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Abdgtract : The proliferation of mesangia cells has been associated with the development of diabetic
nephropathy. The cell proliferation has been regulated by diverse growth factors. Among them, insulin like
growth factors(IGFs) are aso involved in the pathogenesis of diabetic nephropathy. However, it is not yet
known about the effect of high glucose on IGF-I and IGF-II secretion and the relationship between high
glucose-induced secretion of IGFs and PKC or oxidative stress in the mesangial cells. Thus, we examined
the mechanisms by which high glucose regulates secretion of IGFs in mesangial cells. High glucose(25
mM) incressed IGF-1 and IGF-1l secretion. High glucose-induced increase of IGF-I and IGF-Il secretion
were blocked by tauring(2x10° M), N-acetyl cystein(NAC, 10° M), or GSH(10° M) (antioxidants),
suggesting the role of oxidative stress. High glucose-induced secretion of IGF-1 and IGF-II were blocked
by H-7, staurosporine, and bisindolylmaeimide I(protein kinase C inhibitors). On the other hand, high
glucose dso increased lipid peroxide (LPO) formation in a dose dependent manner. In addition, high glucose-
induced stimulation of LPO formation was blocked by PKC inhibitors. These results suggest that PKC is
responsible for the increase of oxidative stress in the action of high glucose-induced secretion of IGF-I
and IGF-Il in mesangia cells. In conclusion, high glucose stimulates IGF-I and IGF-11 secretion via PKC-
oxidative stress signd pathways in mesangial cdlls.
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Insulin-like growth factors(IGFs)= IGF-13} IGF-II 2 & £ 8 o2 RuHT ) [28, 25]. 3] 414
FE AN ohekgt Al W8l Hoste Fa3 A2 IGFeE A7) 2 B 7sdd doste He
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= HA Slrt [36, 42).
olg]d YAl ANFe uEFEo| o3 ALEA AlE
S0 217 AbA] A3stel 71218 [33, 3],

AEA] 9128 mesangid A EEe] T F85 9%
e e AoR YHA L AUk [34]. I T
Aze] W] |GF-l o]&]o % IGFIIE #HEE=
24X Tt [14, 43]. ZEL} IGFS B
21749 mesangid A Eol A oA 2-E= H ol s
A= obA7HA EEAA AL sl

A 4G W] ST A% TS
St} BT QlTh [12, 31). B3 Al mesangia Al
ToM % ey 2Ed 2 SF #EEC [7]. g
18 % 2% i &4e] AfoE 9 EaudA
PKCe] &4o] Z71HE Ao R B 9o 9t} [21, 22].
olg]gt K152 Fixl Al PKC B Aksd ~EH 27}
Fag s dvke A4S 98 7o vk 2y 3
ol o gk IGFse] |-t PKC H Alsh] 2B
glz=ote] AR tisk A= A o]FoiA L YA
23 ) weEba] B A= mesangid AlZeolA X
TZo] IGFI 2 IGFII #u]d] HXE g o] 2§
3} PKC 2 Atshg 2Egxote] AHEAPS 2AN) B
7 = et

> 0 o o

HE X

M=

Dulbecco's Modified Eagle's Medium(D-MEM)/
Ham's nutrient mixture F-12(D-MEM/F-12)¢} Class IV
collagenase= Life Technologies(Grand Idand, NY, USA)
Z2HH Yttt D-glucose, staurosporing H-7, N-
acetyl cystein(NAC), glutathiong(GSH), taurine % TPAE=
Sigma Chemical Company(St. Louis, MO, USA)ZH-E
¢339 v}, Bisindolylmaeimide - Calbiochem(La Jolla,
CA, USA)o ZHE] “19lstith

Mesangial MZ2S| Z=CHufek

Ago] A 43 Spague-Dawley 21 E(180~210 g)
£ 2417 H A7 ¥ pentobarbitd sodium(1 ml/kg)yS
Bk U= AR wiEAI7] o 214381 isolated 3
daps methods ©|&-3t A1 Helsla, Alsuwe 5
3] streptomycing} penicillin(100 U/ml)o] 33k 30 ml
9] Hanks balanced sdts solution(HBSS)S A1418] -5

