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Abstract : Dysfunction of mesangial cells has been contributed to the onset of diabetic nephropathy. Insulin
like growth factors (IGFs) are also implicated in the pathogenesis of diabetic nephropathy. However, it is
not yet known about the effect of high glucose on IGF-I1 and IGF-II secretion in the mesangial cells.
Furthermore, the relationship between cAMP and high glucose on the secretion of IGFs was not elucidated.
Thus, we examined the mechanisms by which high glucose regulates secretion of IGFs in mesangial cells.
Glucose increased IGF-I secretion in a time- (>8 hr) and dose- (>15 mM) dependent manner (p<0.05).
Stimulatory effect of high glucose on IGF-I secretion is predominantly observed in 25 mM glucose (high
glucose), while 25 mM glucose did not affect cell viability and lactate dehydrogenase release. High glucose
also increased IGF-II secretion. The increase of IGF-I and IGF-II secretion is not mediated by osmotic
effect, since mannitol and L-glucose did not affect IGF-I and IGF-II secretion. 8-Br-cAMP mimicked high
glucose-induced secretion of IGF-I and IGF-IL. High glucose-induced stimulation of IGF-I and IGF-II
secretion was blocked not by pertussis toxin but by SQ 22536 (adenylate cyclase inhibitor), Rp-cAMP
(cAMP antagonist), and myristoylated protein kinase A (PKA) inhibitor amide 14-22 (protein kinase A
inhibitor). These results suggest that cAMP/PKA pathways independent of Gi protein may mediate high
glucose-induced increase of IGF-I and IGF-II secretion in mesangial cells. Indeed, glucose (>15 mM glucose)
increased cAMP formation. In conclusion, high glucose stimulates IGF-I and IGF-IT secretion via cAMP/
PKA pathway in mesangial cells.
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Fig. 1. Time course (A) and dose response curve (B) of
25 mM glucose on IGF-I secretion. Mesangial cells were
incubated with 25 mM glucose at difterent time intervals
(1 to 72 hr) or different dosage of glucose (5 to 50 mM).
Values are means=S.E. of 9 separate experiments performed
on 3 different cultures. *p<0.05 vs. control.
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Fig. 2. Time course (A) and dose response curve (B) of
25 mM glucose on IGF-II secretion. Mesangial cells were
incubated with 25 mM glucose at different time intervals
(1 to 72 hr) or different dosage of glucose (5 to 50 mM),
Values are means+S.E. of 9 separate experiments performed
on 3 different cultures. *p<0.05 vs. control.
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Fig. 3. Osmotic effect of glucose, mannitol, and L-glucose
on IGF-1 (A) and IGF-II secretion. Mesangial cells were
incubated with 25 mM glucose, 20 mM mannitol, and 20 mM
L-glucose for 72 hr. Values are means+S.E. of 9 separate
experiments performed on 3 different cultures. *p<0.05
vs. control.
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Fig. 4. Effects of actinomycin D and cycloheximide on
high glucose-induced stimulation of IGF-I (A) and IGF-I1
(B) secretion. Mesnagial cells were preincubated with
actinomycin D (107 M) or cycloheximide ( 107 M) for 30
min prior to the treatment of 25 mM glucose. 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.

Table 1. Effects of high glucose on cell viability.

LDH Cell viability
(W.U./100 pg protein) (% of control)
Control 163 £ 0.6 100
10 mM glucose 172 £ 0.9 99.6 £ 3.5
10 mM mannitol 16.8 £ 0.7 10125 +£5.2
25 mM glucose 156 + 0.6 102.3 + 4.8
25 mM mannitol 162 = 0.7 103.7 + 5.0
50 mM glucose 16.6 + 0.7 101.3 + 3.8
50 mM mannitol 159+ 09 99.3 + 3.2

