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- Abstract -

Obijective: Patients with metabolic syndrome are at increased risk of developing cardiovas-
cular disease. The combinations of the haplotype created by the alleles of three single
nucleotide polymorphisms (SNPs): SNP-43, SNP-19, and SNP-63 of the Calpain 10 gene
(CAPNI0), have been reported to be associated with the risk of type 2 diabetes (T2DM) in
many populations. The aim of this study was to examine the association of the CAPNIO
polymorphisms with metabolic syndrome in Korean patients with T2DM.

Methods: Overall, 382 T2DM patients were enrolled in this study. All the subjects were
genotyped according to CAPNTO SNP-43, SNP-19 and SNP-63. The restriction fragment
length polymorphism method was used for the three SNPs. The baseline presence of the
components of metabolic syndrome was determined.

Results: 265 (69.4 %) patients were found to have metabolic syndrome. Patients with the
111/121 haplotype combination showed a higher risk of hypertension than the other
haplotype combinations (OR=2.334, P=0.010) and also had a significantly higher risk of
having metabolic syndrome (OR=1.927, P=0.042).

Conclusion: The results of this study suggest a role of the novel 111/121 haplotype
combination created by the CAPNIT0 SNPs -43, -19 and -63 in the susceptibility to metabolic
syndrome of T2DM patients (J Kor Diabetes Assoc 29:451~459, 2005).
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4 8AZE ol A ANk B4 U A 24)
7z} FEler = olucose oxidase Y (747 automatic ana-
lyzer, HITACHI, Tokyo, Japan)g o]|8slo] Z7gsl3ick
% Fu26|E, HDL Zalxelg o AL aam) iy
& o] 83 AFEEA7] (Au5200, OLYMPUS, Tokyo, Japan)
Z olgslo] 24319l LDL Fel|~8lE Friedewald &
Aol ofslo] ARl FEEES B
(IRMA kit, DAINABOT, Tokyo, Japan)& o833l
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(Varient 1I, GREENCROSS, Korea)$ o] gslo] sty
t}. ol 3IA] 9] | E 3= HOMA-IR (homeostasis model
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2. LHAEESZ| Fo|

National Cholesterol Education Program-Adult Treat-
ment Panel (NCEP-ATP) Il 7|53} WHO Western Pacific
Region Obesity criteria> Vol Wk o8] Mg 3 27)
A ol A PSS AZET Bz Holaiai
1) uluk ofrjolgl 7)ol W= body mass index (BMI) >
25 kg/m® '¥; 2) IIFAAEZ > 150 mg/dL (1.693 mmol/
L), 3) AndEAchdZadanEdE, A <40 mg/dL
(1.034 mmol/L), o34 < 50 mg/dL(1.293 mmol/L); 4) 318
gk > 130/85 mmHg = wdglebAlE 58 9l Ak
A Fioggiae) oadl AaE e A AEYES
o] BAHo| gl A, ABASAE 18 F T 2@
3 oPgAgle] Bk gl 2 A7l Allsigick

3. FEXEN

Ad 5mlLE EDTA Erd] sl QlAamp DNA
blood mini kit(QIAGEN, Valencia, CA)-& ©]-8s}o] geno-
mic DNAZ 2Z3l9ir}. 712A)7] genomic DNAE HiF
Bzl o] 20Ce| BBEE BE HAEeIA
Calpain-10 §-4713-8 o Hol] Bl whie @ FASIIrt
1817 7}7ke] PCR WK AHE-S- 3% agarose geloll4] Hals}
ek

SNP-43, CAPN10-g.4852G>A (rs3792267): AukskA]Hr
| 5-CACGCTTGCTGTGAAGTAATGC-3'9} odHlgEA]
Bl 5°-CTCTGTTCCCATGGTCTGTAG-3’ 2 o]gslo]
ZEF AAMN-S Asslick 144bpe] FRA LA HE
S ARG Nsi [ (Promega, Madison, WI) AlgtaA9} vk
£ AJFc} (Fig. 1).

SNP-19, CAPN10-£.7920 (32bp-repeats) (rs3842570):
ZbekAlalA| 5°-GTTTGGTTCTCTTC AGCGTGGAG-3'¢}
odulskr|ubA] 5°-CATGAACCCTGGCAGGGTCTAAG-3’ .
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Fig. 1. SNP-43 genotyping by PCR and RFLP. A: Heterozygote
(GA), B: Wild type (GG), C: Mutant type (AA).
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Fig. 2. SNP-19 genotyping by PCR. A: Allele 1 (2 repeat of
32bp, 155bp), B: Allele 3 (2 repeat and 3 repeat of
32 bp, 155 bp and 187 bp), C: Allele 2 (3 repeat of 32
bp, 187 bp).

