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Overview
Provide a brief overview of the proposal including the nature of the problem to be addressed, scientific
relevance, objectives/aims, research question/hypotheses, and methods/analytical plan (<250 words):

Non-alcoholic Fatty Liver Disease (NAFLD) is vastly approaching the number one most common liver
disease not only in the United States which affects one-third of the population. Severe NAFLD subtype include
non-alcoholic steatohepatitis (NASH), cirrhosis, liver failure and hepatocellular carcinoma. The rise in
prevalence of NAFLD is largely due to the rise in obesity and insulin resistance that contributes to increase of
lipid accumulation. NAFLD is a multifactorial phenotype, it is influenced by many genes acting singly, and
interacting with other genes and with environmental factors such as psychosocial factors, nutrition, physical
activity etc. We hypothesize that the association of PNPLA3 gene with liver fat is modified by ADIPOQ and
ADIPOR1 genes in a sample of African Americans in the Jackson Heart Study. The goal of our project is to
examine the joint effects of polymorphisms in the PNPLA3 and ADIPOQ and ADIPOR1 genes on NAFLD. This is a
follow-up to previous study in the Jackson Heart Study that showed rs738409 SNP in PNPLA3 to be significantly
associated with hepatic steatosis.

Background/Rationale

Please include discussion on relevance of African Americans to the proposed topic (<1000 words).

The accumulation of fat in the cytoplasm of liver cells (or hepatocytes) in individuals with insignificant
levels of alcohol consumption is referred to as non-alcoholic fatty liver disease (NAFLD).! Typically, this fat
accumulation is characterized by the development of hepatic lesions very similar to those attributable to
alcohol consumption, hence the name. If it proceeds unchecked, could result in injury of hepatocytes,
inflammation and fibrosis - to cirrhosis, liver failure and hepatocellular carcinoma. Fortunately, as with
alcoholic liver disease, it has been reported that a large proportion of patients with risk factors for NAFLD
develop fatty liver and only a minority develop the advanced disease subtypes.?

The prevalence of NAFLD in the general population is reported to be between 2 to 24% in most countries
where data is available but it is rising in tandem with the rising prevalence of obesity and insulin resistance.?
The pathophysiology of NAFLD is centrally related to insulin resistance* and as such has a multifactorial etiology
i.e. caused by a confluence of environmental and genetic factors. Factors such as depression® ® and diet”1°
have been reported to play a major role. Further, reports from the literature surmise that, like inflammatory
states, anxiety and depression provide the additional requisite stimulus for histological progression in
environmentally or genetically susceptible individuals.

Family studies and candidate gene analysis have observed that NALFD is genetically determined.? 1% 12
Most recently genome-wide association studies have identified several common variants associated with
hepatic steatosis.'® The most common of these variants is the Palatin-like phospholipase domain containing 3
gene variant (PNPLA3) 1148M.1% 4 According to Pingitore et al.'>, the PNPLA3 gene encodes a transmembrane
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polypeptide chain exhibiting triglyceride hydrolase activity. Research in animal models and human hepatocytes
have demonstrated that the activity of PNPLA3 is regulated by glucose and insulin primarily via pathways
involving sterol regulatory element binding protein-1c.'® 17 Several other genes that have been reported to be
associated with fatty liver and replicated across various populations include TM6SF2*® °; NCAN, PPP1R3B,
GCKR and LYPLAL1'3; COL13A1 and EFCAB4B.?° However, most research work often focus on the study of either
environmental or genetic factors independently and seldom consider the joint effects of these factors (i.e. how
these factors could modulate each other). In the same manner, potential interactions between genes is rarely
studied despite substantial evidence that etiology of multifactorial phenotypes such as NAFLD’s is complex.?

For this study, we hypothesized that the association of PNPLA3 gene with liver fat is modified by ADIPOQ and
ADIPOR1 genes in a sample of African Americans in the Jackson Heart Study. This research question is motivated by our
previous work on these genes!? !

