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ABSTRACT

Background: The glucose uptake rate is the limiting step in glucose utilization and storage. The
failure of insulin to stimulate glucose uptake in muscle appears to be a primary defect of insulin
resistance. This study was undertaken to examine the effect of physiological hyperinsulinemia on the
phosphorylation of the insulin receptor (IR-f), insulin receptor substrate (IRS), Akt kinase and GSK-3
in isolated skeletal muscle, in people with type 2 diabetes (n=9) and control subjects (n=11),

Methods: 75g OGTT and euglycemic hyperinsulinemic clamp test were done. And vastus lateralis
muscle was obtained before and 30 min into the euglycemic clamp. Western blots were performed
for tyrosine phosphorylation of insulin receptor substrate (IRS) and phosphorylation of the insulin
receptor(IR-f), Akt and GSK-3.

Result: There were no statistical differences in the mean age, BMI and body fat between the
control subjects and diabetic patients. The fasting blood sugar and HbA,. in controls and diabetic
patients were 98.04+1.3 and 208.1+16.5 ng/dl, and 5.4+0.5 and 9.2+0.6%, and 1.4+0.2 in the
control subjects, and 72.2152.3% (p<0.01) and 102463 (p<0.01) in the diabetic patients,
respectively. The insulin resistance from the euglycemic hyperinsulinemic clamp tests were 8.2+0.6
mg/kg/min and 3.741.1 ng/kg/min in the control subjects and in the diabetic patients, respectively
(p<0.01). Compared with the normal controls, insulin-stimulated IR phosphorylation was no
different to that in the diabetic patients, However, insulin-stimulated IRS phosphorylation,
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insulin-stimulated Akt phosphorylation and insulin-stimulated GSK-3 phosphorylation were
reduced in the diabetic patients compared with the normal controls by 24, 43 and 25%, respectively

(p<0.05).

Conclusion: In korean type 2 diabetic paticnts, the insulin resistance may be due to the
impairment of the upstream insulin signal molecular network. Further studies will focus on

determining whether these signaling defects are the cause of the development of insulin resistance,

or secondary to the altered metabolic state, associated with type 2 diabetes melliis (J Kor Soc

Endocrinol 17:685~697, 2002).
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Table 1. Clinical Characteristics of the

Subjects
i i
Age (years) 42.1+2.0 44.8+1.7
Sex (male/female) 8/3 5/4
BMI (Kg/m*) 24.0£1.0 25.4=+1.1
WHR 0.86+0.08 0.88+0.1
Body Fat (%)* 22.8+3.0 27.2+4.1

* Body Fat was measured by DEXA
BMI; body mass index, WHR; waist hip ratio

At Gl 2ccE HAolA Fuhae Frdol] Qlgslol
B A WAssck F9Z HAAF niAle 20871
HASIE £59 48 my/kgmineZ Altelo] Qe
7 AP (R o8-8, GURIE s8irk A4dd
MIEAYF FWE A, AdFal FYHI} Qg
T 308F, FRElel A s 5 (oS
vastus lateralis muscle) §7-2 AAlsla, =2 a2+
ZA] liquid nitrogen©.® d# Haksiich

(4) Western blot

1) IR-B, IRS#] Ql4t3lef &4

50 mge] 5238 500ul®] lysis buffer (20 mM
Tris base, PH 8.0, 137 mM NaCL, 1 mM Mg CI2,
2 mM CaCl2, 1% NP-40, 2 mM vanadate, ] mM
DTT, 25mM PMSFel] %31 4%ol4] homo-
genizationg AJZrk 14,000 g2 1087 Y2}
3%, supernatent® vl -2 supernatentZ Brad-
ford Wl o 2 chafekg- Aukdlcl Supernatentol] 100
mM DTTE ¥3}4t SDS-stop bufferE 131 955 0|4
SE7 7ldddlcl. 100 microgram®] sampleg SDS-
PAGE (8% resolving gel)ell 2]3}] proteins-& H-a}s)iL
nitroceltulose membraneol] transferA|Z1 & 5% non-fat
dry milk® blockA]7Ic}. membranes& anti-phospho-
tyrosine antibody (Upstate Biotechnology Inc., USA)
B 1A]75<} incubationA]ZIc), membrane-& washing
33l secondary antibodies (Antimouse IgG-HRP
conjugate)®} 3087} incubation A7k IR-3, IRSE]
Q43l HEE enhanced chemiluminescence® 3k

B}l densitometry 8 A eFalgiv23~24].

