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- (Abstract) ~

IGFs and IGFBPs have an important role in controlling glucose homeostasis, This study was conducted to
investigate the changes of insulin-like growth factor(IGF)-1, IGF-II and IGF binding proteins (IGFBPs)
on fasting and postprandial state in Korean diabetes, Twenty eight healthy subjects and fifty seven
diabetic patients participated in this study. The healthy subjects were not knowingly suffered from any
disease and were not receiving any medical treatment, and diabetic subjects were undergo medical’
treatment, continuously, Weight and height were measured and body mass index (BMI) was calculated as
weight (kg) divided by the square of height (m2), Blood pressure was measured, Plasma lipid profiles were
analyzed by enzymatic methods, plasma Insulin and glucose levels were measured in fasting and
postprandial state, respectively. The levels of serum IGFs and IGFBP-3 were measured by
radioimmunoassay (RIA),

The levels of glucose and insulin were significantly higher in diabetes than normal subjects on fasting
as well as postprandial state (p<0.01), The levels of IGF-I was significantly lower in diabetes than normal
subjects, however in postprandial state, there was no significant difference between diabetes and control
subjects. The levels of IGF-II were significantly lower in diabetes than control subjects both fasting and
postpradial state, The level of IGFBP-3 were not significantly different between diabetes and normal
subjects, Fasting IGF-I, IGF-II and IGFBP- 3 levels were positively correlated with those levels on
postprandial state, fasting IGe levels of IGF-I levels were positively correlated with fasting insulin levels,
and postprandial IGF-I levels were positively correlated with fasting glucose, postprandial insulin and
postprandial insulin levels. plasma triglyceride levels were correlated with plasma triglyceride levels, The
IGFBP-3 levels were not correlated with IGF components, glucose, insulin and plasma lipids. These results
demonstrate that in diabetes, the components IGF-I/IGFBPs system were significantly correlated with
\;ilsma glucose and insulin levels both fasting and postprandial state. D
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Mzt s8] A3AEo IGF-19 HE3H &
TE FHAIGL 43A  Qlch(Comover § 1990
I M2 Rinderknech, Humble 1978). IGFs9 IGFBPs®} 2%
AL AZee] IGF #4412 A AR 50u)
Bhye ded YA 22 4Y3y Fdgez o A% g7] mgo) A ANFY 16Fs $= B of
AHE gt 282 53] A 28 e A Ya IGFBPse] €¥ & Za3dlA odAxD 9ot
Aol digt dgdel FHA e % Adad AP (Carroll & 1998: Jones J.L., Clemmons 1995:
48 oplse A2, HAA $Rdd 90%) HFF  Kostecka, Blahovee 1999). olFjat 47 RIEL ¥

= HEAQ Fejo]th(Janka 1992: Moller, Kaufman
2005). Q&@AAA(Insulin tolerance) %ol we}
HZAA EHlE dedo| 28} 7, AuzAy e
BEAR7|N 2 8540 ZaHn Y YoAE o5
B A% 7)Mo 1dadEFol et AL
dEon, Ay =Y HeArde Ay
M g wolEeAn & Aoj2ojck(Moller,
Kaufman 2005: Reaven 1994). Zx49] o3} 9 g
of dig A7t A AAHoR AP oo ol
AT wyez g9 43 s /)% 9 979
w47t g F8e 4 Aol &
(Carroll 5 1998: Matthai 2000: Moller, Kaufman
2005)

22 rhIGF- I (Recombinant human insulin like

growth factor-I})7} G¥ M2 A8A2 Ao 7}
SA0) AlotE 2 ch(Carroll 5 1998). IGFs(Insulin like
growth factors)= ZROI&UT AR ofujkAl HY
£ 71 2Aks ZejgEo|mz A AR diatzd 3
83 A4S k= Fog geA lon &y £
23, 7158 A o] Faye YR duy
of AZHo}A $THCohen § 1994 Froech 5 1985
Hasegawa & 1998. Humbel ¥ 1990: Rinderknech,
Humble 1978), IGFs& &4 IGF-Z3ctuiz
(IGFBPs)# ZAgtete] EA sty dZole 6712 Fe9
IGFBPs7t ZAgttT LA glom oS zzte

