References

Ahmed, S. K., & Mohammed, R. A. (2025). Obesity: Prevalence, causes, consequences, management,
preventive strategies and future research directions. Metabolism Open, 27, 100375.
https://doi.org/10.1016/j.metop.2025.100375

An, S., Cho, S.-H., & Yoon, J. C. (2023). Adipose Tissue and Metabolic Health. Diabetes & Metabolism
Journal, 47(5), 595-611. https://doi.org/10.4093/dmj.2023.0011

Baldelli, S., Aiello, G., Mansilla, E., Campaci, D., Fares, & Lombardo, M. (2024). The Role of Adipose
Tissue and Nutrition in the Regulation of Adiponectin. Nutrients, 16(15), 2436-2436.
https://doi.org/10.3390/nu16152436

Bass, J. J., Wilkinson, D. J., Rankin, D., Phillips, B. E., Szewczyk, N. J., Smith, K., & Atherton, P. J. (2016).
An Overview of Technical Considerations for Western Blotting Applications to Physiological
Research. Scandinavian Journal of Medicine & Science in Sports, 27(1), 4-25.
https://doi.org/10.1111/sms.12702

Bayulgen, D. S., Veronese, S., & Sbarbati, A. (2026). Dedifferentiation of Mature Adipocytes and Their
Future Potential for Regenerative Medicine Applications. Biomedicines, 14(1), 95.
https://doi.org/10.3390/biomedicines14010095

Bohan, A. E., Purvis, K. N., Sawyer, J. T., Bergen, W. G., & Brandebourg, T. D. (2022). Sampling Adipose
and Muscle Tissue following Post-Harvest Scalding Does Not Affect RNA Integrity or Real-Time
PCR  Results in Market = Weight  Yorkshire  Pigs. Foods, 11(12), 1741.
https://doi.org/10.3390/foods11121741

Bou Matar, D., Zhra, M., Nassar, W. K., Altemyatt, H., Naureen, A., Abotouk, N., Elahi, M. A., & Aljada,
A. (2025). Adipose tissue dysfunction disrupts metabolic homeostasis: mechanisms linking fat
dysregulation to disease. Frontiers in Endocrinology, 16.
https://doi.org/10.3389/fendo.2025.1592683

Bustin, S. A., Benes, V., Garson, J. A, Hellemans, J., Huggett, J., Kubista, M., Mueller, R., Nolan, T,,

Pfaffl, M. W., Shipley, G. L., Vandesompele, J., & Wittwer, C. T. (2009). The MIQE Guidelines:

42



Minimum Information for Publication of Quantitative Real-Time PCR Experiments. Clinical
Chemistry, 55(4), 611-622. https://doi.org/10.1373/clinchem.2008.112797

Caklili, O. T., Cesur, M., Mikhailidis, D. P., & Rizzo, M. (2023). Novel Anti-obesity Therapies and their
Different Effects and Safety Profiles: A Critical Overview. PubMed, Volume 16, 1767-1774.
https://doi.org/10.2147/dms0.5392684

Dabrowski, P., Rasmus, M., Jundzill, A., Drewa, T., & Pokrywczynska, M. (2024). A comparison of five
methods to maximize RNA and DNA isolation yield from adipose tissue. Peer), 12,
e17071-e17071. https://doi.org/10.7717/peerj.17071

Das, A., Tenenbaum, L., & Berkhout, B. (2016). Tet-On Systems For Doxycycline-inducible Gene
Expression. Current Gene Therapy, 16(3), 156-167.
https://doi.org/10.2174/1566523216666160524144041

Davis, S., Hocking, S., Watt, M. J., & Gunton, J. E. (2022). Metabolic effects of lipectomy and of
adipose tissue transplantation. ResearchGate, 31(1), 7-19.
https://doi.org/10.1002/0by.23601

Deluca, J. H., & Reilly, S. M. (2023). Culture and Differentiation of Primary Preadipocytes from Mouse
Subcutaneous White Adipose Tissue. Methods in Molecular Biology (Clifton, N.J.), 2662,
11-24. https://doi.org/10.1007/978-1-0716-3167-6_2

