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ABSTRACT 

 

EFFECTS OF FLAVANOID KAEMPFEROL ON THE EXPRESSION 

OF TUMOUR NECROSIS FACTOR ALPHA INDUCED NUCLEAR 

FACTOR- KAPPA B1 AND NUCLEAR FACTOR- KAPPA B2 

ACTIVATION IN HUMAN HEPATOCARCINOMA CELL LINE  

 

CHEN KAH KET 

 

Nuclear factor kappa B (NF-κB) is a transcription factor that plays important 

roles in many physiological changes especially inflammation. It can be 

activated by tumour necrosis factor alpha (TNF-α), a pro-inflammatory 

cytokine. While kaempferol is found in plants and is observed to have anti- 

inflammatory response. Thus, the objective of this study is to determine the 

effect of kaempferol on the mRNA and protein expression of NF-κB1 and NF-

κB2 in TNF-α treated human hepatocarcinoma cell line (HepG2). To achieve 

this, HepG2 cells were pre-treated with 20 ng/ml of TNF-α for 24 hrs and 

subsequently treated with different concentration of kaempferol ranging from 1 

to 20 µM for another 24 hrs. Total cellular RNA was extracted and the 

extracted RNA samples were tested for their integrity, concentration and purity 

through formaldehyde agarose gel electrophoresis and spectrophotometry. The 

gene expression of NF-κB1 and NF-κB2 were subsequently quantified using 

Real Time RT-PCR and the mRNA expression was normalised to β-actin, a 

housekeeping gene. Nuclear and cytoplasmic protein were extracted and 

Western Blotting using antibody against total and phosphorylated NF-κB1 and 



 

 

iii 

 

NF-κB2 proteins were carried out to investigate the protein expression and 

activation levels. From the results obtained, NF-κB2 but not NF-κB1 

phosphorylated levels were increased in cells treated with 20 ng/ml TNF-α 

alone. Subsequent treatment with kaempferol in low dosage of 1-10 µM 

reduced the TNF-α induced activation of NF-κB2, but the effect was not 

significant in NF-κB1 activation. However, treatment with 20 µM of 

kaempferol alone or in the presence of TNF-α significantly induced NF-κB1 

and NF-κB2 phosphorylation to almost 2-fold of untreated cells. These results 

suggest that the dosage of kaempferol used is crucial in determining the 

activation or deactivation of NF-κB members. Low dosage of kaempferol 

would abolish the activation of NF-κB2 by TNF-α, and thus suppressing 

inflammation; but higher dosage of kaempferol would induce activation of both 

NF-κB members.  
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CHAPTER 1 

 

INTRODUCTION 

 

NF-κB family is a transcription factor that is involved in the activation of 

genes that are involved in various biological processes such as inflammatory 

and immune responses, anti-apoptosis, cells proliferation, differentiation and 

maturation (Carmody & Chen, 2007; Gilmore, 2006; Tergaonkar, 2006). Since 

the discovery of NF-κB family, it has become the focus for therapeutic 

intervention, especially their upstream signalling pathway that leads to their 

activation. There are five members in NF-κB family: RelA, RelB, c-Rel, NF-

κB1 and NF-κB2. NF-κB1 and NF-κB2 normally exist in precursor form p105 

and p100 in cell cytoplasm. Upon activation, p105 and p100 will be cleaved to 

form p50 and p52, the active form of NF-κB1 and NF-κB2. One of the 

activator of NF-κB is TNF-α, which is a pro-inflammatory molecule that 

activates NF-κB during inflammation and has both tumour promoting and 

anti- tumour functions (Balkwill, 2009). Thus the studies of TNF-α and other 

modulator induced activation of NF-κB signalling pathway is getting 

important for the development of drugs for anti-inflammation and anti-cancer 

(Balkwill, 2009; Gilmore, 2006).  

 

Kaempferol is one of the natural compund extracted from plants which had 

been found to have antioxidant and anti-inflammation functions. Research 

discovered that kaempferol is able to control cancer development by inhibiting 

NF-κB activation and sensitising cancer cells to cancer therapeutic drugs 
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cisplatin (Chen, Chow, Huang, Lin & Chang, 2004; Luo, Daddysman, Rankin, 

Jiang, & Chen, 2010). 

 

NF-κB signalling pathway is one of the major pathways that cause 

inflammation, while TNF-α was shown to be up-regulated during chronic 

inflammation. Consequently, TNF-α becomes the positive autocrine feedback 

signal that further enhance activation of NF-κB. Hence, TNF-α induced NF-

κB signalling pathway is proposed to be one of the mechanisms that could 

cause the advancement of chronic inflammation to cancer formation (Carter, 

Misyak, Hontecillas & Riera, 2009).  

 

However, majority of the studies carried out were designed by stimulating the 

cells with single type of modulator. The relationship between kaempferol and 

TNF-α induced NF-κB activation remains unknown. Therefore this study 

could give useful information for the development of new therapy for cancer 

and inflammatory diseases. Thus, this project has the following objectives: 

1. To determine the effect of kaempferol on TNF-α induce NF-κB1 and 

NF-κB2 mRNA expression using quantitative PCR  

2. To determine the effect of kaempferol on TNF-α induced NF-κB1 and 

NF-κB2 protein expression using Western Blot 

3.  To determine the effect of kaempferol on TNF-α induced NF-κB1 and 

NF-κB2 activation, and 

4. To compare the mRNA and protein activation expression in 

kaempferol pre-treated TNF-α induced HepG2 cells. 
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CHAPTER 2 

 

LITERATURE REVIEW 

 

2.1 NF-κB family 

Nuclear factor kappa B (NF-κB) family are ubiquitously expressed nuclear 

factor that was discovered more than 20 years ago. NF-κB is involved in many 

cellular processes like anti-apoptosis, inflammation, innate and adaptive 

immune responses. The deregulation of NF-κB signalling pathway may lead to 

cancer formation and inflammatory diseases. Nowadays, more than 200 

physiological stimuli have been identified to activate NF-κB signalling 

pathway these include viral and bacterial antigen, mitogen, growth factor, 

cytokines, physical and biochemical stress inducers. NF-κB is also found to be 

important for HIV-1 and CMV viral promoters’ transcription (Carmody & 

Chen, 2007; Gilmore, 2006; Tergaonkar, 2006).  

 

NF-κB family consists of five members: RelA (p65), RelB, c-Rel, NF-κB1 

(p50, precursor was p105) and NF-κB2 (p52, precursor was p100). All the 

members have Rel homology domain (RHD) at N-terminus which facilitates 

their DNA binding, dimerisation and nuclear translocation processes. However, 

the difference among RelA, RelB and c-Rel, NF-κB1 and NF-κB2 is NF-κB1 

and NF-κB2 lack of trans-activation domain at C-terminus. In most of the 

mammalian cells, NF-κB forms homo- or heterodimer from these five 

monomers in the cytoplasm and the generation of all monomers is 

transcriptionally regulated. NF-κB1 and NF-κB2 are also regulated by their 
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precursor p105 and p100, respectively. In resting cells NF-κB dimers are 

inactived by binding with Inhibitory-κB protein (IκB). IκB family includes 

IκBα, IκBβ, IκBγ, IκBε, IκBζ, BCL3, p100 and p105, which contains ankryin 

repeats (ANK), a repeated sequence of about 30 amino acids long which helps 

IκB binding to NF-κB. IκB family functions to inhibit NF-κB in cytoplasm 

and terminate NF-κB transcriptional activity by translocating it from nuclear 

to cytoplasm (Figure 2.1) (Bubici, Papa, Dean & Franzoso, 2006; Carmody & 

Chen, 2007; Gilmore, 2006; Tergaonkar, 2006). 

  

Studies showed that expression of NF-κB dimeric complexes are cell-type and 

stimulus-specific. Some physiological important dimers like RelA:p50, c-

Rel:p50 and RelB:p52 are expressed in all cell types. Dimers that consist of c-

Rel are expressed higher in B and T lymphocytes than in other cell types. 

