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The Effect of Obesity on Serum Growth Factors, and Insulin-like Growth Factor
Binding Protein-3 Proteolysis in Children with Simple Obesity

Sun Woo Lee, M.D., Young Jun Rhie, M.D., Il Tae Hwang, M.D.", Dong Ki Han, M.D.
Duk Hee Kim, M.D. and Ho-Seong Kim, M.D.

Department of Pediatrics, College of Medicine, Yonsei Universily, Seoul,
Department of Pediatrics’, College of Medicine, Hallym University, Seoul, Korea

Purpose : In children with simple obesity, spontaneous and stimulated growth hormone (GH) secretion
are diminished, but their heights usually are normal or even taller for their age and sex. The exact
mechanism to explain the discrepancy between impaired GH secretion and normal height velocity has
not been elucidated. In this study, we aimed to determine the level of serum growth factors, and the
degree of insulin-like growth factor binding protein (IGFBP)-3 proteolysis, and to assess the alteration
of the IGF system associated with accelerated or normal growth in simple obesity.

Methods : We evaluated serum growth factors, and IGFBP-3 proteolysis in 27 obese, 25 obesity risk
group, and 28 age-matched control group. We measured serum levels of insulin-like growth factor
(IGF)-1, IGFBP-1, -3, and free IGF-1 by immuno-radiometric assay and IGFBP-3 fragment by West-
ern immunoblotting.

Results : The height was taller in obese children than in lean control group. The results showed no
significant difference in the level of serum total IGF-1 and IGFBP-3 between obese and normal con-
trol group. Although there was no significant difference in other components, serum free IGF-I levels
were significantly increased (P<0.05) and showed positive correlation with their height in obese chil-
dren (r=0.25, P<0.05). The degree of IGFBP-3 proteolysis was increased in obesity and obesity risk
group compared to control group. The densities of the IGFBP-3 proteolytic fragment approximate 18
kDa also showed positive correlation with levels of free IGF-1 (r=0.23, P<0.05) and height (r=0.19, P<
0.05).

Conclusion : These findings may suggest that elevated levels of serum IGFBP-3 proteolytic fragments
showing decreased affinity to IGF-I result in the increase of biologically active free IGF-I, thereby
maintain normal growth in the obese children.
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sance Western Blot Chemiluminescence reagents (NEN,
Boston, MA, USA)E AR&3te] W9 Wh-&-& Role o
< &394, immunoblotS v A A= Bio-Rad GS
670 1maging densitometer (Bio-Rad, Melville, NY,
USA)E ol&3te] FH=E FH50C

S~

3. AN 24

)
=

:%

Ao PREEFAAE BAGGOH da 2

rlr

"401] Pearson’s single correlations¥} two-way analy-
sis of variation (ANOVA), student’s t-test& AH&-3}1
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Table 1. Characteristics of the Subjects

Obese Obesity risk Control

group group group
Case 27 25 28
Age (yr) 109+24 10.8+2.0 105123
Sex (boy/girl) 12/15 14/11 1117
Weight (kg) 6731223 502*t119 341%E129
BMI (kg/m?) 30.0+6.6 23021 17.3+27
Height (cm) 14801217 146.1%=122" 1379+158
Height SDS 14117 IRESRN -01=141
Waist/hip ratio 097+0.10" 086005 081006
Skin fold (%) 20.1+6.8" 239+35 16.9%5.1
Adiposity by electrical  41.1£59"  33.1%x44"  172%85

bio-impedence (%)

Obese group: BMI=95P, obesity risk group : 85P <BMI<95P,
control group : BMI<85P
Values are mean+SED, "P<0.05

Table 2. Comparisons of Growth Components

1. LIol, NE2 A, HI2= 2 AE9 Xto]

9244, 108%+2.0
Al 103i23xﬂL ﬂl& t AR E L, i E2 Tl Aol &
HolA ¢retr)y AlAgA e vnkolA 300£66 kg/
2

nt, BRI el A 230121 kg/m’, RTOA 17.3%
27 ke/m' o R EHE AT AR, AFTAA EHD
st A7) dudagor G AX LT
B /g gelwdn BT v|ykry v]ukgarel A 9

