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Abstract

Background: In our previous study, we had assessed in the Chinese Han population the association of KCNB1
rs1051295 with metabolic traits indicating metabolic syndrome, and showed that KCNB1 rs1051295 genotype TT
was associated with increase of waist to hip ratio (WHR), fasting insulin (FINS), triglycerides (TG) and decreased
insulin sensitivity at basal condition. Here, we aimed at detecting whether there were associations between other
tag SNPs of KCNB1 and favorable or unfavorable metabolic traits.

Methods: We conducted a case—control design of population-based cross-sectional study to investigate the
association between each of the 22 candidates tag SNPs of KCNB1 and metabolic traits in a population of 733
Chinese Han individuals. The association was assessed by multiple linear regression analysis or unconditional logistic
regression analysis.

Results: We found that among the 22 selected tag SNPs, four were associated with an increase (rs3331,
rs16994565) or decrease (rs237460, rs802950) in serum cholesterol levels; two of these (rs237460, rs802590) further
associated or were associated with reduced serum LDL-cholesterol. Two novel tag SNPs (rs926672, rs1051295) were
associated with increased serum TG levels. We also showed that KCNB1 rs926672 associated with insulin resistance
by a case—control study, and two tag SNPs (rs2057077and rs4810952) of KCNB1 were associated with the measure
of insulin resistance (HOMA-IR) in a cross-section studly.

Conclusion: These results indicate that KCNBT is likely associated with metabolic traits that may either predispose
or protect from progression to metabolic syndrome. This study provides initial evidence that the gene variants of
KCNB1, encoding Kv2.1 channel, is associated with perturbation of lipid metabolism and insulin resistance in
Chinese Han population.
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Background

KCNB]I, also known as Kv2.1, is located on chromosome
20q13.2, and is mainly expressed in the brain cortex and
hippocampus, islet B-cells, cardiac atrium and ventricle,
skeletal muscles and some other tissues [1]. Our recently
reported case—control study in Chinese Han population
showed a strong association of KCNB1 rs1051295 geno-
type TT with an increased risk of becoming afflicted
with metabolic syndrome leading to T2D. Specifically,
we showed the genotype TT of this SNP was associated
with several metabolic traits of metabolic syndrome,
including increased waist to hip ratio (WHR), fasting insu-
lin (FINS) levels, increased serum triglyceride (TG) levels,
and decreased insulin sensitivity at basal condition [2].

Kv2.1 channel’s role in secretion is attributed not
only to the regulation of membrane excitability but
also to a more direct role in the exoctyotic machinery.
Up-regulation of Kv2.1 channel in PC12 [3], bovine
chromaffin cells [4], rat dorsal root ganglion cells [5]
and rodent and human islet B-cells, [6] facilitated exo-
cytotic SNARE (soluble N-ethylmaleimide-sensitive
factor attachment protein receptor) complex assembly
initiated by direct interaction of its C-terminus with
SNARE protein syntaxin-1A and subsequent further
assembly with VAMP2 and SNAP25. In fB-cells, these
Kv2.1-SNARE complex interactions can enhance insu-
lin secretion [6]. To our knowledge, there have been
no in vivo or in vitro studies to demonstrate a possible
role of Kv2.1 channel in metabolism to account for the
perturbed metabolic traits we had reported [2]. How-
ever, in support of this possibility that Kv channels could
be involved in body metabolic functions, Chandy and
colleagues recently demonstrated that ShK-186, a selective
and potent blocker of voltage-gated Kv1.3 channel, re-
duced weight gain, adiposity, and fatty liver with resultant
enhancement of peripheral insulin sensitivity; and also
decreased serum levels of cholesterol, glucose, HbAlc, in-
sulin, and leptin [7].

To delve deeper into the role of KCNBIl-encoded
Kv2.1 in metabolic syndrome, we examined the associa-
tions between the tag SNPs of KCNBI1 and different
metabolic traits of metabolic syndrome. This study ex-
plores the possible role of Kv2.1 and its influence in the
body’s metabolism leading to T2D.

Results

General information of the participants

Of the 733 participants, mean age was 39.9 + 10.4 years
old, with males constituting 43 % (315/733) of the total
participants. FPG, TC, TG, HDL-C and LDL-C for the
participants was 4.9 + 0.5, 4.6 £ 0.9, 1.1 £ 0.6, 1.7 + 0.3 and
2.7 £0.7 mmol/L, respectively, and the HOMA-IR and
HOMA-B% was 1.2 + 0.4and 108.7 + 31.9 %, respectively.
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SNPs of KCNB1 associated with changes in serum TC
or LDL-C
rs237460: Compared with genotype AA, genotype GG (P =
0.02, b=-0.11 (-0.19,-0.02)) and GA (P=0.02, b=-0.19
(-0.34, -0.04)) was associated with decreased serum TC
levels. We also found that serum levels of LDL-C of geno-
type GA (2.60 mmol/L) (P =0.005, b =-0.18(-0.31, -0.06))
and GG (2.64 mmol/L) (P=0.07, b=-0.07 (-0.14,
0.004)) was lower or trend to be lower than that in
genotype AA (2.78 mmol/L) (Table 1).