RelA and NF-κB1 are ubiquitously expressed in all cell types. RelB and NF-

κB2 are found to be expressed higher in lymphoid tissue (Shih, Tsui, Caldwell 

& Hoffmann, 2011). 
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 Figure 2.1  NF-κB and IκB family 

(A) NF- κB family consists of RelA, RelB, c- Rel, p50 and p52. All of 

them share similar Rel homology domain (RHD). The precursor of 

p50 and p52 are p105 and p100, respectively. They belong to IκB 

family as they have a structure called ankyrin repeat domain (ANK). 

Both p105 and p100 also have a death domain at the C- terminus. The 

arrow indicates the site for proteolysis. IκBα, IκBβ and IκBε are the 

other types of IκB. 

(B) NF-κB in its dimeric form, which can be either homodimer or 

heterodimer. Without being induced by modulators, NF-κB binds to 

IκB to prevent its activation. (Picture adapted from Savinova, 

Hoffmann & Ghosh, 2009)  
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2.2 NF-κB1 and NF-κB2 

NF-κB1 protein p105 is the precursor of p50, while NF-κB2 protein p100 is 

the precursor of p52. Both of them are inhibitors for NF-κB dimers. They also 

provide “buffering” binding capacity for excess NF-κB because they have IκB 

activities, which allow them to regulate the activation of NF-κB by repress the 

preformed NF-κB dimers (Savinova, Hoffmann & Ghosh, 2009). 

 

Human NF-κB1 gene is located in chromosome 4 at the location of 4q24. It 

has 24 exons spanning 156 kb. The activity of NF-κB1 can be positively 

regulated by NF-κB itself and the Ets family transcription factor. NF-κB1 

consists of 968 amino acids with molecular weight of 105 kDa. NF-κB1 

consists of several domains which include a Rel homology domain, a nuclear 

localisation sequences (NLS), a glycine- rich region (GRR), 7 ankyrin repeats, 

a proline, glutamic acid, serime, and threonine (PEST) domain and a death 

domain (Figure 2.2). RHD is responsible for DNA binding, dimerisation of 

NF-κB and also serves as the binding site for IκB. GRR is located between 

375- 400 amino acids. Studies have shown that GRR is a critical element in 

directing the formation of p50 from p105, where the cleavage site of NF-κB1 

is between amino acids 433- 434 (Baldwin, 1996; Chen, Castranova, Shi & 

Demers, 1999; Ghosh, May & Kopp, 1998; Hunter & Kandarian, 2004; Lin, 

DeMartino & Greene, 1998; Liptay et al., 1992).  

 

The important roles of NF-κB1 have been shown in several mouse models. 

Impair development of T cells has been observed in NF-κB1 knockout mouse. 

The NF-κB1 knockout mouse also exhibits low T cells count in thymus, 
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spleen and bone marrow. These suggest that NF-κB1 activation is required for 

T cells proliferation, differentiation and survival (Srikantharajah et al., 2009). 

Studies also showed that mouse with NEMO or IKKβ deficiency would die 

from severe TNF-α induced liver damage due to failure in the activation of 

NF-κB dependent anti-apoptotic genes in hepatocytes (Li, Van Antwerp, 

Mercurio, Lee & Verma, 1999; Rudolph et al., 2000). Besides, in p105 

knockout mice show inflammatory phenotype and have increased 

susceptibility to opportunistic infections (Savinova, Hoffmann & Ghosh, 

2009). 

 

Human NF-κB2 gene is located at chromosome 10 in the location of 10q24. It 

has 24 exons spanning 8 kb. The activation of NF-κB2 is regulated by two 

promoters, P1 and P2, in which a number of consensus binding sites for 

transcription factors, including SP1, AP1 and putative NF-κB were identified. 

NF-κB2 consists of 900 amino acids with molecular weight of 100 kDa. NF-

κB1 protein is formed by numerous domains which consist of a RHD, 2 NLS, 

a GRR, 7 ankyrin repeats, a PEST domain and a death domain (Figure 2.3). 

NF-κB2 is cleaved at the site between 454- 455 amino acid through ubiquitin 

proteosome dependent degradation to generate p52. Recent studies found out 

that activation of NF-κB2 required phosphorylation by IKKα/NIK complex at 

C-terminal of NF-κB2 (Baldwin, 1996; Chen et al., 1999; Ghosh et al., 1998; 

Lin et al., 1998; Liptay et al., 1992; Sentfleben, 2001).  
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Figure 2.2  Schematic representation of structure of NF-κB1 

NF-κB1 protein is formed by several domains. At N-terminal region of NF-

κB1, there is a Rel homology domain (RHD) which about 300 amino acids 

length. Nuclear localisation sequences (NLS) is located after RHD, which is 

followed by a glycine- rich region (GRR). At the C-terminal region of NF-κB1 

contains 7 copies of ankyrin repeats which is belong to IκB family. The C- 

terminal region of NF-κB1 also contains a proline, glutamic acid, serine and 

threonine (PEST) domain and a death domain (Adapted from Chen, 2002a). 
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Figure 2.3  Schematic representation of structure of NF-κB2 

NF-κB2 protein consists of several domains. Rel homology domain (RHD) is 

located at N- terminal of NF-κB2. NF-κB2 has 2 nuclear localisation 

sequences (NLS) which is located after RHD and it is followed by a glycine- 

rich region (GRR). At the C-terminal region of NF-κB2 contains 7 copies of 

ankyrin repeats which is belong to IκB family. The C- terminal region of NF-

κB2 also contains a proline, glutamic acid, serine and threonine (PEST) 

domain and a death domain (Adapted from Chen, 2002b). 
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Several NF-κB2 knockout mouse models were shown to have abnormal B 

cells differentiation and function (Anver et al., 1998; Barton et al., 1998). 

Keller and his colleague (2010) also showed that NF-κB2 knockout mouse 

developed lymphoma due to deregulation of c-Myc expression and reduced 

activity of NF-κB mediated immune responses, cell survival and 

transformation. In other cases, animals that have defect in IκB like domain of 

NF-κB2 was discovered to have deregulatd expression of p52, which in turn, 

led to the increase in lymphocytes production and gastric mucosal hyperplasia 

(Bravo, Carrasco, Claudio, Ishikawa & Ryseck, 1997). Other than this, the 

absence of p100 would cause perinatal lethality in mice, this suggests that NF-

κB2 plays a role in fetal development (Savinova et al., 2009). All these models 

point out that the regulation of NF-κB1 and NF-κB2 expression is biologically 

important.   

  

2.3 NF-κB signalling pathway 

NF-κB activation leads to transcription of several genes that is involved in 

pro-survival of cells, inflammation and immunity (Carmody & Chen, 2007; 

Gilmore, 2006; Tergaonkar, 2006). The upstream signalling pathway of NF-

κB involve activation of various regulatory receptor like Toll- like receptor 

(TLR), tumour necrosis factor receptor family (TNFR), Interleukin-1 receptor, 

B cell and T cell receptor by their ligand. This would induce a cascade of 

events that lead to the phosphorylation of IκB protein by enzyme IκB kinase 

complex (IKK). IKK consists of three subunits, IKKα (IKK1), IKKβ (IKK2) 

and IKKγ (NF-κB essential modulator or NEMO) associate with other proteins 

like HSP90, CDC37, ELKS and NAP1. IKK1 and IKK2 are catalytic sites for 
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IKK complex, while NEMO regulates IKK complex function and maintains 

the structure of IKK complex (Bubici et al., 2006; Carmody & Chen, 2007; 

Gilmore, 2006; Tergaonkar, 2006). 