2. IGF-I, IGFBP-1, 3 & ®&| IGF-| g2l xl0] ¥
Aol MEHEHAIGF-| Y IGFBP-39] H3 sE=
2t TIEZH0] X012 HOXI SUCHTable 2)

g% %ﬂ IGF-T ¥+ vlykrtol A 40120 ng/mL,
Z7oll A 27 ng/mL
=2 ‘ﬂl“* =l H]”*% 6‘4011*1
o™ (Fig. 1), 27837 fels %}'91 FRRAE Ei‘iiT/]'(r:
0.25, P<0.05)(Fig. 2). IGFBP-19] 7 S-li= v|wiiel] u}
g} kol ZFAshH(Table 2), ’L*o}i]'t" o FEAAE 2

AtHFig. 2). 7t 28EE dF d&ud wve A% 2
Fhof| A3z Bk of A] wrﬂ‘?‘l F7HE Bastgiti(Table 2).
3. IGFBP-3 proteolysis@| xf0| ¥ Al=tz|o]

AbzhEA|

IGFBP-3 w2 Western immunoblot HAFS A @3}
4 40 kDa #7119 &% He|ZHE 18 kDa R F3F
Ar)e] BAz EeEe 32E S 5 dich uEE
B2

o] Hwk g HEeEol A 18 kDa )8l whlEdo]

:W

Obese group

Obesity risk group

Control group One-way ANOVA test”

IGF-1 {ng/L} 300.3=117.6

IGFBP-3 (ng/L) 4213119274

Free IGF-I (ng/L) 40x20

IGFBP-1 (ng/L) 238227

Insulin (/IU/mL) 202100 187114

323911341
439367352
4123
3241231

29491156.3 NST
4429.711,1937 NS
27E12 <005
741425 <005
87143 <005

“ANOVA with Post Hoc test (Tukey B) for all paired comparison, "NS:not significant
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Fig. 1. Serum levels of free IGF-I and IGFBP3 fragment show significant increase in obese (BMI=95P),
obesity risk (85P<BMI<95P) group than normal control group (BMI<85P). "Turkeys for all pairwise compari-
son; P<0.05.
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Fig. 2. Linear regression analyses show positive correlation between (A) serum free IGF-I vs. IGFBP-3 frag-
ments (r=0.23, P<0.05), (B) height vs. free IGF-I (r=0.25, P<0.05), (C) height vs. IGFBP-3 fragments (r=0.19,
P<0.05) and negative correlation between (D) height vs. IGFBP-1 (r=-0.523, P<0.05) in the high risk (BMI>=
85P) and control group (BMI<85P).
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kDa, fainter bands are seen in almost all obese and high risk subjects and in only 1 lean control

IGFBP-3 fragments are seen at about 29 kDa in sample from obese children. Approximately at 18
child.

Fig. 3. Autoradiogram of Western immunoblot of IGFBP-3 in serum from 27 obese, 25 high risk and
28 age-matched lean subjects. The intact forms of IGFBP-3 are seen at about 40 kDa, the major