F, otul:Ab 24 L A W EEAY] EA 1
Qlth(Sara, Hall 1990), IGFs9} IGFBPs &322 o =
Qadd AUIER 5k, ¥t 2 AAES 5o
o) QS wou, 53] AdaAUNYA ¢ oA4AEF
7 d4#B4E AdcHCarroll § 1998 Kostecka,
Blahovee 1999). IGFs % IGF-12& #2 ZA4 9o}
28 715 B0l gloH, IGF-IIE A2 §4] 24 2
A% #AsE 715S o9, IGFBPs% IGFBP-3&

N

2) z
O
4g AYa

= C de

0l

ofn 4

ik

82

1990: Spagnoli 5

o BRI dede) 283} 1GFset IGFBPs7} o
st glod, guda #Ad o

1999). 18\ A2 AI7A o
2 SEAE 2 UA HEATNAN FRAtgd gt A
Y IGF/IGFBPs A|A®]o] Ajo|7} 9lgo] HuEAAut
Dol A o]5 IGFs/IGFBPsY 98 T 7l%o) s
Ae A3 o]Adol 248t SItHGoya 5 1999 Heo
S 2000), € AFdAME #39 ge¥AE gatez
2l Adle] w2 ¥4 16Fs ¥ IGFBP-39) 4
WIS goli i o5 Hglel €% P &Y &
3 Yotz shgiet, :
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glucose—oxidase methodol] 7]23 &9 &AL kit
(MR, = E ol g3te] BNt ded &
= immuno-radiomatic method®¥d] 7|23 ¢l&dy =
A4 kit (Pharmacia Corp,., Uppsala, Sweden)E o]§
stof ajeeT
4. IGFs ¥ IGFBPs £A,
g4 W 6Fs ¥E:  [1251-IGFso]  polyclonal

anti-IGFsE ARESH HAPH Y &AW (radicimmunoassay,
RIAE o]gste] EA315ldt, A& AAe: EF 200ul
o acid—ethanol(2M HCl:ethanol=1:7) 800ulE #7}3}
of Tsk ohe AL 3087 WAZ B 474
30 B7F YAE(3,000 rpm)3tgc AFEN 500ul0]
0.855M trizma baseS 200ulE Yo} EXof A88%
th IGF 1I&= ¥4 50ulo)] 0.5% tween 20& 393}-
8.0M formic acid 100ul® Yo ZE&gslz 350ul
acetoneS H7FSIGTh o|F 4ToA 1587 gAEE
(3,500 rpm)a}o] AFZok 900ulo] 1.75M trizma base
85.7 wE Yol B4l Agstoldt AAMI AR

100ule]  ZARE  [1251)-1GFs(20,000cpm/100ul) S
100ulE H7}st2 308 ¥ polyclonal anti-IGFs
(Gro—Pep, Australia) 50ulE Z§slo] 74zt Al¥
o 4TolAolA 18417 BHEAFTE 0% T 8F 50ul
9} 12% polyethylene glycol #8000(PEG) I1mi(Sigma
USA)E7Ist] 3,000rpmoll A 3087 QAR AlA 2
g3 amee RAARD 29YY PSS
gamma counter(Packard, ILL, USA)E 243t &
4 IGFBP-3 ®EL: IGFBPs &AL RIA kit
(pharmarsan co.)8 AM§3te] 2A3tgt

5. SAXE

dojA mE 2 F = SAS package(version 8.0, SAS
Institute, Cary, NC, USA)E o]&38}4) B245}¢ich
ol BE AR HIH EEUAE FAEYH,
o ARRY HFY Zol= Student's t testE A
stgon, ARBAE Pearson'sd GeABARE 2
39T, P(0.05 AN 394 & AdAAct

ofN ol A2 n2

Table 1. general characteristics of control and diabetic subjects

Variables Control Diabetics
(n=28) {n=57)
Age (year) 54,6+ 9.4 58.6+ 11,2
Weight (kg) 98.1+ 3.8 609+ 7.7
BMI (kg/m2) 231+ 2.8 241+ 19
SBP (mmHg) 123,91 13.8 130,86+ 180
DBP (mmHg) 75.1%+ 10,5 83.3+ 13.7
Triglyceride (mg/dl) 123.0+ 94,9 1959+ 48.0*
Total cholesterol (mg/d)) 208.6% 40.8 201,91 480
HDL-cholesterol (mg/di) 49 4+ 12,9 34.0% 10.3*