PCR product

Fig. 3. SNP-63 genotyping by PCR and RFLP. A: Heterozyg-
ote (CT, 192 and 162 bp), B: Mutant type (TT, 162 bp),
C: Wild type (CC, 192 bp).

Table 1. Clinical Characteristics of the study groups

Patients with MS Patients without MS P

N (male/female) 265 (122/143) 117 (69/48)
Age (years) 53.1 £ 109 53.8 £ 109 0.562
Height (m) 1.62 £ 0.09 1.64 + 0.09 0.119
Weight (kg) 67.2 £ 12.1 60.2 + 10.1 <0.001
BMI (kg/m) 255+ 3.5 223 +2.5 <0.001
Systolic blood pressure (mmHg) 137.6 + 17.8 126.6 = 19.9 <0.001
Diastolic blood pressure (mmHg) 84.1 + 9.8 77.7 + 11.0 <0.001
Fasting plasma glucose (mmol/L) 833244 8.12 +2.51 0.443
HbAlc (%) 8.24 + 1.66 8.79 + 3.58 0.292
Total cholesterol (mmol/L) 525+ 1.07 4.91 + 0.96 0.003
Triglyceride (mmol/L) 295+ 147 1.67 + 0.72 <0.001*
HDL-cholesterol (mmol/L) 1.10 + 0.36 1.27 £ 0.29 <0.001*
LDL-cholesterol (mg/dL) 1235+ 37.0 118.7 + 34.4 0.221*

(mmol/L) 3.19 £ 0.96 3.07 £ 0.89
Insulin (pmol/L) 91.6 +89.3 82.4+137.2 0.547
HOMA-IR 4.44 £5.23 3.69 £ 6.16 0.293*

MS, metabolic syndrome; BMI, Body mass index; HOMA-IR, Homeostasis model of insulin resistance. P value
by Student’s unpaired t test. *P values are calculated from log-transformed data.

olgsto] FHAAL AiNke-g APt (Fig. 2).

SNP-63, CAPN10-g.1637C>T (rs5030952):
5°-AGCACTCCCAGCTCCTGATC-3'9] Aulspx)ila)e}
5°-AAGGGGGGCCAGGGCCTGACGGGGGTGGCG-3"
o] AvRAMEAIE ARgsle] T EA AsiNEE-E Xege)
31 Hha 1 (Takara Bio, Shiga, Japan) A|&k&4=0} whS-A)17
o} (Fig. 3).

SAEA

AR 9 AR HE s 2EExE JeRiglc
B2E EAEAL SPSS for Windows Z&-72 (version
12.0; SPSS, Chicago, 1L)S o]&3lo] AJs¥slsict EAA
Fo] P8 PRS- 0.05 wHke & )it 43, 19, 639 £
9] Ao olFolzl UnjHge] 23+ Haplory-
per program (http://www.people.fas.harvard.edu/~junliu/Ha-
18,19) o

=3

plo) o]-8stod maximum likelihood estimation W}
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Table 2. Genotype and haplotype Frequencies of CAPNI0O UCSNP-43, -19 and -63

N (%)
Total Patients with MS Patients without MS P

SNP 43 GG 325 (85.1) 229 (86.4) 96 (82.1) 0.372
GA 49 (12.8) 32 (12.1) 17 (14.5)
AA 8 2.1) 4 (1.5) 6 (3.4)

SNP 19 2R/2R 43 (11.3) 30 (11.3) 13 (11.1) 0.758
2R/3R 183 (47.9) 130 (49.1) 53 (45.3)
3R/3R 156 (40.8) 105 (39.6) 51 (43.6)

SNP 63 CcC 200 (52.4) 140 (52.8) 60 (51.3) 0.804
CT 132 (34.6) 89 (33.6) 43 (36.8)
TT 50 (13.0) 36 (13.6) 14 (11.9)

Haplotype 111 106 (13.9) 78 (14.7) 28 (12.0) 0.596
112 163 (21.3) 112 2L.D 51 (21.8)
121 361 (47.3) 251 (47.4) 110 (47.0)
122 69 (9.0) 49 (9.2) 20 (8.5)
221 65 (8.5) 40 (7.6) 25 (10.7)

MS, metabolic syndrome. Alleles were designed as described by Horikawa et al. SNP 43 1=G, 2=A; SNP 19 1=2R
(2 repeat), 2=3R (3 repeat); SNP 63 1=C, 2=T. 211, 212 and 222 haplotype was not observed. P values are

obtained by Chi-square test.