 

There are two major signalling pathways for NF-κB: classical (canonical) and 

alternative (non-canonical) pathway. Classical pathway activation is IKKβ and 

IKKγ dependent and it mainly leads to activation of p50/RelA and p50/c- Rel 

dimer. Upon phosphorylation of IκB by IKK complex, it becomes a target for 

polyubiquitination mediated by E2 and E3 ligases, later follow by 26S 

proteasomal degradation. This process results in release of NF-κB from IκB 

and translocation of NF-κB from cytoplasm to nucleus. Classical pathway is 

responsible for various types of inflammatory responses and the survival of 

professional immune cells as it enhances the expression of genes involved in 

inflammation and immune response (Bubici et al., 2006; Carmody & Chen, 

2007; Gilmore, 2006; Tergaonkar, 2006; Senftleben, 2008). 

 

IKKα homodimer and NF-κB inducing kinase (NIK) are important elements 

that regulate the activation of the alternative pathway. The activation of 

alternative pathway results in phosphorylation of p100, which in turn will be 

processed into p52 via degradation of its IκB terminus. RelB is the most 

common subunit that associates with p52 to form dimer and is then 

translocated into nucleus to activate genes which are involved in B cell 

maturation and lymphoid organ formation (Bubici et al., 2006; Carmody & 

Chen, 2007; Gilmore, 2006; Tergaonkar, 2006; Senftleben, 2008). 
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Classical and alternative pathway are not dogmatically separated because 

certain ligand like receptor activator of NF-κB ligand (RANKL) and 

lymphotoxin-β (LTβ) can activate both pathways (Bubici, et al., 2006; 

Carmody & Chen, 2007; Gilmore, 2006; Tergaonkar, 2006; Senftleben, 2008). 

Besides, Luedde and co-workers observed that deficiency of IKKβ in 

hepatocytes has no effect on classical pathway activation by TNF-α. On the 

other hand, they also found that TNF-α was unable to induce activation NF-κB 

in NEMO-deficient hepatocytes. Therefore, they suggest that NEMO/IKKα 

complex is sufficient for NF-κB activation in the absence of IKKβ (Figure 2.4) 

(Pasparakis, Luedde & Schmidt, 2006).  

 

Negative regulation of NF-κB activation is still not fully understood. 

Downregulation of NF-κB involves multiple mechanisms including the 

positive feedback loop of de novo IκB protein synthesis that is induced by NF-

κB. IκB protein will bind to NF-κB in nucleus and translocate it out of nucleus, 

thereby terminating the activity of NF-κB. Other mechanism such as post-

translational modification is also known to contribute in NF-κB 

downregulation. Studies found that phosphorylation and acetylation of RelA 

containing complex is positively correlated with the duration of NF-κB 

response. Deacetylated RelA is found to have higher binding affinity to IκB. 

Thus, the association of RelA with histone deacetylase corepressor protein is 

said to promote the shutdown of NF-κB responses due to deacetylation of 

RelA and histones (Ashburner, Westerheide & Baldwin, 2001; Chen, Fischle, 

Verdin & Greene, 2001; Ghosh & Karin, 2002).  
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Figure 2.4 NF-κB signalling pathway  

Schematic representation of canonical and alternative signalling pathway of 

NF-κB. Canonical pathway is activated by pro-inflammatory cytokine and 

microbial product, therefore inducing nuclear translocation of p50/p65 

heterodimer. The alternative pathway is activated by TNF superfamily 

receptors upon binding of ligand such as LTβ, CD40L and B cell activating 

factor (BAFF). This initial cascade of event leads to the translocation of 

p52/RelB heterodimer into nucleus to activate gene expression (Adapted from 

Senftleben, 2008).  
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2.4 NF-κB and inflammation 

NF-κB is known to be the primary regulator of inflammation because it is 

involved in the activation of immune cells (Ghosh, Hayden & West 2006; 

Karin & Greten, 2005; Firestein & Tak, 2001). Upon stimulation with pro-

inflammatory cytokine such as TNF-α and IL-1β, NF-κB is activated and 

triggers NF-κB dependent transcription of pro-inflammatory and anti-

apoptotic genes. NF-κB signalling pathway also acts as positive feedback to 

enhance the degree of inflammatory responses. Thus, prolong activation of 

NF-κB has been associated with chronic inflammatory diseases (Karin & 

Greten, 2005). These genes which include TNF-α, C-reactive protein (CRP), 

inducible nitric oxide synthase (iNOS) and cyclooxygenase- 2 (COX- 2), are 

induced in inflammatory cells and cause inflammatory responses through 

various of mechanisms such as production of pro-inflammatory mediators 

such as prostaglandin E2 (Gaynor & Yamamoto, 2001; Ischiropoulos, 1998; 

Mediavilla et al., 2007). 

 

However, many studies have indicated that improper inhibition of NF-κB 

signalling pathway will cause adverse effect. Study conducted by Nenci et al. 

demonstrated that inhibition of NF-κB classical pathway via deletion of 

NEMO has caused reduction in the production of antimicrobial small bowel 

peptide. As a consequence, bacterial infection is enhanced and this would 

trigger higher inflammatory responses, which in turn enhance TNF-α 

production. Excess TNF-α act as positive regulator to further enhance 

inflammation and cause apoptosis of cells. Eventually the epithelial barrier 
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will be broken down and this would allow more infection to occur. This would 

lead to chronic inflammation (Nenci et al., 2007).  

 

Many inflammatory diseases are linked with activation of NF-κB which 

include arthritis, inflammatory bowel disease (IBD), atherosclerosis, asthma, 

systemic lupus erythematosus (SLE) and gastritis (Senftleben, 2008). Thus 

knowing the relationship between NF-κB and inflammation is important for 

disease treatment. As the studies of NF-κB signalling pathway become more 

detailed, more strategies for inhibiting NF-κB activation. Recent studies 

focusing on upstream inhibition of NF-κB activation and also the natural 

product like flavonoids have been shown to inhibit the activation of NF-κB 

(Senftleben, 2008). 

 

2.5 NF-κB and carcinogenesis 

NF-κB signalling pathway is closely related with tumourigenesis because it is 

constitutively activated in most human cancer cells (Sarkar, Lee, Wang & 

Kong, 2008). The participation of NF-κB in carcinogenesis is supported by the 

interaction of NF-κB with pathways which can activate carcinogenic genes 

such as ras oncogene (Liptay, Ludwig, Schmid, Adler, Wagner & Weber, 

2003). NF-κB signalling pathway is able to promoting proliferation and anti-

apoptotic of cell, thus it has been suggested that unregulated NF-κB activity 

brings the balance between proliferation and apoptosis toward uncontrolled 

cell growth (Gelinas et al., 2003).  
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NF-κB was found to be involved in cancer cell metastasis. Studies discovered 

that inhibition of NF-κB activity by mutant IκBα was able to suppress the 

metastasis of pancreatic cancer cells to liver cells completely (Fujioka et al., 

2003). MMP-9 and uPA are critical proteases that are involved in tumour 

invasion. Activation of NF-κB can up-regulate their expression. These results 

suggest that NF-κB activation is one of the factors which could cause cancer 

cells metastasis (Wang, Abbruzzese, Evan & Chiao, 1999). The successful 

inhibition of cancer cell proliferation and induction of apoptosis using super 

inhibitor of NF-κB suggest that NF-κB is a potential target for treatment of 

cancer (Liptay et al., 2003).  

 

The major issues in cancer therapy are the development of resistance by the 

cancer cells. Studies have found that many chemotherapeutic agents can 

activate NF-κB in cancer cells (Chuang et al., 2002; Li, Ahmed, Ali, Philip, 

Kucuk & Sarkar, 2005; Yeh et al., 2002). Stimulants such as IL-1 are able to 

induce NF-κB activation and cause chemoresistance in human cancer (Arlt et 

al., 2002; Muerkoster et al., 2005). Therefore, inhibition of NF-κB activity 

becomes a useful strategy in cancer treatment.    

