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Abstract
Background: The 26S ubiquitin-proteasome system (UPS) is a principal proteolytic pathway of intracellular
molecules regulating apoptosis, cell cycle, cell proliferation or differentiation, inflammation and etc. The
recent study suggests that the rs1048990 (C/G) polymorphism of the proteasome subunit a type 6 (PSMAG)
gene is associated with the increase of the risk of myocardial infarction by the dysregulation of IxB
degradation. We hypothesized that 26S UPS is important in the development of insulin resistance and type
2 diabetes (T2DM) by controlling the degradation of IxB and insulin receptor substances as a substrate. We
therefore investigated whether the rs1048990 (C/G) polymorphism of PSMA6 gene and the rs2230087 (G/A)
polymorphism of proteasome subunit § type 5 gene (PSMB5), that is chymotrypsin-like protease determining
the rate of proteolysis, are associated with susceptibility to T2DM in Korean subjects.

Methods: We examined the polymorphisms of these genes in 309 diabetic subjects and 170 non-diabetic
controls. The polymorphisms of rs1048990 (C/G) and rs2230087 (G/A) were genotyped by real-time PCR.
Results: The frequency of the G allele of rs1048990 (C/G) and the A allele of rs2230087 (G/A)
polymorphisms was significantly higher in diabetic patients (28% and 13%) compared to that in controls (13%
and 1%; P = 0.000 and P = 0.000, respectively). Logistic regression analysis of the rs1048990 (C/G) polymorphism
showed that the odds ratio (OR) (adjusted for age, smoking, waist circumference, fasting plasma glucose,
systolic blood pressure, HDL-C, triglyceride, and total cholesterol) was 3.93 (95% confidence interval [CI],
2.35-6.59; P = 0.000) for the G allele and 5.09 (95% ClI, 2.71-9.57; P = 0.000) for CG and GG genotype when
compared with the CC genotype. Logistic regression analysis of the rs2230087 (G/A) polymorphism showed
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that the adjusted OR was 5.70 (95% CI, 1.63-19.98; P = 0.007) for the A allele and 6.08 (95% CI, 1.66-22.29;
P = 0.006) for GA and AA genotype when compared with the GG genotype. In multiple logistic regression
analysis with T2DM as the independent Variable rs1048990 (C/G) and rs2230087 (G/A) polymorphisms were

the predictor for T2DM.

Conclusion: We suggest that the G allele of rs1048990 (C/G) polymorphism and the A allele of rs2230087
(G/A) polymorphism may be genetic risk factor to type 2 diabetes mellitus in Korean subjects. (KOREAN

DIABETES ] 32:204-214, 2008)
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Table 1. Clinical and metabolic characteristics of study subjects

Control (n = 170) DM (n = 309) P value
Age (yers) 64.21 = 2.75 59.52 + 9.83 0.000
Sex : Male (%) 75 (44.1%) 152 (42.9%) 0.295
Smoking (current or previous, %) 42 (24.7%) 103 (33.9%) 0.038
BMI (kg/m?) 23.80 + 3.07 2377 + 3.67 0.937
Waist (cm) 82.55 + 8.79 87.40 = 949 0.000
Hip (cm) 93.02 + 5.94 93.02 + 7.70 0.993
Systolic BP (mmHg) 128.25 + 16.77 124.25 + 13.58 0.008
Diastolic BP (mmHg) 76.39 + 9.36 75.13 + 8.88 0.150
FBS (mmol/L) 4.83 £ 040 721 £ 3.21 0.000
HBAlc (%) 524 + 0.33 893 + 238 0.000
s-Cr (mg/dL) 094 + 0.20 1.18 = 3.07 0.183
LDL-C (mmol/L) 3.14 + 0.70 3.07 + 1.00 0.071
HDL-C (mmol/L) 1.24 £ 0.30 1.31 £ 0.48 0.039
TG (mmol/L) 2.85 = 1.38 377 + 2.46 0.000
T-chol (mmol/L) 494 + 0.76 472 + 1.14 0.011

+

Values are presented as mean

SD. BP, blood pressure; BMI, body mass index; FBS, fasting blood glucose; HBAlc

glycosylated hemoglobin Alc; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol;

s-Cr serum creatinine; T-chol, total cholesterol;, TG, triglyceride; WHR waist-hip ratio.

