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Effects of glucose on metabolism and Insulin-like growth factor binding-3 expression in human
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Insulin-like growth factor-I (IGF-I) has significant insulin-like anabolic effects which include the stim-
ulation of glucose and amino acid uptake, as well as protein and glycogen synthesis. IGFs exist in
serum and other biological fluids as complexes bound to a family of structurally related insulin-like
growth factor binding proteins (IGFBPs). Six human IGFBPs can modulate the effects of IGFs on target
tissues by several mechanisms, including altering the serum’s half-life and the transcapillary transport
of IGFs, as well as changing the availability of IGFs to specific cell surface receptors. Human fibro-
blasts secrete IGFBPs that can modify IGF-I action. Previous to our study using either Northern blot-
ting, and Western blotting have shown that fibroblasts express mRNA IGFBP-3, 4, and -5, and synthe-
size these proteins. In addition, fibroblast cell lysates revealed that the IGFBP-3 was most abundant.
For these reasons, we undertook to gain further insight into the effects of high and low glucose in-
cubation condition on metabolism and IGFBP-3 expression. In results of metabolites and IGFBP-3 ex-
pression in GM10 cells cultivated with various glucose concentration, the consumption of glucose and
accumulation of triglyceride were increased in condition of high glucose, and total protein level was
decreased. in the course of time. After 5 days incubation, levels of free amino acid in medium contain-
ing glucose of high concentration glucose were higher than in conditions of low glucose. Although
the levels of IGFBP-3 protein and mRNA levels were increased in low glucose, and IGFBP-3 was not
affected by any protease. Taken together, we suggest that the study of growth factors, like IGFs, might
be a possible model of diabetes militus in cell, although the results in cell models were not in accord
with in vivo.
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Dulbeco’s Modified Eagle Medium (DMEM), fetal bovine
serum (FBS), phosphate buffered saline (PBS)& Gibco/BRL
(Gaitherburg, MD, USA)ollA +¢3}1t}h. Sodium bicar-
bonate, antibiotics solution, bovine serum albumin (BSA),
insulin, TRI-reagent, cell extraction bufferd] A}&-¥ Ajore
Sigma (St. Louis, MO, USA)H|¥-& AL&3tith 7e} M=
HEE At 2 F28 F718HE SFAFE AT

M= HHSE
£ A3 A48 GMI0 A Z2E 5 mMASE) glucose
DMEM E& 25 mM(115 &) glucose DMEMd]| 3.7 mg/ml

sodium bicarbonate, 100 U/ml penicillin, 100 pg/ml strep-

tomycin®} 10% FBSS A7}atad 37T, 5% CO, 24 s A
st

HZE = &3

GMI10 A 2E 5 mM glucose ¥l A =& 25 mM glucose
A A H e &, 0% F = ATk 78 ulA R meat
of 24A\Zk HjFstdeh. W% AA F AES PBSZ 23] A
433 trypsinEDTA H2l@ & 287 WA2 JL2 85
83leh. 343 AE = Brightline hemacytometer (Hausser
Scientific. USA)E AL&-3te] A $£E8 AAslgct

Glucose 5 53

GMI10 AI£E 5 mM glucose v A & 25 mM glucose
Wi Ao A 24, 72412F el FsE & A E wj oS 10 ul H3) 8
F 24 8GL ZYME “Eiken” kit {Shinyang chemical Co.
Ltd., Seoul, Korea)E ©]8-3o] 500 nmoj A} A5 Q)

Triglycerides & &3

GM10 M ZE 5 mM glucose W= & 25 mM glucose
MANA 24, 7247 WS F PBSZ AAST tryp-
sin-EDTA X3}t AEE PBSE we tlg 948g

(3,000 rpm, 4T, 3 min)ate] FE NS AAsn F& AT

- extraction buffer (methanol : chloroform : H;O =2 : 1 : 8)

& 7kete] AE U triglycerideE F&8}%ch A E W trigly-
ceride %+ TRIGLYZYME-V kit(Shinyang chemical Co.
Ltd)E o] 43t 505 nmo|H =Hs}T)

Total protein 5= £H

GMI0 I £& 5 mM glucose H}#] HE= 25 mM glucose
Hi Ao A 24, 72417 Wl g8 3 cell lysis buffer(100 mM
NaF, 10 mM EDTA, 1 mM benzamidin, 1 mM PMSF; 50
mM Tris-HCl, pH 75)2 3143t 9452}(12,000 rpm,
4T, 3 min)3t gt} A5 9L 843l Biuret] 0.2 A X U]
% 9HAFS 450 nmo| A =t