 

2.6  Tumour necrosis factor alpha (TNF-α) 

TNF-α is a cytokine that is responsible for inflammatory responses, immunity, 

antiviral responses and a variety of diseases. It is produced by activated 

macrophages epithelial cells and other cells in response to bacterial infection, 

inflammatory product and other invasive stimuli. The normal range of TNF-α 

in human body is varied in different individual. Since TNF-α has several 
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beneficial functions, it is constitutively produced at a low levels. Firstly, TNF-

α is cytotoxic to certain cancer cells, thus it able to induce the death of cancer 

cells. Besides, low levels of TNF-α also help in maintaining homeostasis by 

regulating the body’s circadian rhythm. Low levels of TNF-α also promotes 

regeneration of old or injured tissue by stimulate the growth of fibroblast. 

(Tracey & Cerami, 1994) 

 

TNF-α could also cause many other pathological effects which were harmful 

to body. TNF-α is also found to be a growth factor for certain cancers. Acute 

exposure to high levels of TNF-α will cause shock, tissues injuries and other 

acute inflammatory responses, which will eventually lead to multiple organ 

failure. The response is due to TNF-α in the circulation which triggers a 

cascade of classical hormonal and cytokines responses, where the effects can 

persist for hours and cause lethal organ failure. Chronic exposure to TNF-α 

would lead to the development of chachexia or tolerance. Chachexia is 

characterised by anorexia, weight loss, dehydration, depletion of whole body 

lipid and protein. TNF-α is indirectly up-regulate the catabolism of proteins 

and lipids in peripheral organs by inducing the release of corticotrophin-

releasing factor by hypothalamus. Thus causes insulin resistance in peripheral 

tissues, depleting body proteins and lipids and also weight lost (Tracey & 

Cerami, 1994). 

 

As TNF-α has multiple roles in several diseases, the regulation of TNF-α has 

become the target for treating the diseases as it can be pro-apoptotic or anti-

apoptotic. For example, tumour necrosis factor related apoptosis inducing 
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agent (TRAIL- base), which is a member of TNF family, has been used as 

chemotherapy agent for cancer, such as sarcoma and melanoma. However, 

studies showed that TNF-α is able to promote the growth of skin cancer cells 

and ovarian cancer cells. Thus, the study on the usage of TNF-α is important 

in regulation and treatment of cancer (Balkwill, 2009). 

 

2.7 Kaempferol  

Kaempferol is a natural compound which was discovered in Camellia sinensis 

(common name tea tree). It can be extracted from various plants, fruits, 

vegetables and herbal medicines in the form of kaempferol glycosides. Green 

tea is known to have relatively high amount of kaempferol as compared with 

other plants. Kaempferol belongs to polyphenolic flavonoid family which has 

been found to have anti-oxidant and anti-inflammation effect. Recent studies 

discovered that kaempferol has health promoting effect as it able to reduce 

arteriosclerosis, cardiovascular disease and cancer (Lau, 2008; Luo et al., 

2010). 

 

Studies showed that kaempferol and its derivatives have antioxidant and 

antimicrobial properties. Kaempferol will react with the reactive oxygen 

species (ROS) that is generated during metabolism, thus it prevent the damage 

of the ROS to the cell. It also able to inhibit the growth of Escherichia coli, 

Staphylococcus aureus and other bacteria (Ramamoorthy & Bono, 2007; Teffo, 

Aderogba & Eloff, 2009). 
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Kaempferol is also found to inhibit various enzyme systems that are critically 

involved in initiation of inflammation and immune responses, such as serine 

and threonine kinase, phospholipases and lipooxygenases. Study showed that 

kaempferol has anti-allergic effect because it is able to block the induction of 

adhesion molecules such as intracellular adhesion molecule-1 upon 

stimulation by cytokine thereby suppress the inflammatory response (Gerritsen 

et al., 1995). 

 

Nowdays, kaempferol is widely used in treatment for cancer, cardiovascular 

disease, neuron disorder and high cholesterol. Kaempferol could enhance the 

effect of anti-cancer agents such as TRAIL-base and cis-

diamminedichloroplatinium (II) (cisplatin) and thus reducing the development 

of drug resistance in cancer cells by sensitising cancer cells to these drugs. 

Lower doses of the drugs can then be used to achieve same effect. Together 

with its anti-cancer potential and cytotoxic effect in many type of cancers, 

kaempferol had become useful component in anti-cancer cocktail therapy 

(Gao et al., 2009; Lau, 2008; Luo et al., 2010). All these beneficial properties 

of kaempferol suggests that cosumption of kaempferol in our daily diet will 

improve our health.  
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CHAPTER 3 

 

MATERIALS AND METHODS 

 

3.1 Materials 

Table 3.1 Materials used in the project and their suppliers 

Materials Supplier (s) 

HepG2 cell line American Type Culture Collection, 

USA 

 

Fetal Bovine Serum i-DNA, Malaysia 

Tri-Reagent
® 

LS Molecular Research Center, USA 

Tissue culture flask (25cm
2
) 

Cell scrappers 

Techno Plastic Products (TPP), 

Switzerland 

1ml Cryo-vials Nunc., USA 

Cytokine: Tumour Necrosis Factor 

Alpha 

 

Chemicon International, USA 

Agarose Cambrex, USA 

Glycerol QRëc
TM

, Singapore 

Methanol Labscan, Poland 

Tween
® 

20 ACRŌS, USA 

Guanidine Hydrochloride Fluka Chemica, USA 

TEMED Bio Basic Inc., USA 

Isopropanol, 2- mercaptoethanol Merck, USA 

Ethanol, Butan-1-ol HmbG
® 

 Chemicals, Germany 

Sodium acetate, Sodium chloride, 

Acetic acid, Bromophenol blue 

Systerm, USA 
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Table 3.1, continued 

RNase free water, SYBR
®

 green dye, 

QuantiFast Multiplex RT-PCR master 

mix, Prestained protein size markers, 

broad range   

   

QIAGEN, USA 

Ethidium bromide, MOPS (sodium salt), 

Formaldehyde, Phosphate Buffer Saline 

(PBS), Ammonium persulphate (APS),  

Acrylamide:bisacrylamide (37.5:1)  

 

Amresco, USA 

Bovine Serum Albumin, 

Hydrochloric acid, 

Sodium dodecyl sulphate (SDS), 

Coomassie blue G-250, Glycine 

Fisher Scientific, USA 

1-Bromo-3-Chloropropane (BCP), 

Tissue Culture Grade DMSO, Trypsin, 

EDTA Tris, Glycine, Kaempferol  

 

Sigma Aldrich, USA 

Acetone Bendosen, Norway 

Anti-rabbit IgG (HRP-linked antibody), 

NF-κB1 p105 Antibody, NF-κB1 

p105/p50 Antibody, Phospho- NF-κB2 

p100 (Ser866/870) Antibody, NF-κB2 

p100/p52 (18D10) Rabbit mAb (Human 

Specific), NF-κB1 forward and reverse 

primer, NF-κB2 forward and reverse 

primer, β-actin forward and reverse 

primer 

 

Cell Signalling Technology, USA 

β-actin antibody Ab Frontier, Korea 

Immobilon
TM

 Western 

Chemiluminescent HRP Substrate 

(detection reagents), Polyvinylidene 

fluoride (PVDF) membrane 

 

Milipore, USA 

Minimum essential medium (MEM) Gibco, USA 

NE- PER
®

 Nuclear and Cytoplasmic 

Extraction Reagents 

 

Thermo Scientific, USA 

Bio-Rad DC protein assay kit Bio-Rad, USA 
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3.2 Cell Culture Media 

3.2.1 Minimum essential medium (MEM) 

MEM was prepared using the formula shown in Table 3.2. The medium was 

filter-sterilised before use. 