Dong, H., Sun, W.,, Shen, Y., Balaz, M., Balazov3, L., Ding, L., Loffler, M., Hamilton, B., Kl6ting, N.,
Bliher, M., Neubauer, H., Klein, H., & Wolfrum, C. (2022). Identification of a regulatory
pathway inhibiting adipogenesis via RSPO2. Nature Metabolism, 4(1), 90-105.
https://doi.org/10.1038/s42255-021-00509-1

Dowker-Key, P. D., Jadi, P. K., Gill, N. B., Hubbard, K. N., Elshaarrawi, A., Alfatlawy, N. D., & Bettaieb, A.
(2024). A Closer Look into White Adipose Tissue Biology and the Molecular Regulation of
Stem Cell Commitment and Differentiation. Genes, 15(8), 1017-1017.

https://doi.org/10.3390/genes15081017

43



Dufau, J., Shen, J. X., Couchet, M., De Castro Barbosa, T., Mejhert, N., Massier, L., Griseti, E., Mouisel,
E., Amri, E-Z., Lauschke, V. M., Rydén, M., & Langin, D. (2021). In vitro and ex vivo models of
adipocytes. American Journal of Physiology-Cell Physiology, 320(5), (€822—C841.
https://doi.org/10.1152/ajpcell.00519.2020

Fei, Q., Zhang, X., Wang, S., Shu, G., & Yin, G. (2024). A pan-cancer characterization of
immune-related NFIL3 identifies potential predictive biomarker. Journal of Cancer, 15(5),
1271-1286. https://doi.org/10.7150/jca.88765

Ferrero, R., Rainer, P. Y., Rumpler, M., Russeil, J., Zachara, M., Pezoldt, J., Mierlo, G. van, Gardeux, V.,
Saelens, W., Alpern, D., Favre, L., Vionnet, N., Styliani Mantziari, Zingg, T., Pitteloud, N., Suter,
M., Matter, M., Kai-Uwe Schlaudraff, Canto, C., & Deplancke, B. (2024). A human
omentum-specific mesothelial-like stromal population inhibits adipogenesis through IGFBP2
secretion. Cell Metabolism. https://doi.org/10.1016/j.cmet.2024.04.017

Gire, D., Inamdar, S., Acharya, J., Sadawarte, S., Kulkarni, A., & Ghaskadbi, S. (2023). Dynamic changes
in the gene expression during adipogenesis in hMSCs. Gene Reports, 34, 101860.
https://doi.org/10.1016/j.genrep.2023.101860

Gomes, F. A., Ricardo, D., Massafera, M. P., & Ronsein, G. E. (2024). Robust assessment of sample
preparation protocols for proteomics of cells and tissues. Biochimica et Biophysica Acta.
Proteins and Proteomics, 1872(5), 141030-141030.
https://doi.org/10.1016/j.bbapap.2024.141030

Gong, D., Lei, J., He, X,, Hao, J., Zhang, F., Huang, X., Gu, W., Yang, X., & Yu, J. (2024). Keys to the
switch of fat burning: stimuli that trigger the uncoupling protein 1 (UCP1) activation in
adipose tissue. Lipids in Health and Disease, 23(1).
https://doi.org/10.1186/s12944-024-02300-z

Guo, G., Wang, W., Tu, M., Zhao, B., Han, J., Li, J., Pan, Y., Zhou, J.,, Ma, W,, Liu, Y., Sun, T,, Han, X., &
An, Y. (2024). Deciphering adipose development: Function, differentiation and regulation.