Table 2. Genotype distribution of rs1048990 and rs2230087 polymorphisms in controls and diabetic patients

Genotype distribution Control (n = 170) DM (n = 309) P value
PSMAG6 rs1048990
C/C 132 (77.6%) 166 (53.7%) 0.000
C/G 33 (19.4%) 112 (36.2%)
G/G 502.9%) 31 (10.0%)
PSMBS5 152230087
G/G 166 (97.6%) 264 (85.4%) 0.000
A/G 4 (2.4%) 41 (13.3%)
A/A 0 (0.0%) 4 (1.3%)

Genotype distributions are shown as number (%). Comparisons were performed by Fisher’s exact test.
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2. PSMA6 fEXI2| rs1048990 (C/G) XAt (62.2%), CG+= 1459 (30.3%), GG+ 369 (7.5%)R3L,
CladMa} M2& SiHujol ZHA| 273 ARE BT el Felgt Xolr) it (p

= 0.000, Table 2). $EATollA] tzrol] vlEl CG + GG
AAFR Q] ulE7) GolalAl =A ko (46.3% vs 22.4%,
P = 0.000), $-%=4]7} 2.99 (95% CI: 1.96-4.58, P = 0.000)
2 Al =%k G AL HlE w3k 3AlrollA

A FuyEAEs dxTeld fAge] REL
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oll4] 151048990 (C/G)2] FAAIEE ] HIE= CCE 2987

Table 3. Genotype distribution and allele frequency of rs1048990 and rs2230087 polymorphisms in controls and
diabetic patients

Control (n = 170) DM (n = 309) P value Crude OR (95% CI)

PSMAG6 rs1048990
Genotype distribution

C/C 132 (77.6%) 166 (53.7%) 0.000 1

C/G + G/G 38 (22.4%) 143 (46.3%) 2.99 (1.96~4.58)
Allele frequency

C 0.87 0.72 0.000 1

G 0.13 0.28 2.71 (1.88~3.90)
PSMBS5 152230087
Genotype distribution 0.000

G/G 166 (97.6%) 264 (85.4%) 1

A/G + A/A 4 (2.4%) 45 (14.6%) 7.07 (2.5~20.03)
Allele fequency 0.000

G 0.99 0.92 1

A 0.01 0.08 7.23 (2.59~20.22)

Genotype distributions are shown as number (%). Comparisons were performed by Fisher’s exact test. CI, confidence
interval; OR, Odds ratio.

Table 4. Age- and sex- adjusted or multivariate-adjusted ORs and 95% CIs of rs1048990 (A) and rs2230087 (B)
polymorphisms in controls and diabetic patients

A)
PSMAG6 151048990 genotype PSMAG6 151048990 allele
cC CGg+ Gycr; P value C G P
Control (n) 132 38 297 43
Diabetic patient (n) 166 143 444 175
Age-and sex-adjusted 1 2.81 0.000 1 2.84 0.000
OR (95% CI) (referent) (1.72~4.61) (referent) (1.88~4.30)
Multivariate-adjusted 1 5.09 0.000 2 3.93 0.000
OR’ 95% CI) (referent) (2.71~9.57) (referent) (2.35~6.59)
(2))
PSMBS5 152230087 genotype PSMBS5 152230087 allele
GG GAg+ Ayzf P value G A P
Control (n) 166 4 336 4
Diabetic patient (n) 264 45 569 49
Age-and sex-adjusted 1 7.70 0.000 1 7.10 0.000
OR (95% CI) (referent) (2.55~23.20) (referent) (2.40~21.01)
Multivariate-adjusted 1 6.08 0.006 1 5.70 0.007
OR" (95% CI) (referent) (1.66~22.29) (referent) (1.63~19.98)

* Odds ratio adjusted for age, fasting plasma glucose, HDL-cholesterol, smoking, systolic blood pressure, total cholesterol,
triglyceride, waist circumference by logistic regression analysis. CI, confidence interval; OR, Odds ratio.

