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ABSTRACT 

 

INVESTIGATION INTO THE EFFECTS OF IL-17 AND LAURIC ACID 

ON FARNESOID X RECEPTOR (FXR) EXPRESSION IN HUMAN HEPG2 

CELLS 

 

KHOO YIE WOON 

 

Farnesoid X receptor (FXR) acts as a ligand-modulated transcription factor and is 

a member of nuclear receptor family. FXR highly expressed in liver, kidney, 

intestine and adipose tissue. It is involved in bile acid metabolism, lipid 

metabolism and glucose metabolism. The involvement of FXR in various 

metabolisms makes it a promising candidate as a therapeutic target. IL-17 is a 

proinflammatory cytokine which promotes inflammatory response in mammalian 

immune system. While lauric acid, a saturated medium-chain fatty acid, is shown 

to have anti-inflammatory properties. This study was designed to investigate the 

effect of IL-17 and lauric acid in FXR expression in human HepG2 cells. Different 

concentrations of IL-17 at 1 ng/mL, 10 ng/mL and 100 ng/mL were used to treat 

HepG2 cells. The FXR mRNA expression was evaluated using qRT-PCR. IL-17 

alone was able to repress the FXR mRNA expression in dose-response manner to 

0.40-fold in 10 ng/mL of IL-17. Hence, 10 ng/mL of IL-17 was selected for 

subsequent treatment with lauric acid. HepG2 cells were co-treated with IL-17 and 
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different concentrations of lauric acid to evaluate if lauric acid displayed anti-

inflammatory properties. Surprisingly, the FXR mRNA expression was further 

repressed to 0.07-fold, 0.19-fold and 0.30-fold with the addition of 5 µM, 10 µM 

and 20 µM of lauric acid respectively. However, the FXR mRNA expression was 

abrogated in lauric acid dose-respondent manner in 24-hour incubation. Protein 

analysis of FXR expression using western blot showed discrepancies between 

FXR mRNA and protein, indicating the possibilities of post-transcriptional or 

post-translational modification. In conclusion, this present study shows that IL-17 

and lauric acid act synergistically in repressing FXR mRNA expression but lauric 

acid in higher concentration is able to augment IL-17 repressed FXR mRNA 

expression in a dose-dependent manner. 
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CHAPTER 1 

 

INTRODUCTION 

 

Farnesoid X receptor (FXR), with the gene symbol of NR1H4 is a member of 

nuclear receptor superfamily and acts as a ligand-modulated transcription factor. 

FXR was first discovered in year 1995, and is found abundantly in human liver, 

kidney, intestine and adrenals (Forman, et al., 1995; Li and Guo, 2015). Bile acids 

are the ligand which bind to FXR and leads to the activation of FXR. Hydrophobic 

bile acids chenodeoxycholic acid (CDCA) and cholic acids (CA) are the primary 

bile acids which bind to FXR most effectively (Wang, et al., 1999). The major 

function of FXR is to regulate the production of bile acids, in other word, FXR 

acts as the bile acids sensor in enterohepatic tissue. Bile acids level must be 

regulated as they are toxic and accumulation of bile acid will lead to 

hepatotoxicity (Fiorucci, et al., 2007). Besides bile acids homeostasis, activation 

of FXR will lead to other outcomes such as maintenance of cholesterol level by 

regulating its transport protein and biosynthesis enzymes (Watanabe, et al., 2004). 

Triglycerides and glucose metabolism are also affected by the regulatory 

mechanism of FXR. FXR is also responsible for liver regeneration, cholestasis, 

hepatic inflammation and hepatic fibrosis. FXR is studied extensively as it may be 

the therapeutic target in treating cholestasis, dyslipidemic disorders and insulin 

resistance patients. (Claudel, Staels and Kuipers, 2005; Fiorucci, et al., 2007; 

Wang, et al., 2008; Li, et al., 2010).  
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Interleukin-17 (IL-17) is a proinflammatory cytokine which is responsible for 

promoting host inflammatory response, auto-immunity, allergic and host defense. 

