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The Regulation of Insulin-Like Growth (IGF) Factors and
IGF Binding Proteins by High Glucose in Mesangial Cells

Soo-hyun Park’
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It has been reported that glomerulosclerosis mediated by the dysfunction of mesangial cells and insulin-like growth
factors (IGFs) are associated with the development of diabetic nephropathy. However, it is not yet known the effect of
high glucose on IGF-], -II secretion, IGF-I receptor, and IGFBPs expression in the mesangial cells. Thus, this study was
conducted to examine the effect of high glucose on IGF system and its involvement of protein kinase C (PKC) and
oxidative stress in mesangial cells. In this study, high glucose (25 mM) increased IGF-I and IGF-1I secretion and mRNA
expression (P<0.05), which was blocked by PKC inhibitor (staurosporine, 10™® M) and antioxidant (N-acetyl cystein,
107 M). High glucose decreased IGFBP-1 and -2 expression but increased IGFBP-5 expression. These alteration of
IGFBPs by high glucose was also prevented by staurosporine and NAC, suggesting the role of PKC and oxidative stress.
Indeed, high glucose increased PKC activity. Furthermore, high glucose-induced increase of lipid peroxide (LPO)
formation was blocked by PKC inhibitors. In conclusion, high glucose alters IGF system via PKC-oxidative pathways

in mesangial cells.
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Eo] (Hirschberg et al., 1998), 67F2] 9] subtypes 22 o] F0{7]
IGF binding proteins (IGFBPs)°l] 9J3] &A= o2 47
23 It} (Collett-Solberg et al., 2000). 53] AFA= o)t
IGFs/IGFBPs system©] 4139 7|5 % O] #ojsl= A
o2 d#HA 9JeIA (Feld et al, 1996), AAX QL AaAd o]
£o] o A7l o]Zgit} A9 mesangial A FEoH|A =
IGF1 % IGF-II 257} 28 E AR deix glon o)y
3 IGFI 2 IGF-II¥ 289 F&AE59 &a JA] E1H
3 Y Berfield et al., 1997; Tack et al,, 2002). °]5 A|Fol|A
IGFBPs: IGFBP15-H IGFBP57HA| Zof wa} thaksin}, &

] IGFBP 1, 2,3 & 57} 23 529 Aoz adax ot
(Grellier et al., 1996; Hirschberg et al., 1998; Horney et al., 1998).

T AFe Pl BN T8 98-S F
3. B 3H3L It} (Agardh et al., 2002; Obrosova et al., 2003).
D=t Al mesangial MEANME A3 2E#A 7P &
ZEQth (Catherwood et al, 2002). =3+ 138 2 28 FnH
gzte] Aol E L HA oA protein kinase C (PKC)<)
gXo] 27lEE= Ao E WuE T v} (Kimura et al., 2001;
Tori et al,, 2003). °|2j¥ 2E2 3§ A PKC R A5
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wgbA], B A7 mesangial AlEo)A ZEEFo] IGEI
2 [GF-II ¥H]9} o] 59 faxlel] it Wsl 2 84 1}
o}7} IGFBPs2] 2ol w3 ax7t JQEAE A8,
28 ~E#2 183 PKC &7 oud #-lo] Sl=
A2 Yol 1z} sHYTh

AR
1.8z

Dulbecco's Modified Eagle's Medium /Ham's nutrient mixture
F-12 (D-MEM/F-12)%} Class IV collagenase<> Life Technologies
(Grand Island, NY, USA)25-E] 713191t} Staurosporine, H-7,
taurine, GSH, ¥ N-acetyl cystein (NAC)< Sigma Chemical
Company (St. Louis, MO, USA)Z%-E T3+ t}. Bisindo-
lylmaleimide I== Calbiochem (La Jolla, CA, USA)°lA %13}
$ic}. IGFBP-1, 2, 3 ¥ 5 &A= Santa cruz Biotechonologies
Z]A} (Santa Cruz, CA, USA)*A 7435127, Anti-human
type 1 IGF 5~8A ©d3Al= Gropep & A} (Thebarton, SA
5031, Australia) 258 FF-at3{ch.