 

Table 3.2 Composition of MEM (per litre)  

Solution Composition 

MEM powder, containing Earle’s 

balanced salts (cell culture reagent) 

with 2.0 mM L- glutamine 

 

9.5 g 

Sodium bicarbonate 2.2 g 

Sodium pyruvate, 1 mM 10 ml 

Penicillin, 100 U/ml 10 ml 

Streptomycin, 100 µg/ml 10 ml 

Non essential amino acid, 0.1 mM 10 ml 

Sterile deionised water Top up to 1 L 

 

 

3.2.2 Phosphate buffered saline (PBS) 

Phosphate buffered saline powder was dissolved in 1 litre of deionised water. 

The solution was autoclaved at 121
o
C, 975 kPa for 15 min. 

 

3.3 Stock solutions 

Stock solutions used in the project were prepared according to composition 

shown in Table 3.3, 3.4 and 3.5. 
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Table 3.3 Stock solutions used in formaldehye agarose gel 

electrophoresis 

 

Solution Composition 

10X MOPS 400 mM MOPS (sodium salts), 100 mM sodium 

acetate, and 10 mM EDTA pH 8.0, pH7.0 

 

RNA loading dye 95% (w/v) formamide, 0.025% (w/v) SDS, 0.025% 

(w/v) bromophenol blue, 0.025% (w/v) xylene 

cyanol, and 0.5 mM EDTA 

 

 

 

Table 3.4 Stock solutions used in SDS-PAGE and transferring 

Solution Composition 

10X SDS running buffer 

 

250 mM Tris, 1.92 M glycine, 1% (w/v) SDS 

SDS-PAGE upper gel 

buffer 

 

0.5 M Tris, 10% (w/v) SDS, pH 6.8 

SDS-PAGE lower gel 

buffer 

 

1.5 M Tris, 10% (w/v) SDS, pH 8.8 

SDS-PAGE loading 

buffer 

0.12 M Tris, 25% (v/v) glycerol, 2% (w/v) SDS, 

0.004% (w/v) bromophenol blue, 5% (v/v) 2- 

mercaptoethanol*, pH 6.8 

 

Towbin transfer buffer 

 

25 mM Tris, 192 mM glycine, 20% (v/v) methanol 

*added before using 

 

Table 3.5 Stock solutions used in Western Blot 

Solution Composition 

Tris buffered saline (TBS) 10 mM Tris, 200 mM sodium chloride, 0.1% 

(v/v) Tween
®

20, pH 7.4 

 

Blocking solution 1% (w/v) BSA, top up with TBS 
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Table 3.5, continued 

Stripping solution 0.4 M glycine, 0.2% (w/v) SDS,                        

2% (v/v) Tween
®

20, pH 2.2  

 

 

 

3.4 Glassware and plasticware preparation 

All glassware and plasticware that need to be sterile were autoclaved at 121
o
C, 

975 kPa for 20 min. Stock solutions that used in DNA and RNA works were 

also autoclaved at 121
o
C, 975 kPa for 20 min.  
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CHAPTER 4 

 

RESULTS 

 

4.1 Culture of HepG2 cells 

HepG2 cells are cell lines derived from human hepatoblastoma. It has 

epithelial-like morphology which has one nucleus and 48 to 54 chromosomes. 

NF-κB1 and NF-κB2 is being expressed constitutively in HepG2 cells and thus 

it has been widely used to study the mRNA and protein expression of NF-κB1 

and NF-κB2 after treatment with various modulators that induce them (Dou, 

Liu, Wang & Zhang, 2006, Saliou, Rihn, Cillard, Takashi & Packer, 1998, 

Seow, Liang, Leow & Chung, 2001, Wilkening, Stahl & Bader, 2003). HepG2 

cells were cultured in complete medium that consists of Eagle’s minimum 

essential medium (MEM) supplemented with 10% heat-inactivated foetal 

bovine serum (FBS) and antibiotic penicillin and streptomycin (Figure 4.1). 

 

4.2 Isolation of total cellular RNA 

Treatment of HepG2 cells with TNF-α and kaempferol was done as depicted 

in Section 3.5.4. Culture flasks of 25 cm
2
 were used to culture HepG2 cells. 

When the cells reached confluency of 70 to 80%, the cells were treated with 

20 ng/ml of TNF-α, followed by different concentrations of kaempferol (1 µM, 

5 µM, 10 µM and 20 µM). After that, total cellular RNA was extracted from 

cells using Tri-Reagent
® 

LS (Molecular Research Centre) according to manual 

given by manufacturer as described at Section 3.6.1. The isolated total cellular 

RNAs were aliquoted to 5 sets and 1 set was used to perform formaldehyde  
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Figure 4.1 HepG2 cells cultured in 25cm
2
 tissue culture flask 

HepG2 cells are derived from human hepatocellular carcinoma and it has 

epithelial-like morphology (Magnification: 10X). 
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agarose gel electrophoresis in order to determine the integrity of total RNA 

(Section 3.6.3). The results of formaldehyde agarose gel electrophoresis are as 

shown in Figure 4.2. Sharp and intense bands could be observed which 

indicated the 28S and 18S ribosomal RNA (rRNA). The 28S rRNA band 

intensity was twice of the 18S rRNA band which showed that the total cellular 

RNA was intact and no degradation was observed. Later, the concentration 

and purity of total cellular RNA were accessed using spectrophotometer 

(Thermo Scientific). The absorbance of each sample was measured at 260nm 

and 280nm to obtain the ratio of A260/A280, which was used to indicate the 

purity of total cellular RNA (Section 3.6.2) (Table 4.1).  

 

4.3 Real Time RT-PCR 

Real Time RT-PCR is a rapid, specific and sensitive method to quantify 

mRNA expression, thus it was applied in this project to quantify the effect of 

kaempferol on TNF-α induced NF-κB1 and NF-κB2 mRNA expression. The 

process was carried out on iCycler IQ5 Real Time PCR Detection System 

(Bio-Rad) using QIAGEN
®

 OneStep RT- PCR Kit according to the manual 

given by the manufacturer (Section 3.7). The protocol for Real Time RT-PCR 

and the primers selected were described in Section 3.7.2 and Table 3.6, 

respectively. Triplicates were used for each RNA samples to determine the 

significance and accuracy of the results for target gene and housekeeping gene 

expression (refer to Appendix A).  
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Figure 4.2 1% (w/v) formaldehyde agarose gel electrophoresis of total 

cellular RNA 

 

 

 

Lanes 1 to 7 show the RNA extracted from HepG2 cells without any treatment, 

treated with 20 ng/ml of TNF-α only, 20 ng/ml TNF-α and 1 µM of 

kaempferol, 20 ng/ml TNF-α and 5 µM of kaempferol, 20 ng/ml TNF-α and 

10 µM of kaempferol, 20 ng/ml TNF-α and 20 µM of kaempferol and 20 µM 

of kaempferol, respectively. The intensity of 28S rRNA and 18S rRNA bands 

were in the ratio of 2:1, which indicated that the total cellular RNA isolated 

was intact. 

 

 

28S rRNA 

18S rRNA 

1 2 3 4 5 6 7 

Lane 1- Untreated 

Lane 2- 20 ng/ml TNF-α 

Lane 3- 20 ng/ml TNF-α +1 µM Kaempferol 

Lane 4- 20 ng/ml TNF-α +5 µM Kaempferol 

Lane 5- 20 ng/ml TNF-α +10 µM Kaempferol 

Lane 6- 20 ng/ml TNF-α +20 µM Kaempferol 

Lane 7- 20 µM Kaempferol 



 

 

29 

 

Table 4.1 The concentration and A260/A280 ratio of total cellular RNA 

extracted from 20ng/ml TNF-α and different concentration of kaempferol 

treated HepG2 cells 

The total cellular RNA isolated from HepG2 cells that treated with different 

treatment using TRI reagent LS and the concentration and purity of RNA was 

determined using spectrophotometric method. The ratio A260/A280 with a range 

of 1.8-2.0 indicates the RNA extracted is pure. 

