HUBUNGAN METILASI PROMOTER GEN TOLL-LIKE RECEPTOR 4 (TLR4) DAN INTERLEUKIN-6 (IL6)
DENGAN RESISTENSI

INSULIN PADA SEL DARAH TEPI REMAJA DENGAN OBESITAS DI DAERAH ISTIMEWA
YOGYAKARTA

UNIVERSITAS RATIH FERARITRA DANU ATMAJA, dr. Ahmad Hamim Sadewa, Ph.D; dr. Rina Susilowati, Ph.D

GADJAH MADA Universitas Gadjah Mada, 2016 | Diunduh dari http://etd.repository.ugm.ac.id/

DAFTAR PUSTAKA

Aapola, U., Lyle, R., Krohn, K., Antonarakis, S.E., Peterson, P. 2001. Isolation
and initial characterization of the mouse Dnmt3l gene. Cytogenet. Cell.
Genet. 92: 122-126.

Ahmad, R., Al-Mass, A., Atizado, V., Al-Hubail, A., Al-Ghimlas, F., Al-Arouj,
M., et al. 2012. Elevated expression of the toll like receptors 2 and 4 in obes
individuals: its significance for obesity-induced inflammation. J. Inflamm.
9:1-11.

Ambarish, V., Chandrashekara, S., and Suresh, K.P. 2012. Moderate regular
exercises reduce inflammatory. Indian J. Physiol. Pharmacol. 56: 7-14.

Bacha, F., Saad, R., Gungor, N., and Arslanian, S. 2006. Are obesity-related
metabolic risk factors modulated by the degree of insulin resistance in
adolescents?. Diabetes Care 29: 1599-604.

Balai Penelitian dan Pengembangan Kesehatan. 2013. Riset Kesehatan Dasar
2013. Kementrian Kesehatan R, Jakarta

Balai Penelitian dan Pengembangan Kesehatan. 2010. Riset Kesehatan Dasar
2010. Kementrian Kesehatan R, Jakarta

Ball, G. D. C., Huang, T. T.-K., Gower, B. A., Cruz, M. L., Shaibi, G. Q.,
Weigensberg, M. J. and Goran, M. I. 2006. Longitudinal Changes in Insulin
Sensitivity, Insulin Secretion, and B-Cell Function During Puberty. J Peds.
148(1): 16-22.

Ballestar, E., and Esteller, M. 2008. Epigenetic gene regulation in cancer. Adv.
Genet 61 : 247 — 267.

Barlow, S.E. and Committee, E. 2007. Expert committee recommendations
regarding the prevention, assessment, and treatment of child and adolescent
overweight and obesity. Am. Acad. Pediatr. 120: S164-S192.

Beetz, A., Peter, R. U., Oppel, T., Kaffenberger, W., Rupec, R. A., Meyer, M., et
al. 2000. NF-kappaB and AP-1 are responsible for inducibility of the IL-6
promoter by ionizing radiation in HeLa cells. Int. J. Radiat. Biol. 76(11):
1443-1453.

Bell, J. T., Pai, A. a, Pickrell, J. K., Gaffney, D. J., Pique-Regi, R., Degner, J. F.,
Gilad, Y. and Pritchard, J. K. 2011. DNA methylation patterns associate with
genetic and gene expression variation in HapMap cell lines. Genome
Biol.12:1-13

Bjarbak, C., Lavery, H. J., Bates, S. H., Olson, R. K., Davis, S. M., Flier, J. S., et
al. 2000. SOCS3 Mediates feedback inhibition of the leptin receptor via
tyr985 . J. Biol. Chem 275 (51), 40649-40657.

Bocklandt, S., Lin, W., Sehl, M. E., Sanchez, F. J., Sinsheimer, J. S., Steve
Horvath and Vilain, E. 2011. Epigenetic Predictor of Age. Plos one 6(6): 1-6.

Bottner, A., Kratzsch, J., Muller, G., Kapellen, T. M., Bluher, S., Keller, E., et al.
2004. Gender Differences of Adiponectin Levels Develop during the
Progression of Puberty and Are. J Clin Endocrinol Metab. 89(8): 4053-4061.



HUBUNGAN METILASI PROMOTER GEN TOLL-LIKE RECEPTOR 4 (TLR4) DAN INTERLEUKIN-6 (IL6)
DENGAN RESISTENSI

INSULIN PADA SEL DARAH TEPI REMAJA DENGAN OBESITAS DI DAERAH ISTIMEWA
YOGYAKARTA

UNIVERSITAS RATIH FERARITRA DANU ATMAJA, dr. Ahmad Hamim Sadewa, Ph.D; dr. Rina Susilowati, Ph.D

GADJAH MADA Universitas Gadjah Mada, 2016 | Diunduh dari http://etd.repository.ugm.ac.id/

Brenet, F., Moh, M., Funk, P., Feierstein, E., Viale, AJ., Socci, N.D., and
Scandura, J.M. 2011. DNA methylation of the first exon is tightly linked to
transcriptional silencing. Plos One 6: 1-12.

Bunn, R. C., Cockrell, G. E., Ou, Y., Thrailkill, K. M., Lumpkin Jr., C. K. and
Fowlkes, J. L. 2010. Palmitate and insulin synergistically induce IL-6
expression in human monocytes. Cardiovasc. Diabetolol. 9(73): 1-13.

Buxade, M., Lunazzi, G., Minguillon, J., Iborra, S., Berga-Bolanos, R., del Val,
M., et al. 2012. Gene expression induced by Toll-like receptors in
macrophages requires the transcription factor NFATS5. J. Exp. Med. 209: 379-
393.

Caprio, S. and Tamborlane, W. V. 1994. Effect of Puberty on Insulin Action and
Secretion. Semin Reprod Med. 12(02): 90-96.