rs802590: Genotype AC was associated with decreased
serum levels of TC (P=0.03, b=-0.36(-0.68, -0.05)) and
decreased serum levels of LDL-C (P = 0.06, b =-0.12 (-0.24,
0.01)) compared with genotype CC, whereas genotype AA
showed no association (for TC: P=0.17, b=-0.11(-0.26,
0.05); for LDL-C:P = 0.61, b = -0.03(-0.16,0.09)) (Table 1).

r$s16994565: Compared with genotype CC, the serum
TC levels in genotype TT and TC increased by 22.7 %
(P=0.02, b=0.36(-0.06, 0.66)) and 18.9 % (P =0.08, b =
0.58 (-0.06, 1.23)), respectively (Table 1).

rs3331: genotype TT (P =0.01, b =0.49 (0.13, 0.84) and
TC (P=0.03, b=0.83 (0.09, 1.57)) was associated with
increased serum levels of TC compared to genotype CC.
Although the TG in genotype TT (1.11 mmol/L)
increased 15.4 % than genotype CC (0.94 mmol/L), it
did not reach a significant level (P=0.79, b = 0.03(-0.21,
0.27)) (Table 1).

SNPs of KCNB1 associated with changes in serum TG
rs926672: Compared with genotype TT, the serum TG
levels in genotype AA (P=0.004, b=0.08(0.02, 0.13))
and AT (P=0.002, b=0.19(0.07, 0.30)) increased 14.5
and 18.3 %, respectively. In addition, genotype AT was as-
sociated with increased TC levels (P = 0.049, b = 0.16(0.00,
0.32)), insulin resistance (P=0.03, b=0.74(0.06, 1.42)),
and fasting insulin (FINS) (P=0.02, b=0.10 (0.01, 0.19))
compared with genotype TT, and showed a trend in in-
creasing islet B-cell function by HOMA-B% (P =0.09, b =
5.66(-0.86, 12.18)) (Table 1).

rs1051295: Compared with genotype CC, both of
genotype TT (P =0.03, b=0.06 (0.01, 0.12)) and TC (P =
0.10, b =0.10(-002, 0.22)) was associated or inclined to
be associated with increased serum TG levels, in line
with our previous report [2]. We also found that geno-
type TT tended to be associated with increased BMI
(P=0.09, b=-0.22 (-0.48, 0.04)), HOMA-IR (P =0.09,
b =0.04(-0.01, 0.09)), FINS (P=0.11, b=2.92(-0.06,
0.65)) and HOMA-B (P=0.09, b =5.66(-0.86, 12.18))
compared with genotype CC (Table 1).

SNPs of KCNB1 associated with the measure of insulin
resistance by HOMA-IR

rs4810952: Compared with genotype TT, genotype TC was
associated with increased HOMA-IR (P=0.01, b=-9.84



Table 1 The tag SNPs of KCNB1 associated with lipid metabolism and insulin resistance