208



25/ 2| 112l : =2l0lA PSMAG (rs1048990)2 PSMB5 (rs2230087) #&EXt ChMn} M2E Sixuto| oitM

izl vlsl el =hoem 28% vs 13%, P =
0.000), $-EH]7} 2.71 (95% CI: 1.88-3.90, P = 0.000)33c}
(Table 3). ©]5 CG + GG +AAEI G HHHAL Lo,
FAE (A = A F19), sleledl, a5ER
o, ] We), mREAChY FeliHlE FAAY, £
BBl ES HARE Foll= thzgoll nlal SatollA] $-=
v)7} 2+ 5.09 (95% CI: 2.71-9.57, P = 0.000), 3.93 (95%
CL: 2.35-6.59, P = 0.000)5 S-2J6}A] =A] L} (Table
4). FAEE 459 (dominant model), F7}E 9 (additive
model), DAFH (recessive model)2] 7PFsloll FHHF ¥}
ABAA ZA2E 3)FEAE AllRE ARt $=H7F 59
SRl ekSIARE, SkAlollA] tizatel] mlzl FAlH o w
frefstAl E3keh (Table 5).
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P = 0.000), *%H]7} 7.07 (95% CI: 2.50-20.03, P =
0.000)= 2| A =9keh A tHl¥E o] ule ek 3k

R
2

oA izl vl FofsAl =%e™ 8% vs 1%, P =
0.000), $-%=H]7} 7.23 (95% CI: 2.59-20.22, P = 0.000)%),
th(Table 3). ©|& GA + AA §3A°337 A P42
o], FA& (AA == A Fd9), delEd, $5E%
5, 27 99, A FRIzEHE, F9A, &
FelHlES B Foll= ozl vlal el -
=87t Z2F 6.08 (95% CI: 1.66-22.29, P = 0.006), 5.70
(95% CI: 1.63-19.98, P = 0.001)E F-JstA] =A vk}t
(Table 4). %S AR, Friad d4gmde] 714
Slol] F T ABAA ZA|2E FARA S Al A2
M) AT RFRAE, SEARrollA tizTol] vl

%7_“‘5;]";_1_9& _?rg—a‘],}ﬂ :,:'f?,}\'t;]' (Table 5)
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CHiMO| RES mE A 58

T AR el AellA AR Ale] ol we)
EAS ol A3} CG + GG 437 GA + AA §4
°] GG AT} AA FH3 el nlal FAl2 vlgo] =9k
ek getEMse)t ARy B ol3kge] Edrhp <
0.05). e} 2|28 3]984S Al Solle Bekdas
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Table 5. Associations between rs1048990 and rs2230087 polymorphisms and the risk of type 2 diabetes

Loci Model Genotype Control DM OR (95% CI) P value
(n = 170) (n = 309)
PSMA6 Dominant c/C 132 (77.6%) 166 (53.7%) 1.0 0.000
1s1048990 C/G + G/G 38 (22.4%) 143 (46.3%)  2.99 (1.96~4.58)
Additive c/C 132 (77.6%) 166 (53.7%) 1.0 0.000
C/G 33 (19.4%) 112 (362%)  2.70 (1.72~4.24)
G/G 5(2.9%) 31 (10.0%)  4.93 (1.78~13.03)
Recessive C/C + C/G 165 (97.1%) 278 (90.0%) 1.0 0.008
G/G 5(2.9%) 31 (10.0%)  3.68 (1.40~9.65)
PSMB5 Dominant G/G 166 (97.6%) 264 (85.4) 1 0.000
1s2230087 G/A + AJA 4(2.4%) 45 (14.6%)  7.07 (2.50~20.03)
Additive G/G 166 (97.6%) 264 (85.4%) 1.0 0.000
G/A 4(2.4%) 41 (13.3%)  6.45(2.27~18.32)
A/A 0 (0.0%) 4 (1.3%) N/A”
Recessive G/G + GJA 170 (100%) 0 (0%) 1 N/A”
A/A 0 (0%) 4 (100%) N/A"

Genotype distributions are shown as number (%). Odds ratio (OR), 95% CI and P values were from logistic regression

analyses with the dominant, Additive and recessive models. * N/A, Not applicable.
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6. rs1048990 (C/G)2t rs2230087 (G/A) TEAL

