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Abstract

Insulin-like growth faclor (IGF)-I and II are important mitogenic and anabolic peptides and are thought
to be involved in regulating the proliferation and differentiation of a number of cell types in vitro and
in vivo. IGFs exist in serum and other biological fluids, as complexes bound to a family of structually
related proieins, termed IGF-binding proteins (IGFBPs). A family of structually related IGFBFs, different
from the IGF receptors, is believed io be involved in the modulation of IGF action in different tissues,
including bone tissue. Of the several IGFBPs, stimulatory IGFBP-5, which has a strong affinity for
hydroxyapatite, is the major IGFBP stored in human bone. In this study, I investigated the changes of
IGFBP-5 in serum from osteopenia patients. The amounts of [GFBP-5 in osteopenia were reduced when
they were compared with normal standards. These changes were activated by IGFBP-5 proteases. IGFBP-
5 prolease thal cleaves IGFBP-5 in osteopenia serum had propertics which were serine protease and
metalloprotease, because EDTA and 1,10-phenanthroline (both are metalloprotease inhibitors), aprotinin,
heparine, heparine cofactor 2 (HC2), and heparine+HC2 {those are serine protease inhibitors) had inhibitory
activities. IGF-1, IGF-II and insulin showed no inhibitory effects on the IGFBP-5 proteases. Gelatin
zymography showed that 66 kDa and 97 kDa bands were identified in normal standards, and 69 kDa
band was idenlified in osteopenias.
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Western ligand blot
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Table 1. Insulin-like growth factor-I level in serum of
osteopenia patients

(ng/mLy’

7.76+11.14 (n=T)
82411.08 (n=8)

Samples IGF-1

Conlrel
Ostespenia

M Il
"Values are means TSE

er103f4f
66 -

a5 -
a0 -

21 -

\— CONTROL —Il- OSTEOPENIA

Fig 1. Western ligand blot analysis of serum IGFBPs in
normal adults and osteopenia patienis.
Following SDS-PAGE (12.5% gel, 1 pL pooled serum
samples per slat) and transfer to immobilon -PS™ mem-
brane, IGFEPs were detected by wncubartion. with -
IGF-1 to1dentfy the different forms of IGFBP {sec Ma-
terials and Methods). Molecular markers are mdicaled
on the left.
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Fig, 2, Western immunoblol of osteopenia serum.
Pooled serum samples (1 m 5 L per slol) were submil—
ted to SDS-PAGE (125% gels) and then transferred
onto immobilon-PS” membrane The membranes were
incubated with each anli—-IGFBP antibodies, and the
protein-antibody complexes were delected by immun-
cenzymatic reaclion. Maolecular marleers are indicated
cn the left Lane 1 conlrel, lane 2: oslecpenia,
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Fig. 3. Protease inhibitor profiles for IGFBP-5 protease.
A, Serum (1 pL) was mcubated with "P1-1GFBP-5 at
37°C in presence of various protease mhibitors. The
products were analyzed by autoradiopraphy B, serum
(1 WY was mcubared at 37°C in presence of various
protease inhibltors. The products were analvzed by
immunoblotting The relative mugration positions ol
{ragmenrs are also noted by arrows Lane 1, control,
lane 2, EDTA (5 mM}: lane 3, PMSF (15 mM): lane 4,
1.10-phenanthroline (2.16 mM); lane 5, PMSF (3 mM);
lanc 6, 3,4-DCI (1 12 mM); lane 7, aprotimn (1 mM);
lane 8, benramidine (15 mM)