Falot| At 2

GM10 Al ZE 5 mM glucose ¥jA| HE 25 mM glucose
Aol W Fd F FEA A2 w@stn 5L12047HF <
W Fg AE B Fd g lithum loading buffer (pH 2.2)2 3
&3t ofm|=it H-8-E47](Sykam amino acid analyzer.
5433)2 43tk

IGFBP-3 Western blot analysis

GMI10 A|Z& 5 mM glucose A & 25 mM glucose
Aol Wgg F AEE 3589t 849 cell lysated)
sample buffer& 7}ste] 125% sodium docdecyl sulfate



polyacrylamide gel electrophoresis (SDS-PAGE)Z £ ] 8}
Immobilon-PS? transfer membrane (Millipore, Bedford,
MA, USA)9) o]5 A th MenbraneS 5% non fat dry milk
TBS-T buffer(20 mM Tris-base, 137 mM NaCl, 1 M H(],
0.1% Tween 20, pH 7.6)2 2204 17|17t &<t blocking$t

&, TBS-Toj} IGFBP-3(1:1,500) 1} antibody 2 A29jA 1
AlZF BRe A AT 1 ¥ 23 84)(1:15,000, anti-rabbit IgG-
conjugated horseradish peroxidase)& #7}8led 14)7F vh&-
A7} enhanced chemiluminescence substrate (ECL
Western blotting detection reagent, Amersham, England)&

A3t &QlskSiT.

IGFBP-3 mRNA analysis

GM10 A EZ 5 mM glucose$} 25 mM glucose B z) o] 1)
oFgl & 90% At £8A viAZ n#skL 5 mM glucose
iAo uwjekstAY, 25 mM glucose iAo IGF-1(100
ng/ml) £E insulin(100 ng/ml)&- A 2] sle] 24413} wj kst
Aot s UYe A AZ thg, TRI reagent(Sigma) 1 ml& d
7}ste] #4319t Chloroform : isoamyl alcohol(24 : 1)&
FA71ete 9AER(4T, 12000 rpm, 15%)3 th& RNA7}
EFE A59E &7 FFY isopropanols F7hste -7
0CeA FANAT ddEestel 432 AAsL H&
total RNA¢) 70% ice-cold ethanolZ 2¥l A& & & AxA|
7tk 129 total RNAE 0.1% DEPCZ M]3 B Zof
A 260 nm/280 nmoj X EFEE ZYste FFsIFTE 10
ugd total RNAE 1% formaldehyde agarose geldl] #7]%
% 33 nylon membrane (ICN BIOTRANS™)o] 1847+ &
¢t transfer 3}$t}. Membrane& 75C 9 A] 2A) 7t &< bak-
ingstal 68TColA 1AZF E<t pre-hybridization(30% for-
mamide, 0.15 M NaCl, 0.12 M Na;HPO,, 7% SDS, 1T mM
EDTA)% t}2 pre-hybridization €3¢ DIG-dUTP7} label
¥l DNA 20 plE H7I3 hybridization #4202 68Tl A
18417 &<t hybridizationsl 1 t}. Hybridization ¥, mem-
braneS A3 A2 3087 blockingAZth Ant-
Digoxigenin-APZ 75 mU/ml(1:10,000)¢] 5= & 343}
AedA 3087 TR T AFHSHT. Membraned de-
tection buffer(0.1 M Tris HCl, 0.1 M NaCl, pH 9.5)e] &H
587 B331A)171 thE, detection buffero] 1:1008) 52
3] A3} chemiluminescence substrate CSPD solution® 2 5
27 93 A AT Luminescent ¥+3 ¥, E713 AAGH
membrane & 37Coll M 1A 7F WA§ | BF =EAZth

IGFBP-~3 probe labeling

Ao AFE-3 IGFBP-3 DNAT ©l= North Carolina o}
st Yyprst iy A4 David R Clemmons BHALZ B
B} A Fugken, probe 70l = PCR DIG Probe synthesis
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Kit (Boehringer Mannheim)Z A}-&-3}%th. MgCLE ¥ &3}
+ 1x PCR reaction buffer, 200 pM dNTP mixture, PCR
DIG-dUTP mixture, 2.6 U enzyme mixture (Expand™ High
Fidelity), IGFBP-3 sense, antisense primer Z}Z} 40 pmol,
0.1 U AMV-optimized Tag, IGFBP-3 DNAE &&= PCR
Hh-& E3HE-& PCR Thermal Cycler 480(TAKARA, Japan)S
ALg3te] PCRS #3199 PCR T2 32 95T oA 45%,
55C el A 45%, 72°Col A 287} 10 cycles, 95T oAl 45%, 5
5ColA 45%, 72T M e 28& A|F0.2 1 cycle & wuich
2024 Eo]UEE 20 cyclesS 7438t} PCR %, EtBr
(10 mg/ml)& FH3le 2% agarose gelo] H719%E3HH
PCR AAE9 bandE &UstT gelold ZAhlin
QIAGEN Gel Extraction Kit (QIAGEN, Germany)& A}-£-3}
o] Zehd gel2 2¥ DIG-dUTP label® probe DNAE 3%
AT