CHEMO| MR F2d Dol 2I3iy

oL o~

1510489909] C, G HAAT} s22300872] G, A ¥
Ao 4RI} ARY FaHAE iz Aol 9
u]Ql= Zo]E KBl (P = 0.000). 1510489902 G thHe]
A7} 122300879 A S 7R =39 A5 iz
ofl ulall hAlTrollA L s} Sw|A FrkElo] AN,
SEHL HEES B 3olE G_G AR =3k ¢

3.44 (95% CI: 2.03-5.84), C_A &34 =3to] 7% 243
(95% CI: 0.57-10.32)& Z7k=lo] d9lel 53] G_A UiH
P =99l ZSolle Gl 327 (5.2%)0] W
7=} (Table 8).
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Table 6. Clinical and metabolic characteristics according to genotypes

Genotypes PSMAG6 rs1048990 PSMBS5 152230087

Variables C/C (n = 298) CG + GG (n = 181) GG (n = 430) GA + AA(n = 49)
Age (years) 61.28 = 7.685 61.03 £ 9.41 61.30 = 7.81 60.14 = 12.26
Sex : Male (%) 128 (43%) 99 (54.7%) 197 (45.8%) 30 (61.2%))
Smoking (%)* 81 (27.4) 64 (36%) 125 (29.3) 20 (41.7%)
BMI (kg/m’) 23.81 + 3.36 2373 + 3.63 23.74 £ 345 24.16 + 3.58
WHR 092 + 0.07 0.93 + 0.07 092 = 0.07 0.93 + 0.05
Waist (cm) 85.35 + 9.06 86.18 + 10.25 82.45 * 9.51 87.54 + 9.53
Hip (cm) 93.03 £ 7.04 93.01 + 7.26 9290 + 7.04 94.11 = 7.74
Systolic BP (mmHg) 12594 + 15.88 12526 + 13.17 125.82 + 14.91 124.45 £ 15.00
Diastolic BP (mmHg) 7543 £ 8.89 75.82 + 9.36 75.60 + 9.12 7541 *+ 8.67
FBS (mmol/L) 6.19 + 2.84 6.59 £ 2.74 6.27 + 2.80 691 + 2.85
HBAlc (%)1 735 £ 2.65 8.10 £ 2.52 7.51 £ 2.62 8.63 = 2.44
s-Cr (mg/dL) 095 + 0.59 1.32 + 393 1.10 + 2.59 1.02 + 0.60
LDL-C (mmol/L) 3.06 £ 0.85 3.14 £ 098 3.09 £ 091 3.12 £ 0.85
HDL-C (mmol/L) 1.29 + 041 1.28 + 0.44 127 + 041 1.39 + 0.50
TG (mmol/L) 331 + 1.85 3.66 £ 2.62 342 £ 2.06 3.63 + 3.03
T-chol (mmol/L) 477 + 0.97 486 + 1.12 4.80 + 1.04 4.82 + 093
Diabetes’ 166 (55.7%) 143 (79.0%) 264 (61.4%) 45 (91.8%)

+

Values are presented as mean

SD. * P < 0.05. ¥ P < 0.05, Significant even after adjustment for sex by binary logistic

regression analysis. ¥ Smoking: current or previous history of smoking. Other abbreviations see in Table 1.

Table 7. Multiple logistic regression analysis with T2DM as the dependent variables

Variable OR (95% CI) P value
Age 0.90 (0.88~0.93) 0.000
Smoking 1.14 (0.81~1.60) 0.467
Dyslipidemia 1.65 (1.21~2.25) 0.002
Hypertension 2.04 (1.47~2.83) 0.000
Waist circumference 1.06 (1.04~1.08) 0.000
PSMAG6 rs1048990 (G allele) 2.83 (1.88~4.26) 0.000
PSMBS5 1s2230085 (A allele) 5.91 (1.96~17.84) 0.002

CI, confidence interval; OR, Odds ratio.
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Table 8. The distribution of the genotype combination of the rs1048990 and rs2230087 and the risk of type 2 DM

rs1048990_rs2230087 Control DM Crude OR Adjusted OR’
C/G_G/A n (%) n (%) 95% CI) 95% CI)
CG 294 (86.2%) 426 (68.9%) 1 (referent) 1 (referent)
G_G 43 (12.6%) 142 (23.0%) 2.27 3.44
(1.57~3.30) (2.03~5.84)
C_A 4(1.2%) 18 (2.9%) 3.10 2.43
(1.04~9.24) (0.57~10.32)
G_A 0 (0%) 32 (52%) NA' NA'
P value 0.000