There are six members in this IL-17 family: IL-17A, IL-17B, IL-17C, IL-17D, IL-

17E and IL-17F. Six of them are structurally similar. Among these six IL-17 

members, IL-17A and IL-17F are the most common one as they have the highest 

degree of homology and they can form heterodimers or homodimer respectively 

(Wright, et al., 2007; Salvotore, et al., 2015). IL-17 is produced by different cells, 

mostly immune cells like natural killer cells, neutrophils, lymphoid-tissue inducer 

cells, gamma delta T cells, macrophages and dendritic cells (Cella, et al., 2009; 

Korn, et al., 2009; Takatori, et al., 2009; Passos, et al., 2010). IL-17 induces 

inflammatory response by triggering various pathways such as nuclear factor κB 

(NF-κB), mitogen-activated protein kinases (MAPKs) and CCAAT-enhancer-

binding protein (C/EBP) cascades. Following these pathways, proinflammatory 

molecules will be synthesised. Cytokines like tumour necrosis factor- α (TNF-α), 

interleukin-1β (IL-1β) and interleukin-6 (IL-6) produced from different cells will 

further enhance the inflammatory response. IL-17 will lead to the production of 

chemokines, recruiting immune cells to the site of injury. Besides cytokines and 

chemokines, matrix metalloproteinases (MMP), prostaglandin E2 will also be 

produced to degrade the extracellular matrix and induce vasodilation. All these 

combined to boost the inflammatory response induce by IL-17 (Chabaud, et al, 

2000; Park, et al., 2005; Shen and Gaffen, 2008; Zhu and Qian, 2012; Song and 

Qian, 2013).  
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Lauric acid is a saturated medium chain fatty acid with the molecular formula of 

C12H24O2. It makes up 45%-53% of the entire fatty acid composition of coconut 

oil, and is said to be the effective compound in virgin coconut oil (Dayrit, 2015). 

In addition to coconut oil, palm kernel oil and laurel oil also contain lauric acid 

(Fife, 2013). Lauric acid has bactericidal activity and it can influence the host 

immune response (Martingez, Vahjen and Zentek, 2016). Lauric acid also has 

strong anti-microbial and anti-inflammatory activities against Propionibacterium 

acnes (Nakatsuji, et al., 2009). Combining all the findings above, it is therefore 

hypothesised that lauric acid can relieve the inflammatory effects induced by IL-

17, leading to the up-regulation of FXR mRNA expression in HepG2 cells.  

 

Therefore, the objectives of this study are: 

i. To determine the dose response of IL-17 on FXR mRNA expression in 

HepG2 cells.  

ii. To investigate the co-treatment of lauric acid and IL-17 on FXR mRNA 

expression in HepG2 cells using quantitative reverse transcription-

polymerase chain reaction (qRT-PCR).  

iii. To investigate if the FXR mRNA results are translated into its protein 

expression for both IL-17 dose response test and cell treatment with lauric 

acid and IL-17 using western blot.   
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CHAPTER 2  

 

LITERATURE REVIEW 

 

2.1 Nuclear Receptor Superfamily 

Nuclear receptors (NRs) encompass a superfamily of proteins which is regulated 

by ligands. These NRs will regulate the expression of certain genes as they are one 

of the biggest groups of transcription factor in human body. The first NR was first 

discovered in 1960s by Elwood Jenson and his collaborators (Jensen, 1962). The 

actions of nuclear receptors contribute to development, physiology, metabolic 

homeostasis, reproduction, and diseases (Fattori, et al., 2014; McEwan, 2016).  

 

Nuclear receptor family can be classified into nuclear hormone receptors (NHRs) 

and orphan nuclear receptors. NHRs are the nuclear receptor with its ligands 

already known. The ligands of the known-ligand nuclear receptor are mostly small 

lipophilic molecules such as fatty acids, hormones and steroids. The ligands of 

orphan receptors however, are still unidentified (Olefsky, 2001; Fattori, et al., 

2014).  All NRs share the common structure including the DNA binding domain 

and ligand binding domain. DNA binding domain recognises and binds to specific 

DNA sequences, it is linked to ligand binding domain by a hinge. Ligand binding  
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APPENDIX 

 

APPENDIX A 

 

 

Graph above shows the standard curve of bovine serum albumin (BSA) standards 

with concentration of 0.2 mg/mL, 0.5mg/mL, 0.8 mg/mL, 1.1 mg/mL and 1.4 

mg/mL. The concentration of extracted protein was calculated based on the graph.  
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