Mesangial cells were treated with 10, 25, 50 mM glucose, 10,
25, or 50 mM mannitol for 72 hr and then lactate dehydro-
genase activity (LDH) assay and trypan blue exclusion
experiment were conducted. Values are the means +S.E. of
three independent experiments with triplicate dishes.
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Fig. 5. Effects of 8-Br-cAMP on IGF-I (A) and IGF-II (B)

secretion, 8-Br-cAMP (0~10 M) was treated to the mesangial

cells for 72 hr. Values are means+S.E. of 9 separate experi-
ments performed on 3 different cultures. *p<0.05 vs. control.
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Fig. 6. Involvement of adenylate cyclase/cAMP on high
glucose-induced stimulation of IGF-1 (A) and IGF-II (B)
secretion. Mesangial cells were incubated with SQ 22536
(10 M), PKI (10° M), or Rp-cAMP (10 M) for 30 min
prior to the treatment of 25 mM glucose and then were
treated with 25 mM glucose 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. 7. Effects of pertussis toxin on high glucose-induced
stimulation of IGF-I (A) and IGF-II (B) secretion. Mesangial
cells were preincubated with pertussis toxin (PTX, 10 ng/
ml) for 30 min prior to the treatment of 25 mM glucose
for 72 hr. Values are means = S.E. of 9 separate experiments
performed on 3 different cultures. *p<0.05 vs. control.
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Fig. 8. Dose dependency of glucose on cAMP formation,
Mesangial cells were preincubated to IBMX (107 M) for
30 min to prevent the degradation of cAMP into 5-AMP
before exposure to glucose (0-50 mM) for 72 hr. Values
are means+S.E. of 9 separate experiments performed on 3
different cultures. *p<0.05 vs. control.

& JAA] gfeu® IGFI ¥ IGF-I #u] Z71)
4L D-glucosedl] Eo]#2] Zlo g vlelhyiy,



Mesangial A Eol|A} =0l 2] 3} insulin-like growth factor®] F¥] 287 Aol 8 A cAMPSES] B9y 569

IGF-IIe W) 710 83 982 ke AlEAAR
2z dEA 2ok 18 F=W Goto-Kakizaki (GK) rat
glo} walo e HHW IGF-I 348 Ao el
o] £93% A4S e AR AFEHIL AU (26
ol HAHEEIA 22 L 62 ¥ GK rat oA
9] pancreatic islets®& &3 A txFolA Bt
IGF-II7} A5 Z74stgniar kg ot olof theh ol
f= uhal A 2@ [12] P Agel o] IGF-I
o tigk BAIE= A4 ral] 9lolA] STZE o8l S v
Azkel IGF-I 5571 F7hsvhe Bavt ot (7] 2
b AFoiM DAl A IGF-T $E2 ¥sld
et A7 F3] wng Aol B Aol A
Qe JEO STZ AelA] 213e] IGRI7t F7Hgckal
olul ¥ & wt T} [10]. ek Aol o= Ao
A o123t IGF-112] 5717} o] FojA 2 lEAle By
=) ¢k 9tk B AFolA mesangial AE] AXEGF
A A IGEII 7} Z71stdeng B} Ao &
o RRA 02 mesangial MEZF IGE ¥4 57t 2+
& ol7lsle] FrHA AlFe] W] AAFiTia & T
ot} 27} ok 3 roesangial A EoIA] LA EFe]
IGF-II) &7} 2+8-& B Ay A 7oA FHz2| Hilejrh
AR 23 o] o238l IGF-119] 82 o}& 71
A ehs] whe A2 x5 Uth SF A-FolA] wE A
of & R¥ oz MzET 2dr)