2) Akt(PKB or Rac) kinaseQ| Qlote3é &%

100 microgram®] sample2 SDS-PAGE (10%
resolving geDoll 28} proteins§ Eels}i nitro-
cellulose membranesl] transfer4]%7] % 5% non-fat dry
milkZ blockA}ZIt}. membranes& polyclonal anti-
phospho Akt antibody (New England Biolab., USA)
£ 1A]7FER} incubationA]ZIr}. membrane-g- washing
8}3L  secondary antibodies (Antirabbit IgG-HRP
conjugate)®} 3057} incubation AJZIc}k. Akt kinase
protein®] 2143l AEE  enhanced chemilumin-
escencesd 5Ll densitometry 2 A aFslgrH23~
24].

3) GBK-30/82| Qlaraier &5

100 microgram®] sample2 SDS-PAGE (10%
resolving gel)ol] 23l proteins-& EelIaL nitrocellulose
membranee]] transfer4]Z] ¥ 5% non-fat dry milk&
block A1t} membranes-2- anti-phosphospecific GSK-
3a/B antibody (New England Biolab., USA)& 14]7}
%<} incubationA]Zlt}. membrane-Z washings}it
secondary antibodies (Antirabbit IgG-HRP conjugate)
9} 3047} incubation AJZIch. GSK-3¢/8 proteing] 1
438} Y5E enhanced chemiluminescence® Tk}
2. densitometry 2 A #bsleir23,25].

3. BAINE % BY

BE A8 xzlE SPSS/PC+Window & o] g3}
o, HATa Bl nonparametric testE
Mann-Whitney U test®} F-§-AF 24 (analysis of
covariance; ANACOVA)E o] &#]9lct RE 24 2
e o EFERE FASIE phe] 0.050]5)m
A felie] e Aol Hisivh

#

A 11793 Bt #4 09E dleR sgle
o oAl BT A AT 42.1:2.04), Gy
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Table 2. Metabolic Characteristics of the

Subjects

A B
HbAlc (%) 54105 9.2+0.6*
Cholesterol (mg/dL) 189.916.6 214.7£17.7
TG (mg/dL) 130.6+20.9 189.2£50.5
HDL (mg/dL) 50.9+3.2 45.1+1.9
LDL (mg/dL) 112.9+6.8 131.7£14.2
FBS (mg/dL) 98.0+1.3 208.1£16.5*
2 PPBS (mg/dL) 107.8+6.8 400.0+19.9*%

FBS; fasting serum glucose, 2 PPBS; 2 hours
postprandial serum glucose * p<0.05 vs. control
subjects

Table 3. Beta-cell Function and Insulin
Resistance Measured by HOMA
Model and Hyperinsulinemic, Eugly-
cemic Clamp in the Subjects

A it Ea
Beta-cell function (%)  56.48.5  722+52.3*
HOMA(R) 1402 10.2+6.3%
M (mg/kg/min) 8.2+0.6 3.7£1.1%

* p<0.01 vs. control subjects
M; glucose utilization rate
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Fig. 1. IR Phosphorylation in Skeletal Muscle of the Subjects.

T 448+ 174, A AR AN 24.0410
kg/m®, P 25441 Ikg/m*dom AAptake 4
AP 22.843.0%, BT 27.2+4.1% %k $aleddd
o] &dl2] v](waist hip ratio; WHR)® AART
0.86:0.08, xHT 0.88+0.10]%lch HF A%, HF
A p, A, Feliodede] Eelle) B (waist
hip ratio; WHR)& - 77}el| Xjo|7} gigir} (Table 1).

B SR A4 98.041.3 mg/dL, P
208.1+16.5 mg/dL (p<0.05), HbAlc: BT 5.4+0.5%,

T 9.2:0.6% (p<0.05)3irt. FEA] FFa2H|
B2 AT 189.946,6 mg/dL, T 214.7£17.7
mg/dL (p=NS), F2AMNE HAT 130.6+20.9 mg/dL,
it 189.2150.5 mg/dL (p=NS), s EAjcku] 2
A4S AARTF 50.943.2 mg/dL, P 45.1+ 1.9
mg/dL (p=NS)Z ZA%|gic} (Table 2).

"HOMA model"&- o]8-4F weRIE2] 7)53 ¢l¢
A2 AT 56.418.5%, 1.410.2, T 722+
52.3% (p<0.01), 10.2+6.3 (p<0.01)gl o R
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Fig. 2. IRS Phosphorylation in Skeletal Muscle of the Subjects
*p<0.05 vs. Insulin-Stimulated Control Subjects
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Fig. 3. Akt Phosphorylation in Skeletal Muscle of the Subjects.
* p<0.01 vs. insulin-stimulated conirol subjects.

B A xR ol FEE AT 82106
mg/kg/min, FxHT 3.7+1.1 mg/kg/min (p<0.01) &
AT FEIel feldt HolE: vkehhgd
(Table 3).