4. Research Hypothesis: We hypothesize that the association of PNPLA3 gene with liver fat is moderated by
genetic factors (ADIPOQ and ADIPOR1 genes) and psychosocial factors (depressive symptoms) in a sample
of African Americans in the Jackson Heart Study.

5. Inclusions/Exclusions
We propose to analyze all JHS participants with imputed 1000Genomes data on PNPLA3, ADIPOQ and
ADIPOR1, and who provided responses to the CESD questionnaire on depressive symptoms. We will also focus
on participants with CT scan data on liver attenuation.

6.  Statistical Analysis Plan and Methods
Include power calculations, if necessary.

Tests of Hardy-Weinberg equilibrium, genotypic association and associated summary statistics will be
computed using SNPGWA. We will model the G allele at the rs738409 SNP of the PNPLA3 gene and evaluate
how its effect on NAFLD is moderated by genotypes at SNPs with clinical function (as determined from NCBI
SNP data base: https://www.ncbi.nlm.nih.gov/SNP/) at the ADIPOQ and ADIPOR1 genes. SNPs at the ADIPOQ

and ADIPOR1 genes will be expressed as counts of the minor allele. Depressive symptoms (present/absent) will be
defined according to the Center for Epidemiological Studies Depression (CES-D) score >16.

Model:
Y =By + B.COVARIATES + B15738409RS738409 + B SNP + Brs738409+¢RS738409 x SNP

Where Y is liver fat phenotype, Bo is the intercept; B is the vector of covariates (age, age”2, sex, number of
drinks, principal components); Brs73sa00 and B SNP effects and their interaction effects. Brs73sa09%G represents
how much Brs73s400 and B SNP change per unit-increase in minor alleles at rs738409 and selected SNPs at
ADIPOQ or ADIPOR1 genes. For depressive symptoms, Bc SNP will be replaced by BeE where E represents
presence or absence of depressive symptoms.

We will use multiple linear regression model to test for the slope of rs738409 while controlling for
covariates and other SNPs at the two selected genes or depressive symptoms. To transform liver attenuation to
be normally, we will employ inverse normal transformation as proposed previously. We propose to control for
age and age*age, sex, number of drinks, adiposity, population structure.

Meta-analysis: We propose to conduct meta-analysis in all GOLD consortium cohorts (African Americans, Europeans
and Hispanics). This proposal is part of the GOLD Functional project, in which JHS is a participant.

7. References (maximum 15)



Jackson Heart Study Manuscript Proposal

1. Caballeria L, Auladell MA, Toran P, Pera G, Miranda D, Aluma A, Casas JD, Munoz L, Sanchez C, Tibau A, Birules M,
Canut S, Bernad J, Auba J, Aizpurua MM and Alcaraz E. Risk factors associated with non-alcoholic fatty liver disease in
subjects from primary care units. A case-control study. BMC Gastroenterol. 2008;8:44.

2. Day CP. Genetic and environmental susceptibility to non-alcoholic fatty liver disease. Dig Dis. 2010;28:255-60.

3. Chen ZW, Chen LY, Dai HL, Chen JH and Fang LZ. Relationship between alanine aminotransferase levels and
metabolic syndrome in nonalcoholic fatty liver disease. J Zhejiang Univ Sci B. 2008;9:616-22.

4, Marchesini G, Bugianesi E, Forlani G, Cerrelli F, Lenzi M, Manini R, Natale S, Vanni E, Villanova N, Melchionda N
and Rizzetto M. Nonalcoholic fatty liver, steatohepatitis, and the metabolic syndrome. Hepatology. 2003;37:917-23.

5. Elwing JE, Lustman PJ, Wang HL and Clouse RE. Depression, anxiety, and nonalcoholic steatohepatitis. Psychosom
Med. 2006;68:563-9.