Values are mean+SD. BMI; body mass index (weight(kg)/height(m2),

diastolic blood pressure, *: p{0,05
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SBP; systolic blood pressure, DBP;
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o] Z2(Chylomicron)°]t} VLDL(Very low density
lipoprotein) 2t 2 Agtdllo] o) 2etey] mAY®
L ) 2 FAATIHR A4S st
A 2324 liportein lipase7} #oisty Yo} &
3t HDLZ lipoprotein lipased] 98] VLDLo] 7}48
oA AAHE Addolg AdsdL
lipaseS BAJ3MA7IL o AH 23 AL
&S 3y, ARzy U AZE FAALY B3
(lipolysis)E A3t 24& gt AsUATYE
= A 28 <hdoAL VLDL #49 7149 &
AT ggo] & Adolm, o3 71E9 A5
VLDLY 3715 op/lste, <d&d 2§ A
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Aeckn *‘851017\]31 9 tH(Cavallero 1994: Howard
1987 Niina 1998), Ql&dRFAL 2387 22T
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3ol Yeidd dA glet, 2 AvolA Fughz
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Table 2, plasma glucose and insulin levels of control and diabetic subjects

Variables Control Diabetics
{n=28) (n=57)
Glucose F 88.6+ 9.8 1564+ 62.2%
(mg/a)) P 1209+ 1.2 259.4% 76.0*
Insulin F 56 £ 438 12.3+ 11,2%
(unit/mi) P 105+ 1.4 25.3+ 16.6*
Values are mean*SD, F; fasting, P; postprandial, *: p{0.05
2. 8% U 0lgE s& 22 A € 4% 27 TR 55T 4F B
SEE A 24, AAAZE D 4A 59 o] ol
GFHEAel 35 Aot A% 202 WY EEY 5 qwa oy ed % FRATH 2Lt 9%
£ UEd HEE Table 29 7. A2IH WAL o oy g v, o] 4% 8Y S 47 2
8% A B9 FEE A S6498ng/d 19645y i) oy wwol Qo 2 oI Y
6.2 mg/difom), AF BY FRE 0.9 LImgl ool g B 4F TFS BYSHT 4
B 209.4276.0mg/d12 2w Vel ST IE 4 i 242 3 S4o Alo) shaskotn s
Aot ¥ 9% B RS G AEIH AT gou o) u aFdME oldat Alzd ue 4%
4 FR A 8% UEY BEE AN S6LASN go xrg zasgd 2¥FS AY ofF 239 9
12351 2unit/ml G2, AF U 5= AT ya) ypo) A4 YY BT 440 o} U89
10.5+1.49} 25 3416, 6unit/ml2 BjF o] vlate] a} o 27t s 293 MAUHoZ 7EHT Qg
2ol 5 A% AF AW 5= BF FAMA &% (DeFrongo 1997: Lillioja = 1988: Martin 5 1992) 1
o & drddA A dadAe dEA SHL gy ze o4 a@g] o2 sl 2u 277} 04
2L DAEABSE AL Do T gon Ay g 43 pATY AP BE g
1992: DeFronzo 1997: Weyer % 1999), o]&|3t Alg]l= )
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St} (DeFronzo 1997: Reaven 1988). 74]2?3 “*hm—]
A7 o= Qed 2uFY gas ded 49 7

A
«7H

fo

../l:
T

& $4A e BE A#E o] 9ltH(DeFronzo 1997),
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Ao A G B4 HIFo & o, d&d9
884 Azt dEEo 92E AAR

Table 3, plasma IGF-I, IGF-Il and IGFBP-3 levels of control and diabetic subjects

Variables Control Diabetics
(n=28) (n=57)
IGF=I F 93,3+ 57.6 45,8+ 27.2*
(ng/mi) P 88.0% 38.3 49.2+ 63,3
IGF-=II F 450,9% 27.0 3647+ 151.9%
{ng/mi) P 5476+ 145.2 360.3+ 1495
IGFBP-3 F 3808.7+ 9051 3838.3+ 779.0
{ng/mi) P 37051+ 1142.7 3437,6+ 7540

Values are mean+SD, F; fasting, P; postprandial. *: p<0.05

3.

