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	Chapter 1 ​Introduction 
	1.1​Background 
	Obesity has become a major and rapidly growing public health challenge worldwide, including in Indonesia. Global Obesity Observatory (2024) indicates a continuous increase in the prevalence of overweight and obesity among both adults and younger populations, driven by lifestyle changes, excessive caloric intake, and reduced physical activity. This rising trend is particularly concerning because obesity can be strongly associated with the development of metabolic disorders such as type 2 diabetes mellitus, dyslipidemia, and other metabolic syndrome (Ahmed & Mohammed, 2025). In Indonesia, the burden of diabetes continues to increase, affecting millions of adults with prevalence of 11.3% from total adult populations, and this highlights the urgent need for effective preventive and therapeutic strategies (IDF, 2024). Since obesity-related metabolic dysfunction is closely linked to the expansion and functional alteration of adipose tissue, understanding the biological mechanisms that regulate adipose tissue development
	 
	Understanding the molecular mechanisms and regulatory factors that may influence adipocytes is essential for identifying potential therapeutic targets. Whereas adipose tissue itself plays a central role in maintaining metabolic homeostasis and its dysfunction can further contribute to developments of obesity, and diseases such as type 2 diabetes mellitus, and cardiovascular diseases (An et al., 2023).  
	1.2​Objective 
	To investigate the effects of E4BP4 overexpression on the differentiation of SVF-derived adipocytes using a doxycycline-inducible lentiviral expression system. 
	1.3​Research Questions 
	1.4​Hypothesis 
	E4BP4 overexpression influences the differentiation of SVF-derived adipocytes and may alter adipocyte morphology and phenotype. 

	Chapter 2 ​Literature Review 
	2.1 Overweight and obesity​Overweight is defined as an abnormal or excessive accumulation of body fat that may impair health and increase the risk of developing obesity-related diseases. Body weight status is commonly assessed using body mass index (BMI), which is calculated by dividing body weight (kg) by the square of height (m²). According to the World Health Organization (2025), individuals with a BMI between 25.0 and 29.9 kg/m² are classified as overweight, whereas a BMI of 30.0 kg/m² or greater is classified as obesity. The prevalence of overweight has increased substantially over recent decades both globally and in Indonesia. This prevalence can be caused due to the changes in dietary patterns, reduced physical activity, urbanization, and sedentary lifestyles. Furthermore, overweight individuals are at a higher risk of progressing to obesity if excessive weight gain continues over time . Consequently, overweight is recognized as an important public health concern and an early stage in the development
	 
	2.2 Current Anti-Obesity Drugs 
	2.3 Adipose tissue 
	Adipose tissue is a specialized form of connective tissue that functions as a key regulator of energy balance in the body. It stores surplus nutrients as triglycerides and releases them when energy is required. In addition to its storage role, adipose tissue also acts as an active endocrine organ, producing and releasing adipokines, cytokines, and various bioactive molecules that regulate glucose metabolism, lipid homeostasis, inflammatory responses, and insulin sensitivity (Baldelli et al., 2024).  
	 
	 
	2.3.1 White adipocyte 
	White adipocytes represent the major cellular component of adipose tissue and are mainly responsible for storing energy as triglycerides. Structurally, these cells contain a single large lipid droplet that fills most of the cytoplasm, causing a peripherally displaced nucleus. Beyond energy storage, white adipocytes function as endocrine cells by producing adipokines such as leptin, adiponectin, and inflammatory mediators that regulate appetite, insulin sensitivity, and systemic metabolic homeostasis. The dysregulation or hypertrophy of white adipose tissue is strongly associated with obesity, insulin resistance, and chronic low-grade inflammation (Dowker-Key et al., 2024; Zhang et al., 2023). 
	 
	2.3.2 Brown adipocyte 
	Brown adipocytes are specialized cells that promote energy expenditure through a process known as non-shivering thermogenesis. Unlike white adipocytes, it contains multiple small lipid droplets and a large number of mitochondria that are rich in uncoupling protein-1 (UCP1). This protein allows chemical energy to be released as heat instead of being stored. Brown adipose tissue therefore plays an important role in adaptive thermogenesis, especially when the body is exposed to cold or activated by sympathetic nervous system signals.  In addition to thermoregulation, brown adipocytes contribute to systemic metabolic regulation by increasing glucose and lipid uptake, thereby improving metabolic efficiency (Shinde et al., 2021; Zhang et al., 2023). 
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	3.4.2 Quantitative Real-time Polymerase Chain Reaction (rt-qPCR) 
	Gene expression analysis was performed using quantitative real-time polymerase chain reaction (rt-qPCR). The synthesized cDNA samples were stored at −20°C until further use. Prior to rt-qPCR analysis, the cDNA samples were thawed and transferred into 1.5 mL microcentrifuge tubes. Each sample was diluted with 90 μL of nuclease-free distilled water, mixed thoroughly, and used as the template for subsequent rt-qPCR analysis. Amplification was carried out using a real-time PCR system under optimized cycling conditions. The relative expression levels of target genes were normalized to the housekeeping gene 36B4 and calculated using the comparative Ct (2−ΔΔCt) method.  

	 
	Chapter 4​Result 
	 
	Chapter 5​Discussion 
	 
	Chapter 6​Conclusion 