Carey, A.L., Steinberg, G.R., Macaulay, S.L., Thomas, W.G., Holmes, A.G.,
Ramm, G., et al. 2006. Interleukin-6 increases insulin-stimulated glucose
disposal in humans and glucose uptake and fatty acid oxidation in vitro via
AMP-activated protein kinase. Diabetes. 55 : 2688-2697.

Cinti, S., Mitchell, G., Barbatelli, G., Murano, I., Ceresi, E., Faloia, E., et al.
2005. Adipocyte death defines macrophage localization and function in
adipose tissue of obes mice and humans. J. Lipid. Res. 46: 2347-55.

Cell Signal Technology. 2014. Insulin Receptor Signaling [Online]. Available:
http://www.cellsignal.com/contents/science-pathway-research-cellular-
metabolism/insulin-receptor-signaling-pathway/pathways-irs

Centers of Disease Control and Prevention. 2010. Set 2: Clinical charts with 3rd
and 97th percentiles: Children 2 to 20 years (3rd-97th percentile) - Boys
BMI-for-age [Online]. Available:
http://www.cdc.gov/growthcharts/data/set2clinical/cj411073.pdf

Coviello, A. D., Legro, R. S. and Dunaif, A. 2006. Adolescent Girls with
Polycystic Ovary Syndrome Have an Increased Risk of the Metabolic
Syndrome Associated with Increasing Androgen Levels Independent of
Obesity and Insulin Resistance. J. Clin. Endocrinol. Metab. 91(2): 492-497.

Dasu, M.R., Devaraj, S., Samuel, P., and Jialal, 1. 2010. Increased Toll-Like
Receptor ( TLR ) Activation and TLR ligands in recently diagnosed type 2
diabetic subjects. Diabetes Care 33: 861-868.

Das, P.M. and Singal, R. 2004. DNA methylation and cancer. J. Clin. Oncol.
22(22): 4632 - 4642

Davis, J.E., Gabler, N.K., Walker-daniels, J., and Spurlock, M.E. 2008. Tlr-4
deficiency selectively protects against obesity induced by diets high in
saturated fat. Obesity 16(6) 16: 1248-1255

De-Fronz, RA., and Tripathy, D. 2009. Skeletal muscel insulin resistance is the
primary defect in type 2 diabetes. Diabetes. 32 Suppl 2: S157 — S163.

De-Fronzo, R. a, Tobin, J. D., & Andres, R. 1979. Glucose clamp technique: a
method for quantifying insulin secretion and resistance. Am.J.Physiol. 237:
E214-E223.

De-Loera-Rodriguez, C., Delgado-Rizo, V., Alvarado-Navarro, A., Agraz-
Cibrian, J., Segura-Ortega, J. E. and Fafutis-Morris, M. 2014. Over-



http://www.cellsignal.com/contents/science-pathway-research-cellular-metabolism/insulin-receptor-signaling-pathway/pathways-irs
http://www.cellsignal.com/contents/science-pathway-research-cellular-metabolism/insulin-receptor-signaling-pathway/pathways-irs
http://www.cdc.gov/growthcharts/data/set2clinical/cj41l073.pdf

HUBUNGAN METILASI PROMOTER GEN TOLL-LIKE RECEPTOR 4 (TLR4) DAN INTERLEUKIN-6 (IL6)
DENGAN RESISTENSI

INSULIN PADA SEL DARAH TEPI REMAJA DENGAN OBESITAS DI DAERAH ISTIMEWA
YOGYAKARTA

UNIVERSITAS RATIH FERARITRA DANU ATMAJA, dr. Ahmad Hamim Sadewa, Ph.D; dr. Rina Susilowati, Ph.D

GADJAH MADA Universitas Gadjah Mada, 2016 | Diunduh dari http://etd.repository.ugm.ac.id/

expression of TLR4-CD14, pro-inflammatory cytokines, metabolic markers
and NEFAs in obese non-diabetic Mexicans. J. Inflam. 11(1): 39.

De-Olivera, N. F. P., Andia, D. C., Planello, A. C., Pasetto, S., Marques, M. R.,
Nociti, F. H., Line, S. R. P. and De-Souza, A. P. 2011. TLR2 and TLR4 gene
promoter methylation status during chronic periodontitis.  J. Clin.
Periodontol. 38: 975-983.

Ellingsgaard, H., Hauselmann, 1., Schuler, B., Habib, A.M., Baggio, L.L., Meier,
D.T., et al. 2011. Interleukin-6 enhances insulin secretion by increasing
glucagon-like peptide-1 secretion from L cells and alpha cells. Nat. Med. 17:
1481-1489.

Esposito, D.L., Li, Y., Cama, A., and Quon, M.J. 2001. Tyr612 and tyr632 in
human insulin receptor substrate-1 are important for full activation of insulin-
stimulated phosphatidylinositol 3-kinase activity and translocation of GLUT4
in adipose cells. Endocrinology. 142: 2833-2840.

Esteller M. 2002. CpG island hypermethylation and tumor suppressor genes: a
booming present, a brighter future. Oncogene. 21:5427-40;

Esteller, M. 2003. Relevance of DNA methylation in the management of cancer.
Lancet Oncol. 4(6) : 351 — 358

Farré, D., Roset, R., Huerta, M., Adsuara, J. E., Rosello, L., Alba, M. M. and
Messeguer, X. (2003), ‘Identification of patterns in biological sequences at
the ALGGEN server: PROMO and MALGEN. Nucleic. Acids. Res. 31(13):
3651-3653.