Treatment A260 A280 Ratio of 

A260/A280 

Concentration 

of RNA 

(µg/ml) 

Without treatment 

 

1.827 1.219 1.490 731 

20ng/ml TNF-α 

 

1.127 0.582 2.118 451 

20ng/ml TNF-α + 

1µM kaempferol 

 

0.756 0.414 1.826 302 

20ng/ml TNF-α + 

5µM kaempferol 

 

1.094 0.569 1.901 443 

20ng/ml TNF-α + 

10µM kaempferol 

 

0.478 0.357 1.324 198 

20ng/ml TNF-α + 

20µM kaempferol 

 

0.858 0.455 1.902 340 

20µM kaempferol 

 

0.087 0.034 1.828 46.8 
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The amplification charts of β-actin, NF-κB1 and NF-κB2 are shown in Figure 

4.3. The X-axis is represent the cycle number, while the Y-axis is represent the 

fluorescent signal detected in logarithmic scale which is the fold increase over 

background fluorescence during amplification. Threshold level in the graph 

was set approximately higher than the background and the cycle number that 

immediately achieved the threshold is known as CT value, which is as 

indicated in the graph (Appendix B). 

 

After PCR amplification, the iCycler IQ5 Real Time PCR Detection System 

was at melting curve analysis. Melting curve analysis is a method to test for 

the specificity of the primer used. During melting curve analysis, the 

temperature was raised by 0.5
o
C every 10sec from 60 to 95

o
C and the change 

in fluorescence intensity was detected by the machine. The fluorescence 

intensity changed due to the dissociation of double stranded DNA. When it 

reached melting point of the double stranded DNA, the fluorescence signal 

would sharply decrease. Figure 4.4 shows the graphical representation of a 

melting curve analysis in Real Time RT-PCR. The Y-axis of the graph 

represents the rate of change of the relative fluorescence units (RFU) with 

time (T) (-d(RFU)/dT), while the X-axis represents the temperature. The peak 

of the curve is the melting temperature of amplicon. From Figure 4.4, the 

melting temperature for β-actin, NF-κB1 and NF-κB2 were 87.97
o
C, 88.29

o
C 

and 85.96
o
C respectively. Each of the graphs showed one sharp peak, which 

indicated that the Real Time RT-PCR successfully amplified the amplicon 

specifically.  
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PCR Amplification/ Cycle Chart for β-actin, NF-κB1 and NF-κB2 

B)

 

      C) 

 

Figure 4.3 Graphical representation of Real Time RT-PCR 

amplification of A) β-actin, B) NF-κB1 and C) NF-κB2 in logarithmic 

scale 

The PCR amplification graph is a sigmoid curve in which X-axis represents 

the cycle number and the Y-axis represents arbitrary fluorescence units (which 

correspond to the fold increase over background fluorescence). Threshold 

level is set right above the background and CT value is representing the 

number of cycles required to achieve the threshold level.   

A) 

Threshold 

130.38 

CT value 

Threshold 

166.42 

CT value 

Threshold 

200.39 

CT value 
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Melt Curve Peak Chart for β-actin, NF-κB1 and NF-κB2 (-dF/dt vs T) 

 

 

 
Figure 4.4 Graphical representation of melting curve analysis to 

determine specific amplification of A) β-actin, B) NF-κB1 and C) NF-κB2 

during Real Time RT- PCR 

After PCR amplification has finished, the iCycler IQ5 Real Time PCR 

Detection System was programmed to run a melting curve analysis, whereby 

the temperature is increased by a fraction of degree. At melting point of 

double stranded DNA, the two DNA strands will separate and cause rapid 

decrease of fluorescence. The change in fluorescence is measured by the 

system and the software plots the graph for the melting curve analysis. The Y-

axis of the graph is rate of change of the relative fluorescence unit (RFU) with 

time (T) (-d(RFU)/dT), while the X-axis represents the temperature. The peak 

of the curve is the melting temperature (Tm).   

β-actin 

87.97oC 

NF-κB1 

88.29oC 

A) B) 

C) 

NF-κB2 

85.96oC 
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The relative fold expression of β-actin, NF-κB1 and NF-κB2 in untreated 

HepG2 cells are shown in Figure 4.5A. According to the chart, the 

housekeeping gene, β-actin was higher expressed as compared to the target 

genes, NF-κB1 and NF-κB2. NF-κB1 mRNA expression was 0.600-fold of the 

expression of β-actin, while NF-κB2 mRNA expression was 0.341-fold of the 

expression of β-actin. In other words, β-actin mRNA expression was 1.67-fold 

higher than NF-κB1 and 2.93-fold higher than NF-κB2 in untreated HepG2 

cells. 
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CHAPTER 5 

 

DISCUSSION 

 

5.1 Overview 

There were four objectives in this project. The first objective was to determine 

the effect of kaempferol on TNF-α induce NF-κB1 and NF-κB2 mRNA 

expression using quantitative PCR. Secondly, to determine the effect of 

kaempferol on TNF-α induced NF-κB1 and NF-κB2 protein expression using 

Western Blot. Thirdly, to determine the effect of kaempferol on TNF-α 

induced NF-κB1 and NF-κB2 activation. Lastly was to compare the mRNA 

and protein activation expression in kaempferol-treated TNF-α induced 

HepG2 cells. 

 

5.2 HepG2 cell as model system 

HepG2 cells are originated from human hepatocellular liver carcinoma cell 

line. HepG2 cells have epithelial-like morphology and  its morphological and 

biochemical characteristics are similar to normal human hepatocytes. 

Therefore, HepG2 cells are widely used in studies of drugs metabolism in liver 

cells, hepatocytes functions, liver inflammation and liver cancer (Saliou et al., 

1998; Wilkening et al., 2003). HepG2 cells were chosen as model system 

because studies showed that NF-κB mRNA expression and protein activation 

could be induced by TNF-α in HepG2 cells (Lluis, Buricchi, Chiarugi, 

Morales & Fernandez-Checa, 2007; Saliou et al., 1998). The development of 

hepatocarcinoma involves several stages: inflammation, dysplasia, carcinoma 
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and metastasis, and thus HepG2 cells are one ideal model for studying the 

liver carcinogenesis and its therapy (Block, Mehta, Fimmel & Jordan, 2001; 

Kumar, Abbas, Fausto & Mitchell, 2007). 

 

5.3 Total cellular RNA isolation 

The purity and integrity of RNA extracted is variable because RNA is 

relatively unstable and susceptible to degradation by improper handling of 

sample after the isolation from cells. Therefore, the RNA extraction work has 

to be carried out on ice and as rapid as possible. Precautions have been taken 

on all the equipment and solution used to protect the RNA from RNase that 

can be found on places such as hands and saliva (Bachert, Cauwenberge, 

Claeys, Perez-Novo, Speleman & Vandesompole, 2005; Isaac, 1994).  The 

extracted total RNA is also not suitable for long term storage as RNA is fragile 

and susceptible to various type of degradation. The presence of magnesium 

ion will catalyse auto-degradation of RNA (Benes, Bustin, Nolan & Pfaffl, 

2005; Isaac, 1994). Proper storage of RNA should be free from genomic DNA 

and protein, thus protease or enzyme inhibitor and DNase treatment can be 

perform for extended storage (Bustin & Nolan, 2004a; Pfaffl, 2005). Tri-

Reagent
® 

LS used in total cellular RNA isolation consists of phenol and 

guanidine thiocynate in mono-phase solution. These two compounds help to 

inhibit RNase activity during the extraction processes (Chomczynski & Sacchi, 

1987). 
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5.4 RNA integrity 

The integrity of total cellular RNA extracted was determined using 

formaldehyde agarose gel electrophoresis. Formaldehyde is a denaturant that 

denature the secondary structure of RNA at room temperature. This would 

separate the RNA based on their size without being influenced by their shape 

(Isaac, 1994). Figure 4.2 shows that there were two sharp bands observed for 

each lane. This two sharp bands were the most abundant RNA, 28S and 18S 

rRNA. The intensity of 28S rRNA bands should be approximately twice of the 

18S rRNA and there was no smearing observed in the gel image which meant 

that the RNA integrity was high  The concentration of total cellular RNA 

extracted was listed in Table 4.1, whereby the absorbance of 1 at 260 nm was 

equal to 40 µg/ml of RNA. The 280 nm was used to measure the presence of 

other contaminants like protein, phenol and DNA. (Sambrook & Russel, 2001). 