o= Ak A, DA, dviAgzgel
9] zJo)= X test?} ANOVA testE o] &3jo] Ealslgick
HOMA, HDL-Z#ll:8lE, FaQedlss, I3 SAAY
FEE ATRE] WA geny Zughew AR ¥
TARRAE AlRdEiSlek R el whE oAt 9
Hrs o] g A8 BATL logistic regression analysis
Z AJ3¥slod odd ratios (ORs)®} 95% confidence intervals
(Cls)& it £ odte] Luild EA4) Azl HH
= g3 (http://www.mc.vanderbilt.edu/prevmed/ps)-g ©]
£3lo] azhS 0052 sl Falick

!

a
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A A2 AT e FEI7R 7.5 £ 6.790)%0rk F
38272 32} FollA 69.4%%] 265782] FAjollA thASF
o] RekE ek tiAgFTol e Tt Yl T el v
o], 7] HbAlc, HOMA-IRAIE= f2lg zlol7b gigick
CAPNI0 SNP2| 44133 Uuilxale] B3 Table 20|
yehligdel $AxRE T duixide] £ g Tol
J= T Sl Tl folgk Kol gidieh £ ATl

AuiAlE 1210] 7 s Edel 211, 212, 222
e 2RakElR] ekokr) ofl&gE Uil fRe =4
FE9} WIEE Table 3ol ViERARACE 14702] LufAlsd

;O

o wo fr

o] WaEgich QuiAly A Jebd 1117121
DeAly 23 e GAbElA ohE Bl 29e 2
= 3RSl ulsl golobAl e tARETe] SHES B
rH(OR = 1.927, 95% Cl= 1.024-3.626, P =0.042) (Table
3). ohe el zghe ST SIjEet fole
AL ek 1117121 Qe =38 2 3hjellA]
ete] ¥E T =9k} (OR =2.334, 95% CI=1223~
4.456, P=0.010) (Table 4). 122/221 Aufx3] =32 7
© Aol E dske] fide] wefshAl Wekat (OR =
0.152, 95% CI=0.030-0.763, P =0.022) (Table 4) 221/
221 YulA 23S 2= 3RS A4+ 2] HDL-chole-
sterolg%9] 9¥do] =9k} (OR=8.400, 95% CI=1.023~
68.95, P = 0.048) (Table 5). B]9W} 1Al Za) e
T oA 292 A ket (Table 4 & Table 5).
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Table 3. Relative Risk of the Metabolic Syndrome According to the Haplotype Combinations of CAPNI(

Haplotype Number
combination  Total Patients with MS Patients without MS OR (95% CI) P
111/111 7 3 4 0.323 (0.071-1.469) 0.144
111/112 13 10 3 1.490 (0.403-5.517) 0.550
111/121 69 55 14 1.927 (1.024-3.626) 0.042
111/221 10 7 3 1.031 (0.262-4.059) 0.965
112/112 23 17 6 1.268 (0.487-3.303) 0.627
112/121 71 48 23 0.904 (0.520-1.571) 0.904
112/122 20 12 8 0.646 (0.257-1.625) 0.354
112/221 13 8 5 0.698 (0.223-2.178) 0.535
121/121 88 58 30 0.813 (0.489-1.349) 0.422
121/122 27 19 8 1.052 (0.447-2.478) 0.907
121221 18 13 5 1.156 (0.402-3.319) 0.788
122/122 7 7 0 NA*
122/221 8 4 4 0.433 (0.106-1.762) 0.242
221/221 8 4 4 0.433 (0.106-1.762) 0.242
Total 382 265 117

MS, metabolic syndrome. The P value and OR of each haplotype combination relative to the other haplotype
combinations as a group are shown. *NA; not applicable

Table 4. Relative Risk of Hypertension and Obesity According to the Haplotype Combinations of CAPNI0

Haplotype Number Number
combinatio Total  Paens  Patiens Obese  Non-obese

n with HiBP  without HiBP OR (95% CI) P Patients  Patients OR (95% CI) P
111/111 7 4 3 0.627 (0.138-2.848) 0.546 1 6 0.259 ( 0.031-2.169)  0.213
111112 13 7 6 0.542 (0.178-1.647) 0.280 5 8 0.988 ( 0.317-3.079)  0.983
111/121 69 56 13 2.334 (1.223-4.456) 0.010 28 41 1.098 (0.645-1.869) 0.729
1117221 10 8 2 1.928 (0.403-9.219) 0411 4 6 1.056 (0.293-3.805) 0.934

112/112 23 13 10 0.597 (0.254-1.403) 0.237 6 17 0.539 (0.208-1.401) 0.205
112/121 71 42 29 0.627 (0.369-1.067) 0.086 32 39 1.379 (0.819-2.322) 0.226