Feinberg, A.P. 2007. Phenotypic plasticity and the epigenetic of human disease.
Nature. 447: 433-440

Florath, 1., Butterbach, K., Mu, H., Bewerunge-hudler, M. and Brenner, H. 2014.
Cross-sectional and longitudinal changes in DNA methylation with age : an
epigenome-wide analysis revealing over 60 novel age-associated CpG sites.
Hum. Mol. Genet. 23(5): 1186-1201.

Franks, P.W., Hanson, R.L., Knowler, W.C., Sievers, M.L., Bennett, P.H., and
Looker, H.C. 2010. Childhood obesity, other cardiovascular risk factors, and
premature death. N. Engl. J. Med. 362: 485-493.

Fuks, F., Burgers, W.A., Brehm, A., Hughes-Davies, L., Kouzarides, T. 2000.
DNA methyltransferase DNMT1 associates with histone deacetylase activity.
Nat. Genet. 24: 88-91.

Fuks, F., Hurd, P.J., Deplus, R., Kouzarides, T. 2003. The DNA
methyltransferases associate with HP1 and the SUV39H1 histone
methyltransferase. Nucleic. Acids. Res. 31: 2305-2312

Geiman, T, M., Sankpal, U.T., Robertson, A.K., Zhao, Y., Zhao, Y., Robertson,
K.D. 2004. DNMT3B interacts with hSNF2H chromatin remodeling enzyme,
HDACs 1 and 2, and components of the histone methylation system.
Biochem. Biophys. Res.Commun 318: 544-555.

Gerhartz, C., B. Hessel, J. Sasse, U. Hemmann, C. Landgraf, J.
SchneiderMergener, F. Horn, P. Heinrich, and L. Graeve. 1996. Differential
activation of acute phase response factor/STAT3 and STAT1 via the
cytoplasmic domain of the interleukin-6 signal transducer gp130. J. Biol.
Chem. 271:12991.



HUBUNGAN METILASI PROMOTER GEN TOLL-LIKE RECEPTOR 4 (TLR4) DAN INTERLEUKIN-6 (IL6)
DENGAN RESISTENSI

INSULIN PADA SEL DARAH TEPI REMAJA DENGAN OBESITAS DI DAERAH ISTIMEWA
YOGYAKARTA

UNIVERSITAS RATIH FERARITRA DANU ATMAJA, dr. Ahmad Hamim Sadewa, Ph.D; dr. Rina Susilowati, Ph.D

GADJAH MADA Universitas Gadjah Mada, 2016 | Diunduh dari http://etd.repository.ugm.ac.id/

Ghanim, H., Aljada, A., Hofmeyer, D., Syed, T., Mohanty, P., & Dandona, P.
2004. Circulating mononuclear cells in the obes are in a proinflammatory
state. Circulation. 110: 1564-1571.

Goto, K. Numata, M., Komura, J.l., Ono, T., Bestor, T.H., Kondo, H. 1994.
Expression of DNA methyltransferase gene in mature and immature neurons
as well as proliferating cell in mice. Differentiation. 56:39-44

Gregor, M. F. and Hotamisligil, G. S. 2011. Inflammatory mechanisms in obesity.
Annu. Rev. Immunol. 29: 415-45.

Hall, E., Volkov, P., Dayeh, T., Esguerra, J. L. S., Sal0, S., Eliasson, L., Rénn, T.,
Bacos, K. and Ling, C. 2014, ‘Sex differences in the genome-wide DNA
methylation pattern and impact on gene expression , microRNA levels and
insulin secretion in human pancreatic islets’, Genome. Biol. 15(522): 1-22.

Harkins, J.M., Moustaid-Moussa, N., Chung, Y.-J., Penner, K.M., Pestka, J.J.,
North, C.M., and Claycombe, K.J. 2004. Expression of interleukin-6 is
greater in preadipocytes than in adipocytes of 3T3-L1 cells and C57BL/6J
and ob/ob mice. J. Nutr. 134 : 2673-2677.

Hardy, O.T., Kim, a., Ciccarelli, C., Hayman, L.L., and Wiecha, J. 2013.
Increased Toll-like receptor (TLR) mRNA expression in monocytes is a
feature of metabolic syndrome in adolescents. Pediatr. Obes. 8: 1-7.

Hassink, S. G., Sheslow, D. V., Lancey, E. de, Opentanova, I., Considine, R. V.
and Caro, J. F. 1996. Leptin in Children With Obesity : and Development
Relationship to Gender. Pediatrics. 98(2): 201-203.

Heard, E. And Disteche, C.M. 2006 Dosage compensation in mammal: fine-
tuning the expression of the X chromosome. Gene. Dev 20: 1848 — 1867

Helge, J.W., Stallknecht, B., Pedersen, B.K., Galbo, H., Kiens, B., and Richter,
E.A. 2003. The effect of graded exercise on IL-6 release and glucose uptake
in human skeletal muscle. J. Physiol. 546 : 299-305.

Herman, J. G., and Baylin, S.B. 2003. Gene silencing in cancer in association with
promoter hypermethylation. N. Engl. J. Med . 349 (21): 2042-54

Heyn, H., Li, N., Ferreira, H.J., Moran, S., Pisano, D.G., Gomez, A., et al. 2012.
Distinct DNA methylomes of newborns and centenarians. Proc. Natl. Acad
Sci. U.S.A. 109: 10522-7.

Horikoshi, M., Bertuccioli, C., Takada, R., Wang, J., Yamamoto, T. and Roeder,
R. G. 1992. Transcription factor TFIID induces DNA bending upon binding
to the TATA element. PNAS USA. 89(3): 1060-1064.

Horvath, S. 2013. DNA methylation age of human tissues and cell types. Genome.
Biol. 14(10): R115.

Hotamisligil, G.S., Shargill, N.S., and Spiegelman, B.M. (1993) Adipose
expression of tumor necrosis factor-alpha: direct role in obesity-linked insulin
resistance. Science. 259 : 87-91.