2. Mesangial M|Zo| =rCff ot

Ade] ALSE HEE 2447 A2A)Z] TS pentobarbital
(1 mlkgys E3W FARSIA vt A F 41487 isolated
3 claps methodE ©]-&-3t] S £ejsta, AFHE F3t
o streptomycin® penicillin (100 U/ml)e] E£3HH 30 ml<]
Hanks' balanced salts (HBSS) €918 A{A{3] #FA|AH A&
-8 AARE ¥ HBSSOl SAA AFPAIZE S8k 2
A& Aoz e BT £e3 9d 22& /s
A)43 o2 HBSSSF €7 30, 60 meshol] J3A|Z] 3 A
S34E AEE 20 meshol] o Fate] HBSS ol A3
ok ALFAIZE HElo] Qe HBSS S90S thA) 3 W 120
x g, 3023 AR s 4SS st Bl 1,000 x g,
183 dAERAA JHE AEE ARSI AHE As
£ RPMI 1640 (Sigma)ol| A& o 1000 x g, 127 YA
stk FAE AFFAE =S AASE] $8H colla-
genase (750 TU/ml, Sigma)ll 1587t 37°CollA A1A3] wRker
Uhe 783 RPMI 1640 iAol 39 Al AlX3I3iT) o9}
Z2 HGE Tt Aozl A AEES AZE HA
o] 500 AFFA/em7b HES B3 U2 D-valine. 2 X &
% Minimum Essential Media Eagle (Sigma)®ll A 5% CO,, 95%
0,81 CO, MY7IelM EE2A FEF 1A 1AL F
<t v FAl1Z0T). o] of D-valine ®i], HEPES, streptomycin, pe-
nicillin (100 U/ml) 0.25%, fungizon, insulin (0.013 pg/ml) 18]
Il 20% fetal bovine serum& E-H3LES &L, o]F CO, HY
F71el iEA R AltEgAlelE 5 mMe] EEFE

3 DMEM/E-12& AR5t
3. A|lBS A X2

NE Z IGFE-2 %% IGFBPsst 24%d ez &4
3to 2 IGFBPERE IGFsE &/3t7] $18t acid-ethanol
extraction (Daughaday et al., 1989)} formic acid extraction (Bo-
wsher et al,, 1991) ol 9)5led Ealslgich IGFIY] Bl
334 200 ol acid-ethanol (2 M HCl : ethanol =1 : 7) 800 pl&
A7rste] e -8 A2d4 3087 BR|st FEEH
A8y L FAAT I F 3,000 ipm, 4TNA 3027 9
AEgste] #¥ IGFIE 3t 459 500 wel 0.855
M trizma baseS 200 ul 2] ¥4l ARESIGITh 20, A
D gt 222 7t A 025 goll 1% trifluoracetic acid (TFA)
2 mE 2o} #Evka)7] (Polytron Co, US.A)Z vHY F 94
3l AF5AE FH3 UL acid-ethanol FEH 2.2 IGFBP
2 7H IGFIE #7389 558 5433k

IGF-19] 2] ¥4 50 ol 0.5% Tween 205 3=
8.0 M formic acid 100 plE o] ZI¥s}3 350 pl9| acetone
F7FIATE 1§ 3,500 x goll A 1587 4ClA dAEE st
o A48 200 plel] 1.75 M wrisma base 85.7 plE g0 H-4d|)
AREEFA . ©] & formic acid-acetone FZE W .2 IGFBPsE