[

3% IGFs Y IGFBP-3 £&

AFYARY FE Ao A% A 1GRs9 21gFBP-3
SE& Table 33 2o} 277 #29 FE A %

IGF-1 ¥E& zt7b 93 3+57 6ng/mi® 458+27.2
ng/ml2 BzZo] WA vated St g3t

A% I6F-1 s5& dizdd 847 247 88.0+38.3
ng/ml%} 49,2463 3ng/ml2 FF Apolo] {3t o)
b 99t B A @F IGF-1I $5= U223 34
& 247 4509427 Ong/ml® 364, 7+151 9ng/mlE gz
2ol Histe] Aol FoatA #kow, 4% IGF-II
ot UReH #xF A7 54764145 9ng/mid}
360.3+149 5ng/ml2 229 vjslo] EApFo] L3}
A B0tk 38 FEA 4 IGFBP-3 ¥EE R
3} 3RE ZHz 3808 7ng/ml9} 3838, 3ng/mlig o] 4
% IGFBP-3 %%+ 27} 3751+1142 Tng/ml%} 3437.6
1754.0ng/ml2 FEA|G} A5 BE FF Abold] 9|
3 z}o]7} 04011:} B AL 329 FRBRE grto
2 35 9 43 A l w2 g% IGP-1, IGF-1I ¥
IGFBPs4 s lﬂi}% toE 3 o]5 wWgel ¥y o
%‘OPEEZ} ANEY, 22
2% Asprt 3 IGF-1
27} Yth(Moxley % 1990:
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Spagnoli 5 1999),
2 ALAT AL IGF-I5ET IGF-TT5E 2% o
=l ”]0}"4 FrBAFo] FotA wopon, ol
Ao FYstq & 4 %’— IGF-1

%hf&

239 IGF-1 Tr%’d A8+E 7HA Q9 (Janssen
1997), 2= IGF-19 FAGHAL 2359 A3z
Ao, FuBArt tjzFo] u|e}e]
A BEyom Mud £ 9ok

T A%
IGFs ¥%57} word
cHIAFY IGF-12
1999), %%

2
daHog ZioA A=
(Rosen % , % IGFs %9 ZHak

1
th Luo and Murphy (1991 )% ‘%h
IGF-I mRNAm] $£&9¢] ¥3% it g
HAA d&d HAE 3 QJ—} ZblA IGF-1 mRNA
dEo] A5Eg JASHY oYY At G

dZ IGF-1 $57h e AL 7olA9) IGF-1 mRNA
HH g W IGF-T 44 Zaef 7Uskes Ao

Az FE AARE gAteg § d1dA Yad
£3589 (western blotting) 24237 Hk APEHoM g7
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Table 4. Correlations of IGF-I, IGF-Il and IGFBP3 levels
IGF-I IGF-II IGFBP-3
Variables Fasting Postprandial Fasting Postprandial Fasting Postprandial
IGF-I (F)
IGF-1 (P) 0.6189%***
IGF-It (F) 0,4947%%% -
IGF-II (P) 0,4242%* - 0.8198%%*
IGFBP-3 (F) - - 0.3608* -
IGFBP-3 (P) 0,2953* - 0.4393*% 0.3262*% 0.6775%%*

F; fasting, P; postprandial, *: p{0,05, **:

p<€0.01, ***: p{0,001,

Table 5. Correlations of IGF-{, IGF-It and IGFBP-3 leveis and glucose and insulin levels