2 oA ZEEY HEA B@AfolA Xl A
cAMP A&tz v]3)] F2ldUA ST o
A daatol A ol A Tx Gl &3 collagen
alpha®] AA} EAdell cAMP ¥ protein kinase A9] &4
37 Bojdichkes B B]53t cAMPE] P E B
% 912} (351 2EY 188 A mesangial Al
IxEE A2 Al cAMP §Eg A X Wsdrt f-2lt
ol & mesangial AlEolA ZEEF 22] Al cAMP §F
g 27 A Bl Aog 4y glok B Azl A%
ZAA T oM TEE| 2§ Ca™ uptake®] 5
7FaF&ol] cAMP7} B dted Al 215e] whdol]
@itk ojv] Bwskit) 23] webA] & Age] A
2 E3ele] & o 21732} mesangial A ZAME TEE
Zol] o1& IGF-I B IGF-II £4]¢] Z7}2H8-of cAMP/
PKA 787} &8sl Gl 5] dyel A
4 9thE 7FeAd & olop7] &5 AL ok Lambert % [16]
& wY o2 wjo} ok HA A EoNA adenylyl
cyclase/PKA A2 &43h= IGFI 758 VM EA
Tk IGE-I19] F<olls d@e] §le 2108 Yeikthe
gtk B AgelA EA ] R ol2]§ IGF #4
o] &jol| IGF-I12}] ¥-nlollE cAMPS] Al Z A dA|9 2
o] glthe 7S BelF Ur), oliz oluf ME HolF

(RS- obbd A M E tf mesangial ¥ Aoz
Alg 9} F2, IGF] HH)e oA gt I X =TS
galgde w MEel ¥hgol actinomycin D EE
cycloheximideoll 2}8A4 s = 28 BH HIloA
HolF3 ) (9, 14]. ¥ @A WAL GAAQ
actinomycin D 2 ¥ A A< cycloheximide #&]4]
TEEZ] 9 IGFT ¥ IGFI Y7t Adse 3
o A] mesangial 12| 42 2 dAe] o] T4
3 A8 sl3 Qvhe A8 Wl 2k ofw3t A
& thiig o] §hadol olegt T 2% IGFI ¥
IGF-II ¥H) & 7} A ZeAe dAzMe ¢ 5 oA
g}, olnl cAMP A7} @ slElo] vhijzle] §Hde|
HES vXR] YT}t FFo] Ay L¥ZTol o)t
IGF-1 2 IGF-Il &7}2H8-e] o]&lst cAMPol 9ol E &
A AlEe] uhe] HEEE HoE BIHY s
Ca™ 7+ & Qzlgzte] B g 4y 4 o]
s 7rel BAo) M x F d7 Bag Ao
AlgE e,
#, mesangial AlEA A LG} R}
A Ao Wz Y Aol ek A AFAE
o laljA] o] FoIRAL Atk {15, 34]. IGF-I ¥ IGF-II7}
A EAAS F08k= AXAGF A T332 98&
gdditte AL ejgopd, X2 A2 Al IGRI
4 IGF-IT §2438 Z7F AlA MEAR FXE o] 8l
AFrA e 7he AREA @3t op7lEo] o2 g ¥
7} g Ao whlle] Ao dt 4 = 7HeAE F
2381 &), ojof dlgh AHL T Ao ThA] @
FEojMol & PROoZ ALFFHL B APelM= o
3l adenylate cyclase/cAMP 7 27} ¥ =ol| o8 IGF-
I 2 IGFI 4 S7Haheo Fodshe wvidE 988
Fe Aoz velsdt) ol#dt Ay &FF By A
o) A gA sfgol 712H 2A8E AT AL AR

ko

it

o

e ol
R

4 B

T8 FEA mesangial M E 2] 7]50)4to] ofriEo] AF
A AslEE fudte Gy AFe] Wl Fa%t
1eke whdsie), 31 insulin-like growth factorss Bl
A Ago) whg Z7)ol] 835 HEE = BoR Y
Z e}, ofd] B o)M= mesangial M X ITX
T A4 IGF #H| 24| ofwglt J¥ke] Ad=AE
YolR kAl ofzp HEEHL shiR] c-AMPSIE] H#A
& gotrsitt,

YA IXEZL (> 15 mM) IGF1 B IGF-II ¥
HE foid A 7o olzigh 8 e

__L!

I & ok 18

U2

lo



570

EolHd Ae2 Yehdth cAMP 8442 8-Br-cAMP
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