Huang, K., Lin, R. C. Y., Kormas, N., Lee, L., Chen, C., Gill, T. P. and Caterson,
I. D. 2004. Plasma leptin is associated with insulin resistance independent of
age , body mass index , fat mass , lipids , and pubertal development in
nondiabetic adolescents. Int. J. Obes. 28: 470-475.



HUBUNGAN METILASI PROMOTER GEN TOLL-LIKE RECEPTOR 4 (TLR4) DAN INTERLEUKIN-6 (IL6)
DENGAN RESISTENSI

INSULIN PADA SEL DARAH TEPI REMAJA DENGAN OBESITAS DI DAERAH ISTIMEWA
YOGYAKARTA

UNIVERSITAS RATIH FERARITRA DANU ATMAJA, dr. Ahmad Hamim Sadewa, Ph.D; dr. Rina Susilowati, Ph.D

GADJAH MADA Universitas Gadjah Mada, 2016 | Diunduh dari http://etd.repository.ugm.ac.id/

Ishida, K., Kobayashi, T., Ito, S., Komatsu, Y., Yokoyama, T., Okada, M., et al.
2011. Interleukin-6 gene promoter methylation in rheumatoid arthritis and
chronic periodontitis. J. Periodontol. 83(7), 917-925.

Ikeda, Y., Suehiro, T., Nakamura, T., Kumon, Y., & Hashimoto, K. 2001. Clinical
significance of the insulin resistance index as assessed by homeostasis model
assessment. Endocr. J. 48(1) : 81-86.

Jia, L., Vianna, C., Fukuda, M., Berglund, E., Liu, C., and Tao, C. 2014.
Hepatocyte toll-like receptor 4 regulates obesity-induced inflammation and
insulin resistance. Nat. Commun. 5 : 1-25.

Juarez-Lopez, C., Klinder-Klinder, M., Medina-Bravo, P., Madrigal-Azcérate,
A., Mass-Diaz, E., and Flores-Huerta, S. 2010. Insulin resistance and its
association with the components of the metabolic syndrome among obes
children and adolescents. BMC Public Health 10: 318.

Jones, M. J., Goodman, S. J. and Kobor, M. S. 2015. DNA methylation and
healthy human aging. Aging Cell. 14: 924-932.

Kahn, C. 1978.Insulin resistance, insulin insensitivity andinsulin
unresponsiveness: a necessary distinction. Metabolism. 27: 1893-1902

Kelly, M., Gauthier, M.-S., Saha, A.K., and Ruderman, N.B. 2009. Activation of
amp-activated protein kinase by interleukin-6 in rat skeletal muscle:
association with changes in camp, energy state, and endogenous fuel
mobilization . Diabetes 58 : 1953-1960.

Kementrian Kesehatan Republik Indonesia. 2013. Profil Kesehatan Indonesia
2012. Kementrian Kesehatan Republik Indonesia, Jakarta.

Kern, P.A., Ranganathan, S., Li, C., Wood, L., Ranganathan, G., Philip, A., and
Adipose, G.R. 2001. Adipose tissue tumor necrosis factor and interleukin-6
expression in human obesity and insulin resistance. Am. J. Physiol.
Endocrinol. Metab. 280: 745-751.

Kim, J.J. and Sears, D.D. 2010. TLR4 and insulin resistance. Gastroentl. Res.
Pract. : 1-11

Kim, K.-A., Gu, W., Lee, I.-A., Joh, E.-H., and Kim, D.-H. 2012a. High fat diet-
induced gut microbiota exacerbates inflammation and obesity in mice via the
TLR4 signaling pathway. Plos One. 7: e47713 - e47713

Kim, S.-J., Choi, Y., Choi, Y.-H. and Park, T. 2012b. Obesity activates toll-like
receptor-mediated proinflammatory signaling cascades in the adipose tissue
of mice.’, The Journal of nutritional biochemistry. Elsevier B.V., 23(2): 113—
22.

Kim, T., Choi, S.Jung, J., Han, S., Kim, H., et al. 2013. IL-6 induction of TLR-4
gene expression via STAT3 has an effect on insulin resistance in human
skeletal muscle. Acta. Diabetol. 50: 189-200.

Kimura, K. et al. 2012. Endoplasmic reticulum stress inhibits STAT3-dependent
suppression of hepatic gluconeogenesis via dephosphorylation and
deacetylation. Diabetes. 61:61-73

Koolman, J. and Roehm, K.-H. 2005. Biomolecule. In:  Color Atlas of
Biochemistry 2nd edition. New York. Thieme: 76.

Kurtoglu, S., Hatipoglu, N., Mazicioglu, M., Kendirici, M., Keskin, M., and
Kondolot, M. 2010. Insulin resistance in obes children and adolescents:



HUBUNGAN METILASI PROMOTER GEN TOLL-LIKE RECEPTOR 4 (TLR4) DAN INTERLEUKIN-6 (IL6)
DENGAN RESISTENSI

INSULIN PADA SEL DARAH TEPI REMAJA DENGAN OBESITAS DI DAERAH ISTIMEWA
YOGYAKARTA

UNIVERSITAS RATIH FERARITRA DANU ATMAJA, dr. Ahmad Hamim Sadewa, Ph.D; dr. Rina Susilowati, Ph.D

GADJAH MADA Universitas Gadjah Mada, 2016 | Diunduh dari http://etd.repository.ugm.ac.id/

HOMA-IR cut-off levels in the prepubertal and pubertal periods. J. Clin. Res.
Pediatr. Endocrinol. 2: 100-106.