* Odds ratio adjusted for age, fasting plasma glucose, HDL-cholesterol, smoking, systolic blood pressure, total cholesterol,

triglyceride, waist circumference by logistic regression analysis. ¥ N/A: Not applicable. CI, confidence interval, OR, Odds

ratio.

frolgt o]zt Yl Wi Eg HASE Follie AEA o7 9
v|PA A1 VERskEE (Table 4). =3k PSMBS #4142
152230087 (G/A) A thd Aol Fawzialae] A
HPES I3 AR (GA + AA)T A diRIEA
Wl $En|7E izl vlsl] folebAl E=3tow, Wi
& BEAG Fox AEKHom ougdAl A el
(Table 4). -+ A2} ek Adel] tigt olefdt Adse #4
25 548 s AR fo3t oulE 7ick
(Table 5). TEF 151048990 (C/G) §-A7} tFeiAlel G i
A7} 152230087 (G/A) 44 vFdAde] A digid Aol of
T EAzE 3RS e ull 28, ol dAAE
%, slelEdl Kok oAl vgk=d] (Table 7), o] -+ 4
A oA H9le ot A3k Bl Aol ek’ =
0.028).

2| QEolA] PSMA6 34412 151048990 (C/G) &4
2 Aol Bt AFE whEsioick ATAASIAES
o Alggt QA2 G A NIy} AT
AelA] oAl E%om, ol G tiEAL] Hlol7}
NF-iB2| 4ol gk wlx| A7 A5e] whlelgde] &
7FaS HolFQie}. wet elEu|olly} e
E PSMAG6 548} AR Faarizte] fAlE dokd A+
7} WEE o, GursiAlelll] G A Wol vl
7} Z7ksle] el B Aol dhEel ARy
WIS O E 151048990 (C/G)2] S47) thadAdo]
v = odeks Pofrgkom, 919] ARt FYsAl G
A e] wol7t ARE BiEzkrollA WAl St
=lo] giick

20S oFzkS] Foll wile} ofgksl= 37FA 9] thil sl g4l
7|2 ERA-FA ZZ2Eo}A] (chymotrypsin-like protease),

A 383]

FPcole

ie—uv =

211

ERRS

HAL-GA ZZdglo}A] (trypsin-like protease),

W = ZHJo}A (post-glutamyl protease)e] A4S 7171
t}. o] chilEejEA F 7| RERA-A ZRHoHlE T
ZAFAERA, o5 Al ZzeelEe] 7
o] BE #AS AAIG F AUt JIREJAL{A Z2|
olAll= e} ofkS] Foll PSMB57} 7H4l #H4Jo]w, PSMBS
oll 7402 Agtsiol A1BEGAL G4 ZzelolAle] 24
< A= Bortezomibe] NF-xBel] 7%l 9+ [-xB9)
BIME AAlsted NF-kBO] #4)S ZAIIv= 771 S
o gpjog J1REYAGA el 24S 7t
21 PSMB5 317 54121 vhadAle] Apd it iAlel]
e v Zlow AZEL obF oel] tigh At bR
= 2] gigick

H AelA= PSMBS frAlke] Azt kAt AR
gale] dTAS dolHr] 98l National Center for
Biotechnology Information (NCBI, www.ncbi.nlm.nih.gov/)
o] ARE odgjom 4 thHEA (minor allele)e] 10% ©|
Aol $40A) RASS T e QAT % 3ulalE
H9] (3°-URT)Q! o= 30f] ]38} 152230087 (G/A)S] -4
A ekgAdol ARY Faat Avte] o= 4l =ik
A7 151048990 (C/G)2] Azt ofdAl Ay
152230087 -+AIAF chdAdellAl A tigi®de] AR
HEAe] 913 7lel BRlo] Slglrk. 53] Table 8ellA] H
R ek Y] =3l GA tiHPE A =3 g
Akl o] slo] o]F AL vh Aol Wi
Ael] T3t g3k v Zlog A7t