F8 IGRIE 223l §5& SAsksioh
4.1GFs YAIHS 53Y

AW IGFs 5= ['PIHGFso] polyclonal anti-IGFsZ
ALE3E HIAlH S ZA Y (radioimmunoassay, RIA)S- ©]-&3}
A}k o]E 2 oFsE, IGFs RIA 5 A2 2 0.5% BSA, 0.12
M NaCl, 0.1% sodium azideZ 33+ 0.04 M S4E FFH
(oH 7.4)% AHg3at3Th IGFs B2 A3} AJ 89 1,0008] 34
AF1 polyclonal anti-IGFs 50 plg 3 7}8te] ALoA 1A]7E
HHSA)Z) & Zbzhe) Alg el ['IJ-IGFs (20,000 cpm/100 )
< #H7Ist 4°CoA 18A17F HHEAIZTE 21 3 horse serum
50 ul®} 12% polyethylene glycol #3000 (PEG) 1 mlE 715}
o 3,000 rpmolA 308 AAEEAA AFEH HEFH
< BEAFHT A5 YA5E gamma counter® 733
R

5. Quantitative competitive reverse transcription and
polymerase chain reaction (QC RT—PCR)0f| 2|5t IGF-I/
I mMRNA &

A RNAE TRI Al¢F Molecular Research Center, Cincin-
nati, OH, USA)& ©]-&3t] F&3}qirh GrAl= 42Tl A
60%7F 4 pg RNA 2 200 U murine leukemia virus transcriptase
(GIBCO BRL Life Technologies, Gaithersburg, MD, USA)©| &+
9 20 WE AT PCR FZL 5 ul RT AHE, Z2te]
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primer (10 pmol), 1.25 U Taq polymerase (Promega, Madison,
WI, USA) % 1 mM dNTPE ©]-&8k3itt 95Tl 323t =
7} wjek Foll 95C (18), 55C (14 and 72C AR 74
H 30 TZ cyclesE AAIBISH at 72T 1023 HF
extension® A AISIATH AEEL ethidium bromideE -
3} 2% agarose gelS 1 X TBE buffercl] 7|95 3t &
°] primer sets ©]1] & DNA A EZF-H A= IUTE
IGF-1 sense, 5-CAC AGG GTA TGG CTC-3' IGF-I antisense,
5-CTT CTG GGT CTT GGG-3' IGF-I sense, 5'-CGA TGC TGG
TGC TTC TCA-3' IGF-II antisense, 5"GGG GTC TTG GGT
GGG TAG-3, IGFI ¥ IGF-II 3 ¥ae] A=S 317] ¢
a4 A<H internal standardE ©]-4-3}l quantitative compe-
titive PCR ZAFZ 31iTh 175 bp IGFI PCR AHEZHE 56
bp 2<% Intemnal standard of IGF-I2 Alu 12 48L& A7
% T-easy PCR cloning vector (Promega, Madison, WI, USA)E
ol-&38ted AFAIZT) IGFIS] A-+E U7+ 476 IGF-Il PCR
AH2-9] 113 bpE 2tA|F IGF-I cDNAS Alu [ FE 43
A7l % Teasy PCR cloning vectorE ©]-&3}9t} % stan-
dardst 2L primer22 FES AR copyd T internal
standard®} WA= 9] Wy vz AAS ST

6. Lipid peroxide &M

Confluent$F mesangial AlZoA LPO &2 malondealde-

hydeo] o2 Zgsigion, ers] fokshel thest g

AZTEL 788 3 2292 IS 23 3 uh38 A
[8% SDS 100 pl, 0.8% 2-thiobarbituric acid (TBA) 200 pl, 20%
acetic acid 200 p}& Y-S F 95T A 6073 WHSAIZIT.
o]F, dgo = A 3 Eo g F, H| 5o A A A
AE AAS] 93] n-butanol-pyridine &3 (15:1, viv)
S AR F 4,000 x gl A 1087 ARSI AF5 A
FEERT o] Al
nm, excitation & 515 nm)E =73}kl nmol/mg protein &
2 FEABTH