Proteolysisoll CHEE cHEEoiE s Ao e

Fig. 3¢] A= serum 1 ul-E Tris buffers] "I-IGFBP-
5¢} 1A 37°Cel A 43 W AR 2 lanewte} A & A 5
o] ste] whg-A] 7] F cample bulfer 3. 4H-g-& % 4] 4] 7]
A 125% SDS-PAGES Y 2 2 A |53k F PVDF
mermbranesl] &7 auloradiography = 331 730)c). Lane
18+ =T serum pool?] 2, lane 25 2] 314 £ ethylen-
ediaminetetraacetic acid(EDTA) 5 mM, lane 3+ phen-
yvlmethyl-sulfony! [lnoride(PMSF) 1.5 mM, lane 4= 1,
10-phenanthroline 2 mi, lane 55 PMSFE 3 mM, lane
62 3 4-dichloroisoceumarin{DCD 1 mM, lane 72 apro-
tinin [ mM, lane 82 benzamidine 1.5 mM-2- AR5 22
olel Lane 18] A4 )27l A = IGFBP-52] fragments
=5 2 1 9lt} 7|4 metallo™ 2! lane 2¢] EDTAS} lane
42] 1,10-phenanthroline 2 serine?] ¢l lane 7¢] aprotinin
9 A 9= IGFBP-52] oke] Zha) 36%, 16%, 4%4 271
3t A EAE 71A ™ lane 32 PMSF 1.5mM lane
52] PMSF 3 mM, lane 62] 34-DCI, lane 82] benzami-
dine?| 7§l = IGFBP-59 kel thah i & 49 24
ol AsiEatzl vlekgk 7l o 2 el Fig. 48] AE
peptide Afpeptide A® IGFBP-5Y] <l Z Al &< 187 °}
Al o 27 FAE peptide®] t}), e-anli-chymotrypsin
inhibitor, heparin, heparin cofactor 2(HC2), heparin~
HC2E A& A2 287 A =le]r}. Lane 12 peptide A,
lane 2% a-anti-chvmotrvpsin inhibitor, lane 3-& hep-
arin, lane 4+= hepatin colactor 2(HC2), lane 5+ heparin
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Fig, 4. Effccls of peptide A, e—antichymotrypsin inhihitor,
heparin, HC2 on IGFBP-5 protease activity.
A, serum (1 RL} was incubared wirth 1B 1GFBP-5 at 37
L’C n preasence of vanous proteaze inhibitors The prod-
ucts were analyzed hy autoradiography B, serum (1 L)
was mecubated al 37°C 1n presence of varicus prolease
inhibitars The products were analyzed by immuno—
blotling. The relative migralion posilions of fragmenls
are also noted by arrows. Lane 1, peptide A (1 pg), lane
2, @ —antichymotripsin inhibitor (0.1 pg); lane 3, heparin
(2.8 ug), lane 4, HC 2 (1.02 ug), lane 5, hepann+HC
2 (31 pg); lane 6. conlrol

+HC2, lane 62 372 vrelch 1714 serine®] pro—
tease?! lane 32] heparin®} lane 52] heparin+HC22] 73
4 intact IGFBP-57}F 2+2; 12969} 57% <] 7l a 35 o
%77 lane 22| @-antichymotrypsin inhibitor$} lane 42
HCzEe okgt A& 532 2¢iv}l. 28 =% Fig. 4A4] 4
2-21 g 4w 3 metalloprotease®] W A] serine protease
2 AAg 7R = 450 IGFBP-5el 283l Hog
Az

Fig. 38 BE IGFBP-5 proteglysisel] o] g wha =l 3
FA4 A A BxE dolr 7] #8] western—immu-
noblot = A A gk Azte]t} 2|8 23 & serum poole] T
&l western—1mmunochblolsl] 4] 4% ule}l 322w lgne
25 A A 2 EDTA 5mM,
lane 3-& PMSF 1.5 mM, lane 4= 1,10-phenanthroline
2 mM, lane 5= PMSF 3 mM. lane 62 3,4-DCI 1 mM,
lane 72 aprolmin 1 mM, lane 82 benzamidine 1.5 mM
eft}, o] Asfe A = A 125[-IGFBP-55 A3 23
o FA1gt 295 3yl Lane 2 EDTAS) lane 4 1,10-
phenanthrolin, 72 7 lane 7 aprotinin® A &l #)2] 4%
o Az=F R} intact IGFBP-57}F 22} 27%, 29, 37%7}
2713kl & [ragments®= 2ZF2} 799, 32%, 88%7} A =
o] IGFBP-5 proteased] 5] 235 A& A5 2 =l
93, lane 3,5, 6, 82] AAA = ofgt AN EHTE 0y
o} Fig. 42] BE peplide A, e-antichymotrypsin inhib-
itor, heparin, heparin cofactor 2(HC2), heparin +HCZ2-&