6. Weinstein AA, Kallman Price J, Stepanova M, Poms LW, Fang Y, Moon J, Nader F and Younossi ZM. Depression in
patients with nonalcoholic fatty liver disease and chronic viral hepatitis B and C. Psychosomatics. 2011;52:127-32.

7. Abid A, Taha O, Nseir W, Farah R, Grosovski M and Assy N. Soft drink consumption is associated with fatty liver
disease independent of metabolic syndrome. J Hepatol. 2009;51:918-24.

8. Cortez-Pinto H, Jesus L, Barros H, Lopes C, Moura MC and Camilo ME. How different is the dietary pattern in non-
alcoholic steatohepatitis patients? Clin Nutr. 2006;25:816-23.

9. Musso G, Gambino R and Cassader M. Cholesterol metabolism and the pathogenesis of non-alcoholic

steatohepatitis. Prog Lipid Res. 2013;52:175-91.

10. Zelber-Sagi S, Nitzan-Kaluski D, Goldsmith R, Webb M, Blendis L, Halpern Z and Oren R. Long term nutritional
intake and the risk for non-alcoholic fatty liver disease (NAFLD): a population based study. J Hepatol. 2007;47:711-7.
11. Macaluso FS, Maida M and Petta S. Genetic background in nonalcoholic fatty liver disease: A comprehensive
review. World J Gastroenterol. 2015;21:11088-111.

12. Palmer ND, Musani SK, Yerges-Armstrong LM, Feitosa MF, Bielak LF, Hernaez R, Kahali B, Carr JJ, Harris TB, Jhun
MA, Kardia SL, Langefeld CD, Mosley TH, Jr., Norris JM, Smith AV, Taylor HA, Wagenknecht LE, Liu J, Borecki IB, Peyser PA
and Speliotes EK. Characterization of European ancestry nonalcoholic fatty liver disease-associated variants in individuals
of African and Hispanic descent. Hepatology. 2013;58:966-75.

13. Speliotes EK, Yerges-Armstrong LM, Wu J, Hernaez R, Kim LJ, Palmer CD, Gudnason V, Eiriksdottir G, Garcia ME,
Launer LJ, Nalls MA, Clark JM, Mitchell BD, Shuldiner AR, Butler JL, Tomas M, Hoffmann U, Hwang SJ, Massaro JM,
O'Donnell CJ, Sahani DV, Salomaa V, Schadt EE, Schwartz SM, Siscovick DS, Nash CRN, Consortium G, Investigators M,
Voight BF, Carr JJ, Feitosa MF, Harris TB, Fox CS, Smith AV, Kao WH, Hirschhorn JN, Borecki IB and Consortium G.
Genome-wide association analysis identifies variants associated with nonalcoholic fatty liver disease that have distinct
effects on metabolic traits. PLoS Genet. 2011;7:e1001324.

14. Romeo S, Kozlitina J, Xing C, Pertsemlidis A, Cox D, Pennacchio LA, Boerwinkle E, Cohen JC and Hobbs HH. Genetic
variation in PNPLA3 confers susceptibility to nonalcoholic fatty liver disease. Nat Genet. 2008;40:1461-5.

15. Pingitore P, Pirazzi C, Mancina RM, Motta BM, Indiveri C, Pujia A, Montalcini T, Hedfalk K and Romeo S.
Recombinant PNPLA3 protein shows triglyceride hydrolase activity and its 1148M mutation results in loss of function.
Biochim Biophys Acta. 2014;1841:574-80.

16. Dubuquoy C, Robichon C, Lasnier F, Langlois C, Dugail |, Foufelle F, Girard J, Burnol AF, Postic C and Moldes M.
Distinct regulation of adiponutrin/PNPLA3 gene expression by the transcription factors ChREBP and SREBP1c in mouse
and human hepatocytes. J Hepatol. 2011;55:145-53.