Z spectroflurometry (emission 33 553

7. Western immunoblotting

)< 2 AAT mesangial MEE Phosphate buffered saline
oz ¥ AT F, 247] 150 w9 lysis buffer (10 X PBS,
1% NP-40, 20% SDS, 0.5 M EDTA, 0.01 M PMSE, 10 mg/ml
Leupeptin, 1 mg/ml pepstatin A)E A2 ste] #dsE AT
AL HEE wbed] &7 F, 15,000 pmoll A 10237+ 2
AR st FF AL 22 wbeol] AF3HA) Bradford T
A ges o] 8-8te] 24zt 60 ugel sampleES 8% SDS-
PAGE A7|%%-2 A]Z] ¥, polyvinylidine difluoride membrane
o)) transferd}91 T} MembraneS 5% skim milkel] 1x]7F S<F
blocking® A3 2, Ztz+e] 84| (anti-human type 1 IGF &

N

| @ &2 34|, IGFBP-1, IGFBP-2, IGFBP-3 & IGFBP-5
FANE 1% skim milkoll 5,0008) 3A15le] 4TColA 18413
ol AF wiFEtg Tt 2 ¥, membrane2 0.1% Tween-20/1 X
TBSe 108 742422 3¥ A& 3%3, membraneS 1%
skim milkel] 5,0008) 543 horseradish-peroxidase labeled 2
2} @Alol] 1417 B¢t incubating?t ¥, 3 washingS A3
Al ECL A oFS 183 A28 the Xray 8 3023 =
/A ddssch

o%k

8. Protein kinase C &3

ANEE 239 A[10 mM Tris-HCI (pH 7.5), 0.25 M sucrose,
0.2 mM CaCl,, 1 mM PMSF, 10 pg/ml leupeptin, 10 mM ben-
zamidine] 0.2 FAEE ¥ EDTAZ Z7Fst 1,000 pme
258 QAR T AS5AE FA 100,000 g 2 1413
Eot 94T 3l AZ (cytosolic fraction)S G5k 1
2@t o] W FHE S ¢35 B [20 mM Tris-
HCI (pH 7.5), 0.25 M sucrose, 1 mM PMSE, 1 mM EDTA, 1 mM
EGTA, 10 mM 2-mercaptoethanol, 1% Triton X-10012.2 5
ANZ F @ aolA] 2087 BE3 F 100,000 g= oHA] A
Easle A= (membrane fraction)2 A3 o & A
FAE B UA IAFe S4% F 75 el S AH
ste] BT PKCY %2 Amershamell 4] T4 & PKC
assay system (RPN 77} o]-&3to] AA|3 )

9. SANE

2% A3l BAA A2t Student's t test D Analysis of
Variance (ANOVA)E 319021, P-value < 0.05% 93 &}
olg] SHAIZ s, 4 Bl EHL2 means £ SEZ 3}
At

2 1

DETHO GF-1 9 IGF-II 2H| & SXXIof cfst

IGE-1 &vlo] st DX 5T ang dotrr] ¢std,
mesangial HJEo) TFF3E A7} (0~72 hr) 2 F% (5~50 mM)
o] 23S A E 3 IGFI BH|EFHE AZ3% ) Fig
1A ¢} Zo] 25 mM E£53S 8417t o] A Al IGFI
H7E FoAd Al FTEEI e 48R)7E ool A HIE
2ok o]F o o F7} -2 JAHA i) 15 mM
ol el £ oA tixTel vl 94 Ae S &
|5 23on 25 mM oldollA o2 d 22 HETH dA
s e (Fig. 1B). WA B AgdiMe a8 =

< §A3] 9151 25 mM EEES 72417 HEEsivh
DEEZ IGFI 4] &g PKCere] B dish &

oo g
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Fig. 1. Time course (A) and dose response curve (B) of high
glucose on IGF-I secretion. Mesangial cells were incubated with
25 mM glucose at different time intervals (0 to 72 hr) or different
dosage of glucose (5 to 50 mM). Values are means * S.E. of 12
separate experiments performed on 4 different cultures. *P<0.05
vs. control.