1s10489902] G tHE AT} 1522300872 A thHEAo]
AR G Aol ke vXE 7IHeE ofHel Har
HA NF-B 24o] oldt Zlow A4k NF-BT




KOREAN DIABETES J 32:204~214, 2008

B AlzellA] EAfishd, e} Ao| =711 gl 24t
| olal| ZAske= AARIREA] A5 7ol

28 A4S sh= AT IuiA] Qo0 wERENF-Be

o|&71R) $}8K54d (chemokines), -F-&HEA} (adhesion molecules),

12k 4271917} (colony stimulating factors), 354 E4A

AEAE P QRS 2R EH Ay Bl AR

o o|l
2ol By

!

NF-BT T2 AIEA WellA] AR 1B} H3AE 3
Asle] v Fel= EAsket, s 7R AlZL R A}
S0l =551 -B7} JAstE]o] 265 ZEHolgo] 9
8) iRl 9125 Rt ololubAl 51, 7 A5k NF-7}
DABIsIo] o) UZ ofFelo] FAA Mol PG
Ozaki K. 59| o174 siRNA (short interfering RNA)
£ o]83lo] PSMAG6 44 S AR wl AlEA
W P3kE 1-B7) S7Fsted NF-xBe| &Alo] e W
o] vk AAR AR Pk THA| A 1B
7} 4w NF-BO] ZAdo] hshA] F7kslo] glgel
BIEge'®) o]2 B3l 265 ZRElolEo] 4B BalE =
Are w2y gy whalel] Fa3t 3k vd Zlew A7
e,

26S ZEgolsto] Firrgel] ¥k nX]& E shte] 71H
©Z IRS o] gk RSE l&ErlrgAle] 84 =
Ashs WA RA IRS-17} 1RS-27F 53] Fasit™. A
o} FEAA IRS-13} IRS-22] 747} Ql&=i#|gHA]
7 F Jgol WA glem, F AfellA IRS-1 e
IRS-29] 414 AAR a7l 2Hgo] o] v Aok
ol &3l IRS whido] Q&7 ATl Fe3t &
7PAE & Ik IRSE QgAY dsHaA
474491211 (Insulin-like growth factor-1) G~8A12] €]ZA1
FIUA (tyrosine kinases)E F3 UABkEo] Zasle]Ho|
XAl 3-7]UHA (phosphatidylinositol 3-kinase) &A%l A]
Zoza do] oA Aol Hofdiet. e} IRSel A
o] EFQIX T A ©IulA (suppressor of cytokine signaling,
SOCS)7t ZAgsted fu|F®ls}t =i IRS7) 265 ZZ2Ho}
Zoll 23l FaliElo] dErIAA el Pofdde] BRI 9}
P a3 B2 1510489909} 1s22300872] SAAL A o]
268 TrelolEe] B4 2Asle] ARy dad HAe
e STHIZ Zler A7

ol 2okshH 3099 BagiAiel 17099 iz
& dhkow 7)Eol FelAl PSMA6 GAAHL] 151048990
(CIG) 37 eFdAde] hjlollAl iy whAlel] mlX|=
35k} PSMBS 344 & ANE-E- 152230087 (G/A) 3%}

212

chadao] Apd B whlel vX gk
a Z7te] SAAES BAigich T A9 A
Al 151048990 (C/G)S} 152230087 (G/A)2] F-AA}F tF&dAlo

[e] > A= [e]Ke) A=
S5 918490e] B F 9SS % dglom,

N
o

i)

g

=

—

[
=%k

- 3
3] 2 oATollA 1510489902] G tH A3} 1522300872] A
HHEA & UE 7R AS 2F duisiTe s B
o] o5 f%IA th¥dAle] =3to| G AHS Sl £4
A AF2A o To3 v 7 Aoz A7) a7
U B Qe o aldRke] oFERek et tids shy
9] Bt §F 55 A 9 AR odEH, o]
5 53] e & distRe] dels oo s ¢
S99l ol 9 o] & f5IAF tiEdAe] 5t il w]X|
FeFS Loty S8t 7157} FHkElefok & Ao|rh