Genotype ~ M/F Age BMI WHR TC TG HDL-C LDL-C FPG FINS HOMA-IR HOMA-B
116994565 T 267/341  3968+1005 23.10+£248 080+ 007 460+084 1.11x£061 167034 267+071 494+£048 891+£329 1.15£042 10858+3251
TC 40/66 3991+£1126  2295+273 079+007 446+080  1.02+057 166+030 254+067 490+047 888+326 1.14+042 10946+3033
cC 3/4 36.00+9.52 2239+290 0.77+007 375+1.71 098+031 164£025 249+034 485+033 863+109 1.10+0.15 11049+19.00
P! 0.5 0.62 0.67 0.51 0.01 0.31 0.95 0.18 0.75 0.97 0.95 0.82
P(TC vs CO) 0.83,0.21 0.23,002 0.08,0.58 0.99,0.001 0.90,-0.01 0.95,-0.01 0.84,-0.03 0.81,031 0.78,-0.05 0.80,2.81
(-1.71,2.13) (-0.01,0.06) (-0.06,1.23)  (-039,039) (-0.22,020)  (-0.50,048) (-0.35029) (-217279) (-028037) (-19.05,24.67)
P(TT vs CC) 0.60,0.23 0.24,0.01 0.02,0.36 0.74,0.03 0.93,0.01 0.73,0.04 0.91,0.01 0.78,0.18 0.73,003 0.92,0.64
(-0.62,1.08) (-0.01,0.03) (0.06,0.66) (-0.17,024)  (-0.11,0.12)  (-0.20,0.29) (-0.160.17)  (-1.041.39)  (-0.13,0.18)  (-11.04,12.31)
15237460 GG 101/128  3934£1039 2292+258 0795007 451+091 1.07+056 1.66+030 264+073 491+£047 863+326 1.11£042 10655+29.15
GA 157/204  3985+1020 23.13+252 0798+007 455+082 1112060 165034 260+0.69 494048 900+325 1.16+042 109.16+3236
AA 53/80 4009+£1036 2320+245 0796+007 473+080 1.12+064 1.72+034 2.78+069 494+046 911+334 117+£042 11098 +35.76
P! 0.71 0.77 0.52 0.87 0.04 0.67 0.13 0.06 0.82 0.29 033 0.24
PX(GA vs AA) 0.66,-0.10 0.89,-0.001 0.02-0.19 0.62,-003 0.07,-0.06 0.005,-0.18 0.98-0.001  066-0.15 0.75-0.01 049,-2.23
(-0.56,0.36) (-0.01,0.01) (-0.34-004) (-0.14008) (-0.12001) (-031-006)  (-0.09009  (-079.050) (-0.10007) (-8.634.17)
PA(GG vs AA) 0.26,-0.14 0.51,-0.002 0.02,-0.11 0.31,-0.03 0.15-0.02 0.07,-0.07 0.73,-0.01 0.15-0.26 0.19-0.03 0.13,-2.53
(-0.39,0.11) (-001,0003)  (-0.19-002) (-009,0.03) (-0.060.10) (-0.140.004) (-0.060.04) (-061,010) (-0.080.02) (-5820.77)
rs3331 T 270/348  3948+1006 23.08+251 0.80+007 459+£084 111060 167£034 266+0.71 493+£048 890+328 1.15+042 10853+3233
TC 40/59 4115£1136  2308+261 080%0.06 448079 1.03£059 163+027 257+068 491046 897+329 1.15+043 11004 +3098
cC 1/4 39.2+1148 2264+322 076+£006 357+£205 094+£033 169+015 258+0.38 485+025 794+116 102+£016 10426+17.80
P! 048 0.32 0.93 0.31 0.02 042 0.71 047 0.8 0.79 0.78 0.97
P(TC vs CO) 0.96,0.06 0.22,003 0.03,0.83 0.94,-0.02 0.83,-0.03 0.73-0.10 0.82,0.04 0.55,0.90 0.54,0.12 069543
(-2.11,2.24) (-0.02,0.07) (0.09,1.57) (-0.50,047)  (-0.25020) (-0.68,0.48) (-0.33,042) (-207387) (-027,051) (21.04,31.89)
P2 (TT vs CQO) 0.95,0.03 043,001 0.01,0.49 0.79,0.03 081,002 0.97,-0.01 0.80,0.03 0.58,0.40 0.57,005 0.77,2.08
(-0.99,1.05) (-0.01,0.03) (0.13,0.84) (-0.21,027)  (-0.120.16)  (-0.29,0.28) (-0.17,022)  (-1.03,1.84) (-0.13,024)  (-11.64,15.80)
1802950 cC 212/276  3963+1027 2309+252 080+007 460+£086  1.12+060 167033 267+071 492+£048 885+329 1.14+£042 10867 +31.87
AC 89/118 3958+£1025 2306+252 0.79+007 447084  1.05£058 164+033 258+069 496+049 903+321 1.17+£041 10884+3297
AA 10/19 4245+1006 2296+261 080+0.06 4.90+0.85 112+£073  1.79£029 279+0.68 494+035 902+339 1.16+044 10807 +29.56
P! 0.64 0.35 0.96 0.29 0.02 044 0.07 0.18 0.58 0.79 0.75 0.58
PXAC vs AA) 0.69,0.18 0.32,-0.01 0.03-0.36 0.56,-0.06 0.06,-0.12 0.14-0.19 0.36,0.08 0.98-0.02 0.93,0.01 0.78-1.77
(-0.71,1.07) (-0.03,0.01) (-068-0.05)  (-0.280.15)  (-0.24,0.01)  (-045,0.06) (-0.09024)  (-129125) (-0.160.17)  (-14.19,10.66)
P(CC vs AA) 0.65,0.10 0.88,0.001 0.17-0.11 0.99,0.001 0.12,-0.05 061,003 0.85,0.01 061,-0.16 0.66,-0.02 0.72-1.06
(-0.34,0.54) (-0.01.0.01) (-0.26,005)  (-0.11,011)  (-0.11,001)  (-0.16,0.09) (-0.080.09)  (-0.77,046) (-0.100.06) (-6.794.67)
15926672 AA 97/145 3966+1039 2291+243 080007 457+£090 1.10+058 169+£035 263+074 493+£044 866+315 1.12+£041 106.19+ 2959
AT 165/190  3969+1029 2328+261 080+007 461081 1152065 165+£032 268+069 494051 923+341 119+044 11147 +34.21
T 48/76 39891000 2378+242 0.79+007 444+086 094045 166+031 261+065 491+043 843+301 108+039 10549+29.76
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Table 1 The tag SNPs of KCNB1 associated with lipid metabolism and insulin resistance (Continued)

P1
P2(AT vs TT)

P2(AA vs TT)

rs1051295

P1
P2(TC vs CC)