Western blot®#].2 2 IR-G, IRS, Akt kinase, GSK-3

o] elastake lEwl FA U 59 30EF
24498 o IR-sellE Aol 103.9+2.3004]
241.3:18.6, HixTe] 108.9+2.20)4 198.7+6.328
Z7Va%ict (p=NS) (Fig. 1). ol &3l FU¥F g
el A4Ent vlasied QAR ZHT) &
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Fig. 4. GSK-3 Phosphorylation in Skeletal Muscle of the Subjects.
*p<0.,01 vs. insulin-Stimulated Control Subjects,

AZQ) zlol7t §iiek. RSOl E A4l 111.6+7.3
|4} 295.6+17.2, FiHio] 114.546.1004 222.04
2322 Zksiglen (p<0.05) (Fig. 2), ¢ledl F9U%
el AT vlasled QAske| FTME
7} oF 24% 7r4=slglck Akt kinaseollXly= Aol
100.6+1.10114] 735.2+44.8, HiFo] 103.4:6.0014]
416.8+29.58 Z7ksl3).en (p<0.01) (Fig. 3), U&=l
ER1% gdiye] At nlasle] Qisleke] B
AR5} oF 43% 7H48ile). GSK-304%E AAkte]
107.7+6. 7oA 595.7428,1, dizFo] 104.3:4.80lj4
443.3+1298 Z7)slgl e (p<0.01) (Fig. 4), &7l
E91F unito] A4Tw vlasled Qe &
7R =7} oF 25% Zazelsivk

I @

Aps el whay|del dedl A4 de
gl Bl Asl7) 7ol Wedhe & ¢4eiRl AHdelct
g AA5e Qleal 2hge] Adle] ARy Pk
uha 7)ol 231 Hclo] slx elgwl Hulee] A
= drlol] Wk Hasls glen[1,26~28]

w3k ohE WY Axbe AR Fulee] Ashrl 27
o] F9% WiQlejelar Haslw gleH29~31). th-E
o Ay Fud AR He 2Tl el
A4 Beli glon] “HOMA model™g o]-8%t
olgrl AR A4Ed AUavEF U= A
£ o) g3t qlgal NI Fast AP} gl
2 Busa grh32~33]. 2 dFoE “HOMA
model™-§ o83} A&7 AP AT 14102, 7
BHF 10263(p<00)A o BAEFIAL A4
4 eyl M (BT o8BS AT 82206
mg/kg/min, T 3.7:1.1 mg/kg/min (p<0.01) &
A el felgt XelE ek
zrge] e A Htel sHe 713
elgdle] LxzAol] x| 439t diAE 2=
sk Zolvk larld F3HAgoll Bedsle 7h 7
2et gufon zalo] ubg A gl A X &
A48 FAR: b BeE]l BEE 4w gl 4
A F Exva) opleat S "EEErt F1sl
wie} Aol wiebdlZelld Fulhck o] XERE 2
ol4 ¥xxd AR, FRlFA A Bl A=
3 BAE AT 5 Az eRe] ¥ed
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AHEE TR RA EEve] S A%
o} o] F & Az EEG 43E 2R
3 5Akx)e] GLUT4 isoform?} MEFezel A
Slell ejaf dohbzdl dEe Exd FHPEX9
GLUT49] A& FAAF o8 £ 4k $7F
Ale}, 2 F 8ol ERl AN ErdE
AT Faifleln ARy el 3 8l
o} o]3ollA] Yotz gl 8ol oyt A4 w)
rolihs AL & dejAl Addelch Ewl #gAde
Qigalo] oleidt Y=ol AP EE HAs] =4slA X
& o wha¥elhy 2 ArAR AR G $ixle)
5olld GLUT4 3 44915 2lel7t gl A
o] FHEIUT webA £ AHA AE7i9] AHgo]
AL GLUT4 -akge] wish) 753l RAeg
FA=IcH34]. e AR Fad fixkel 8o
Qlgglo] opd b ATALAAE 71K A58 T
+ Wi GLUT4e] 2J3t £57 -fHle] A4l e
[35~36] wlFojHe} gl chgt g2 a3l
AZAGAAL] ol wiFeleln FEY + vk
olgdl AlEAHGA AN A IR, IRS-1, PI-3 kinase &
el 4919k FAe] Ate] ARE Sy #
A8} vkl Qladl X34 ol gt 5] 7
&5 fishe wjaket ARH371aE F[38~42]0l4] IR,
IRS-12] whilgledz) Qlikslek 1l PI-3 kinase ¥4
o} ATt FFellA el o3t x5 A
gt Beo] gl Ao Hasla ik vyt el
ke dzdog mdyd AQlgedl Aol &l
4] IR, IRS-1 Ql4k3leks} PI-3 kinase2| AJE7] Q)
el o3t £ 59 Fbelle Bk F7ts)
v Ao HuEn Qlci40,42]. wmlek A 2%
¥ Bkt THollA] Aarat wlsled IR g1}
& FasbAH43) Wbt Qiglerh24,44] vluke AR
3 Fury $xle] ol IRS-1 QA et PI-3
kinase 457} 745 Ao Hax|w glcH4s] B
AFol|A 5 Western blor].2.2 IR-3, IRS2] QlAks}ek
Qe FYAH dE]] £ 308 FA9E
w] IR-BollA AARFo] 103.9+2.30014 241.3+18.6,
Gifo] 1089422014 198.7+6.328 Zvlsiich
(p=NS). ol& glg7l F]I¥F dxite]l A4awt vl

