent cells by heat 

shock method. 
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Components Condition Volume 1 (µl) Condition Volume 2 (µl) 

Vector pTZ57R/T 1 1 

PCR product 1 3 

5X ligation buffer 2 2 

Water 5.7 3.7 

T4 DNA ligase, 5u 0.3 0.3 

 

 

3. Heat shock method 

3.1. The competent cells in -80°C were thaw on ice for 20-30 min. 

3.2. 4 µl of the ligated DNA was mixed into 50 µl of competent cells by gently 

flinking tube with finger a few times. Control for ligation we used 1 µl of vector 

onto 50µl of competent cells. Then, placed them on ice for 20-30 min. 

3.3. Each transformation tube was heat shock performed by incubation at 42°C for 

90 sec. 

3.4. After that, each tube was put on ice for 2 min. 

3.5. 450 µl of LB media (without antibiotics) was added, then incubated in 37°C 

shaking incubator for 60 min. before centrifuged at 12,000g for 5 min to pellet 

and discard supernatant. 

3.6. The cell pellet was resuspended with 50µl of LB media (without antibiotics) to 

place all the transformation onto LB agar plate (containing 100µg/ml 

Amplicilin) by spreading. 

3.7. Incubate plate at 37°C for 16-18 hours or overnight. 
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4. Colony PCR 

4.1. Bacterial clones were cultured on LB agar plates and grown overnight at 

37°C.  

4.2. A maximum of 5-10 colonies were picked from each plated transformation 

and used for colony PCR with standard M13 primers or interesting gene 

primers. 

 

5. Plasmid Extraction and Bacterial Plasmid DNA Collection 

5.1. Bacterial clones were cultivated in 6 ml of LB broth by shaking at 200 rpm, 

37°C. 

5.2. 1 ml of bacterial clones was separated for stock collection by added 200 µl of 

glycerol. 

5.3. 5 ml of bacterial clones were harvested for plasmid DNA extraction by 

GeneJET Plasmid Miniprep Kit (Thermo Scientific, #K0509 Lot 00136306) 

5.4. 5 ml of Bacterial cells in LB medium were pellet by centrifugation 11,000g, 30 

sec. 

5.5. 250 µl of buffer resuspension solution was added and mixed by vertex or 

pipetting before transferred to microcentrifuge tube. 

5.6. 250 µl of lysis solution was added and mixed gently by invert tube 6-8 times 

until the solution becomes viscous and slightly clear, then incubated only 5 min 

at room temperature or until clear to avoid denaturation of supercoiled plasmid 

DNA. 

5.7. 350 µl of neutralization solution was added and mixed thoroughly by invert 

tube 6-8 times to avoid localized precipitation of bacterial debris, then the 

suspension was centrifuged to pellet cell debris and chromosomal DNA for 5 

min at 11,000g room temperature. 

5.8. The column was placed and then 400µl of supernatant was loaded to GeneJET 

spin column 

5.9. After that centrifugation for 1 min at 11,000g room temperature to let the 

supernatant flow-through.  
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5.10. The flow-through was discarded before column was placed back into the 

same collection tube. 

5.11. 500 µl of wash solution (diluted with ethanol prior use) was added to 

GeneJET spin column, centrifuged for 30-60 sec and then the flow-through was 

discarded before column was placed back into the same collection tube. 

5.12. The wash procedure was repeated  

5.13. The GeneJET spin column was transferred into a fresh 1.5 ml 

microcentrifuge tube. Before 50 µl of elution buffer was added to center of 

GeneJET spin column membrane, and then centrifuged to get the plasmid. 

 

6. Plasmid DNA Sequencing 

6.1. The plasmid DNA concentration was measured at A260/280 by 

NanoDrop1000. 

6.2. The plasmid DNA was diluted to 100 ng/µl before sequencing. 
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