olr 7] $18te] PKC 2 A1AIQ) staurosporine (10°° M)S L3
T A 30% Aol A AYe 43 n¥x =Tl & IGFI
wHE 2 AR (Fig. 24). ©12]¢ ¥3l= IGF-09 3
= 2 Fde B 5 ANUY (Fig. 2B). Yok, Absh
2Edzote] HHX S dotrr] Hste] atstA] NAC
(107° MS A HE Az 22 Fo] 93 IGF1 2 IGF-II
B Z7hHgo] AdEE Aoz ekt

3, n2xEPl g FHA T WsE Uolrr] 9
3} QC-RT-PCRE °]&3lo HAste & 23 u¥ed o
oA IGFI 2 IGF-II mRNA 3¢ 715 & 4 gl9lth
(Fig. 3). ZEEZo] ©3 IGFI 2 -l mRNA 2@ F7h=
A PKC AA 2 FadstAle] s xpaEE ez
Ho} PKC 2 A3h 2Ed 27} 94 Z4H3) Bojsta gl

8 AA 2 gk

ol

;g: 3 Control

5 70 . =8 25 mM Glucose
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Fig. 2. Effect of PKC inhibitor and antioxidant on high glucose-
induced stimulation of IGF-I (A) and IGF-II (B) secretion. Mesan-
gial cells were incubated with staurosporine (10° M) or NAC
(107% M) for 30 min prior to the treatment of 25 mM glucose for
72 hr. Values are means t S.E. of 12 separate experiments perfor-
med on 4 different cultures. *P<0.05 vs. control, ¥**P<0.05 vs. 25
mM glucose.
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Fig. 3. Effect of high glucose on IGF-I mRNA (A) and IGF-1I
mRNA (B). Mesangial cells were incubated with staurosporine
(107 M) or NAC (107> M) for 30 min prior to the treatment of 25
mM glucose for 72 hr.
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Fig. 4. Effect of high glucose on IGF-I receptor expressxon
Mesangial cells were incubated with staurosporine (108 M) or
NAC (107 M) for 30 min prior to the treatment of 25 mM
glucose for 72 hr.

High Glucose (HG)
Staurosporine + HG

Control
NAC + HG

<+— |GFBP 2

<+— |GFBP3

Fig. 5. Effect of high glucose on IGF binding protems Mesan-
gial cells were incubated with staurosporine (107° M) or NAC
(107> M) for 30 min prior to the treatment of 25 mM glucose for
72 hr.

| IGFBP2| &&l H#H35)

37t 3

2. DEEFHO IGF-| +8X %

FEEF]| 23 IGET -8A412] 2ol o3k
EAE gobrr] 98 Western immunoblottingS A3 2
I TEEY FolA BAI IGFI F&A2] Bdo| 71813
o o] F8-2 PKC ARSI staurosporine B &FAH3}
A NAC HE Al FA] ahdsE Aoz Yebstt (Fig
4). 3 DI T 2% IGFBPs2] Td HAEE golE
23} mesangial A E A= IGFBP-l, 2, -3 2 55 B¥Hol
He Aoz Jehdth X5 %L IGFBP-1 ¥ IGFBP-29]
2ES Ak AR YE oy IGFBP-5S A9E 2
2 F7HIE AR UErgTh old] §kte] IGFBP-39)
_?_

A$E T F94 e 2ol AAHEA st} Fig.
5). ol2|d ZEEYo| 23 IGFBPsS o g FA] PKC
A = %L*Jﬁ}zﬂ of 2lair AgEE How Yehgth o

o2 &3l PKC BAEE A% A

— Control
B8 25 mM Glucose

40 -

30 A

10 A

PKC Activity (pmol/mg protein/min)

Cytosol Particulate Total

Fig. 6. Effect of high glucose on PKC activity. Mesangial cells
were separated to cytosolic and membrane fraction after the in-
cubation of high glucose for 72 hr. Values are means + S.E. of 9
separate experiments performed on'3 different cultures. *P<0.05
vs. control.