Developmental Dynamics. https://doi.org/10.1002/dvdy.708

44



Gurumoorthy, N., Nordin, F., Tye, G. J,, Wan Kamarul Zaman, W. S., & Ng, M. H. (2022).
Non-Integrating Lentiviral Vectors in Clinical Applications: A Glance Through. Biomedicines,
10(1), 107. https://doi.org/10.3390/biomedicines10010107

Gutiérrez-Garcia, A., Olivas-Aguirre, F. J., & Olivas-Aguirre, M. (2025). Critical Evaluation of Adipogenic
Cell Models: Impact of the Receptor Toolkit on Adipogenic Potential. Receptors, 4(4), 19-19.
https://doi.org/10.3390/receptors4040019

Hampton, T. H., Taub, L., Ferreria-Fukutani, K., Stanton, B. A., & MacKenzie, T. A. (2025). Analyzing
rt-gPCR data: Better practices to facilitate rigor and reproducibility. Biochemistry and
Biophysics Reports, 44, 102356. https://doi.org/10.1016/j.bbrep.2025.102356

Hepler, C., & Bass, J. (2023). Circadian mechanisms in adipose tissue bioenergetics and plasticity.
Genes & Development, 37(11-12), 454-473. https://doi.org/10.1101/gad.350759.123

Husedzinovic, A., Neumann, B., Reymann, J., Draeger-Meurer, S., Chari, A., Erfle, H., Fischer, U., &
Gruss, O. J. (2015). The catalytically inactive tyrosine phosphatase HD-PTP/PTPN23 is a novel
regulator of SMN complex localization. Molecular Biology of the Cell, 26(2), 161-171.
https://doi.org/10.1091/mbc.e14-06-1151

Jeon, E., Lee, K. Y., & Kim, K. K. (2023). Exploring Approved Medications and the Promise of Phase 3
Clinical Trials: Anti-Obesity Drugs in the Sky and on the Horizon. PubMed.
https://doi.org/10.7570/jomes23032

Khan, F., Khan, H., Khan, A., Yamasaki, M., Moustaid-Moussa, N., Al-Harrasi, A., & Rahman, S. M.
(2022). Autophagy in adipogenesis: Molecular mechanisms and regulation by bioactive
compounds. Biomedicine & Pharmacotherapy, 155, 113715.
https://doi.org/10.1016/j.biopha.2022.113715

Kim, H.-Y, Jang, H.-J.,, Muthamil, S., Shin, U. C,, Lyu, J-H., Kim, S.-W., Go, Y., Park, S.-H., Lee, H. G., &
Park, J. H. (2024). Novel insights into regulators and functional modulators of adipogenesis.
Biomedicine & Pharmacotherapy, 177, 117073.

https://doi.org/10.1016/j.biopha.2024.117073

45



Kononova, Y. A., Tuchina, T. P.,, & Babenko, A. Y. (2024). Brown and Beige Adipose Tissue: One or
Different Targets for Treatment of Obesity and Obesity-Related Metabolic Disorders?
International Journal of Molecular Sciences, 25(24), 13295.
https://doi.org/10.3390/ijms252413295

Lin, Y.-N., Peng, W--H., Huang, Y.-C., Lai, C.-Y., Hsu, J.-R., Wang, J.-Y,, Kao, Y.-C., & Wu, L.-L. (2026). Nfil3
integrates circadian rhythm and microbial metabolite signaling to maintain gut-liver
immune—metabolic homeostasis under high-fat diet stress. Journal of Translational Medicine.
https://doi.org/10.1186/s12967-026-08000-9

Liu, Y., Yin, A., Seese, K., Fu, W., & Yin, H. (2025). Brd9 antagonism induces beige adipocytes in white
adipose tissues and protects against diet-induced obesity. Obesity, 33(5), 949-961.
https://doi.org/10.1002/0by.24280

Mia, S., Sonkar, R., Williams, L., Latimer, M. N., Rawnsley, D. R., Rana, S., He, J., Dierickx, P., Kim, T,,
Xie, M., Habegger, K. M., Kubo, M., Zhou, L., Thomsen, M. B., Prabhu, S. D., Frank, S. J.,
Brookes, P. S., Lazar, M. A,, Diwan, A., & Young, M. E. (2023). Novel Roles for the
Transcriptional Repressor EABP4 in Both Cardiac Physiology and Pathophysiology. JACC Basic
to Translational Science, 8(9), 1141-1156. https://doi.org/10.1016/j.jacbts.2023.03.016

Park, J., Cho, Y., Yang, D., Yang, H., Lee, D., Kubo, M., & Kang, S.-J. (2024). The transcription factor
NFIL3/E4BP4 regulates the developmental stage—specific acquisition of basophil function.
Journal of Allergy and Clinical Immunology, 153(1), 132-145.
https://doi.org/10.1016/j.jaci.2023.09.029