Lee, J.S., Pinnamaneni, S.K., Eo, S.J., Cho, I.H., Pyo, J.H., Kim, C.K., et al. 2006.
Saturated, but not n-6 polyunsaturates, fatty acids induce insulin resistance:
role of intramuscular accumulation of lipid metabolites. J. Appl. Physiol.
100(5): 1467-1474.

Leonhardt, H., Page, A.W., Weier, H.U., Bestor, T.H. 2002. A targeting sequens
directs DNA methyltransferase to sites of DNA replication in mammalian
nuclei. Cell. 71:865-873

Lewin, J., Schmitt, A. O., Adorjan, P., Hildmann, T. and Piepenbrock, C. 2004.
Quantitative DNA methylation analysis based on four-dye trace data from
direct sequencing of PCR amplificates. Bioinformatics. 20(17): 3005-3012.

Li, L.-C., & Dahiya, R. 2002. MethPrimer: designing primers for methylation
PCRs. Bioinformatics. 18 (11 ), 1427-1431.

Liu, J., Morgan, M., Hutchison, K. and Calhoun, V. D. 2010. A Study of the
Influence of Sex on Genome Wide Methylation. PLoS One, 5(4): €10028.
Luca, C. De and Olefsky, J.M. 2008. Inflammation and insulin resistance. FEBS

Lett. 582: 97-105.

Malik, V.S., Willett, W.C., and Hu, F.B. 2012. Global obesity: trends, risk factors
and policy implications. Nat. Rev. Endocrinol. 9: 13-27.

Matthaei, S., Stumvoll, M., & Kellerer, M. 2014. Pathophysiology and
pharmacological treatment of insulin resistance. Endocrine Reviews. 21(6):
585-618.

McKay, J.A., Xie, L., Harris, S., Wong, Y.K., Ford, D., Mathers, J.C. 2011. Blood
as a surrogate marker for tissue-specific DNA methylation and changes due to
folate depletion in post-partum female mice. Mol. Nutr. Food. Res. 55: 1026—
35.

Messeguer, X., Escudero, R., Farré, D., Nufiez, O., Martinez, J., Alba, M.M.
2002. PROMO: detection of known transcription regulatory elements using
species-tailored searches. Bioinformatics. 18( 2): 333-334, 2002

Medvedeva, Y. A., Khamis, A.M., Kulakovskiy, I. V., Ba-Alawi, W., Bhuyan,
M.S.l., Kawaji, H., et al. 2014. Effects of cytosine methylation on
transcription factor binding sites. BMC Genomics. 15: 119.

Mi, X. and Zeng, F. 2008. Hypomethylation of interleukin-4 and -6 promoters in
T cells from systemic lupus erythematosus patients. Acta Pharmacol. Sin. 29:
105-12.

Mohn, F., Weber, M., Rebhan, M., Roloff, T.C., Richter, J., Stadler, M.B., et al.
2008. Lineage-specific polycomb targets and de novo dna methylation define
restriction and potential of neuronal progenitors. Mol. Cell. 30: 755-766.

Moore, L. D., Le, T. and Fan, G. 2012. DNA Methylation and Its Basic Function.
Neuropsychopharmacol. 1-16.

Munoz, C., Pascual-Salcedo, D., Castellanos, M. C., Alfranca, A., Aragones, J.,
Vara, A., et al. 1996. Pyrrolidine dithiocarbamate inhibits the production of
interleukin-6, interleukin-8, and granulocyte-macrophage colony-stimulating
factor by human endothelial cells in response to inflammatory mediators:



HUBUNGAN METILASI PROMOTER GEN TOLL-LIKE RECEPTOR 4 (TLR4) DAN INTERLEUKIN-6 (IL6)
DENGAN RESISTENSI

INSULIN PADA SEL DARAH TEPI REMAJA DENGAN OBESITAS DI DAERAH ISTIMEWA
YOGYAKARTA

UNIVERSITAS RATIH FERARITRA DANU ATMAJA, dr. Ahmad Hamim Sadewa, Ph.D; dr. Rina Susilowati, Ph.D

GADJAH MADA Universitas Gadjah Mada, 2016 | Diunduh dari http://etd.repository.ugm.ac.id/

modulation of NF-kappa B and AP-1 transcription factor activity. Blood.
88(9): 3482-3490.

Na, Y. K., Hong, H. S., Lee, W. K., Kim, Y. H. and Kim, D. S. 2015). Increased
Methylation of Interleukin 6 Gene Is Associated with Obesity in Korean
Women. Mol Cells. 38(5): 452-456.

Nagareddy, P. R., Kraakman, M., Masters, S. L., Stirzaker, R. a., Gorman, D. J.,
Grant, R. W., et al. 2014. Adipose tissue macrophages promote myelopoiesis
and monocytosis in obesity’.Cell Metab. 19(5): 821-835.

Nelson, D.L and Cox, M.M. 2004. Lehninger Principles of Biochemistry 4th
edition. W.H. Freeman

Ng, M., Fleming, T., Robinson, M., Thomson, B., Graetz, N., Margono, C., et al,
2014. Global, regional, and national prevalence of overweight and obesity in
children and adults during 1980-2013: a systematic analysis for the global
burden of disease study 2013. Lancet 384: 766—781.

Nhu, Q. M., Cuesta, N. and Vogel, S. N. 2006. Transcriptional regulation of
lipopolysaccharide (LPS)-induced Toll-like receptor (TLR) expression in
murine macrophages: role of interferon regulatory factors 1 (IRF-1) and 2
(IRF-2). J Endotoxin Res. 12(5): 285-95.

Nieto-vazquez, I., Ferna, S., Alvaro, C. de, and Lorenzo, M. 2008. Dual role of
interleukin-6 in regulating insulin sensitivity in murine skeletal muscle.
Diabetes. 57: 3211-3221.