AA g s8] AAS & HBSSA &AX4 AFEA
7t EAlete A9A S A2 RE EEskin. 2
g 92 2A g 7Fee - o HBSSeE 34 30
mesh & 60 meshel] A3HAZ] & TRA] BHE AIRE 20
meshel] SJA|A HBSSIA A8 o). AR 7 $h-
Ho] 3= HBSSE thA] & 120xgellA 3057 94
Elste] AEAvHS -8Heta Al 1000xgoll A 127
LA Eelet 3 AAE AlEe A3k AHE A
EE RPMI 1640(Sigma) HiA & ]85t 4183 th
1000x gell 4] 1327 4] ot AAE AFEAl F
uhe- ) A8H7] AEke] collagenase(7501 U/ml)(Sigma)ol]
37°CAlA] 1587k A A18] mnkstHA] wiekst ohg- 78
A RPMI 1640 viA = 38 Al sttt o9 22 4
S B3] Lo AR A S-S MlER)eE H Aol 500
AFEAlomZF B 22 253 T D-vdinee. 2 2 3hg
Minimum Essentid Media Eagle(Sigma)S AH8-3te] 5%
CO,, 95% 0,31 CO, BiY710lAN EETR] HEE IA
sted 7247k FF WA AT olnf D-vadine WA ofl =
HEPES(15 mM), streptomycin(100 U/ml), penicillin(100
U/ml), fungizon(0.25%), insulin(0.013 pg/ml) 2] 32 20%
fetal bovine serume- $H-3t == 31, ©]F CO, W)
o wiFAIAT Ad) MY Alol= 5mMe] 2=gs &
3 DMEM/F-128 A+&-3tsit.

M=ol M X2

ANE Y IGFES U5-& Inain-like growth factor
binding proteing(IGFBPs)e} 2A3E FeE EAlsmZ
IGFBPEF-E] IGFsS #&]3t7] 913t acid-ethanol [9]
¥} formic acid [6] & WS ARSI IGFI19] &
2= 8% 2009l acid-ethanol(2 M HCI:ethanol=1:7)
800 I & F7iste] ek e A4 3083 WX
st fEld e 2R3 S BEAFTE 2 F 4£°CM 30
7 94137 (3000 rpm)sted F2 IGF-IS $H-3hs A
28 500 ploll 0.855M trizma baseZ 200 ul o] 24
o AME-3F4ThH IGFII9] &= ¥ 50 plol 05%
Tween 208 353k 8.0M formic acid 100 pl& o
E58l3L 350 pl acetones FA7T8EATE oL F- 4°ColA
1557 472 (3500% g)ste] e 200 plol 1.75M
trisma base 85.7 W& o] EXo A&t o] F
formic acid-acetone FEHO 2 IGFBPsZY-H IGF-IIE

welsiel Frg SYaiv.

IGFs(IGF-12} 1) F£HX} M=

Chloramin-T " [26]S 2FF HPA|A ARE-sts o
o e 7S] eoksid o) 2t 0.2M sodium
phosphate buffer (oH 7.4) 10 plol rhiGFs 1 pg& 37}
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gk % [®]] (Amersham Life Science, ILL, USA) 1mCi
= H7}E 004 mgml €] chloramin TS Yolx A&
3] E3}3t & celulose CF-Il column (Bio-Rad, CA, USA)
o

=
%J%% 7}t v barbitd buffer® columns A%
T 12% bovine serum dbumin(BSA)S.2 &
, IGF-11-= sephadex G-25(Pharmacia LKB.,
539 0.2m

A &

E}\] 7]
Blotechnology AB, Sweden) column=
sodium phosphate buffer(0.2% BSA E3Hol] &
3 4 71(20 drops)©ll elA] gamma counter(Packard,
ILL, USA)E cpme =43 WAFso] 3x10° cpmo]
HEE ztzp BFste] -70°C WERH skt