DEEF AFYZAA HNEAAN AEEo g PKC &4
L olFE BEY F AU (Fig 6). 3 A 2EH
29} PKCol] AAAAE AvEy] 5t 1XEFS A
2l3lo] Lipid peroxide (LPO) 348 ZAsiick 49 Ax
LEEZ] o3 LPO A4 F7he AEAIE o) Me
Ho= A =Yor (Fig 7A), PKC GAAE 9A 12T
ol 9% LPO ¥4 Apdshs 222 Yehgt (Fig. 7B).
o] PKC o] n¥ =] o3t Akshy A=A F7lo|
#Hosta &g YT gtk

[l

3

E Ao TXEEF X2 Al mesangial AES] IGFI &
Hlo A% F7t 2H-S Bt} o] AFE steptozo-
tocinC. 2 F5H ey £33 PE NAY X% IGFI0]
Z71eRs Bael AX]ESITE (Miyatake et al, 1999). Elliot
% (Elliot et al., 1993)°] 2]+ Non-Obese Diabetic (NOD) ¥}
S0 A Eel3 mesangial AXENA IGRI7} 7180 2
Fobe FAslt) Heo) B APdME nEEFo| IGRI
2 IGF-H mRNA 34 24d& F7M71e A2 e
o} ol 3 Axe Gy PENA A7) IGFI mRNA &
o] A3t B31E (Flyvbjerg et al., 1990; Landau et
al, 19953 A58 A s 28 A7AlE gA B
AR o] B HEAM 417%e] IGF-1 mRNAS] T30l

o]

Z7V8Fd Tkl B a3kded (Wemer et al., 1990; Bach et al,
1991). ojof dist "332*??} olfre XFoeEME & F YAT
ol 7hA FolAdel Ae= /‘}-‘3-5]‘:} £ Ag oA e oA

o] B3 (Heo et al, 2003)9] 2% A} 2 ©hild A oA
Aol XS 23k IGFI ¥ IGF-I 2v]7} A=Y=
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Fig. 7. Effect of PKC inhibitors on high glucose-induced in-
crease of LPO formation. Mesang1a1 cells were incubated with
NAC 107> M), GSH (10 M), taurine (2 mM), staurosporme
(10 M), H-7 (10 M), or bisindolylmaleimide I (107 M) for 30
min prior to the treatment of 25 mM glucose for 72 hr. Values are
means * S.E. of 12 separate experiments performed on 4 different
cultures. *P<0.05 vs. control, **P<0.05 vs. 25 mM glucose.

A%g quHo WA FE AR AREY. B AY
Ase N8 Fa0 FANRR el Ve
= APEAlY) £33 A EQ mesangial AlEAe] nEET

ol ©Jg IGF-I ‘;-1 IGEI A7 dale] 2712 E3) o)<
hild B ST SaA 25 ) 7ldd ¢ ds
S AAR ETh

IXEEGE A o s WskE o
= *Jﬁ}*é 2EH 2] TV Bl 45S
# nA A9 §HTE Fdshed F23% 9
Aoz 4#ix Qv (Ha et al, 2000). LEXZ
Al 2E#2E polyol AZ2E B8l WolA 3113}

lo

A=
1

0

T e u

1

o ok l-p[
mﬁ rot o ook

@

3

A

-
9)

il
o

4%} autoxidation, glycoxidation 9] B/ 0= reactive oxygen
species’t 7+ 0] F-EE T} (Cameron et al,, 2000). ¥ 23
Ao M= mesangial XS] TEZTF AT A] LPOS] . ABA
o} '_‘7}5101 1GFs¢] "‘H] '—7]")“ S F3 YE A=
wHEHA.