Park, S., Ock, S. A, Park, Y. )., Lee, Y-H., Park, C. Y., & Shin, S. (2024). High-fat diet alters the
thermogenic gene expression to B-agonists or 18-carbon fatty acids in adipocytes derived
from the white and brown adipose tissue of mice. Journal of Nutrition and Health, 57(2), 171.
https://doi.org/10.4163/jnh.2024.57.2.171

Pecksen, E., Tkachuk, S., Schroder, C., Enrich, M. V., Neog, A., Johnson, C. P., Lachmann, N., Haller, H.,

& Kiyan, Y. (2024). Monocytes prevent apoptosis of iPSCs and promote differentiation of

46



kidney organoids. Stem Cell  Research & Therapy, 15(1), 132-132.
https://doi.org/10.1186/s13287-024-03739-8

Peng, Y., Zhao, L., Li, M., Liu, Y., Shi, Y., & Zhang, J. (2024). Plasticity of Adipose Tissues:
Interconversion among White, Brown, and Beige Fat and Its Role in Energy Homeostasis.
Biomolecules, 14(4), 483—-483. https://doi.org/10.3390/biom14040483

Qian, X., Meng, X., Zhang, S., & Zeng, W. (2021). Neuroimmune regulation of white adipose tissues.
FEBS Journal, 289(24), 7830-7853. https://doi.org/10.1111/febs.16213

Ran, S., Wang, S., Jin, Q., Liu, G., Xue, X., Qu, P, Peng, L., & Meng, H. (2025). Emerging role of
E4BP4/NFIL3 in metabolic homeostasis. Metabolism, 173, 156390.
https://doi.org/10.1016/j.metabol.2025.156390

Sager, R. A., Woodford, M. R., Neckers, L., & Mollapour, M. (2017). Detecting Posttranslational
Modifications of Hsp90. Methods in Molecular Biology, 209-219.
https://doi.org/10.1007/978-1-4939-7477-1_16

Sakers, A., De Siqueira, M. K., Seale, P.,, & Villanueva, C. J. (2022). Adipose-tissue plasticity in health
and disease. Cell, 185(3), 419-446. https://doi.org/10.1016/j.cell.2021.12.016

Samih, A., Ferreira, M. A. de M., & Nikoloski, Z. (2025). Gene expression and protein abundance: Just
how associated are these molecular traits? Biotechnology Advances, 108720-108720.
https://doi.org/10.1016/j.biotechadv.2025.108720

Scott, G., Evens, N., Porter, J., & Walker, D. I. (2023). The Inhibition and Variability of Two Different
RT-rt-qPCR Assays Used for Quantifying SARS-CoV-2 RNA in Wastewater. Food and
Environmental Virology. https://doi.org/10.1007/s12560-022-09542-z

Shinde, A. B., Song, A., & Wang, Q. A. (2021). Brown Adipose Tissue Heterogeneity, Energy
Metabolism, and Beyond. Frontiers in Endocrinology, 12.
https://doi.org/10.3389/fendo.2021.651763

Simka-Lampa, K. (2026). Cross-Talk Between Signaling and Transcriptional Networks Regulating

Thermogenesis—Insights into Canonical and Non-Canonical Regulatory Pathways.

47



International Journal of Molecular Sciences, 27(2), 754.
https://doi.org/10.3390/ijms27020754

So, J., Taleb, S., Wann, J., Strobel, O., Kim, K., & Roh, H. C. (2022). Chronic cAMP activation induces
adipocyte browning through discordant biphasic remodeling of transcriptome and chromatin
accessibility. Molecular Metabolism, 66, 101619.
https://doi.org/10.1016/j.molmet.2022.101619

Takrori, E., Peshin, S., & Singal, S. (2025). Gastrointestinal Adverse Effects of Anti-Obesity Medications
in Non-Diabetic ~ Adults: A  Systematic  Review. Medicina, 61(11), 1987.
https://doi.org/10.3390/medicina61111987