17. He S, McPhaul C, Li JZ, Garuti R, Kinch L, Grishin NV, Cohen JC and Hobbs HH. A sequence variation (1148M) in
PNPLA3 associated with nonalcoholic fatty liver disease disrupts triglyceride hydrolysis. J Biol Chem. 2010;285:6706-15.
18. Kozlitina J, Smagris E, Stender S, Nordestgaard BG, Zhou HH, Tybjaerg-Hansen A, Vogt TF, Hobbs HH and Cohen
JC. Exome-wide association study identifies a TM6SF2 variant that confers susceptibility to nonalcoholic fatty liver
disease. Nat Genet. 2014;46:352-6.

19. Mahdessian H, Taxiarchis A, Popov S, Silveira A, Franco-Cereceda A, Hamsten A, Eriksson P and van't Hooft F.
TM6SF2 is a regulator of liver fat metabolism influencing triglyceride secretion and hepatic lipid droplet content. Proc
Natl Acad Sci U S A. 2014;111:8913-8.

20. Chalasani N, Guo X, Loomba R, Goodarzi MO, Haritunians T, Kwon S, Cui J, Taylor KD, Wilson L, Cummings OW,
Chen YD, Rotter JI and Nonalcoholic Steatohepatitis Clinical Research N. Genome-wide association study identifies



Jackson Heart Study Manuscript Proposal

variants associated with histologic features of nonalcoholic Fatty liver disease. Gastroenterology. 2010;139:1567-76, 1576
el-6.