Koya 5 (19982 1¥8FE2 TTAHEA diacylglycerot
(DAG)YPKC AZE &/37]1L, o589 &AL STZ 9
A =¥ G RES Dot disH, A% R AEAS
e z2 wg=EE gaF =AM A3 F7t
gohal Basileh £ Ayl x B AR ol SiA|
7t I¥ET XY Al PKC B4 %7 AEAMET AE=

oA F7kks Zlo] BAEAL, total PKC B4 =3 F7t
e AL B 4 Ak o] EF Whiteside 5 (2002)°]
B3g 9 PEQ AFEAle} 2u] viYE mesangial Al FEo]
A9} PKC 84 =7t F71etE Bag dxske adetn

AR,

IGF-1 &A=

Aot} & "]?‘:]"ﬂ}ﬂ TEEGF

132 i 5
GFI 5§49 48

Ho] BaHd A

IGFI % IGF-II2] ¥

A Al IG
IGF19] 839 &

Has ke AL dEFEd IGRI

T8 24_6‘%1]7} =¥ HE A HhIE

R (Haylor et al., 2000)% W]Fo] & u] ZEEFof 93

IGF-I —’F%iﬂﬂ s 2Pt Dh&‘%‘ é 2

¥ o\
fo
L
ok
9
off =
fo
oXl r?L' rl

%iﬂ uy
s BEY # AATt.
IGFBPs:= IGFsE Z@dh= Aotk B A3y di
Al IGFBP-19] S7F= @i A8A A4 HEA A%
«] IGFBP-1¢] 3715 H1dk 279} UX|3to] mesangial Al
Fo| A9 IGFBP-1 €717 &2 02 Podtal Y-S WY
231t} (De La Puente et al., 2000). 181} 252 IGFBP-1 ©]
9% IGFBP-2% 37 S7Fetithal 3t B 43 Aae}
T O 478 Bl o) ofut Ao} BEE A9
zpo] Bl o}UE} in vivo D in virro2] Aolol] V] RO
2 Al=¥t) Homey 5 (1998)2 mesangial AlEoA T E¥®
3 A Al IGFBP-2 $&2 AT oA & 48 A2
o} YA Bk E3] B Ao nxEDF 2 A
IGFBP-59] &A% &7k & I} A2 B3l 3o
2 Al £3)] o]8§t IGFBP-59] A3 F71= PKCY
oM 2FEET A= YePTh o] A= mesangial AE
oA PKC &7d°] IGFBP-59] Al¥olF &3 &3& vehi
At Bael] ZAE v FeiAd ASA Y% mesangial Al
Fo|A PKC EAd3}ol 23 IGFBP-52] ©]%F2] 7FsAS Al
AballEt} (Berfield et al., 1997).
oy AFAES AXEGH A4S 2EH 2 A
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PKC 427} #93le Ao 2 B a3 vt (Koya et al,
1998; Park et al., 2000; Cameron et al., 2002). £ 23 ZAx}o|
A I mesangial Ao PKC SAAE 2319 E wlE LPO
o] Aol AdAHE A& ARG & LXET A A
A 2EF2E PKC B2E 53 ST 9SS 4
& 4 9tk o]& =, mesangial A|ENA TEEFo| 2
IGFs®] 4] ZAd| PKC &/ 93t 233 2Ew 29
7P QEHI USE AAREL ATk 53] 2 APdAe
TEEZ] o PKCS] S5t A 2E A F7b
& =3ty IGFI 8419 ©d 9 IGFBPs<] B‘“&IOHE %
A3t JhE g DHFL vk B TRV ok &, o
23t Avbs Hxo Rugtn & 4 vk dEFHoE 9%
T3 PKC-48H] 2Ef A9 A ASHGAE 5319
IGF systemol] F3& mA AFPA] A58 Hredte] dud
A5 Wyl BT AoR FHHAL o3 AT
=g A5 A8A g 7|24 A5E ATE Ao
2 AlzEy

Sk
R

it

A 2

B d7e 3= 4384 20029% A wLd T34
(KRF-2002-003-E00159)2] =] gej] 23} o|FojF o ofd]
AA =84t
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