Tanasescu, M.-D., Rosu, A.-M., Minca, A., Grigorie, M.-M., Timofte, D., & lonescu, D. (2026). Adipose
Tissue Circadian Dysregulation Beyond BMI: Implications for Cardiometabolic Risk and
Cardiovascular Disease. Life, 16(2), 305. https://doi.org/10.3390/life16020305

Timmins, L. M., Erickson, P., & Parekkadan, B. (2023). Investigating dynamics of lentiviral vector
secretion from HEK293T producer cells using a fractionated perfusion system. Biotechnology
Journal, 19(1). https://doi.org/10.1002/biot.202300097

Trevor, L. V., Riches-Suman, K., Mahajan, A. L., & Thornton, M. J. (2023). Stromal Vascular Fraction
Cells from Individuals Who Have Previously Undergone Radiotherapy Retain Their Pro-Wound
Healing Properties. Journal of Clinical Medicine, 12(5), 2052-2052.
https://doi.org/10.3390/jcm12052052

Wen, W., Gu, S., Guo, F.,, Chen, Z., Yan, S., & Mo, Z. (2025). Dynamic Rendition of Adipose Genes
Under Epigenetic Regulation: Revealing New Mechanisms of Obesity Occurrence. Current
Issues in Molecular Biology, 47(7), 540-540. https://doi.org/10.3390/cimb47070540

World Health Organization. (2025, May 7). Obesity and Overweight. World Health Organization.
https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight

Xu, J., Kamijo, K., Fox, P. C., Oda, H., Munsky, B., Sato, Y., Kimura, H., & Stasevich, T. J. (2019). A

genetically encoded probe for imaging nascent and mature HA-tagged proteins in vivo. A

48



Genetically Encoded Probe for Imaging Nascent and Mature HA-Tagged Proteins in Vivo,

10(1). https://doi.org/10.1038/s41467-019-10846-1

Yang, P-C., & Mahmood, T. (2012). Western blot: Technique, theory, and Trouble Shooting. North

American Journal of

Medical Sciences, 4(9),

429-434.
https://doi.org/10.4103/1947-2714.100998

Zedan, M., Schiirch, A. P, Heinrich, S., Gdmez-Garcia, P. A., Khawaja, S., Dorries, L., & Weis, K. (2025).
Timing of transcription controls the selective translation of newly synthesized mRNAs during
acute environmental

stress. Molecular Cell, 85(23), 4379-4392.e5.

https://doi.org/10.1016/j.molcel.2025.11.004
Zhang, S., You, Y., Li, R, Li, M., Li, Y., Yuan, H., Zhou, J.,, Zhen, R., Liu, Y., Wang, B., & Zhu, E. (2025).
Foxk2 Enhances Adipogenic Differentiation by Relying on the Transcriptional Activation of

Peroxisome Proliferator-Activated Receptor Gamma. Journal of Cellular and Molecular

Medicine, 29(1). https://doi.org/10.1111/jcmm.70332

Zhang, Z., Liao, X., Guo, X., & Gao, J. (2023). Differences in the metabolic profiles of brown and white

adipocytes based on secretomics. Biochemical and Biophysical Research Communications,

673, 153—-159. https://doi.org/10.1016/j.bbrc.2023.06.075
Zhang, Z., Yu, Z., Liang, D., Song, K., Kong, X., He, M., Liao, X., Huang, Z., Kang, A., Bai, R., & Ren, Y.

(2024). Roles of lipid droplets and related proteins in metabolic diseases. Lipids in Health and

Disease, 23(1). https://doi.org/10.1186/s12944-024-02212-y
Zhao, L., Zhu, Q.,, Li, M., Yang, H., & Zhao, Y. (2025). Revisiting brown adipose tissue whitening:

Physiological mechanisms and pathophysiological consequences. The Journal of Physiology,

603(19), 5299-5326. https://doi.org/10.1113/jp289263

49



	 
	Acknowledgements 
	 
	List of Tables 
	 
	List of Abbreviations 
	 
	 
	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). 

	Chapter 3 ​Methods 
	 
	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 