Nile, C.J., Read, R.C., Akil, M., Duff, G.W., and Wilson, A.G. 2008. Methylation
status of a single CpG site in the IL6 promoter is related to IL6 messenger
RNA levels and rheumatoid arthritis. Arthritis Rheum. 58: 2686—93.

Ooi, S.K,, Qiu, C., Bernstein, E., Li, K., Jia, D., Yang, Z. et al. 2007. DNMT3L
connects unmethylated lysine 4 of histone H3 to de novo methylation of
DNA. Nature. 448: 714-717.

Okano, M., Bell, DW., Haber, D.A., Li, E. 1999. DNA methyltransferases
Dnmt3a and Dnmt3b are essential for de- novo methylation and mammalian
development. Cell. 99: 247-257

Park, S. Y., Lee, S. W., Baek, S. H., Lee, C. W., Lee, W. S,, Rhim, B. Y., Hong,
K. W. and Kim, C. D. 2013. Suppression of PU.1-linked TLR4 expression by
cilostazol with decrease of cytokine production in macrophages from patients
with rheumatoid arthritis. Br J Phar. 168(6): 1401-11Parrish, R., Day, J. J.
and Lubin, F. D. 2012. Direct bisulfite sequencing for examination of DNA
methylation patterns with gene and nucleutide resolution from brain tissue.
Curr. Prot. Neurosci. 29(205): 997-1003.

Rehli, M., Poltorak, A., Schwarzfischer, L., Krause, S. W., Andreesen, R. and
Beutler, B. 2000. PU.1 and Interferon Consensus Sequence-binding Protein
Regulate the Myeloid Expression of the Human Toll-like Receptor 4 Gene. J
Biol Chem. 275(13): 9773-9781.

Remely, M., Aumueller, E., Jahn, D., Hippe, B., Brath, H., and Haslberger, A.G.
2014. Microbiota and epigenetic regulation of inflammatory mediators in type
2 diabetes and obesity. Benef. Microbes. 5: 33-43.



HUBUNGAN METILASI PROMOTER GEN TOLL-LIKE RECEPTOR 4 (TLR4) DAN INTERLEUKIN-6 (IL6)
DENGAN RESISTENSI

INSULIN PADA SEL DARAH TEPI REMAJA DENGAN OBESITAS DI DAERAH ISTIMEWA
YOGYAKARTA

UNIVERSITAS RATIH FERARITRA DANU ATMAJA, dr. Ahmad Hamim Sadewa, Ph.D; dr. Rina Susilowati, Ph.D

GADJAH MADA Universitas Gadjah Mada, 2016 | Diunduh dari http://etd.repository.ugm.ac.id/

Reyna, S.M., Ghosh, S., Tantiwong, P., Meka, C.S.R., Eagan, P., Jenkinson, C.P.,
et al. 2008. Elevated toll-like receptor 4 expression and signaling in muscle
from insulin-resistant subjects. Diabetes. 57 : 2595-2602.

Reilly, J.J. and Kelly, J. 2011. Long-term impact of overweight and obesity in
childhood and adolescence on morbidity and premature mortality in
adulthood: systematic review. Int. J. Obes. 35: 891-898.

Rodriguez-Moran, M. and Guerrero-Romero, F. 2006. Hyperinsulinemia in
Healthy Children and Adolescents With a Positive Family History for.
Pediatrics. 118(5): e1516-e1522.

Rui, L., Yuan, M., Frantz, D., Shoelson, S., and White, M.F. 2002. SOCS-1 and
SOCS-3 block insulin signaling by ubiquitin-mediated degradation of IRS1
and IRS2. J. Biol. Chem. 277: 42394-8.

Saxonov, S., Berg, P., and Brutlag, D.L. 2006. A genome-wide analysis of CpG
dinucleotides in the human genome distinguishes two distinct classes of
promoters. Proc. Natl. Acad. Sci. USA. 103 : 1412-1417.

Scheller, J., Chalaris, A., Schmidt-Arras, D., and Rose-John, S. 2011. The pro-
and anti-inflammatory properties of the cytokine interleukin-6. Biochim.
Biophys. Acta. 1813: 878-88.

Schipper, H. S., Nuboer, R., Prop, S., van den Ham, H. J., de Boer, F. K., Kesmir,
G., et al. 2012. Systemic inflammation in childhood obesity: circulating
inflammatory mediators and activated CD14++ monocytes. Diabetologia.
55(10): 2800-2810.

Schultz, O., Oberhauser, F., Saech, J., Rubbert-Roth, A., Hahn, M., Krone, W., &
Laudes, M. 2010. Effects of inhibition of interleukin-6 signalling on insulin
sensitivity and lipoprotein (a) levels in human subjects with rheumatoid
diseases. PloS One. 5(12), e14328 - 14328

Shukla, S., Kavak, E., Gregory, M., Imashimizu, M., Shutinoski, B., Kashlev, M.,
Oberdoerffer, P., Sandberg, R. and Oberdoerffer, S. 2011. CTCF-promoted
RNA polymerase Il pausing links DNA methylation to splicing. Nature.
479(7371): 74-79.

Shi, H., Kokoeva, M. V, Inouye, K., Tzameli, I., Yin, H., and Flier, J.S. 2006.
TLR4 links innate immunity and fatty acid — induced insulin resistance. J.
Clin. Invest. 116: 3015-3025.

Sinaiko, A. R., Steinberger, J., Moran, A., Hong, C., Prineas, R. J. and Jacobs, D.
R.2006.Influence of insulin resistance and boddy mass index at age 13 on
Systolic Blood Pressure , Triglycerides , and High-Density Lipoprotein
Cholesterol at Age 19. Hypertension. 48: 730-736.