IGF-1 IGF-1I IGFBP-3
Variables Fasting Postprandial Fasting Postprandial Fasting Postprandial
Glucose (F) - 0.3686* - - - _
Glucose (P} - - - - _ _
Insulin (F) 0,4253%* 0,8826%*%* - - - -
Insulin {P) - 0.6199%** _ _ _ ”
Triglyceride - - 0.3513%* - - -
Total cholesterol - - - - — -
HDL-cholesterol - - - - - _
F; fasting, P; postprandial, *: p<0,05, **: p<0,01, ***: p{0.001,
4, B2 Y 439 BY, U4, IGFs ¥ GFBP-3 E9} 493 ABAZ wol4 Yot W
IGFBPsQ| A&EtA d 35 A 8% ded sEc 35 A9 A% IGF-I
_ SEo Fog oY AuEA dgled, A% ded
35 R 49 WY, UEY, 10Fs 9 GFBPSA & poy gy [6P-1 SRS FO8 4RUAS ¥y
& YUWAL Table 4 A Table 5% At 3F M@ g g3 gy 47 29 06Y $EE G0 3
F TEc A% IGF-1 =947 o4& 49 ”4474] IGFBP-53 S EoH= 03 ATTAS Ho|x| %opeh
hoqged, 4 ¥ ¥9 SRt 3% 10Fs ¥

86



FuEAe] A4} A3 g2

8% Insulin-like growth factor(IGF- 1), IGF-1 ¥ Insulin-like growth factor binding proteins(IGFBP)-39] Wt 7

v, 2% ¥ #E
2 Q7E 83U gRE o2 3% 9 4F
Aol & @4 IGF-1, IGF-II 3 IGFBP-39] 5%
e yoes oIF 4 99 3 46T sed

=7t 46}711
iE“ CHZ%“%I dato] it
207 & 2R {954
4 IGF-1I 82 Fuirst o
Joh 4% 2% goaA weto,
Atolofl -ofgt ztolzp gigich,

American Diabetes association, (2001} Postprandial
blood glucose, Diabetes Care 24: 775-778
Carroll P, V., Umpleby M, Alexander E L, Egel VA,
Callison K V., Sonksen P.H,
DL, (1998) Recombinant human insulin-like
growth factor—1 (rhIGF-1) therapy in adults
with type 1 diabetes mellitus; effects on IGFs,

Russell-Jones

IGF-binding proteins, glucose levels and
insulin treatment, Clin, Endocrinol, 49:739-746
Cavallero E,, Dachet C., Neufcou D,, Wirquin E
Mathe D,, Jacotot B, (1994)

amplication of abnormalities in

, Postprandial

lipopotein
controlled type II diabetic subjects; relationship
to postprandial lipemia and C-peptide/glucagons
levels. Metabolism 43: 270-278

Cohen P., Rosenfeld R.G. (1994) Physiologic and
clinical relevance of the insulin-like growth
factor binding proteins, Curr, Opin, Pediatr,
6:462-467

Conover C A, Ronk M., Lombana F, Powell DR,
(1990) Structural and biological chracterization
of bovine insulin—like growth factor binding—
3. Endocrinol, 127:2795-2803

817

DeFronzo R.A,,
(1992) Pathogenesis of NIDDM. A balanced
overview, Diabetes Care 15:318-368

DeFronzo R.A,, (1997) Pathogenesis of type 2

diabetes; metabolic and molecular implications

Bonadonna R.C,, Ferrannini E,

for identifying diabetes genes, Diabetes
Reviews 5:177-269
Froesch E.R., Schmid C,, Schwander J., Zapf J,

(1985). Actions of insulin-like growth factors,
Annu, Rev, Physiol, 47:443-467

Goya L., Martin M. A,, Alvarez C,,
Ramos S,, de la Puente A, Pascual-Leone
A M, (1999) Liver mRNA expression of IGF-
I in adult undernourished diabetic rats, Life
Science 64:2255-2271

Hasegawa T., Hasegawa Y, Takada M, Kurimoto
F., Tsuchiya Y, (1998) Insulin-like growth
factors—insulin-like growth factor

diabetic

Rivero F

binding

protein axis and control. in
insulin—dependent diabetes mellitus, Endocr,
J, 45:5129-131

Heo Y.R., Jin S.J., Kim J.S, Kang C.W. (2000)
Changes of insulin like growth factor-I,

IGF-1
protein in streptozotocine—induced diabetic
rat, Korean J. Vet, Res. 40(3):489-496,

Howard BV, (1987) Lipoprotein metabolism in
diabetes mellitus, J, Lipid, Res, 28:613-628