112/122 20 13 7 0.876 (0.340-2.253)  0.783 9 11 1.313 (0.530-3.248)  0.556
112/221 13 7 6 0.542 (0.178-1.647)  0.280 4 9 0694 (0.210-2297)  0.550
121/121 88 63 25 1.260 (0.747-2.126) 0386 32 56  0.877 (0.535-1.436)  0.602
121122 27 21 6 1.721 (0.676-4.378)  0.255 7 20 0.531 (0.219-1.289)  0.162
121/221 18 14 4 1.156 (0.402-3319)  0.358 7 11 1.006 (0.381-2.657)  0.990
122/122 7 6 1 2.893 (0.3452-4.298)  0.328 5 2 4056 (0.7772-1.183)  0.097
122221 8 2 6 0.152 (0.030-0.763)  0.022 3 5 0948 (0.223-4.025) 0942
221/221 8 3 5 0.277 (0.065-1.177)  0.082 5 3 2692 (0.6341-1.437)  0.180

P value and OR (odd ratio) of each haplotype combination relative to the other haplotype combinations as a group are
shown. HIBP, systolic blood pressure > 130 mmHg and/or diastolic blood pressure > 85 mmHg or taking anti-

hypertensive medication. Obese Patients, patients with BMI > 25 kg/m3 Non-obese Patients, patients with BMI < 25 kg/m
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Table 5. Relative Risk of low HDL Cholesterol and hypertriglyceridemia According to the Haplotype

Combinations of CAPNI10

Haplotyp Number Number

€ Total )
combinafi Patients with  Patients with Patients with  Patients without

low HDL-C  nommal HDLC OR (95% CI) P HyperTG Hyper G OR (95% CI) P

on
111/111 7 3 4 1.154 (0.255-5.228) 0.852 1 0.181 (0.022-1.514)  0.181
111/112 13 5 8 1.397 (0.449-4.350) 0.564 7 1.307 (0.431-3.965)  0.636
111/121 69 32 37 0.998 (0.592-1.683) 0.994 40 29 1.683 (0.993-2.851)  0.053
111/221 10 3 7 2.051 (0.522-8.051) 0.303 6 4 1.689 (0.469-6.082)  0.423
112/112 23 10 13 1.131 (0.483-2.646) 0.777 11 12 1.019 (0.438-2.370)  0.965
112/121 71 26 45 1.633 (0.960-2.779) 0.070 36 35 1.178 (0.703-1.972) 0.535
112/122 20 11 9 0.693 (0.280-1.713) 0.427 10 10 1.117 (0.454-2.749)  0.810
112/221 13 8 0.528 (0.170-1.645) 0271 6 7 0.950 (0.313-2.882)  0.928
121/121 88 43 45 0.876 (0.544-1.412) 0.588 35 53 0.669 (0.412-1.086)  0.104
121/122 27 14 13 0.788 (0.360-1.725) 0.552 11 16 0.748 (0.338-1.657)  0.475
1217221 18 9 9 0.857 (0.333-2.209) 0.750 8 10 0.883 (0.341-2.289)  0.798
122/122 7 3 4 1.154 (0.255-5.228) 0.852 5 2 2.827 (0.542-14.75)  0.218
122/221 8 3 5 1.450 (0.342-6.155) 0.614 2 6 0.363 (0.072-1.822)  0.218
221/221 8 7 1 8.400 (1.023-68.95) 0.048 3 5 0.661 (0.156-2.804) 0.574

P value and OR (odd ratio) of each haplotype combination relative to the other haplotype combinations as a group are
shown. HDL-C; HDL cholesterol, low HDL-C; HDL cholesterol < 40 mg/dL (1.034 mmol/L) in men and < 50 mg/dL
(1.293 mmol/L) in women, normal HDL-C; HDL cholesterol > 40 mg/dL (1.034 mmol/L) in men and > 50 mg/dL
(1.293 mmol/L) in women, HyperTG, Hypertriglyceridemia; triglyceride > 150 mg/dL (1.693 mmol/L), normal TG;

triglyceride < 150 mg/dL.
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P A vllE ke 3 odFollA] ARy W)
AL ek Bagk 112/121 Yl =3he olpzs
T2 I AP gl AR Yehdl ek ket
NFARANE ST ofuldt Auiy =3akE BAPE 9
ik thiF-Re] Aol wlkal CAPNIO G317k thedA
o] ATAE HolRA Falglrh O, B adtoae ot
9 BaERAlellA] 1117121 UniAE =3he 2= 3x)
SollA vk LulAE 23e 2= bS] ulel gofelA
= oS $HE-S Holw (OR=1.927, P=0.042,
Power= 71.63%) gk w3gke] ¥E% gk} (OR=
2.334, P= 0.010, power=86.65%).
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R4 AT S B sisic.
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Calpain 10 -3-32}2] SNP-43, SNP-19, SNP-63:.9Jo]] }
3 AR B4 AEagE et o2 Alsgs)
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