- A——— i ———r

Nooof W T F R OT H P oo B BoH T E WM T M T e R ol o
) - T L RCE R Y oo BT o WO B e M
SR M EN oy LT SR RV ek g R eFE o
2T HRT 957 90% hoToP we2nl] gxe
_— ! N . . ; - = —_— ~ i~ '
T T s P ERYy o AT o ® M@rﬁrﬂo
R OB gy TS EI Il R UG S o=
5% < 4o Mo Wy = TN B [
= oy s TR T 5 e O &0 oF s No o% = A+ MK T
Ty 2T BT AOLE s B m ke TRy
ST E R R e BROTHTR 4z 2T
W= ooy Bk XX W oo =m N o o Y GG~ B
Jo o = 1 m 5§ o) N o 7P 1L R R AT ! v
oMo E g B0 oo N T ECEE
_ .|,. %y I d Lo = ulo_l ‘D| = =N ‘,|A :.; .ﬂL ik 3 \ul __L \NAO i
S h T omo — X0 el o, == 7 g0 a W o - ol 4
FELLLPIorw @ 20 R Wl o T o
T I R N Bom moge oy MG W e
oMo gy oy 2= WX T G0 ox N N
YT e o X W T ok T Nomy X x N oz B o
oo TR T ™ <~ & A~ B 5T No 3 S o B <= — MT AE
e . — T ok oL -~ B e i a | _, 11/ B o} 0 olJ
e R By H Mo " th Z0 B Ely iy e < E oF R W 5 T oF o o 7O N L_E o/
T b N o 2 oop ® ofm = e o W — O o W e
Hom ome NN 5 T e L T o L% T o Mo
EL ~ < — 0 ) ﬁi o L ] \ UL hr OL '
B e T o ®oLow ML YR S 2H 2R T o
ho—= X 11 AT« TR U = W e 0| — ny o B oy B — — —_
Boo <o N B E X [ SO S X0 = wo o0 .M
iy = s o 0l = — o = a, Nio oR W T n — i
o ol ome T Mo, = K<~ Bm % o —~ TS T T
R T e T I o OO RCC P L R
T A g el kP g Ry T T EN e A
~oaoa ™o T ou R T R AT W Mo o0 o oo T U o WM T
L M% dﬂmemﬂMM%M,oﬂMM@g No BE
— o 1= T~ oAl N o W oo N g, R _ W
T e, . e M T oerd e M .
oo X R R %0 o =~ O T w KO
NS R E 7 @ P ox T i S R
= =0 ~ w _L 0 =0 X_ oF o ‘UI X ‘u| ~ ﬂNO = o Mr, ra s X G
S O g o 8 = Yy $oEs el AN S LG S
o MO T @ | W 2T oo
KLl s T FTIM-oTNI®UNEA L F T oy ATy
™N L . 0 p ﬂmo Loz ol | vze) ~
= ™ Ay T RO o] = = EEl — Ol 9 X o] Koy 5
o) B AR R~ w0 Ea il - s o ™ S il
EoyE O R BEg R e~ F oMLy RO o
- ~ A i S 3 R T - < R’
w2 5o N T X o No of B Wi R0y o 2
, it N Koo w o % °© o B
|r__= o e ! o b L= A Y T o# QS o i i
K b T & o o Y R o= I Koo O R o
X OW —_ o ,CI - T W 04 — MO 50 o ol 0 — I__/l
~ RS~ R = W oa o= L N S e TR o
< = F T R e N L~ R
L BNT T Ty g g R s T N BT
M Hur«%%ﬂﬂé%ﬂﬂmqﬁ@9%@ﬂ%ﬁAmr%ol,@ﬁ
X \ ol il —_— —
Mﬂﬁwﬁuoﬂu.?ﬂdr.ol,%ﬂﬂy%ﬂMoL?@ﬁI%
i ~ n b = —_
= =R s N N1 B o ooy Bow LI om B gy
L W om o U MEE o B =0 opf ow oy D o
Gl Lo U s e s = — o e n
T o A JMQ. M,Nrp =) ﬂr T %o ~ X2 H;.L oy " mo W T O Ow ey Md_u MM ivs!
) J 1 — ; =0 _, ; — — ;
R TE oo T T T o UG o B w T oy
TRl ps T my,, XXTFR N RGBT
A ~ L9 oo 2 Im " = L omo X% g I — _— -
Lol T < N o= B %o ILRO® O R fo o) _ T o O
m_rv ol Moo 9 m X ® 5 X0 PN Moo
FoE R Tt = M REOW AT I S - I R Lo
TR W e o %o o EH TR H FE o

A

A

]

A
fal

7k sl

o

P

7 IGF-1¢]

)

5

’

o

1

#H

= T2

% IGFBP-1 5

&
=

el
-5

il
F

&

"3

174

=
=

o

5 A
=

=] %5
o] 2rotof|l A b2t

A otol A

F

[
i

1
g4

=

|

7]

7ol

&)

3

u
H

| A% AAF

<

Ao}

€



Wst

P

1

F oA
FBP-3 &

Feh=s IGFeRe] A%
g 1G

t}. IGFBPe] &

TS T

o)L

4

o
O
=
14 ek, o)

