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Supplementary Table S1  All 28 loci that are associated with serum uric acid level (SUA) examined in the present genome-wide meta-analyses for gout

[see Supplementary Excel File] 



[bookmark: _Hlk152149298]Supplementary Table S2  19 SNPs used for the calculation of genetic risk score
	SNPa
	Locus
	Chr
	Positionb
	Gene
	Risk Allele
	Non-risk Allele
	wi
	Reference

	rs1797052
	1q21.1
	1
	145727683
	PDZK1
	T
	C
	0.2164
	Present study

	rs16856823
	2q31.1
	2
	170200452
	LRP2
	T
	A
	0.1491
	Present study

	rs10857147
	4q21.21
	4
	81181072
	PRDM8-FGF5
	A
	T
	0.1856
	Present study

	rs13230625
	7q11.23
	7
	1286244
	MLXIPL (BAZ1B)
	A
	G
	0.1285
	Present study

	rs17145750
	7p22.3
	7
	73026378
	UNCX-MICALL2
	C
	T
	0.264
	Present study

	rs9416703
	10q21.1
	10
	60283008
	BICC1
	C
	A
	0.1305
	Present study

	rs1886603
	10q26.11
	10
	119482303
	EMX2-RAB11FIP2
	A
	G
	0.1112
	Present study

	rs4966024
	15q26.3
	15
	99295570
	IGF1R
	G
	A
	0.1551
	Present study

	rs244423
	16q22.1
	16
	69610002
	NFAT5
	A
	G
	0.2156
	Present study

	rs3129500
	10q23.2
	10
	88915107
	SHLD2 (FAM35A)
	G
	A
	0.3183
	Reference [1]

	rs145954970
	11q13.1
	10
	64273830
	SLC22A11
	C
	G
	2.5203
	Reference [1] 

	rs671
	12q24.12
	10
	112241766
	ALDH2
	G
	A
	0.658
	Reference [1] 

	rs76499759
	13q22.1
	11
	73568511
	PIBF1
	A
	G
	0.2377
	Reference [1] 

	rs9926388
	16p12.3
	12
	20558441
	ACSM2B
	A
	G
	0.2136
	Reference [1] 

	rs1010269
	17q23.2
	13
	59448945
	BCAS3
	G
	A
	0.2157
	Reference [1] 

	rs1260326
	2p23.3
	15
	27730940
	GCKR
	T
	C
	0.2589
	Reference [1] 

	rs3775946
	4p16.1
	16
	9995256
	SLC2A9
	G
	A
	0.4901
	Reference [1] 

	rs4148155
	4q22.1
	16
	89054667
	ABCG2
	G
	A
	0.804
	Reference [1] 

	rs2817188
	6p22.2
	17
	25807603
	SLC17A1
	G
	A
	0.3013
	Reference [1] 


a dbSNP rs number.
b SNP positions are based on NCBI human genome reference sequence Build hg19.
Abbreviations: SNP: single nucleotide polymorphism, Chr: chromosome, wi: weight.
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Supplementary Figure S1  Estimation of predictive ability based on the genetic risk score (GRS) of 19 gout-associated variants.
[bookmark: _Hlk173761373]The area under the receiver-operating characteristic curve (AUC) of GRS by the 19 loci alone reached approximately 0.75 in both genotyping arrays, indicating genotyping of only 19 SNPs to be useful for screening to identify individuals at increased gout risk.


Supplementary method

Genetic risk score (GRS)
The GRS of 19 gout-associated SNPs (Supplementary Table S3) were constructed. The value of GRSi for individual i was calculated by applying the following equation,

where wj is the effect size (ln odds ratio) of SNP j and Gij is the number of risk alleles of the genotype for SNP j in individual i. The effect sizes were obtained from the above meta-analysis. The GRSi was calculated using the above formula for each of the 3,104 total cases (1,048 for the Japonica Array and 2,056 for the Illumina Array) and 6,081 controls (1,179 for the Japonica Array and 4,902 for the Illumina Array) for which the meta-analysis was performed. A receiver-operating characteristic curve (ROC) analysis was performed to assess the predictive ability of the GRS in each of the data sets obtained from the Illumina and Japonica arrays. The area under the curve (AUC) was calculated using the ROC analysis. In this section, all analyses were performed by R version 3.6.0 and the pROC package.

Supplementary Discussion: function of the proteins encoded by the nine loci identified in the present study

UNCX and MICALL2
UNCX (UNC homeobox) encodes a paired-type homeobox transcription factor and plays a role in kidney development as well as in differentiation of the nervous system [1]. A meta-analysis [2] of GWAS from 71,149 East Asian individuals revealed that rs10277115 of UNCX had an association with kidney function-related traits including blood urea nitrogen, serum creatinine, estimated glomerular filtration rate with creatinine (eGFRcreat), and chronic kidney disease (CKD) with genome-wide significance, and with uric acid being of nominal significance. 
MICALL2 (MICAL like 2) encodes a protein which interacts with both Rab8 and Rab13 [3]. When the Rab8-MICALL2 complex resides at the perinuclear recycling/storage compartments, it mediates the recycling of E-cadherin to the plasma membrane and the assembly of adherence junctions; it also regulates the recycling of claudins and occludin to the plasma membrane and the formation of tight junctions at the plasma membrane [3]. A recent study has revealed MICALL2 to be a novel prognostic biomarker that is correlated with inflammation and T cell exhaustion of renal clear cell carcinoma [4].
Taking into account that two-thirds of serum uric acid is excreted from the kidney and the remainder from the intestine, and that gout flare is accompanied by severe inflammation, it is possible that either or both of these proteins (UNCX and MICALL2) have an association with gout [5].