IGFs WAls XY
83 W IGFs 5= [2]-IGFs?l| polyclond anti-IGFs
AREEF WAPE o] 24 (radioimmunoassay, RIA)S
galglon, a9kl vhg-3} 2t} IGFs RIA €59
2 05% BSA, 0.12 M NaCl, 0.1% sodium azideZ &+
3k 0.04 M 3t hEM(pH 7.4 AE3lATh IGFs
A7 A2 1,000 #4171 polyclona anti-IGFs
plS Hrkste] A2ollA WIZF whEAIZ] 7 742k
A& el [21]-1GFs(20,000 cpnv100 pl - A 7lste] 4°C
o)A 1847} WHS-AIZTH 2 ¥ horse serum 50 pl £} 12%
polyethylene glycol #8000 (PEG) 1 miE& 3713t 4,000%
gl Al 307 ¥ BEAA ARF A HEAFHE S 2
YA AL A WAFES gamma counter® &4

s,

bk 40 10 2 mlm

8

Lipid peroxide &M

Confluent3t mesangia 4| ZollA4] LPO 342 Ohkawa
= [32]¢] ol w2} malondedldehyded] ko g =3

nom, 7keks] aofetd o Atk AZES £
g F 2R AlExE Z49 5, HsE9d [8% SDS
100 pl, 0.8% 2-thiobarbituric acid (TBA) 200 I, 20%
acetic acid 200 pl]& ¥ & 95°CollA 60%7F WAl
FHrh. o] ¢, o= AAIF Eofl 23] &, H[E0]4Q]
HA MRS AAE7] 918k n-butandl-pyridine 3l
(15:1, vIv)& H7Fsk & 4,000xgollA] 10487 L4182
sto] S Felitt o] ASE spectroflurometry
(emission 7 553 nm, excitation 317 515nm)E =74
3t nmol/mg protein®. & A 3R T

ol

EAIXzZ

A AT EAATE Sudent's t test 2 Andyss of
Variance(ANOVA)Z 3131, P 71<0.058 2|3l =}

ole] SHAIR 3L, dPAFA] EHL meanst SER

sttt

2 1

IZEEO| IGF-1 ¥ IGF-Il 24|l o[xl& P&

IGF-| EH)dl] &t xExEFe] 32 Solrr] £t
o], mesangial Al 3zof| o} C}‘SL AZHO~72 hr) ¥ F=(5-50
mM)2] ZEF-S 2]e T |GF-| EraaE A
th. Fig. 1A01A 9} 7Fo] 25 mM EX=3-2 847 o) A
gl Al IGF-I 217 204 UA F7HE 9.0 48A)7F
ool HE HATh o]F ¢ o) St Ae-2 <
AEA] UTE 15 mM 0)de] Ted w4 tiRT
o HlF fold e %ﬂ 28-S Hgor 25 mM o]
A olelgh FHe-2 HLr FASA Ve,
1B). ufebx] 2 *‘mﬂﬁi a2 2718 A5
Q5] 25 mM EEFS 7277 st gk ¥
o] IGHI o] o gt J3kg 1?1{— 1& Lol
tuh A A 72EY X Al IGF-II Fu)7F 2715
= A2 YelPTiFg. 2). ©]= UP FIEEF| ot
IGF-II 2B]F7F= IGF EH|57e) vlsdh s B
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Fig. 1. Dose course (A) and time response curve (B) of
high glucose on IGF-I secretion. Mesangia cells were
incubated with different dosage of glucose (5 to 50 mM)
or 25 mM glucose at different time intervals (O to 72 h).
Values are means=SE. of 12 separate experiments performed
on 4 different cultures. *p<0.05 vs. control.
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Fig. 2. Dose course (A) and time response curve (B) of
high glucose on IGF-I secretion. Mesangid cells were
incubated with different dosage of glucose (5 to 50 mM)
or 25 mM glucose a different time intervals (0 to 72 h).
Values are means+S.E. of 12 separate experiments performed
on 4 different cultures. *p<0.05 vs. control.
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DEZCo| ot IGF-I ¥ IGF-Il 24| EHE2 &
Sty AE|Alo] AHM