2]

1S
il 1
A

t}
| IGFeke] 2

5

-

=

e

H14

3]

IGFBPe] A&
T‘?T

a

IGFBP-3,-4,-6°1 4 =
¥ IGFBP-3

B

!

|

&
=
=
=

P

i

o

]

Aot

)oﬂ

]

IGFBP-1# IGF-1¢]
o

[}
{

1

IGFBP-19]

IGFBP-19]

[}
AT
=%
G

9

5

=

0} O
o
ol

b Hgo}el A

3} 517

Qo IGF-17

iy

7}7}F

)

]

] 7142 W
©

Ne}
=
(=)

2]
) Oﬂ
]_

pul

(o)

=30
t}. Cianfarani

A

i

ko]

1

hi
pul

(e}

[e]
IGFBP-3 %t

7

2 fdl IGF-T
IGFBP-1 %
g IGF-17t
2L
al

# +*+ Kamoda

o]

H

1014 ersrch

o

IGFBP-13}
129k IGF-T

Al

IGFBP-1¢9]
37 = v

ol M= Q% IGFBP-

%

n
Zo

X

|
4

o}

Ko

el

=K

el

—t

o} 24717,

2

_t
X

L.
=

IGFBP-3

4 e, xelo] Al IGFBP-3

L

IGFBP-3
2]

-

yas
Ey
s

Sk

<

hi

[e]
WA (insulin  resistance)

oA gl 4 Z A IGFBP-3

Z]
=

~ 12O

o
protein, GHBP) %

=
=

= GH-IGF

=

s

=

]

z:;l_

HES

~
o

#4

*

1

&t

S

A
s7tE &

=

7 o]

=y
=]

]

4 IGF-19]
o

% IGFBP-3
7] IGF-1

al
s

&
=

fe]

2 &l (free form)®
T

o]
T

IGFBP-3¢]
3

EE!

ka2
=

o}
24 IGFBP- 3 w#e] IGF-14

H] ghoefl A
7k, IGFBP-19] %4
A

1
A

oy
LA
2~ o

o
2

}
=
fe)

Hogx IGF-Io]

[=i3
=]

iy
=

R

}d (high

2

3= IGFBP-3

S

A

==
T

A A7l 2

A

1

wl

A
670 ¢] IGFBP (IGFBP-1~6)°]

IGFBP-39] 18 kDa
g wel

tt. X714 IGFe a3

=i
EX
&k
1
=

# nghole]
A

==

1o

o

]

# IGF-1
==
o, gzl

L

o]

dF
7]

72 ¥
)

AT

Ef
affinity) ©. % 235}

GH-GHBP
&7

=
[E]

©

o
T
A
gt

o

st

% IGFs} 4

&
=

B

acid labile subunit (ALS)#}

AAAA o} Aoz

e

pE

[
T

1

i
3

]

9]

#Hg GI-IGE :

i

T

| .

Eu

i

= thehy v
-

[e]
gul

o

Z

Jl(ternary complex)] E|=

ga

H
=

=z
5

A H 103 H25 20064

Ak
=
&}

k=13

ol ol

;

3|
of

It} IGFBPS IGF =

gl

o

kel
= 98, IGF7F &4

A

150 kDa =79

200

)



AE B Bop B2 57 AT ofFejAor & Ao
= A7t
o ok
™
8 F g vldolelA] GH 24417 ApLA 2wl =l

=
A} %Xé 3}tk Immuno-radiometric assay s ©| &3}
-1, 3, 78 IGF-1& 43t ou, IGFBP-

3 s -2 Western immunoblotting V1Mo ® &

= AT
Zrzte]l 1A o3k zpolE Rolx kgkth wbd M
it 7]