P2(TT vs CC)

152057077

P]
P2(TC vs TT)

PA(CC vs TT)

rs4810952

P]
P2(TC vs TT)

PACCvs TT)

TC
cC

cC
TC

TC
cC

0.17

111/147
153/203
51/68

1

102/160
170/193
40/60
0.12

81/126
170/194
60/91
0.14

0.98

39.96 +10.82
40.33£10.16
383 +981
0.18

3942 +10.30
39.74+£10.28
40.71£1032
0.57

3943 +£10.15
39.82+10.33
3979+10.27
0.9

0.08

0.13,0.38
(-0.11,0.88)

0.60,0.07
(-0.18,0.31)

2297 +2.50
2310+250
23.29+266
0.51

0.16,-0.35
(-0.83,0.13)

0.09,-0.22
(-0.48,0.04)

2289+252
2322+258
23.04+227
0.26

0.600.14
(-0.39,067)

0.83-0.03
(-0.29,0.24)

2297 £246
2316+ 261
23.02+240
0.67

091,003
(-0.38,043)

0.93,0.01
(-0.23,0.25)

0.21

0.17,001
(-0.003,0.02)

0.15,0.004
(-0.001,0.01)

0.80+0.07
0.79+0.07
0.79+0.07
042

0.42,-0.004
(-0.01,001)

0.60,0.001
(-0.004,0.01)

0.79+0.07
0.80+0.07
0.79+0.07
0.52

0.86,0.001
(-0.01,0.01)

0.51,0.002
(-0.004,0.01)

0.79+0.07
0.80+0.07
0.79+0.06
0.25

0.87,-0.001
(-0.01,0.01)

0.52,-0.002
(-0.01,0.003)

0.19

0.049,0.16
(0.00,0.32)

0.16,0.06
(-0.13,0.16)

465+092
454083
449+0.73
0.13

0.88,0.11
(-0.15,0.18)

0.19,0.06
(-0.03,0.15)

455+092
4.58+0.82
4.59+0.80
0.91

0.88,0.01
(-0.16,0.18)

0.90,0.006
(-0.09,0.10)

458 +£0.89
459+082
459+087
0.56

0.85,-0.01
(-0.15,0.13)

0.30,-0.05
(-0.13,0.04)

0.004

0.002,0.19
(0.07,0.30)

0.004,0.08
(0.02,0.13)

1.13+0.58
1.12+£065
0.99 +045
0.08

0.10,0.10
(-002,0.22)

0.03,0.06
(0.01,0.12)

1.07 +£0.58
1.13+£061
1.04 £0.60
0.25

0.19,0.08
(-0.04,0.21)

0.31,003
(-0.03,0.09)

1.08 £ 0.58
1.14+£ 062
1.02+057
0.1

061,003
(-0.07,0.12)

0.26,-003
(-0.09,0.02)

044

0.90,0.004
(-0.06,0.07)

046,001
(-0.02,0.05)

1.67 £0.35
166+0.34
1.68 +0.28
0.76

051,-002
(-0.09,0.04)

0.66,-0.01
(-0.04,0.03)

167 +0.33
165+033
167033
0.73

0.96,0.002
(-0.07,0.07)

0.95,0.001
(-0.03,0.04)

1.68 £0.34
166+033
165+031
0.56

0.78-0.01
(-0.06,0.05)

0.30,-0.02
(-0.06,0.02)

0.53

0.46,0.05
(-0.08,0.18)

0.75,0.01
(-0.06,0.08)

271+080
263+064
261+067
0.22

0.78-0.02
(-0.14,0.11)

0.390.03
(-0.04,0.11)

262+0.72
268 +0.69
266+0.72
0.59

0.83,0.03
(-0.13,0.16)

0.95,-0.003
(-0.08,0.07)

265+0.73
266+ 0.71
261 +064
0.76

0.74,-0.02
(-0.14,0.10)

0.52,-002
(-0.09,0.05)

0.83

0.62,0.02
(-0.07,0.12)

0.62,0.01
(-0.03,0.06)

493051
494 £ 044
493 +0.50
09

0.73-0.02
(-0.11,0.07)

0.49,-0.02
(-0.07,0.03)

493 +£045
4.94+048
490+051
0.76

0.36,0.05
(-0.05,0.15)

0.27,003
(-0.02,0.08)

494 +043
4.93+0.50
492 +046
0.88

041,-003
(-0.11,0.04)

0.50,-0.02
(-0.06,0.03)

0.02

0.03,0.74
(0.06,1,42)

0.53,0.11
(-0.23,0.44)

9.08 +3.34
895+326
8.52+3.06
0.29

0.16,048
(-0.19,1.15)

0.11,292
(-0.06,0.65)

8.64+3.18
9.26£336
829+303
0.01

0.01,092
(0.19,1.65)

0.36,0.17
(-0.19,0.53)

840+3.18
9.30£337
8.62+304
0.004

0.003,0.86
(0.30,1.43)