  

5.5 Real Time RT-PCR 

5.5.1  Overview 

HepG2 cells were treated with TNF-α and different concentrations of 

kaempferol and incubated for 24 hrs as mentioned in Section 3.5.4. Total 

cellular RNA was isolated and used for Real Time RT-PCR using β-actin, NF-

κB1 and NF-κB2 primer (Section 3.7). During the experiment, the primers 

specificities were tested and dose response effect of kaempferol on TNF-α 

induced NF-κB1 and NF-κB2 mRNA expression was analysed by normalising 

NF-κB1 and NF-κB2 expression to β-actin expression. 
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5.5.2  Basic principle of Real Time RT-PCR 

Real Time RT-PCR is one of the most sensitive technique for detection and 

quantification of targets mRNA. It has high accuracy, sensitivity, wide 

dynamic range, reproducibility with speed and potential  for high throughput 

(Bustin, 2000). The system operates by detecting and quantitating the 

fluorophore signals (Bloch, Connell & Lee, 1993; Deetz, Flood, Giusti, Livak 

& Marmaro, 1995). Non-sequence specific fluorescent intercalating agent, 

SYBR
®

 green dye, was used in this study. SYBR
®

 green is a fluorogenic 

minor groove binding dye that produces strong flourescent signal upon 

binding to double stranded DNA, otherwise it only emits little fluorescence in 

solution (Morrison, Weis & Wittwer, 1998). The intensity of fluorescence 

signal is proportional to the double stranded amplicons produced. Hence, high 

initial copy number of sample will get a significant increase of fluorescence 

signal sooner. The accumulation of amplicons occurred above the baseline 

value where the signal significantly increased (Dorak, 2006) (Appendix E).   

 

5.5.3 Advantage of Real Time RT-PCR 

The wide usage of Real Time RT-PCR in the detection of mRNA expression 

nowadays is due to its advantages. Post-PCR processing like DNA gel 

electrophoresis is eliminated in Real Time RT-PCR and this helps to enhance 

throughput and reduce the chances of contamination in the sample. Real Time 

RT-PCR also provides a wider dynamic range of up to 10
7
-fold as compared 

to conventional PCR which is 1000-fold only (Benes et al., 2005; Dorak, 

2006). Wide dynamic range means that a wide range of ratio of target and 

reference can be assayed with equal sensitivity and specificity, thus wide 
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dynamic range will produce more accurate results. Unlike conventional PCR 

which is measured at end-point of plateau phase, Real Time RT-PCR collects 

the data along the exponential amplification of products which makes the 

quantification more reliable. Real Time RT-PCR also enable use to observe 

the amplification of products quantitatively through the increase of signal 

along the processes. In contrast, the conventional PCR would require a DNA 

gel electrophoresis to be performed in order to observe the success 

amplification. However, the number of amplicons produced could hardly be 

quantified by the naked eyes. For these reasons, Real Time RT-PCR has 

become a more reliable and widely used molecular tool for expression studies 

in laboratories. 

 

5.5.4 PCR amplification/ cycle chart 

Figure 4.3 showed the amplification chart for β-actin, NF-κB1 and NF-κB2. 

At the initial cycles, the signal produced by SYBR
®

 green reporter was too 

weak and could not be differentiated from background. As the amount of 

amplicons increase, the SYBR
®

 green reporter generates fluorescence signal 

exponentially until the signal saturated and reach plateau phase (Figure 4.3). 

The saturation of signal is caused by the depletion of elements that are critical 

for signal generation such as primers, the reporter and the dNTPs (Kubista, 

Stahlberg & Bar, 2001). 

 

The threshold cycle, CT, is the number of cycles when the system starts to 

receive an exponential increase of fluorescence signal, which is related to the 

exponential growth of amplicons during the log-linear phase. CT value is an 
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important parameter for Real Time RT-PCR quantification as it is inversely 

proportional to the initial amount of target nucleic acid used in the reaction. 

However, CT value can also be influenced by factors such as reagents, 

instruments and primers, therefore CT value cannot be compared directly. The 

threshold is placed above all the baseline activity and within the exponential 

phase (Bustin and Nolan, 2004b; Dorak, 2006; Kubista et al., 2006). The 

threshold value was determined by the software iCycler IQ5 Real Time PCR 

Detection System (Bio-Rad) which was 200.39 for β-actin gene, 130.38 for 

NF-κB1 gene and 166.42 for NF-κB2 gene (Figure 4.3). 

 

5.5.5 Melt curve analysis 

Melt curve analysis was performed after PCR amplification to determine and 

confirm the specificity of the primers used to amplify the target gene. It was 

based on the detection of flourescence signal generated by reporter, SYBR
®

 

green. SYBR
®

 green was a non-sequence specific dye, thus the measurement 

of amplicons production could include the presence of both specific or non-

specific amplification or primer-dimer complex (Morrison et al., 1998). 

Primer-dimer complex formation would interfere the formation of specific 

products as they compete for the reagents and might cause error or false 

results. 

 

The temperature in melt curve analysis was programmed to increase gradually 

and the fluorescence signal was detected. Along with increasing of 

temperature, the fluorescence signal would decrease gradually because the 

increase of temperature would cause an increased in thermal motion that 
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enable the internal rotation of dye chelated in the double stranded DNA 

(Kubista, Nygren & Svanvik, 1998). When the temperature reaches the 

melting temperature (TM) of double stranded DNA, the double stranded DNA 

would denature and the dye would be released.  This would cause a drop in 

fluorescence level (Rasmussen, Ririe & Wittwer, 1997). For a specific primer, 

only one type of products would be produced and they would have same 

melting temperature unless there was contamination, mispriming or formation 

of primer-dimer complex. The primer-dimer complex would give a peak that 

was low melting temperature because they are usually short DNA, while the 

specific products would have melting temperature above 80
o
C (Kubista et al., 

2006). 

 

The melting temperature of β-actin, NF-κB1 and NF-κB2 were 87.97
o
C, 

88.29
o
C and 85.96

o
C, respectively (Figure 4.4). The charts only showed one 

sharp peak; hence the primers are specific in amplifying target gene. 

 

5.7 Future studies 

This project focuses on the study of effect of kaempferol on TNF-α induced 

activation of NF-κB1 and NF-κB2 in HepG2 cells. However, it was only 

carried out on the basis of mRNA and cytoplasmic protein expression. Further 

study of NF-κB1 and NF-κB2 can be carried out on effect of kaempferol on 

TNF-α induced activation of NF-κB1 and NF-κB2 activation in nuclear 

protein. Furthermore, the inhibitory properties of kaempferol on the NF-κB1 

and NF-κB2 activation can be a platform for a more detailed studies on their 

application in control inflammatory disease and cancer development. Since 
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different cell lines will response to the treatment differently, a complete study 

of kaempferol dose response effect on NF-κB1 and NF-κB2 activation and 

cytotoxicity in different cancer cell lines can be implemented to discover the 

therapeutic potential of kaempferol on cancer in different organs. Besides this, 

other cytokines such as IL-1, IL-6, IL-8 and interferon alpha that are involved 

in cancer cell growth can be used to replace TNF-α to study the effect of 

kaempferol on the expression of NF-κB stimulated by them (Elias, Hasskamp 

& Sharma, 2010). Other flavonoid family like epigallocatechin-3-gallate, 

epicatechin, luteolin, naringenin and quercetin can be an alternative choice to 

replace kaempferol to determine the effect of different flavonoids on the TNF-

α induced activation of NF-κB1 and NF-κB2 in HepG2 cells. Lastly, the 

reference genes used for normalisation can be increased in order to obtain a 

more valid and reliable result.  
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CHAPTER 6 

 

CONCLUSION 

 

This project was conducted to investigate and determine the effect of 

kaempferol on TNF-α induced activation of NF-κB1 and NF-κB2 in HepG2 

cells using Real Time RT-PCR and Western Blot. Real Time RT-PCR was 

selected for this study because of its ability to produce high sensitivity, wide 

quantification range, high throughput and rapid results. While Western Blot 

was used to analyse protein expression as it provides highly specific and both 

qualitative and quantitative results. 