25 wuNEAA Fe 6P 19 B4 492

+918 =7kl IGFBP-19 93 a2 E%ﬁguq,
IGFBP-13 217 A7|zbell &9 ZdaaAE #z3d 5
A

A B AREE B AYE Eshel W vvlolol A
Argelabel wWa g AAEAEe] Al dE ARG
A7 digkelel A Wi Aol FrksEe] don, HE
IGFBP-3 whiiis] BA7) fe IGF-19 $7He Heoly
AAG e ol s vAE S JAFE F AN
o £33 A& Fvkd w2 IGFBP-19] 7Hhel AlAA
F SRl Fo @ ddde Be viwteRn fdE=
A Ael] 2 ools AEdAte] Wbyt vlvkolo
A BEAAR] AAEFeE e o AZtEr

I
ot

tD 2

1) He Q, Karlberg J. BMI in childhood and its associ-
ation with height gain, timing of puberty, and final
height. Pediatr Res 2001;49:244-52.

2) De Simone M, Farello G, Palumbo M, Gentile T,
Ciuffreda M, Olioso IP. Growth charts, growth ve
locity and bone development in childhood obesity.
Int J Obes 1995;19:851-7.

3) Garn S, Clark DC. Nutrition, growth, development

and maturation : findings from the ten state nutri-

tion survey of 1968-1970. Pediatrics 1975;56:306-19.

Veldhuis JD, Iranmanesh A, Ho KK, Johnson ML,

Lizarralde G. Dual defect in pulsatile growth hor-

4

=

mone secretion and clearance subserve the hyposo-
matropism of obesity in man. Clin Endocrinol Me-
tab 1991;72:51-9.

Tissen JP, Ketelslegers LM, Underwood LE. Nutri-
tional regulation of the insulin-like growth factors.
Endocr Rev 1994;15:80-101.

Riedal M, Hoelt B, Blum WF, von zure Muhlen A,
Brabant G. Pulsatile growth hormone secretion in

5

<

6

=

normal-weight and obese men: differential metabolic
regulation during energy restriction. Metabolism
1995;44:605-10.

Meistas MT, Foster GV, Margolis S, Kowarski AA.
Integrated concentrations of growth hormone, insu-
lin, C-peptide and prolactin in human obesity. Me-
tabolism 1982;31:1224-8.

Baxter RC, Binoux MA, Clemmons DR, Conover C,
Drop SL, Holly JM, et al. Recommendations for no-

7

~—

3

=

menclature of the insulin-like growth factor binding
protein superfamiliy. Endocrinology 1998;139:4036.

Rosenfeld RG, Pham H, Cohen P, Fielder P, Gar-
gosky SE, Muller H. Insulin-like growth [actor

9

=

binding proteins and their regulation. Acta Paediatr
1994;339:154-8.

10) Ballerini. Diffenential impact of simple childhood

=

obesity on the components of the growth hormone
(GH)-IGF-IGFBP axis. ] Pediatr Endocrinol Metab
2002;17:749-57.

11) Kim HS, Nagalla SR, Oh Y, Wilson E, Roberts CT
Jr., Rosenfeld RG. Identification of a family of low-
affinity insulin-like growth factor binding proteins
(IGFBPs) : characterization of connective tissue
growth factor as a member of the IGFBP super-
family. Proc Natl Acad Sci USA 1997;49:12981-6.

12) Oh Y, Rosenfeld RG. IGF-independent actions of
the IGF bhinding proteins. In: Rosenfeld RG, Roberts
CT, Jr, editors. The IGF system : Molecular biology,
physiology, and clinical applications. 1st ed. Totowa :

MEtelxiet eleler MAtQIX|ZA ElctalE 32| R slol o|xle Hg 201



Humana press 1999:257-72.

13) Baxter RC. Insulin-like growth factor binding pro-
tein in the human circulation, a review. Horm Res
1994;42:140-4.

14) Twigg SM, Baxter RC. Insulin-like growth factor
(IGF)-binding protein-5 forms an alternative ter
nary complex with IGFs and the acid-labile sub
unit. J Biol Chem 1998;273:6074-9.

15) Baxter RC. Insulin-like growth factor (IGF)-binding
proteins ! interactions with IGFs and intrinsic bioac-
tivities. Am J Physiol Endocrinol Metab 2000;278:
E967-76.

16) Hossenlop P, Segovia B, Lassarre C. Evidence of

i)

enzymatic degradation of insulin-like growth factor—
binding proteins in the 150K complex during preg-
nancy. J Clin Endocrinol Metab 1990;56:376-83.