Singh, Y., Garg, M.K., Tandon, N., and Marwaha, R.K. 2013. A study of insulin
resistance by HOMA-IR and its cut-off value to identify metabolic syndrome
in urban indian adolescents. J. Clin. Res. Pediatr. Endocrinol. 5: 245-251.

Song, M.J., Kim, K.H., Yoon, J.M. 2006. Activation of toll like receptor-4 is
associated with insulin resistance in adipocyte. Biochem. Biophys. Res.
Commun. 346: 739 - 745

Steensberg, A., Hall, G., Osada, T., Sacchetti, M., Saltin, B., and Pedersen, B.K.
2000. Production of interleukin-6 in contracting human skeletal muscles can



HUBUNGAN METILASI PROMOTER GEN TOLL-LIKE RECEPTOR 4 (TLR4) DAN INTERLEUKIN-6 (IL6)
DENGAN RESISTENSI

INSULIN PADA SEL DARAH TEPI REMAJA DENGAN OBESITAS DI DAERAH ISTIMEWA
YOGYAKARTA

UNIVERSITAS RATIH FERARITRA DANU ATMAJA, dr. Ahmad Hamim Sadewa, Ph.D; dr. Rina Susilowati, Ph.D

GADJAH MADA Universitas Gadjah Mada, 2016 | Diunduh dari http://etd.repository.ugm.ac.id/

account for the exercise-induced increase in plasma interleukin-6. J. Physiol.
529: 237-242.

Suetake, 1., Shinozaki, F., Miyagawa, J., Takeshima, H., Tajima, S. 2004.
DNMT3L stimulates the DNA methylation activity of Dnmt3a and Dnmt3b
through a direct interaction. J. Biol. Chem. 279: 2781627823

Suganami, T., Kanami Tanimoto-Koyama, J.N., Itoh, M., Yuan, X., Mizuarai, S.,
Kotani, H., et al. 2007. Role of the toll-like receptor 4 / nf- b pathway in
saturated fatty acid — induced inflammatory changes in the interaction
between adipocytes and macrophages. Arter. Thromb. Vasc .Biol. 27: 84-91.

Spranger, J., Kroke, A., Mo, M., Hoffmann, K., & Bergmann, M. M. 2003.
Inflammatory cytokines and the risk to develop type 2 diabetes. Diabetes 52 :
812-817.

Takai, D. And Jones, P. A. 2002. Comperhensive analysis of CpG islands in
human chromosomes 21 and 22. Proc. Natl. Acad. Sci. USA. 99 (6): 3740 —
45

Takahashi, K., Sugi, Y., Hosono, A. and Kaminogawa, S. 2009. Epigenetic
Regulation of TLR4 Gene Expression in Intestinal Epithelial Cells for the
Maintenance of Intestinal Homeostasis. J. Immunol. 183 (10 ): 6522—6529.

Takumansang, R., Warouw, S. M., & Lestari, H. 2013. Interleukin-6 and insulin
resistance in obes adolescent. Paediatrica Indonesiana. 53(5), 268-272

Tekpli, X., Landvik, N., Anmarkud, K., Skaug, V., Haugen, A., and Zienolddiny,
S. 2013. DNA methylation at promoter regions of interleukin 1B, interleukin
6, and interleukin 8 in non-small cell lung cancer. Cancer. Immunol.
Immunother. 62: 337-345.

The, N.S., Suchindran, C., North, K.E., Popkin, B.M., and Gordon-Larsen, P.
2010. Association of adolescent obesity with risk of severe obesity in
adulthood. JAMA. 304: 2042-2047.

Theml,H., Diem, H., Haferlach, T. 2004. Color Atlas of Hematology. 2" rev.
Thieme. New York

Turner, N. Mitochondrial Metabolism and Insulin Action, Type 2 Diabetes, Prof.
Kazuko Masuo (Ed.). 2013. InTech. Available from:
http://www.intechopen.com/books/type-2-diabetes/mitochondrial-
metabolism-and-insulin-action

Ueki, K., Kondo, T., and Kahn, C.R. 2004. Suppressor of cytokine signaling 1
(SOCS-1) and SOCS-3 cause insulin resistance through inhibition of tyrosine
phosphorylation of insulin receptor substrate proteins by discrete
mechanisms. Mol. Cell. Biol. 24: 5434-46.

Vitseva, O.l., Tanriverdi, K., Tchkonia, T.T., Kirkland, J.L., McDonnell, M.E.,
Apovian, C.M., et al. 2008. Inducible toll-like receptor and nf-kb regulatory
pathway expression in human adipose tissue. Obesity.16: 932-937.

Vikram, N. K., Misra, A., Pandey, R. ., Luthra, K. and Bhatt, S. P. 2008.
Distribution and Cutoff Points of Fasting Insulin in Asian Indian Adolescents
and their Association with Metabolic Syndrome. JAPI. 56: 949-954,

Wang, N., Wang, H., Yao, H., Wei, Q., Mao, X. M., Jiang, T., et al. (2013.
Expression and activity of the TLR4/NF-xB signaling pathway in mouse
intestine following administration of a short-term high-fat diet. Exp. Ther.



HUBUNGAN METILASI PROMOTER GEN TOLL-LIKE RECEPTOR 4 (TLR4) DAN INTERLEUKIN-6 (IL6)
DENGAN RESISTENSI

INSULIN PADA SEL DARAH TEPI REMAJA DENGAN OBESITAS DI DAERAH ISTIMEWA
YOGYAKARTA

UNIVERSITAS RATIH FERARITRA DANU ATMAJA, dr. Ahmad Hamim Sadewa, Ph.D; dr. Rina Susilowati, Ph.D

GADJAH MADA Universitas Gadjah Mada, 2016 | Diunduh dari http://etd.repository.ugm.ac.id/

Med. 6(1), 635-640.