ZEET ofgh IGR 1] 2Hgo] Alshy AEH A

oF A=A E Folr 7] fate] Wlg AkskA <l
H,0,(10°M)E mesangial Al Z ol 72417+ A g 3k4ith. 4
FAT} IGH 2 IGHI BEE ol vlste] 94
A F7HEIATHFg. 3). tRe WHAIRA ZEEG] 9
3 IGF B IGFI #u] 280l 2spd 2E# 27} 4
A #Ads= A& gopry] fgte] kAl NAC
(107°M), GSH(10™° M) == tauring(2x10°M)& 25 mM
Zer A 308 Aol A eich AP olg
A ES A A S W Xl g IGH 2
IGF-II #H] 282 A= Zloz vehg). 444
© 2 mesangia A Zol] 25mM FEE-S 2 gsle] A7¢
WERE LPO ¥4S S48 4, 447k o)dellA LPO
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H FEHEE 156mM o] 2w AT A FTEE

el - 9w

A —= control *
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E
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V
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Fig. 3. Involvement of oxidative stress on high glucose-
induced stimulation of IGF-I (A) and IGF-II (B) secretion.
Mesangia cells were incubated with NAC (10° M), GSH
(10 M), taurine (2 mM) for 30 min prior to the treatment
of 25 mM glucose or were incubated with 25 mM glucose
aone or together with hydrogen peroxide (10° M) for 72
hr. Values are means+S.E. of 9 separate experiments
performed on 3 different cultures. * p<0.05 vs. control,
**p<0.05 vs. 25 mM glucose.
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Fig. 4. Time (A) and dose (B) response of high glucose
in lipid peroxide formation. Mesangia 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+SE. of 9 separate experiments performed on 3
different cultures. *p<0.05 vs. control.
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ZFWell IGF-19] #u] 288 FI7AA Fe AlF
o] wel] AAF = UG AAE 3L Sl Mi
Q_’]":‘ T:]—‘—Hﬂ/H /\ 21— H]]:H‘— /\]zl—o] IGF- |-4 01;\]@?_]

[o*

ol

LB Aoke] HHE A Be A 501

A

= control *
N 25 mM glucose
“?0 * *
£
58
Lo 60
F=
(=3
v o
gg 50 - *%
- o *%
W E
Qc 4
A
gﬁl-l-l-l-l-_
B

550

o
(=3
=1

IGF-Il secretion
(nmol/mg protein)
F
3

*

|jL.
ol

H-7 bisindolyl TPA
-maleimide |

control stauro-
sporine

Fig. 5. Effect of PKC inhibitors on high glucose-induced
gimulation of IGF-I (A) and IGF-I1 (B) secretion. Mesangial
cells were incubated with staurosporine (108 M), H-7
(10* M), or bisindolylmaleimide | (10 M) for 30 min
prior to the treatment of 25 mM glucose or were incubated
with 25 mM glucose aone or together with TPA (100 ng/
ml) for 72 hr. Values are means+SE. of 9 separate
experiments performed on 3 different cultures. * p<0.05 vs.
control, **p<0.05 vs. 25 MM glucose.
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Fig. 6. Effects of antioxidants (A) and PKC inhibitors (B)
on high glucose-induced increase of lipid peroxide formation.
Mesangial cells were incubated with NAC (107° M), GSH
(107° M), taurine (2 mM), staurosporine (108 M), H-7
(10* M), or bisindolylmaleimide | (10°® M) for 30 min
prior to the treatment of 25 mM glucose or were incubated
with 25mM glucose done or together with hydrogen
peroxide (10° M) or TPA (100 ng/ml) for 72 hr. Vaues
are means+SE. of 9 separate experiments performed on 3
different cultures. *p<0.05 vs. control, **p<0.05 vs. 25
mM glucose.
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g Y W Py Bhe] 496 Bk 71918 =
4 o] Yol FoR By H7 YT} [44], & A

& TS AHsiES o) FdakAaso] F7t
He A& Ueltt). o] et A3EL mesangid AlE
o] x¥ = 27 Al mdondiddehyde(MDA)2] Z7}9}
glutathione(GSH) &89 A4S Yehd Bl 43
Ao} [7]. Abou-Seif & Youssef [1]& W=H SRl A]
Y7ol LPO Aol 7HEIE 83 W IGRI] <+
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5 S-S BofFa Qith A=
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PKC‘:— X% %011 o g g ﬁ%ﬂ el 5
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7hssithe WO [41]% vlFo] & w PKC7H
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2 AYoNM A3 REH RS SV PKC 249
oJell 24EE Aoz Boln o) mesngid ¥ A
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Zloldle He A3k} [17, 20]. 53] mesangid
M FoA LXEEF 98 PKC 84317} Al AE
g 20l <J5) #4938lE= Nuclear Factor subunite]
< XL dvke BHioks AL St [24]. S
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