 

The results showed that NF-κB2 mRNA expression and activation were 

induced when treated with 20 ng/ml of TNF-α alone, but the induction was 

insignificant in NF-κB1. NF-κB1 but not NF-κB2 mRNA expression was 

further up-regulated in a dose dependent manner in response to increasing 

concentration of kaempferol in TNF-α pre-treated HepG2 cells. The activation 

of NF-κB2 was suppressed when treated with low dose of kaempferol ranging 

from 1 to 10 µM which was contrast to the mRNA expression, while the NF-

κB1 activation was not significantly reduced by kaempferol at low dosage. 

However, both mRNA expression and activation of NF-κB1 and NF-κB2 were 

induced when treated with 20 µM of kaempferol which contradicted the 

results obtained with low dosage treatment. Therefore, kaempferol would not 

inhibit the activation of NF-κB1 but it was said to possess anti-inflammatory 

effect through inhibition of NF-κB2 at low dosage. Kaempferol would 
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enhance inflammatory responses at high dosage, although the mechanism 

remains unclear. Further studies are required to find out the exact mechanism 

that bring about the sharply elevated mRNA expression and protein activation 

in HepG2 cell that stimulated by 20 µM kaempferol.   
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CHAPTER 8.0 APPENDICES 

Appendix A 

 1 2 3 4 5 6 7 8 9 10 11 12 

A  Unt-1 Unt-2  Unt-3  Unt-1 Unt-2  Unt-3  Unt-1 Unt-2  Unt-3 

B  
+-1 

β-actin 

+-2 

β-actin 

+-3 

β-actin 
 

+-1  

NF-κB1 

+-2 

NF-κB1 

+-3 

NF-κB1 
 

+-1 

NF-κB2 

+-2 

NF-κB2 

+-3 

NF-κB2 

C  

+, 1µM 

Kaemp-1 

β-actin 

+, 1µM 

Kaemp-2 

β-actin 

+, 1µM 

Kaemp-3 

β-actin 

 

+, 1µM 

Kaemp-1 

NF-κB1 

+, 1µM 

Kaemp-2 

NF-κB1 

+, 1µM 

Kaemp-3 

NF-κB1 

 

+, 1µM 

Kaemp-1 

NF-κB2 

+, 1µM 

Kaemp-2 

NF-κB2 

+, 1µM 

Kaemp-3 

NF-κB2 

D  

+, 5µM 

Kaemp-1 

β-actin 

+, 5µM 

Kaemp-2 

β-actin 

+, 5µM 

Kaemp-3 

β-actin 

 

+, 5µM 

Kaemp-1 

NF-κB1 

+, 5µM 

Kaemp-2 

NF-κB1 

+, 5µM 

Kaemp-3 

NF-κB1 

 

+, 5µM 

Kaemp-1 

NF-κB2 

+, 5µM 

Kaemp-2 

NF-κB2 

+, 5µM 

Kaemp-3 

NF-κB2 

E  

+, 10µM 

Kaemp-1 

β-actin 

+, 10µM 

Kaemp-2 

β-actin 

+, 10µM 

Kaemp-3 

β-actin 

 

+, 10µM 

Kaemp-1 

NF-κB1 

+, 10µM 

Kaemp-2 

NF-κB1 

+, 10µM 

Kaemp-3 

NF-κB1 

 

+, 10µM 

Kaemp-1 

NF-κB2 

+, 10µM 

Kaemp-2 

NF-κB2 

+, 10µM 

Kaemp-3 

NF-κB2 

F  

+, 20µM 

Kaemp-1 

β-actin 

+, 20µM 

Kaemp-2 
β-actin 

+, 20µM 

Kaemp-3 
β-actin 

 

+, 20µM 

Kaemp-1 

NF-κB1 

+, 20µM 

Kaemp-2 

NF-κB1 

+, 20µM 

Kaemp-3 

NF-κB1 

 

+, 20µM 

Kaemp-1 

NF-κB2 

+, 20µM 

Kaemp-2 

NF-κB2 

+, 20µM 

Kaemp-3 

NF-κB2 

G  

20µM 

Kaemp-1 
β-actin 

20µM 

Kaemp-2 
β-actin 

20µM 

Kaemp-3 
β-actin 

 

20µM 

Kaemp-1 

NF-κB1 

20µM 

Kaemp-2 

NF-κB1 

20µM 

Kaemp-3 

NF-κB1 

 

20µM 

Kaemp-1 

NF-κB2 

20µM 

Kaemp-2 

NF-κB2 

20µM 

Kaemp-3 

NF-κB2 

H  

-ve 

control-1 

β-actin 

-ve 

control-2 

β-actin 

  

-ve 

control-1 

NF-κB1 

-ve 

control-2 

NF-κB1 

  

-ve 

control-1 

NF-κB2 

-ve control-

2 NF-κB2 
\ 

20ng/ml of TNF-α represented by “+” sign 

Kaempferol in short form “Kaemp” 

96 wells plate diagram to set each wells in Real Time RT-PCR  
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Appendix B 

Thershold Crossing Spreadsheet data for PCR amplification chart 

Gene 20ng/ml TNF-α Kaempferol concentration (µM) Mean CT value Control 

β-actin - - 16.20 √ 

β-actin + - 15.99 - 

β-actin + 1 16.18 - 

β-actin + 5 16.80 - 

β-actin + 10 16.84 - 

β-actin + 20 16.92 - 

β-actin - 20 17.41 - 

NF-κB1 - - 25.50 √ 
NF-κB1 + - 24.81 - 

NF-κB1 + 1 25.27 - 
NF-κB1 + 5 25.70 - 

NF-κB1 + 10 25.40 - 

NF-κB1 + 20 23.64 - 

NF-κB1 - 20 24.82 - 

NF-κB2 - - 23.21 √ 
NF-κB2 + - 22.09 - 

NF-κB2 + 1 22.75 - 

NF-κB2 + 5 23.31 - 

NF-κB2 + 10 23.39 - 

NF-κB2 + 20 22.42 - 

NF-κB2 - 20 22.32 - 
Efficiency for β-actin, NF-κB1 and NF-κB2 gene are 100% 
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Appendix C 

    

Polyacrylamide gel stained with Coomassie Brilliant Blue- the bands indicate the presence of proteins 

20ng/ml TNF-α -  +  +      +  +        +     +   Protein  

Kamepferol (µM) -  -  1      5  10        20     20   Ladder 

175 kDa 

80 kDa 

  58 kDa 

 46 kDa 

 NF-κB1 and NF-κB2 

total protein (105 kDa 

and 100 kDa, 

respectively) 

 NF-κB1 and NF-κB2 

phosphorylated protein 

(50 kDa and 52 kDa, 

respectively) 
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Appendix D 

 

 

Protein Ladder on the membrane was viewed using AlphaView
®
 FluorChem System (Alpha Innotech) and compare to the target 

protein.  

 

58kDa 

80kDa 

175kDa 

46kDa 
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Appendix E 

SYBR
®
 Dye Assay 
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Appendix F 

 

Universal Plaffl formula used to calculate the relative expression ratio for Real Time RT-PCR samples 

 

 

Relative Expression Ratio = 

 

 

 

(Etarget)
∆CT target (control-treated)

 

(Etarget)
∆CT target (control-treated)

 