BICC1
BICC1 (BicC family RNA binding protein 1) encodes an RNA-binding protein which recruits a deadenylase to specific mRNAs, localizes mRNA, and leads to translational repression in Drosophila [6]. Bicc1 is expressed in mouse inner medullary collecting duct (IMCD) cells [7] and its expression is stimulated by PKD1 (polycystic kidney disease 1), mutations of which are known to cause autosomal dominant polycystic kidney diseases (ADPKD) [8]. Two children with a renal disease characterized by renal cysts and dysplasia were reported to have two heterozygous BICC1 mutations that affect functional domains of BICC1 [9]. In addition to urate levels, a previous GWAS [10] with 229,086 European and 178,726 Japanese noted that BICC1 also has association with the use of diuretics. BICC1 therefore plays roles in kidney development and function, which would include urate handling and ultimately gout.

EMX2 and RAB11FIP2
The EMX2 (empty spiracles homeobox 2) gene, similar to UNCX, encodes a homeobox-containing transcription factor. The kidneys, ureters, gonads and genital tracts were completely missing in Emx2 mutant mice [11]. EMX2 appears to suppress carcinogenesis and/or tumor growth in several tumors [12-14], and may be a therapeutic target for their treatment.
[bookmark: _Hlk137572941]RAB11FIP2 (RAB11 family interacting protein 2) is involved in endocytic vesicular transport by making a triple complex among myosin Vb, Rab11a, and RAB11FIP2, and in the recycling of many proteins, including the NPC1L1/SLC65A2 transporter that absorbs cholesterol in the intestine [15]. Rab11FIP2 is also reported to promote the metastasis of gastric cancer cells [16], and its knockdown cell lines inhibit migration and invasion of nasopharyngeal carcinoma via suppression of Rho GTPase signaling [17]. While its associations with urate transporters are not known, Rab11FIP2 might be involved in their recycling, which affects urate handling.

IGF1R
The IGF1R (insulin like growth factor 1 receptor) gene encodes a receptor which binds and activated by insulin-like growth factor 1, and IGF1R then transduces an anti-apoptotic signal enhancing cell survival and plays a central role in cell cycle progression and transformation [18]. Beta cell-specific Igf1r knock-out in mice displayed defective glucose stimulated insulin secretion and impaired glucose tolerance [18]. Insulin and hyperinsulinemia are well-known to reduce renal fractional excretion of uric acid (FEUA) and play a key role in the genesis of hyperuricemia and gout [19]. Phipps-Green et al. reported the association with gout and IGF1R for the first time [20]. IGF1R therefore should have relationship with SUA and gout.

NFAT5
NFAT5 (nuclear factor of activated T cells 5) also encodes a transcription factor. NFAT5/TonEBP (Fig. 1) is known to regulate aldose reductase (AR) expression and synthesis [21, 22]. Previous studies [23-26] have reported that 1) AR converts glucose to sorbitol, which is followed by the conversion of sorbitol to fructose by sorbitol dehydrogenase (SDH). Endogenous fructose can be produced only via this polyol (AR-SDH) pathway in humans. 2) Although dietary fructose constitutes a major source of fructose in humans, endogenous fructose has a pathogenic role in the fatty liver induced by high-glycemic and high-salt diets. 3) Uric acid is generated from ATP consumption by ketohexokinase (KHK, also known as fructokinase) which metabolizes both endogenous and exogenous fructose, and also acts as an amplifying pathway to stimulate upstream enzymes including AR by activating NFAT5. 4) Uric acid also stimulates KHK by activation of another transcription factor, MLXIPL/ChREBP, to generate more fructose. In summary, fructose is generated from glucose via aldose reductase (AR). Uric acid is produced from fructose via ketohexokinase. Uric acid in turn stimulates NFAT5/TonEBP and MLXIPL/ChREBP, which respectively enhance AR and KHK to increase uric acid as positive feedback (Fig. 1). A recent meta-analysis [27] also showed a gout-associated intergenic SNP (rs62052820) in CYB5B-MIR1538 locus, which is close to the intronic SNP (rs244423) in NFAT5 identified in the present study. In addition to our previous report on the association between gout and MLXIPL (BAZ1B) [28, 29], the present study therefore reveals the genetic involvement of NFAT5 in gout.
Thus, the present study is the first report that indicates the association between gout and NFAT5, which deserves attention because NFAT5 stimulates uric acid production in a positive feedback loop. 
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