21. Dastani Z, Hivert MF, Timpson N, Perry JR, Yuan X, Scott RA, Henneman P, Heid IM, Kizer JR, Lyytikainen LP,
Fuchsberger C, Tanaka T, Morris AP, Small K, Isaacs A, Beekman M, Coassin S, Lohman K, Qi L, Kanoni S, Pankow JS, Uh
HW, Wu Y, Bidulescu A, Rasmussen-Torvik LJ, Greenwood CM, Ladouceur M, Grimsby J, Manning AK, Liu CT, Kooner J,
Mooser VE, Vollenweider P, Kapur KA, Chambers J, Wareham NJ, Langenberg C, Frants R, Willems-Vandijk K, Oostra BA,
Willems SM, Lamina C, Winkler TW, Psaty BM, Tracy RP, Brody J, Chen |, Viikari J, Kahonen M, Pramstaller PP, Evans DM,
St Pourcain B, Sattar N, Wood AR, Bandinelli S, Carlson OD, Egan JM, Bohringer S, van Heemst D, Kedenko L, Kristiansson
K, Nuotio ML, Loo BM, Harris T, Garcia M, Kanaya A, Haun M, Klopp N, Wichmann HE, Deloukas P, Katsareli E, Couper DJ,
Duncan BB, Kloppenburg M, Adair LS, Borja JB, Consortium D, Consortium M, Investigators G, Mu TC, Wilson JG, Musani
S, Guo X, Johnson T, Semple R, Teslovich TM, Allison MA, Redline S, Buxbaum SG, Mohlke KL, Meulenbelt |, Ballantyne
CM, Dedoussis GV, Hu FB, Liu Y, Paulweber B, Spector TD, Slagboom PE, Ferrucci L, Jula A, Perola M, Raitakari O, Florez JC,
Salomaa V, Eriksson JG, Frayling TM, Hicks AA, Lehtimaki T, Smith GD, Siscovick DS, Kronenberg F, van Duijn C, Loos RJ,
Waterworth DM, Meigs JB, Dupuis J, Richards JB, Voight BF, Scott LJ, Steinthorsdottir V, Dina C, Welch RP, Zeggini E, Huth
C, Aulchenko YS, Thorleifsson G, McCulloch LJ, Ferreira T, Grallert H, Amin N, Wu G, Willer CJ, Raychaudhuri S, McCarroll
SA, Hofmann OM, Segre AV, van Hoek M, Navarro P, Ardlie K, Balkau B, Benediktsson R, Bennett AJ, Blagieva R,
Boerwinkle E, Bonnycastle LL, Bostrom KB, Bravenboer B, Bumpstead S, Burtt NP, Charpentier G, Chines PS, Cornelis M,
Crawford G, Doney AS, Elliott KS, Elliott AL, Erdos MR, Fox CS, Franklin CS, Ganser M, Gieger C, Grarup N, Green T, Griffin
S, Groves CJ, Guiducci C, Hadjadj S, Hassanali N, Herder C, Isomaa B, Jackson AU, Johnson PR, Jorgensen T, Kao WH, Kong
A, Kraft P, Kuusisto J, Lauritzen T, Li M, Lieverse A, Lindgren CM, Lyssenko V, Marre M, Meitinger T, Midthjell K, Morken
MA, Narisu N, Nilsson P, Owen KR, Payne F, Petersen AK, Platou C, Proenca C, Prokopenko I, Rathmann W, Rayner NW,
Robertson NR, Rocheleau G, Roden M, Sampson MJ, Saxena R, Shields BM, Shrader P, Sigurdsson G, Sparso T,
Strassburger K, Stringham HM, Sun Q, Swift AJ, Thorand B, Tichet J, Tuomi T, van Dam RM, van Haeften TW, van Herpt T,
van Vliet-Ostaptchouk JV, Walters GB, Weedon MN, Wijmenga C, Witteman J, Bergman RN, Cauchi S, Collins FS, Gloyn AL,
Gyllensten U, Hansen T, Hide WA, Hitman GA, Hofman A, Hunter DJ, Hveem K, Laakso M, Morris AD, Palmer CN, Rudan |,
Sijbrands E, Stein LD, Tuomilehto J, Uitterlinden A, Walker M, Watanabe RM, Abecasis GR, Boehm BO, Campbell H, Daly
MJ, Hattersley AT, Pedersen O, Barroso |, Groop L, Sladek R, Thorsteinsdottir U, Wilson JF, lllig T, Froguel P, van Duijn CM,
Stefansson K, Altshuler D, Boehnke M, McCarthy MI, Soranzo N, Wheeler E, Glazer NL, Bouatia-Naji N, Magi R, Randall J,
Elliott P, Rybin D, Dehghan A, Hottenga JJ, Song K, Goel A, Lajunen T, Doney A, Cavalcanti-Proenca C, Kumari M, Timpson
NJ, Zabena C, Ingelsson E, An P, O'Connell J, Luan J, Elliott A, McCarroll SA, Roccasecca RM, Pattou F, Sethupathy P,
Ariyurek Y, Barter P, Beilby JP, Ben-Shlomo Y, Bergmann S, Bochud M, Bonnefond A, Borch-Johnsen K, Bottcher Y,
Brunner E, Bumpstead SJ, Chen YD, Chines P, Clarke R, Coin LJ, Cooper MN, Crisponi L, Day IN, de Geus EJ, Delplanque J,
Fedson AC, Fischer-Rosinsky A, Forouhi NG, Franzosi MG, Galan P, Goodarzi MO, Graessler J, Grundy S, Gwilliam R,
Hallmans G, Hammond N, Han X, Hartikainen AL, Hayward C, Heath SC, Hercberg S, Hillman DR, Hingorani AD, Hui J, Hung
J, Kaakinen M, Kaprio J, Kesaniemi YA, Kivimaki M, Knight B, Koskinen S, Kovacs P, Kyvik KO, Lathrop GM, Lawlor DA, Le
Bacquer O, Lecoeur C, Li Y, Mahley R, Mangino M, Martinez-Larrad MT, McAteer JB, McPherson R, Meisinger C, Melzer D,
Meyre D, Mitchell BD, Mukherjee S, Naitza S, Neville MJ, Orru M, Pakyz R, Paolisso G, Pattaro C, Pearson D, Peden JF,
Pedersen NL, Pfeiffer AF, Pichler |, Polasek O, Posthuma D, Potter SC, Pouta A, Province MA, Rayner NW, Rice K, Ripatti S,
Rivadeneira F, Rolandsson O, Sandbaek A, Sandhu M, Sanna S, Sayer AA, Scheet P, Seedorf U, Sharp SJ, Shields B,
Sigurethsson G, Sijbrands EJ, Silveira A, Simpson L, Singleton A, Smith NL, Sovio U, Swift A, Syddall H, Syvanen AC, Tonjes
A, Uitterlinden AG, van Dijk KW, Varma D, Visvikis-Siest S, Vitart V, Vogelzangs N, Waeber G, Wagner PJ, Walley A, Ward
KL, Watkins H, Wild SH, Willemsen G, Witteman JC, Yarnell JW, Zelenika D, Zethelius B, Zhai G, Zhao JH, Zillikens MC,
Consortium D, Consortium G, Global BPC, Borecki IB, Meneton P, Magnusson PK, Nathan DM, Williams GH, Silander K,
Bornstein SR, Schwarz P, Spranger J, Karpe F, Shuldiner AR, Cooper C, Serrano-Rios M, Lind L, Palmer LJ, Hu FBs, Franks
PW, Ebrahim S, Marmot M, Kao WH, Pramstaller PP, Wright AF, Stumvoll M, Hamsten A, Procardis C, Buchanan TA, Valle
TT, Rotter JI, Penninx BW, Boomsma DI, Cao A, Scuteri A, Schlessinger D, Uda M, Ruokonen A, Jarvelin MR, Peltonen L,
Mooser V, Sladek R, investigators M, Consortium G, Musunuru K, Smith AV, Edmondson AC, Stylianou IM, Koseki M,
Pirruccello JP, Chasman DI, Johansen CT, Fouchier SW, Peloso GM, Barbalic M, Ricketts SL, Bis JC, Feitosa MF, Orho-
Melander M, Melander O, Li X, Li M, Cho YS, Go MJ, Kim YJ, Lee JY, Park T, Kim K, Sim X, Ong RT, Croteau-Chonka DC,
Lange LA, Smith JD, Ziegler A, Zhang W, Zee RY, Whitfield JB, Thompson JR, Surakka I, Spector TD, Smit JH, Sinisalo J, Scott
J, Saharinen J, Sabatti C, Rose LM, Roberts R, Rieder M, Parker AN, Pare G, O'Donnell CJ, Nieminen MS, Nickerson DA,