048,0.12
(-0.21,0.44)

0.02

0.02,0.10
(0.01,0.19)

045,0.02
(-0.03,0.06)

1.17+£043
1.15+£042
1.10+0.39
0.24

0.16,0.06
(-0.03,0.15)

0.09,0.04
(-0.01,0.09)

1.11+£041
1.19+£043
1.06 £0.39
0.005

0.008,0.13
(0.03,023)

0.29,0.03
(-0.02,0.72)

1.10£041
1.20+£043
1.11+039
0.004

0.004,0.11
(0.04,0.18)

0.59,0.01
(-0.03,0.06)

0.07

0.09,5.66
(-0.86,12.18)

0.88,0.24
(-2.83,331)

11043 +33.11
108.35+31.32
105.98 +31.02
044

0.21,407
(-2.23,10.36)

0.09,2.96
(-0.45,6.36)

10591 + 2855
11155 +34.05
105.53 £32.51
0.02

0.17,5.06
(-2.17,12.29)

0.83,-0.35
(-3.63,2.92)

103.09 +28.72
11254 +34.05
107.17 £30.30
0.01

<0.001,9.60
(4.27,14.93)

0.15,2.18
(-0.79,5.16)

Data are present as mean + SD, M/F male/female, WHR Waist to hip ratio, TG triglycerides, TC serum total cholesterol, HDL-C high-density lipoprotein cholesterol, LDL-C low-density lipoprotein cholesterol, FPG fasting
plasma glucose, FINS fasting serum insulin, P’ from one-way ANOVA test except P'for M/F from x* test, P? from multiple linear regression analysis with b and 95 % Cls (adjusted for age and gender)
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(-16.65,-3.02)), FINS (P = 0.003, b = 0.86(0.30, 1.43)) and the
HOMA-B% (P < 0.001, b =9.60(4.27, 14.93)) (Table 1).

rs2057077: Compared with genotype TT (1.06 mmol/L
and 8.29mUI/L), HOMA-IR and FINS of TC (1.19 mmol/L
and 9.26mUI/L) increased 12.3 % (P =0.008, b = 0.13(0.03,
0.23)) and 11.70 % (P =0.01, b =0.92 (0.19, 1.65)), respect-
ively (Table 1).

SNPs of KCNB1 associated with insulin resistance (IR)
According to the definition of insulin resistance, we
identified 199 IR subjects and 534 Non-IR subjects from
733 participants, and the prevalence of IR were 27.15 %
(199/733) in this study. The clinical anthropometric and
biochemical characteristics of the participants are summa-
rized in Table 2. Among 22 available tag SNPs of KCNB1,
the rs926672 (P=0.03) and rs2057077 (P=0.04) were
associated with insulin resistance by univariate analysis.
However, only rs926672 was associated with IR (P =0.03)
after being adjusted for age and gender (Table 3). We
found that the risk for the carrier of genotype AT suffering
from insulin resistance was 1.77 fold to that of genotype
TT (P=0.03, OR =1.77, (1.07-2.93)). In the dominant or
recessive model, neither allele T (genotype T'T and AT)
(P=0.50, OR =1.13(0.79, 1.62)) nor allele A (genotype
AA and AT) (P=0.057, OR = 1.60(0.99-2.60)) was asso-
ciated with IR. Although we had already found that
KCNB1 rs1051295 genotype TT was associated with
T2D and decreased insulin sensitivity in our previous
study, no association was observed for rs1051295 and in-
sulin resistance in either dominant model (P =0.72, OR =
1.07 (0.75,1.51)) or recessive model (P=0.24, OR=
0.75(0.47,1.20)) by univariate or multivariate analysis in
this study.

Table 2 Distribution of clinical and anthropometric
characteristics in IR and Non-IR subjects

Variables IR (n =199) Non-IR (n =534) P

Age (years) 39(31-48) 40(31-48) 0.87
M/F 111/88 315/418 <0.001
BMI (kg/m?) 2455+ 220 22544242 <0007
WHR 0.82+0.07 0.79£0.07 <0.001
TG (mmol/L) 1.17(0.83-1.67) 0.85(0.67-1.21) <0.001
TC (mmol/L) 463 +0.85 455£085 027
HDL-C(mmol/L) 157 £034 1.70+0.32 <0.001
LDL-C(mmol/L) 270£0.72 264 £0.70 0.29
FPG (mmol/L) 506+051 4.89£045 <0.001
FINS(mU/L) 1298 £2.23 741 £2.08 <0.001

Data are present as mean + SD, or median (25%quatile-75%quatile). M/F
male/female, W/H ratio waist/hip circumference, TG triglycerides, TC serum
total cholesterol, HDL-C high-density lipoprotein cholesterol, LDL-C
low-density lipoprotein cholesterol, FPG fasting plasma glucose, P from
independent-sample t test except P for M/F from x? test
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Table 3 Distribution of the tag SNPs of KCNBTin case—control

study

SNP 1D IR Non-R ¥ P P> OR(95%C)
(n=199) (n=534)

