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decreased blood cholesterol levels, which indicates that blocking
gpr146 function will be an effective strategy to decrease blood
cholesterol in adults (Fig. 1i; Supplementary information, Fig. S7b).
These results were confirmed in Li-gpr146−/− mice derived from an
independent F1 line (Supplementary information, Fig. S7c, d). Taken

together, our results clearly demonstrate that GPR146 positively
regulates blood cholesterol levels, which is consistent with increased
cholesterol levels in humans with the rs1997243 risk allele.
In summary, we found a noncoding disease-causing variant

rs1997243 that upregulates the expression level of an orphan
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G-protein coupled receptor GPR146. GPR146 positively regulates
blood cholesterol levels mainly through the liver. We believe that
the increased expression level of GPR146 can at least partially
explain the disease-causing effect of rs1997243 in humans.
In contrast to the causal variants in Mendelian disease, which

typically confer large effects, the common variants from GWAS
usually have modest effects. This is especially true for GWAS SNPs
that are located in noncoding regions. However, variants that
explain a small proportion of the traits may provide substantial
biological or therapeutic insights. The rs1997243 confers a modest
effect on the total blood cholesterol level with an effect size of
0.033.4 However, by combining bioinformatics analysis and
functional studies, we found that the downstream target gene
GPR146 has a large impact on blood cholesterol levels. Our study
also reveals that GPR146 responds to an endogenous ligand in the
serum and actives the CRE activity, which suggest that GPR146 is a
functional GPCR and has therapeutic potential. Thus our study
provides an example that the common noncoding variant with
modest effect may provide important biological or therapeutic
insights. The strategy we developed here can be applied to other
noncoding loci with unknown mechanisms as well.
Our study should be interpreted within the context of its

limitations. First, we systematically analyzed all SNPs in a 200 kb
window across the locus and found that rs1997243 is the only one
that changes its promoter activity and increases the expression
level of GPR146. We cannot exclude the possibility that other
variants extremely far away from the lead SNP may mediate the
disease-causing effect together with rs1997243. However, our
study provides compelling evidence that rs1997243 is a disease-
causing variant and increases GPR146 expression, which con-
tributes to the increased blood cholesterol in humans. Second, our
animal models strongly suggest that Gpr146 regulates blood
cholesterol levels mainly through the liver. However, eQTL
analysis in humans showed that the strongest association with
GPR146 expression is in whole blood cells. Thus, we cannot
exclude the possibility that GPR146 may regulate blood choles-
terol levels through other tissues together with the liver in
humans. Third, we found that gpr146 knockout mice have
decreased blood cholesterol levels, however the underlying
mechanism needs further investigation.
During preparation of this manuscript, Dr. Cowan’s group

reported the phenotypic characterization of gpr146 knockout
mice.13 They reported that gpr146 knockout mice have decreased
blood cholesterol levels, which is consistent with our results.
However, our results provide genetic evidence that GPR146
regulates blood cholesterol levels not only in mice but also in
humans. First, although the 7p22 locus is known strongly
associated with hypercholesterolemia, we are the first to show
that rs1997243 is the disease-causing variant in this locus. Second,
we provide multiple lines of evidence that the rs1997243 risk allele
specifically upregulates the expression level of GPR146. Third, by
generating gpr146 knockout mice, we provide strong evidence
that Gpr146 positively regulates blood cholesterol levels mainly
through the liver. Altogether, our results indicate that GPR146 is
an important regulator of blood cholesterol levels in both humans

and mice. We believe GPR146 will be an attractive drug target for
hypercholesterolemia and atherosclerotic cardiovascular diseases.
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Fig. 1 rs1997243 is a non-coding variant that regulates blood cholesterol levels through upregulating GPR146 expression. a rs1997243
and three other SNPs that have strong LD with rs1997243 are located in the genome active region. b Minor allele of rs1997243 increases its
promoter activity. c Minor allele of rs1997243 is significantly associated with increased GPR146 expression in humans. d Targeted activation of
rs1997243 site increases GPR146 expression in HepG2 cells. e GPR146 is located on plasma membrane of 293 T cells. f GPR146 responds to
heat-inactivated serum and actives CRE activity in HepG2 cells. Part of the cells was treated together with PKA inhibitor H89 (10 μM). g Li-
gpr146−/− mice have decreased blood cholesterol levels with normal chow (NC) and high-fat high-cholesterol (HFHC) diets feeding. Samples
were collected after overnight fasting (n= 6, female, 10–13 weeks). h Li-gpr146−/− mice are protected from high-fat diet (HFD)-induced
hypercholesterolemia. Samples were collected after overnight fasting (n= 7–11, male, 10–12 weeks). i Knocking down gpr146 in adult mice
decreases blood cholesterol levels (n= 6, male, 8 weeks). Samples were collected after 4 h fasting in the morning. All data are expressed as
means ± SEM and P values were calculated with Student’s test (*P < 0.05, **P < 0.01, ***P < 0.001).
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