12 contral serum pool, lane

Aol A7 ApRE dsfelo)} 94 2 lane-d Fig. 1A9} 7

& A8 A 2 o] 85k 7o)t} Lune 3% heparin®] 7% in-
tact IGFRP-57} 55% 27}, fragments= 81% A 3] £}
E o) 7 |ane 42 HC22} lane 52 heparin+~HC2 4
fragments?} ZHF 5496, 80252 Ao &2 251¢) lane
28] g-antichymolrypsin inhibitors> b3 & £3 %
Folx] st} Western immunoblot A= 5 4] autora-
dicgraphy2] Z=}2} @+ IGFBP-5el] A &&= 452
metalloprotease®| ™4 serine protease 4428 7172 4
L2 ¢ 5= 9lo) Tig, SAE A& 4 2 IGF-13 IGF-1I =2
2] 7 insulin® < 3% western ligand blot == "L_-‘E]i
Astelr}, o) F 25 IGFBP-57F 2354 B2 ==
a2 "ol IGF-1, IGF-II —L&8l % insulinel 2]k I(;FB]:’
prolease Z-&o) o} @ e gl 2l 22 o 44l o
7 & ol 4] A =l g) ukst o] IGH-12] T AT
v} EaaFelA] 712 vl adw e B el IGFBPs® it
753kt Fig 59 BE IGE-
[ IGF-II 227 insuline] @+ A E-2 immunoblot
2 AN Aaea g4 Fi4 abeels ol o v
a4 M]q_
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Gelatun zymography
Tig. 62 metalloprotease?] F5-2 2315t7] 33 gel-
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Fig. 5. Elfects of IGF-I, IGF-II and insulin on IGFBP-5
proleasc aclivily. )
A, serum (1 pL) was incubated with 1-IGFBP-5 at 37
°C in presence of IGF-I, IGF-II and insulin. The prod-
ucts were analyzed by auloradiography. B, serum (1 ul}
was incubated at 37°C in presence of IGF-1 IGF-IT
and msulin The products were analyzed by immmun-—
oblotting, and the relative migration positions of frag-
menis are also noted by arrows Lane 1, IGF-I (10 ng),
lane 2, IGE-I {10 ngk lane 3, msuln (10 ng).
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Fig. 6. Gelatin zyvmography.

Serum was electrophoresed on 10% SDS-PAGE that
contained cross-hnked gelatin After electrophoresis,
the gel was rinsed multiple times 1n 2 5% Trton X-100
to remove SDS and then mmcubaled for an addilional
24h at 37°C Gel was fixed with freing solution, Stamed
with staining golulion and destamned. Lane 1, control;
lane 2, ostcopenia.

atin zymography 2 F+33+ Z3e|t} Lane 12 AAF b=
ol lane 25 S35 fﬂ"z]- & el Ao} Hu-
man fibroblastel 4+ 92 kDa w2 2] 547} IGFBP-
558 &5 A7) =4(31), MC3T3-F1 osteoblast cell-& 52-
72 kDa=} 97 kDag] g 28} & 47} IGFBP-5 2 5 o
Fodghely wows g o (30), 2 Ay e A 2
ol = 97 kDa#} 69 kDa?] band’} =141 T3
Aol A 2 69 kDa2) bandwte] Sg1=¢lch A Akl o
A Vel 97 kDa -8 band? | Aol A 9 elua
@Al Wl o] AR ok & FHAlEha Jzhgic)
Q ok
A Fo]] &) 3= IGFBP-52] &4
il éﬁr RS FAAE A b=
GFBP-57} Z}A-3t4) £ o] W3} IGFBP-5
-‘?*EH 1_1_7} 24-517] g2l A 02 vehgth IGFBP-
Sel] Agsh= o g el & 4 A 4|5 metalloA] 2l EDTA
4 1,10-phenanthroline} serine#| 8] aprotinin, heparin,
heparin cofactor 2(HC2), heparine + HC27} IGFBP-54]
&l A A7} 2 28 metalloprotease®] 4] serine
proteased] A& 7Rl FA-Ee] IGFBP-5¢] 243
v} IGF-I3% IGF-11 =3 3 insuline &4 ZA 4 o} %
2 dgke] gled} IGFBP-52] zymography 4] A 4}al
#H Fita2 Fabe A 180 kDa 2712 band?} e,
gelatin zymography el A -4 &2 %2 66 kDa¥}
§7 kDa A =2] band?} el 9 E3k45 AR A
4 89 kDa2] bands} ez
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