A
T

2 o

ATHYA: 265 FHIFIE-ZREo}E A28 (upiquitin-
proteasome system, UPS) AEAE, A|EF7|, A|EZA]
5l Msioh izl Aetehs AE W) BAEe) Fe g
8l 74 2o|c} T PSMA6 F-4212] 1s1048990 (C/G) -4
A eAdo] 1B Wl 3alell ke wlH Azl
AT Fiel Egige] Hauwdel aBR 26S
UPS7} 7174 vl 24) 1-xB2} insulin receptor substances
o] FelE =AZte s Qlawl AP Apd dre]
WHAllell F23 Zlogt 7Hgslglel. E adollx= PSMAG
A7k 151048990 (C/G) -F-417F vhdA] 3wk opje} gk
Tl 2AEA]] 7R ERKL-AL Z2 el (chymotrypsin
-like protease)®] A4S Ald PSMB5 #7412+ 152230087
(G/A) 37t ko] ARY el 4% 4jlel| |
A& FE Lokl sigick

g SRt AR skl 3093 a3

o] gle X1 71 17095 AAsde). 4zt ok
A= real-time PCRS- o] 23]t
Z3}: 151048990 (C/G) A4+ vl G tisiddat
152230087 (G/A) 317k vhg Al A digigAe] s o
g gkAlrollA] (28% and 13%) tHZTl (13% and 1% P
= 0.000 and P = 0.000, respectively) BIsll <Ju|JA| =%
ok 22228 3] 73t 151048990 (C/G) FAIAE oA
oAl G tHE@Ae] wi= (vel, F, slelsd], 3589,
TEIIES, AR ZelElE, FAAM, FEEld
)2 BAR 9581393 (95% CI, 2.35-6.59 P = 0.000)
AL, CC ARl ik CGoF GG Akl HA 5=

(I

I

oo

oX



25/ 2| 112l : s=2l0lM PSMASG (rs1048990)2t PSMB5 (rs2230087)

H]E=5.09 (95% CI, 2.71-9.57; P = 0.000)%ck 542} vl
Aol A i3l gt A8 $=nl71 5.70 95% CI,
1.63-19.98; P = 0.007)9)3, GG AR ) ek GASF AA
ARl $5R1171 6.08 (95% CI, 1.66-22.29; P = 0.006)%3
o} o3 EAelA 151048990 (C/G)TH 12230087 (G/A)
fARE cRAS ARY B S92 I

A= H A= PSMA6 344k 151048990 (C/G) F
Az AT PSMBS 542 K9] 152230087 (G/A) +41AL
tidAdo] gh=lolA] ARE Fiar whalel] JkE X
A4 8809 T 55 Halrk

T

=g

Ao
ror

1. Pickart CM: Back to the future with ubiquitin. Cell
116:181-90, 2004

2. Jiang Y, Beaudet AL: Human disorders of ubiquitination
and proteasomal degradation. Curr Opin Pediatr
16:419-26, 2004

3. Hershko A, Ciechnover A: The Ubiquitin System.
Annu Rev Biochem 67:425-79, 1998

4. Ozaki K, Sato H, Iida A, Mizuno H, Nakamura T,
Miyamoto Y, Takahashi A, Tsunoda T, Ikegawa S,
Kamatani N, Hori M, Nakamura Y, Tanaka T: A
functional SNP in PSMAG6 confers risk of myocardial
infarction in the Japanese population. Nat Genet
38:921-5, 2006

5. Yamamoto Y, Gaynor RB: IkappaB kinases: key
regulators of the NFkappaB pathway. Trends Biochem
Sci 29:72-9, 2004

6. Yuan M, Konstantopoulos N, Lee J, Hansen L, Li
ZW, Karin M, Shoelson SE: Reversal of obesity- and
diet-induced insulin resistance with salicylates or
targeted disruption of Ikkbeta. Science 293:1673-7,
2001

7. White MF: The insulin signalling system and the IRS
proteins. Diabetologia 40(Suppl. 2):S2-17, 1997

8. White MF: The IRS-signaling system: a network of
docking proteins that mediate insulin and cytokine
action. Recent Prog Hormone Res 53:119-38, 1998