Wasiluk, K. R., McCulloch, K. A., Banton, K. L. and Dunn, D. L. 2006. Spl
elements regulate transcriptional activity within the murine Toll-like receptor
4 promoter. Surg Infect. 7(6): 489-4909.

Weisberg, S.P., Hunter, D., Huber, R., Lemieux, J., Slaymaker, S., Vaddi, K., et
al. 2006. CCR2 modulates inflammatory and metabolic effects of high-fat
feeding. J. Clin. Invest. 116: 115-124.

Williams, C. L., Hayman, L. L., Daniels, S. R., Robinson, T. N., Steinberger, J.,
Paridon, S. and Bazzarre, T. 2002. Cardiovascular health in childhood: A
statement for health professionals from the Committee on Atherosclerosis,
Hypertension, and Obesity in the Young (AHOY) of the Council on
Cardiovascular Disease in the Young, American Heart Association.
Circulation. 106: 143-160

World Health Organization. 2014. Noncommunicable disease (NCD) Country
Profile. World Health Organization, Geneva. Available from: URL:
http://www.who.int/nmh/countries/idn_en.pdf

World Health Organization. 2015. Obesity and overweight. Available:
http://www.who.int/gho/ncd/risk_factors/overweight/en/

Xiao, W., Hodge, D. R., Wang, L., Yang, X., Zhang, X. and Farrar, W. L. 2004.
NF-kB activates I1L-6 expression through cooperation with c-Jun and IL6-
AP1 site, but is independent of its IL6-NFkB regulatory site in autocrine
human multiple myeloma cells. Cancer Biol Ther. 3(10): 1007-1017.

Yeste, D., Vendrell, J., Tomasini, R., Broch, M., Gussinyé, M., Megia, A., &
Carrascosa, A. 2007. Interleukin-6 in obes children and adolescents with and
without glucose intolerance. Diabetes Care 30 (7): 1892-1894.
d0i:10.2337/dc06-2289

Yin, J.,, Li, M., Xu, L., Wang, Y., Cheng, H., Zhao, X., and Mi, J. 2013. Insulin
resistance determined by homeostasis model assessment (HOMA) and
associations with metabolic syndrome among chinese children and teenagers.
Diabetol. Metab. Syndr. 5(71):1-9.

Zhang, F. F., Cardarelli, R., Carroll, J., Fulda, K. G., Kaur, M., Gonzalez, K.,
Vishwanatha, J. K., Santella, R. M. and Morabia, A. 2011. Significant
differences in global genomic DNA methylation by gender and race/ethnicity
in peripheral blood. Epigenetics, 6(5): 623-629.



http://www.who.int/nmh/countries/idn_en.pdf
http://www.who.int/gho/ncd/risk_factors/overweight/en/

	Judul Tesis

	Lembar Pengesahan

	Pernyataan

	Prakata

	Daftar Isi

	Daftar Gambar

	Daftar Tabel

	Daftar Singkatan

	Intisari

	Abstract

	BAB I. Pendahuluan

	I.1 Latar Belakang

	I.2 Perumusan Masalah

	I.3. Tujuan Penelitian

	I.4 Keaslian Penelitian

	I.5 Manfaat Penelitian


	BAB II. Tinjauan Pustaka

	II.1 Tinjauan Pustaka

	II.1.1 Prevalensi dan definisi obesitas

	II.1.2 Transduksi Sinyal Insulin

	II.1.2.2 Resistensi Insulin

	II.1.2.3 Penentuan Resistensi Insulin

	II.1.2.4 Faktor Risiko Resistensi Insulin


	II.1.3 Inflamasi, Obesitas dan Resistensi Insulin

	II.1.3.1 Toll-like receptor-4 (TLR-4)

	II.1.3.2 Interleukin-6 (IL6)


	II.1.4 Metilasi DNA dan Ekspresi Gen

	II.1.5 Direct Bisulfite Sequencing PCR (Direct BSP)


	II.2 Landasan Teori

	II.3 Kerangka Teori

	II.4 Kerangka Konsep

	II.5 Hipotesis


	BAB III. Metode Penelitian

	III.1 Jenis dan rancangan penelitian

	III.2 Variabel penelitian

	III.3 Definisi operasional

	III.4 Bahan dan alat

	III.5 Jalannya penelitian

	a. Ekstraksi DNA dengan Promega Wizard® Genomic DNA Purification Kit

	b. Pengukuran konsentrasi dan purifikasi DNA

	c. Penentuan volume DNA yang digunakan untuk koversi bisulfit

	d. Konversi DNA dengan Zymo EZ-Methylation Gold Kit

	e. Amplifikasi bisulfite coverted DNA

	f. Elektroforesis

	g. Direct Sequencing


	III.6 Analisis Hasil


	BAB IV. Hasil & Pembasahan

	IV.1 Hasil Penelitian

	IV.1.1 Karakteristik Subyek Penelitian

	IV.1.2 Deteksi metilasi dengan metode Bisulfite Sequencing PCR

	IV.1.2.1 Hasil amplifikasi bisulfite coverted DNA

	IV.1.2.2 Hasil Direct Bisulfite Sequencing PCR TLR4

	IV.1.2.3 Hasil Direct Bisulfite Sequencing PCR IL6


	IV.1.3 Korelasi Antarvariabel


	IV.2 Pembahasan


	BAB V. Kesimpulan & Saran

	V.1 Kesimpulan

	V.2 Saran


	Daftar Pustaka

	Lampiran 1. Persetujuan izin etik dari Komisi Etik Fakultas Kedokteran UGM

	Lampiran 2. Persetujuan amandemen izin etik dari Komisi Etik FakultasKedokteran UGM

	Lampiran 3. Alignment hasil sekuensing TLR4

	Lampiran 4. Alignment hasil sekuensing IL6