15926672 6.76 0.03

AA 60 182

AT 109 246

TT 24 100

AA vs TT 025 137(0.80-2.35)

AT vs TT 003 1.77(1.07-2.93)

AA vs AT 0.18 1.29(0.89-1.88)

Dominent model 040 0.50 1.13(0.79-1.62)

Recessive model 0.04 0.06 1.60(0.99-2.60)

152057077 633 004

CC 62 200

TC m 252

T 20 80

CCvsTT 044 089(0.67-1.19)

CCvs TC 0.11  1.35(0.94-1.95)

TT vs TC 0.06 0.59(0.34-1.01)

Dominent model 0.18 027 1.22(0.86-1.74)

Recessive model 011 013 0.66(0.39-1.12)

P’ from x? test, P? from Logistic regression analysis and adjusted for age,
gender, Dominant Model TT + AT compared with AA, Recessive Model AA + AT
compared with TT for rs926672, Dominant Model TT + TC compared with CC,
Recessive Model CC + TC compared with TT for rs2057077, OR odds ratio,

Cl confidence interval

Haplotypes Analysis of KCNB1 with Insulin Resistance

We constructed haplotypes for 22 tagging SNPs to exam-
ine whether these SNPs demonstrated any additional
evidence of association with IR when tested together by
using the Haploview program. We identified 4 haplotypes
for the KCNBL1 gene and each haplotype represented sites
are as follows: Block1 (rs4810952-rs1961192),Block2 (rs61
25642-rs16994546-rs2057077), Block3(rs6019852-rs60955
16-rs742759), and Block4 (rs802950-rs6019857-rs653070-
rs552068) (shown in Fig. 1). We found that the haplotype
of Block 3 GCA was significantly different between the IR
group and the control group (P = 0.04). Details are shown
in Table 4. Rs926672 was not in a haplotype block gener-
ated in this study due to weak linkage disequilibrium with
other SNPs.

Discussion

Here, we first report four genetically non-linked KCNB1
tag SNPs (rs237460, rs3331, rs16994565 and rs802950,
all r* <0.65) to be associated with significant changes in
serum TC levels, with two of these (rs237460 and
rs802590) further associated or trend to be associated
with reduced LDL-C levels. In addition, we also demon-
strated that one novel tag SNPs rs926672 was associated
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Fig. 1 Pairwise LD pattern of the 22 tag SNPs in KCNB1 gene. Pairwise LD coefficients D' x 100 are displayed in each cell

Table 4 Association analysis of KCNB1 haplotypes with insulin resistance

Block Frequency Case, Control Ratio Counts Case, Control Frequencies ' P
Block 1
T 047 183.0: 203.0, 491.9 : 566.1 047,047 0.09 0.76
cC 0.46 179.0 : 207.0, 484.9 : 573.1 046, 046 0.03 0.86
TC 0.07 24.0:3620,79.1:9789 0.06, 0.08 0.66 042
Block 2
TTC 048 186.8:199.2, 5125 : 5455 048,048 0 0.99
GTT 038 1458 :240.2, 3996 : 6584 038,038 0 0.99
TCC 0.08 26.0 :360.0, 94.1 : 963.9 0.07, 0.09 1.73 0.20
Block 3
ACG 048 182.6:2034, 510.7 : 547.3 047,048 0.10 0.75
GCG 0.36 152.3:2337,373.1 : 6849 040, 0.35 215 0.14
GCA 0.09 23.7 :362.3,99.9 : 9581 0.06, 0.09 3.95 0.04
Block 4
CACA 052 193.7:192.3, 5506 : 5034 050, 0.52 048 049
AATC 0.18 699 :316.1, 187.7 : 866.3 0.18,0.18 0.02 0.90
CACC 0.13 56.0:330.0, 133.1: 9209 0.15,0.13 0.89 035

CTTC 0.11 39.2:346.8, 1248 : 929.2 0.10,0.12 0.81 037
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with increased serum TG levels, in addition to the previ-
ously identified KCNB1 rs1051295 [2]. We also showed
KCNBI rs926672 associated with insulin resistance by a
case—control study, and two tag SNPs (rs2057077and
rs4810952) of KCNBI1 were associated with the measure
of insulin resistance as determined by HOMA-IR in a
cross-section study. Together, these results indicate that
KCNBL1 is likely associated with changes in lipid metab-
olism and insulin sensitivity.

