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            Abstract
Nonalcoholic fatty liver disease (NAFLD) is the most common form of liver disease. To elucidate the molecular basis of NAFLD, we performed an exome-wide association study of liver fat content. Three variants were associated with higher liver fat levels at the exome-wide significance level of 3.6 × 10−7: two in PNPLA3, an established locus for NAFLD, and one (encoding p.Glu167Lys) in TM6SF2, a gene of unknown function. The TM6SF2 variant encoding p.Glu167Lys was also associated with higher circulating levels of alanine transaminase, a marker of liver injury, and with lower levels of low-density lipoprotein–cholesterol (LDL-C), triglycerides and alkaline phosphatase in 3 independent populations (n > 80,000). When recombinant protein was expressed in cultured hepatocytes, 50% less Glu167Lys TM6SF2 protein was produced relative to wild-type TM6SF2. Adeno-associated virus–mediated short hairpin RNA knockdown of Tm6sf2 in mice increased liver triglyceride content by threefold and decreased very-low-density lipoprotein (VLDL) secretion by 50%. Taken together, these data indicate that TM6SF2 activity is required for normal VLDL secretion and that impaired TM6SF2 function causally contributes to NAFLD.
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                    Figure 1: Exome-wide association with HTGC in the Dallas Heart Study (DHS).[image: ]


Figure 2: Expression of TM6SF2 in cultured hepatocytes.[image: ]


Figure 3: Knockdown of Tm6sf2 expression in mouse liver is associated with increased HTGC.[image: ]


Figure 4: Sucrose feeding in Tm6sf2 knockdown mice.[image: ]
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Supplementary Figure 1 Short hairpin RNA–mediated knockdown of Tm6sf2 in mice.
(a) AAV vector alone or AAV expressing an shRNA against mouse Tm6sf2 mRNA were injected into the tail veins of 8-week-old chow-fed C57Bl/6J male mice (n = 5/group). After 2 weeks, the mice were killed and the liver, white adipose tissue (WAT) and small intestine were harvested. Levels of Tm6sf2 mRNA were measured using real-time PCR and normalized to m36B4 levels. The differences in mean expression levels were compared using a two-sample t test. (b) AAV expressing three different shRNAs or AAV vector alone were injected intravenously into 8-week-old chow-fed C57Bl/6J male mice (n = 6/group). All three shRNAs were directed against mouse Tm6sf2, but only shRNA8 knocked down the levels of Tm6sf2 mRNA with high efficiency in cultured cells. Two weeks after the injection, mice were fasted for 4 h, the livers were harvested, and the levels of Tm6sf2 mRNA were measured using real-time PCR. Values were normalized to m36B4 and expressed relative to the mean value of the AAV-only treated mice. Plasma was collected in the same experiment, and triglyceride and cholesterol levels were measured as described in the Online Methods. Differences in mean expression levels were compared using two-sample t tests. Ct, cycle threshold value.
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