Humbel RE, (1990) Insulin—like growth factors I
and 1. Eur, J. Biochem. 190:445-462

Janka H U, (1992) Metabolisches syndrom and Type
-I1-Diabetes, Fortscher, Med, 34:637-641

Janssen J A, Jacobs ML, Derkx F.H., Webwr RF,,
van der Lely A J,, Lamberts S.W. (1997) Free
and total insulin-like growth factor [ (IGF-
1), IGF-binding protein-1 (IGFBP-1) and
IGFBP-3 their relationships to the

presence of diabetic retinopathy and glomerular

IGF-binding proteins, and carrier

and

hyperfiltration in insulin-dependent diabetes
mellitus, J, Clin, Metab, 82:

2809-2815

Endocrinol,



[oe]
ol
o
EU)
ot
o
rie
24
e
4

Jones JL,, (1995) Insulin-like

growth factors and their binding proteins;

Clemmons D.R.,

biological actions, Endocrinol, 16:3-33

Kostecka Y., Blahovee J, (1999) Insulin-like

- growth factor binding proteins and their
functions (minireview), Endocr, Regul. 33:
90-94

Leu J M, Murphy L.J. (1991) Differential

expression of insulin-like growth factor—1
and insulin—growth factor binding protein—1
in the diabetic rat, Mol, Cell, Biochem,
103:41-50 '

Lillioja S., Mott D.M,, Howard B.V,, Bennett P H,
Yki-Jarvinen H , Freymond D,, Nyomba B.L ,
Zurlo F., Swinburn B,, Bogardus C. (1988)
Impaired glucose tolerance as a disorder of
insulin action, Longitudinal and cross—

sectional studies in Pima Indians, N, Engl,

J. Med, 318: 1217-1225

B.C.,, Warram JH,, Krolewski AS,

Bergman R.N., Soeldner J.S.,, Kahn CR,

(1992) Role of glucose and insulin resistance

Martin

in development of type 2 diabetes mellitus:
results of a 25-year follow—up study., Lancet
340:925-929
Matthai S,, Stmvoll M,, Kellerer M,, Haring H.U,
(2000) Pathophysiology and pharmacological
treatment of insulin resistance, Endocr, Rev,
21. 585-618
D.E, K.D. (2005 Metabolic
syndrome: a clinical and molecular perspective,
Ann, Rev. Med, 56:45-62
Moxley I R.T., Arner P, Moss A, Skotten A,
Livingston J.N, (1990) Acute

effects of insulin-like growth factor I and

Moller Kaufman

James D,,

88

insulin on glucose metabolism in vivo, Am,
J. Phsiol, 259:E561-E567

Niina M., Mikko S,
Postprandial
Atherosclerosis 141suppl:S53-S55

Reaven G.M, (1988) Role of insulin resistance in
human disease, Diabetes 37. 1595-1607

Reaven G.M,, Laws A,
compensatory hyperinsulinaemia, and coronary
heart disease, Diabetolosia 37:948-952

Rinderknech E., Humble R.E, ~(1978) The amino

acid sequence of human insulin—like growth

(1998)
in diabetes

. , Marja-riitta T,

lipid metabolism

(1994) Insulin resistance,

factor I and its structural homology - with
proinsulin, J, Biol, Chem, 253:2769-2776

Rosen C.J., Pollak M, (1999) Circulating IGF-1:
New perspectives for a new century, TEM,
10:136-141

Sara V.R, Hall K  (1990)
factors and their binding proteins, Physiol,
Rev, 70:591-614

Spagnoli A,, Chiarelli F,, Vorwerk P Boscherini B,
Rosenfeld R.G. (1999) of the
components of insulin—like growth factor
(IGF)-IGF binding protein (IGFBP) system in

with type I

persistent microalbuminuria: relationship with

Insulin—like growth

Evaluation

adolescents diabetes and
increased urinary excretion of "IGFBP-3 18
kDa N-terminal fragment, Clin, Endocrinol,
51:587-596

Weyer C, Bogardus C, Mott DM, Pratley RE, (1999)
The

dysfunction and

natural history of insulin secretory

insulin resistance in the
pathogenesis of type 2 diabetes mellitus, J,

Clin, Invest, 104: 787-794