Giudice LC, Farrell EM, Pham H, Lamson G, Ro-
senfeld RG. Insulin-like growth factor binding pro

17

—

teins in maternal serum throughout gestation and in
the puerperium :effect of a pregnancy-associated
serum protease activity. J Clin Endocrinol Metab
1990;71:806-16.

18) Glass AR, Burmann K.D, Boehm, TM. endocrine
function in human obesity. Metabolism 1990;30:89-
104.

19) Fores GB. Nutrition and growth. J Pediatr 1977;91:
40-2.

20) Vignolo M, Naselli A, Aicardi G. Growth and devel-

opment in simple obesity. Eur ] Pediatr 1988;147:

242-4,

Freedman DS, Thornton JC, Mei Z, Wang ], Dietz

WH, Pierson RN, et al. Height and adiposity among

children. Obes Res 2004;12:846-53.

22) Woods KA, Camacho-Hubner C, Savage MO, Clark
A]J *Intrauterine growth retardation and postnatal

21

~—

growth failure associated with deletion of the insu
lin-like growth factor I gene. New Engl ] Med
1996;335:1363-7.

Argente ], Caballo N, Barrios V, Pozo J, Munoz
MT, Chowen A, et al. Multiple endocrine abnor-

23

Pt

malities of the growth hormone and insulin-like
growth factor axis in prepubertal children with ex
ogenous obesity: effect of short- and long-term
weight reduction. ] Clin Endocrinol Metab 1997;82:
2076-83.

Hochberg Z, Hertz P, Colin V, Ish-Shalmon S, Ye-
shurun D, Youdim MB. The distal axis of growth
hormone (GH) in nutritional disorders : GH-binding

24

s

protein, insulin-like growth factor-1 (IGF-D), and
IGF-1 receptor. Metabolism 1992;41:106-12.

Copeland KC, Colletti RB, McAuliffe TL. The rela-
tionship between insulin-like growth factor-I, adi-
posity, and aging. Metabolism 1990;39:584-7.

25

Z

26) Attia N, Tamborlane WV, Heptulla R, Maggs D,

27

28

29

30

31

32

34

36

)

)

)

=

~—

~

=

=

=

fid

Grozman A, Sherwin RS, et al. The metabolic syn-
drome and insulin-like growth factor 1 regulation in
adolescent obesity. J Clin Endocrinol Metab 1998;83:
1467-71.

Saitoh H, Kamoda T, Nakahara S, Hirano T, Naka
mura N. Serum concentrations of insulin, insulin-
like growth factor (IGF)-I, IGF binding protein
(IGFBP)-1 and -3 and growth hormone binding
protein in obese children : fasting IGFBP-1 is sup-
pressed in normoinsulinaemic obese children. Clin
Endocrinol (Oxf) 1998;48:487-92.

Radetti G, Bozzola M, Pasquino B, Paszuino B,
Paganini C, Aglialoro A, et al. Growth hormone
bioactivity, insulin-like growth factors (IGFs), and
IGF binding proteins in obese children. Metabolism
1998;47:149073.

Travers SH, Labarta JI, Gargosky SE, Rosenfeld
RG, Jefferes BW, Eckel RH. Insulin-like growth
factor binding protein-1 levels are strongly asso-
ciated with insulin sensitivity and obesity in early
pubertal children. J Clin Endocrinol Metab 1998;83:
1935-9.

Caprio S, Plewe G, Diamond MP, Simon DC, Boul
ware SD, Sherwin RS, et al. Increased insulin se-
cretion in puberty :a compensatory response to re-
ductions in insulin sensitivity. J Pediatr 1989;114:
963-7.

Brismar K, Hall K. Clinical application of IGFBP-I
and its regulation. Growth Regul 1993;3:98-100.
Frystyk J, Vestbo E, Skjaerbak C, Mogensen CE,
Orskov H. Free insulin-like growth factors in hu-
man obesity. Metabolism 1995;44:37-44,
Slowinska—Srzednicka J, Zgliczynski W, Makowska
A, Jeske W, Brzezinska A, Soszynski P, et al. An
abnormality of the growth hormone/insulin-like
growth factor-1 axis in women with polycystic ova-
ry syndrome due to coexistent obesity. J Clin En-
docrinol Metah 1992;74:1432-5.