ssled Qlibslekel ZoErt A Aot gie
Aeg W IRSAAE A4ro] 111.6+7.30014
295.6+17.2, FikidFo] 114.5¢6.10014] 222.0423.28
Z7Rigen (p<0.05), A7) FUE Tl 4
A5k viszelol QlBleke) SRS} oF 24% 7
4% Ao g =gt asleg ARy g 3z
2] Z-§ollA] IR-kinase?] YAE7} 74l 43,4
6~47]3} ¥7l| IRS-17} PI-3 kinase9) Q& AFA
kel H3H24,45,48]0] Exul 5] 74429} GLUT4
o] M9E FAATE RS 4 = ok sRut PI3
kinase A% #Asl7 GLUT4 A 9)e] e guks)
= 713 ofF] iR gfgkon ofe]gt AN
Ale] AE7} gl Aahde] whAI9IQIA] Gzt
HH WARRE widlel] olxbom R 21917
= A s G4 ol

Akt (PKB or Rac)y 60-kDa2} serine/threonine
kinase®] 3L receptor tyrosine kinaseol] 2Jal] ¥4]3}x)
31 PI3-kinase 2] s} Al e g Alels A)Zhec 14~
16]. of2] d7AEo] AEd Aol v A
THellde e ASdelellA] IRS proteind} PI
3-kinase] 4 Akt gAdo] vhd ZAEle] Yok
[49]3 Basla glow B qyeldE 72 A
Hedr), Aol 100.6+1.1e014] 735.2144.8, T
o] 103.416.00114] 416.8+29.58 Z7}slg] o (p<0.01),
Ayl FRUF iyl AT vlasied 914kt
el F7MET) oF 43% LR g B 5 ek
sk edl AgH4o] e ke T8ollA Akeel
A4o] 441 Hak glch48]. Kim $-& Q&dl A
o] Qe ulEkZolt Hind 3AbEolA Aktg)
phosphorylationo|t} activity7} A4lelglcka Woas)
3L Akt7h AabEolmiA Erwt gt el ¢4
B8] F4o) ZhAslE Hog nfoll o] Ak} Q)
a7l sl EAEA Al £ 2o} old o 3leS
A4lsta Qlek HESE PI3 kinase2] #4de] zha¥l 4
oM Ak} Aol S-S WS F Akt 343
of] PI3-kinase activity”} 2k} 7}154)4] ol ¥]w
Akt7} PI3-kinase®} F-43t Z 2 &8 BEaA % A3l
T A& 7Pk oleidt A ARY FmHol
9= Fhake] 9l4®l Ag4le] IRS tyrosine phos-
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phorylationf¥] Akt Al fle] whgel Agt
gk olleh= A AR of S e )
Sl Akiel PKCUA 4331 #R8-5.9000 3131 ¢
B2 At S8 2 AR A A sl
oll4] 87|51 qlrk.

ARE FurellME Sl T4 Ee] AskE =
FeFA AL HAd) FhdE: AR shie)
7Z1%elct. FelZA YA EAE 3a, b, ¢ F37) Qe
vl GSK-37} o] B9E QMSAA A4E BaAst
AlF]3L, protein phosphatase 1(PPlg)e] dephos-
phorylationg Yo FARAZICkT A4 gkt
Glycogen synthase kinase-3(GSK-3)+= Aktol] 2)al 21
ARlE] s HEbAISIEIm(25] glycogen synthesis activity
£ Walihe.2 4 glycogen synthesisell -S4 22917}
2 g% she Zles Haslglels0). B odteli4
% GSK-39] elAg}eke] AARfo] 107.7+6.70l14]
595.7+28.1, Pigol 1043:4.8004 4433129
Z7s1em (p<0.01), &7 FYF Fio] A
AT vlsasted QA ke SOV T} oF 25% FhA
g Aeg vl
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