Although the role of Kv2.1 channel in lipid and fat
metabolism has not been assessed, previous reports
could provide some clues. Besides the simple diffusion
manner, fatty acids, previously thought to be transported
across the cell membrane by simple diffusion, is now
known to also do so by competitive receptor-mediated
transporters including fatty acid translocase (FAT), fatty
acid binding protein (FABP) and fatty acid transport
protein (FATP) [8-10]. Fatty acid transport protein-1
(FATP1) which transports free fatty acids (FFA) is
insulin-sensitive and FATP1 expression in adipocytes is
influenced by insulin-mediated transcriptional modula-
tion [11]. Recent studies have shown that the interaction
between the C-terminus of Kv2.1 channel and SNARE
protein syntaxin-1A in islet beta cell is required for effi-
cient insulin exocytosis and glucose-stimulated insulin
secretion [6] . In addition, studies have demonstrated
that FAT levels would be improved with adipocyte dif-
ferentiation [12, 13], while Kv channels Kv2.1 and Kv3.3
were shown to possibly play a role in the differentiation
of pre-adipocytes and human mesenchymal stem cells
into adipocytes [14, 15]. These postulated mechanisms
may underlie the association between SNPs of Kv2.1
channel and lipid metabolism, and a possible reason for
these Kv2.1 SNPs being associated with insulin resist-
ance, whereby dysregulated lipid metabolism is one of
the risk factors for insulin resistance [16].

In addition, there was substantial evidence that internal
interactions within some loci in gene might have a large
impact on the phenotype we observed. Many studies have
shown that neither single SNP loci nor multiple SNP loci
have brought us greater effectiveness than haplotype-
based research in the analysis of complex diseases [17].
Haplotype was likely to have more information about link-
age disequilibrium, which made it easier to find and locate
causative loci in association analysis [18, 19]. In this study
we constructed four haplotypes for the KCNB1 gene and
found Block 3 (rs6019852-rs6095516-rs742759) genotype
GCA was significantly different distributed between the
IR group and the control group (P=0.04). This result
indicated that the haplotype composed of three SNPs
above is likely to have association with IR by internal
interactions. In addition,we also found that KCNBI1
rs926672 was not in any haplotype block generated in this
study due to weak linkage disequilibrium with other SNPs,
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which suggests that rs926672 may be an independent
genetic marker of insulin resistance.

KCNBL1 SNPs have been showed to be associated with
some diseases in human, such as rheumatoid arthritis, left
ventricular hypertrophy, long QT syndrome and type 2
diabetes in previous studies [2, 20-22]. In this study, we
demonstrated that eight of the 22 selected tag SNPs are
associated with changes in serum lipids or insulin resist-
ance, which adds new insight to our previous report show-
ing the association of KCNBI1 rs1051295 with type 2
diabetes [2]. Since these SNP are not located in the coding
regions of KCNB1, we speculate that it might not influ-
ence channel pore kinetics per se, but rather it may influ-
ence the post-translational processing of the Kv2.1
channel. Further study should be aimed at elucidating at
identifying the potential mechanisms that these SNPs exert
their effects on lipid metabolism and insulin sensitivity.

The limitation of this study is the relative small
sample size, thus, the association needs to be verified
in a study with larger sample size within the Chinese
Han population, and in other non-Chinese popula-
tions. Also, because the small sample size, we did not
do a multiple testing correction for the significance
threshold, although it was conservative for an explore
study [23]. In view of lipid metabolism and insulin
resistance are central to the etiology of many complex
diseases, future research needs to focus on whether
these KCNB1 SNPs are associated with these diseases
as well.

Conclusion

This study provides the initial evidence for the associ-
ation between KCNBI1 polymorphisms with lipid metab-
olism and insulin resistance in Chinese Han population.
This initial study indicates that Kv2.1 may play a role in
the lipid metabolism and thus influence insulin sensitiv-
ity. Further studies are needed to examine the precise
mechanism underlying the association of KCNB1 poly-
morphisms with lipid metabolism and insulin resistance.

Materials and methods

This study was approved by the Ethics Committee of
Capital Medical University (Beijing, China) and was
conducted in accordance with the principles of the
Helsinki Declaration II. Written consent was obtained
from all participants.

Study participants and data collection

This cross-sectional study involved 733 Chinese Han par-
ticipants included 315 males and 418 females without overt
diabetes. Subjects were consecutively recruited at the
Physical Examination Center, Beijing Xuanwu Hospital.
Venous blood samples were drawn from all participants
after an overnight fast of 8-10 h for DNA preparation and
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determination of fasting plasma glucose (FPQ), fasting insu-
lin (FINS), total cholesterol (TC), triglyceride (TG), high-
density lipoprotein cholesterol (HDL-C) and low-density
lipoprotein cholesterol (LDL-C). Height, weight, waist
circumference (WC) and hip circumference (HC) of par-
ticipants were measured according to standard protocols.
Body mass index (BMI) was calculated by dividing the
weight (in kg) by the height (in m) squared. Waist to hip
ratio (WHR) was calculated by dividing the waist
circumference by the hip circumference.

Tag SNPs selection and genotyping

Genotyping data was obtained from the CHB (Han
Chinese in Beijing) panel of the Build 36 of HapMap
Project to choose the 22 tag SNPs within the range of
the first and last exon (transcribed region) of KCNB1 on
the basis of the following principal criteria: r* > 0.8(100 %
coverage) and minor allele frequency (MAF)>0.05. Of
those tag SNPs, 20 were located in introns, and 2 in the
3-UTR (rs3331 and rs1051295). Characteristics of the
selected tag SNPs, included genomic position, genic pos-
ition, minor allele frequency, and Hardy-Weinberg equi-
librium shown in Table 5.