Jackson Heart Study Manuscript Proposal

Montgomery GW, McArdle W, Masson D, Martin NG, Marroni F, Lucas G, Luben R, Lokki ML, Lettre G, Launer LJ, Lakatta
EG, Laaksonen R, Kyvik KO, Konig IR, Khaw KT, Kaplan LM, Johansson A, Janssens AC, Igl W, Hovingh GK, Hengstenberg C,
Havulinna AS, Hastie ND, Harris TB, Haritunians T, Hall AS, Groop LC, Gonzalez E, Freimer NB, Erdmann J, Ejebe KG, Doring
A, Dominiczak AF, Demissie S, Deloukas P, de Faire U, Crawford G, Chen YD, Caulfield MJ, Boekholdt SM, Assimes TL,
Quertermous T, Seielstad M, Wong TY, Tai ES, Feranil AB, Kuzawa CW, Taylor HA, Jr., Gabriel SB, Holm H, Gudnason V,
Krauss RM, Ordovas JM, Munroe PB, Kooner JS, Tall AR, Hegele RA, Kastelein JJ, Schadt EE, Strachan DP, Reilly MP, Samani
NJ, Schunkert H, Cupples LA, Sandhu MS, Ridker PM, Rader DJ and Kathiresan S. Novel loci for adiponectin levels and their
influence on type 2 diabetes and metabolic traits: a multi-ethnic meta-analysis of 45,891 individuals. PLoS Genet.
2012;8:€1002607.