Cordido F. Casanueva FF, Vidal JI, dieguez C.
Study of insulin-like growth factor I in human obe-
sity. Horm Res 1991;36:187-91.

Kamoda T, Saitoh H, Nakahara S, Inudoh M, Hi-
rano T, Matsui A. The phosphorylation status of
insulin—like growth factor-binding protein-1 in pre-
pubertal obese children. Eur J Endocrinol 1999;141:
585-9.

Cianfarani S, Bonfanti R, Bitti ML, Germani D
Boemi S, Chiumello G, et al. Growth and insulin—

)

like growth factors (IGFs) in children with insulin—
dependent diabetes mellitus at the onset of disease:
evidence for normal growth, age dependency of the
IGF system alterations, and presence of a small

202  ciskobEulEE A H 10 M 25 2006



37

~—

38)

39

=

40

=

41)

(approximately 18-kilodalton) IGF-binding protein-3
fragment in serum. J Clin Endocrinol Metab 2000;
85:4162-7.

Ballerini MG. Differential impact of simple childhood
obesity on the components of the growth hormone-
insulin-like growth factor (IGF)-IGF binding pro
teins axis. ] Pediatr Endocrinol Metab 2004;17:749-
57.

Lalou C, Lassarre C, Binoux M. A proteolytic frag-
ment of insulin-like growth factor (IGF) binding
protein—-3 that fails to bind IGFs inhibits the mito-
genic effects of IGF-1 and insulin. Endocrinology
1996,137:3206-12.

Connover C. Post-translational modifications of IGF
binding proteins. In:Rosenfeld RG, Roberts C Jr.
eds. The IGF system. Totowa. NJ:Humana DPress
1999:355-76.

Shinada ML, Akdeniz A, Panagiotopoulos S, Jerums
G, Bach LA. Proteolysis of insulin-like growth fac-
tor-binding protein-3 is increased in urine from pa-
tients with diabetic nephropathy. J Clin Endocrinol
Metab 2000;85:1163-9.

Muller HL, Oh Y, Gargosky SE, Wilson KF, Lehm-
becher T, Rosenfeld RG. Insulin-like growth factor-
binding protein-3 concentration and insulin-like
growth factor-binding protein-3 proteolysis activity

42

N

43

=

44

=

45)

in sera of patients with malignant solid tumors or
leukemia. Pediatr Res 1994;35:720-4.

Spagnoli A, Gargosky SE, Spadoni GL, MacGilliv-
ray M, Oh Y, Rosenfeld RG, et al. Characterization
of a low molecular mass form of insulin-like
growth factor binding protein—-3 (17.7 kilodaltons) in
urine and serum from healthy children and growth
hormone deficient patients: relationship with GH
therapy. ] Clin Endocrinol Metab 1995;80:3668-76.
Cianfarani S, Germani D, Rossi P, Rossi L, Ger-
mani A, Ossicini C, et al. Intrauterine growth retar-
dation : evidence for the activation of the insulin-
like growth factor (IGF)-related growth-promoting
machinery and the presence of a cation—-independent
IGF binding protein-3 proteolytic activity by two
months of life. Pediatr Res 1998;44:374-80.

Bang P, Nygren J, Carlsson-Skwirut C, Thorell A,
Ljungqvist O. Postoperative induction of insulin-like
growth factor binding protein-3 proteolytic activity :
relation to insulin and insulin sensitivity. J Clin En-
docrinol Metab 1998;83:2509-15.

Maile LA, Crown AL, Holly JMP. IGF binding pro-
tein proteolysis in various clinical states. In:Ro-
senfeld RG, Roberts C Jr. eds. The IGF system.
Totowa. NJ: Humana Press 1999:633-49.

ched|Trolol M wlgto| &

E MTeIXel elaaler MAIXIZ o3| clalEsof ojxl= g8 203