DNA was isolated from peripheral white blood cells
using DNeasy tissue kit (Qiagen) and samples were diluted
to a final concentration of 20-50 ng/ml. Genotyping was
assessed using Mass Array (Sequenom, San Diego, CA)
based on allele-specific MALDI-TOF mass spectrometry.
DNA from samples was randomly assigned to 96 well
plates, with genotyping performed in blinded manner.

PCR was performed for a 384-well microtiter plate of
reactions in which the same assay was applied to differ-
ent DNAs. Each PCR procedure was carried out in a
total volume of 5 uL. The PCR cocktail contained 1 pL
of genomic DNA, 1 uL of each primer, 0.5 pL of
10*PCR buffer, 0.1 pL deoxy-ribonucleoside triphos-
phate, 0.4 pL MgCl,, 0.2 uL Hotstar and 1.8 uL H,O.
In the thermal reactor, amplification of the KCNB1
was achieved under the following conditions: denatur-
ation at 94 °C for 4 min followed by 45 amplification
cycles of (denaturation at 94 °C for 20 s, annealing at
56 °C for 30 s, extension at 72 °C for 1 min) and a final
extension step of 3 min at 72 °C.

The genotyping success rates were >98.5%and all tag
SNPs are consistent with the Hardy-Weinberg equilibrium
(P> 0.05) except for rs653070 and rs742759 for which the
P value was 0.04 and 0.01, respectively, thus excluded
from further analysis. Genotyping of all samples was
repeated in 5 % of random samples for verification and
quality control; all revealed the genotype data had an error
rate of <1 %. The genetic linkage between tag SNPs ranged
from ‘none’ (D’ =0.00, r* =0.00) to ‘moderate’ (D’ = 1.00,
r* = 0.79, shown in Fig. 1).

Page 8 of 9

Table 5 The information of KCNB1 tag SNPs

SNP 1D Genomic Genic Alleles MAF  HWE (P)

position (bp)  position  (major/minor)

rs10485612 49468115 intron A/G 0.10 0.70
rs16994565 49404537 intron T/C 0.06 033
rs1961192 49389770 intron (@2) 045 0.78
rs2057077 49407099 intron arT 032 097
16125646 49410872 intron /T 0.50 042
rs4810952 49389638 intron /T 0.39 061
rs6019825 49422880 intron G/A 049 0.08
rs6019857 49469765 intron AT 0.10 0.83
rs6095516 49429848 intron [@2) 0.06 0.79
16125642 49393138 intron G/T 0.39 0.58
rs1051295 49372368 3-UTR  T/C 048 0.59
r1s653070 49470871 intron T/C 0.28 0.04
15742759 49444608 intron A/G 0.14 0.01
rs802950 49469295 intron C/A 0.16 029
15926673 49413473 intron T/G 040 0.30
rs237454 49413854 intron T/C 042 0.68
15237460 49416590 intron G/A 042 0.67
15926672 49380954 intron AT 041 0.30
1s552068 49471461 intron A/C 045 0.17
15562954 49475539 intron G/A 0.19 0.74
rs579113 49459375 intron A/G 0.26 0.14
rs3331 49372064 3-UTR  T/C 0.09 038

MAF minor allele frequency, HWE Hardy-Weinberg equilibrium

Definitions

The value of homeostasis model assessment (HOMA)
denoting insulin resistance (IR) was termed as HOMA-
IR and was calculated as equal to (fasting insulin [in
IU/mL]*fasting glucose [in mmol/L]/22.5) [24]. Subjects
having HOMA-IR values in the highest quartile (P;5) were
defined as insulin resistance in our study [25].

Statistical analyses

Statistical analysis was performed using SPSS software, ver-
sion 18.0 (SPSS, Inc, Chicago, IL. purchased by Capital
Medical University, China). The quantitative variables of
metabolic traits were expressed as mean + SD. The differ-
ence of these variables among the 3 genotypes of tag SNPs
or between IR and Non-IR groups was assessed by AVONA
or independent ¢ test, respectively. The y* test was used to
examine the differences of SNPs or gender between the IR
and Non-IR groups. The association between the tag SNPs
and the metabolic traits or insulin resistance was finally de-
termined by multiple linear regression analysis or uncondi-
tional logistic regression analysis, in which age and gender
were adjusted as confounding factors, and b or OR and
their 95 % confidence interval (CI) were presented.
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The Haploview program (http://www.broad.mit.edu/
mpg/haploview/) was used to select tag SNPs, calculate
pairwise linkage disequilibrium statistics and examine
allelic and haplotype associations with insulin resistance.
The Haploview program was also used to draw the figure
of pairwise LD pattern. Hardy-Weinberg equilibrium was
determined for each SNP distribution. A value of P < 0.05
was considered as significant.
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