9. Rome S, Meugnier E, Vidal H: The ubiquitin-
proteasome pathway is a new partner for the control

of insulin signaling. Curr Opin Clin Nutr Metab Care

213

FOA CrEAn M2E Sanol Ay

7:249-54, 2004
10. Kisselev AF, Akopian TN, Castillo V, Goldberg AL:
Proteasome active sites allosterically regulate each
other, suggesting a cyclical bite-chew mechanism for
protein breakdown. Mol Cell 4:395-402, 1999
11. Sjakste T, Kalis M, Poudziunas I, Pirags V, Lazdins
M, Groop L, Sjakste N: Association of microsatellite
polymorphisms of the human 14q13.2 region with type
2 diabetes mellitus in Latvian and Finnish populations.
Ann Hum Genet 71:772-6, 2007
Lightcap ES, McCormack TA, Pien CS, Chau V,
Adams J, Elliott PJ: Proteasome inhibition measurements:
clinical application. Clin Chem 46:673-83, 2000
Hideshima T, Mitsiades C, Akiyama M, Hayashi T,
Chauhan D, Richardson P, Schlossman R, Podar K,
Munshi NC, Mitsiades N, Anderson KC: Molecular
of
proteasome inhibitor PS-341. Blood 101:1530-4, 2003
Ha H, Yu MR, Choi YJ, Kitamura M, Lee HB: Role

12.

13.

mechanisms  mediating  antimyeloma  activity
14.
of high glucose-induced nuclear factor-B activation in
monocyte chemoattractant protein-1 expression by
mesangial cells. J Am Soc Nephrol 13:894-902, 2002
Bierhaus A, Schiefofer S, Schwaninger M, Andrassy
M, Humpert PM, Chen J, Hong M, Luther T, Henle
T, Kloting I, Morcos M, Hofmann M, Tritschler H,
Weigle B, Kasper M, Smith M, Perry G, Schmidt

AM, Stern DM, Haring HU, Schleicher E, Nawroth

15.

PP: Diabetes-associated sustained activation of the

transcription  factor  nuclear
50:2792-808, 2001

16. Emilo Ho, Tammy MT: Antioxidants, NF-kB activation
and, diabetogenesis. Proc Soc Exp Biol Med 222:205
-13, 1999

Karin M, Delhase M: The I kappa B kinase (IKK) and

factor-B.  Diabetes

17.
NF-kappa B: key elements of proinflammatory signalling.
Semin Immunol 12:85-98, 2000

18. Sriwijitkamol A, Christ-Roberts C, Berria R, Eagan P,

Pratipanawatr T, DeFronzo RA, Mandarino LJ, Musi

N: Reduced skeletal muscle inhibitor of kappaB beta

content is associated with insulin resistance in

subjects with type 2 diabetes: reversal by exercise

training. Diabetes 55:760-7, 2006



KOREAN DIABETES J 32:204~214, 2008

19.

20.

21.

Araki E, Lipes MA, Patti ME, Brning JC, Haag B
3rd, Johnson RS, Kahn CR: Alternative pathway of
insulin signalling in mice with targeted disruption of
the IRS-1 gene. Nature 372:186-90, 1994

Briining JC, Winnay J, Bonner-Weir S, Taylor SI,
Accili D, Kahn CR: Development of a novel
polygenic model of NIDDM in mice heterozygous for
IR and IRS-1 null alleles. Cell 88:561-72, 1997
Tamemoto H, Kadowaki T, Tobe K, Yagi T, Sakura
H, Hayakawa T, Terauchi Y, Ueki K, Kaburagi Y,
Satoh S, Sekihara H, Yoshioka S, Horikoshi H,
Furuta Y, IkawaY, Kasuga M, Yazaki Y, Aizawa S:

214

Insulin resistance and growth retardation in mice

lacking  insulin substrate-1.  Nature

372:182-6, 1994

receptor

22. Withers DJ, Burks DJ, Towery HH, Altamuro SL, Flint

CL, White MF: Irs-2 coordinates Igf-1 receptor
-mediated beta-cell development

insulin signalling. Nat Genet 23:32-40, 1999

and peripheral

23. Withers DJ, Gutierrez JS, Towery H, Burks DJ, Ren

IJM, Previs S, Zhang Y, Bernal D, Pons S, Shulman
GI, Bonner-Weir S, White MF: Disruption of IRS-2
causes type 2 diabetes in mice. Nature 391:900-4,
1998




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