IGFBP-3 proteolysis

GM10 A £ & 25 mM glucose B} Aol A v Fate] 83
w22 8543 IGF-I(100 ng/ml), insulin(100 ng/mi)&
23k wj %Y 50 pi%t 5 mM glucoses} 25 mM glucose ) =] o
A v o¥at Ay 50 plefl 05 M tris 10 pl, 100 mM CaCl,
2 pl B7FHT intact IGFBP-3E 100 ng £33 & 37°C wa-
ter bathol| A} &4} 8k3-A]Z c}. Sample buffer® w+-2-8 3
A7 % 125% SDS-PAGEZ 2a)3}6] Immobilon-PS2
transfer membrane (Millipore)ell ©]%¥A]Z] membraneS 3%
BSAV} X 8" TBSZE 30% blockingAlZ T} 1% BSA7Z} &
) TBSo| IGFBP-3(1:1,500) 15} antibody2 32, 23} anti-
body(1:2,000, anti-rabbit IgG alkaline phosphatase con-
jugate)dll A 3A17F WEgA1Z1 Fo AH3}3 color substrate
solution (NBT/BCIP, Promega) 0. & WA 3}o] IGFBP-39] £
3 4E2 B39

AN SHAz

B 47 BE $NSAE 4 24U BT

st ZF A 77 AL p<0.05 F oA Duncan’s
multiple range testZ #4133t}

dn 3 ug

MIE Z40] olXl= F&

GMI0 M XE 5 mM glucose(HzX)9}t 25 mM glucose
(ZEE) iAo fFatEs ) AE S nAe 9T
AHESNY 1 2, AFEg LFE glucose v Aol HjF
9L W HE & 77} 451+4.3x10%, 47.9+5x10* cells/cm’
02 glucose FE ME HE FHdE F9321 Afol7}
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Table 1. Effect of glucose levels on cell numbers in GM10

Glucose concentration Cell number (cells/cm’)

5 mM 451+4.3x10"
25 mM 47.9+5.0x10*
- Values are the mean + SE (n=3)
UEehYR] @gkti(Table 1)
oj9} FAIS AT ES AWRY AR A, AEd HgE
}\

¥ F=H(NIDDM), Ql&d &8 F=r(IDDM), 123 H]
WA ZHE Qe Afol AE e 2h7 3.8207x10 4.5t
0.7x10%, 4.1+0.6x10°, 1] 3 3.840.7x10* cells/cm’ & A T2
Aol Apolzt (ki shHom[23], A ELH F=H
HE 2E 747 194+05x10%, 18.71.0x10° cells/cm’& $§-©)
Z—M Aol7t YAt stoj[4], £ A7 A U AT

& BAFAT o)e F 250 AUolA glucose FE X}o] 9
o 7129 UAE BF FHo] 5Ys7] Wil e AT F
ool glucose FEFORE AE FHd & 9Fg WAA
E3e Aog HYA

glucose AH(0| OlXl= Hgt

GM10 A EE AFE glucosed} 1FE glucose 1l 2] o A
wjokated Aj7he] it M glucosed] A £EE AWR
SchFig. 1). 2 A3 15T glucose A wl g3t A 244
R A gde d 10% A= Zhstg o, Az
AAERA = koAt vl &F 1204 Tkl = 25% A3 AT 2
AU AEE glucosed A wl g -+ 72413 v Al 35%
23195, Aol AAIBIAE @A vl ok 1204] 7| A
T 84% Zradte Aoz Yeyt A4 gaHe £ES A
2oz A¥%E glucoseT oA Bo] AXHE A AT,
A A o2 B 155 glucosed| A © B2 glucose
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Fig. 1. Time course of glucose consumption in conditioned
medium of GM10 cells. Cells were cultured for 24 and
72 hr in a medium containing either high glucose (25
mM) and low glucose (5 mM). Conditioned medium
were collected after the indicated hours of cultures
and analysed by GLZYME kit as described in
Materials and Methods.
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Triglyceride®l E"*Uﬂ OX= Y&

GM10 NI & A% 1E % glucose A oA Bl F3}
o A)7ke] Ao E}E trlglycerlde«] FEE AR
(Fig. 2). 1 A3} 1¥% glucoseo| A vjokst A trigly-
ceride7} @o] AASHE Aoz Jelyth ol HE B}t
1EE Z2ANM Bl F5HA glucosert AE dlolA
triglyceride2 &A=, A[7t9] Ao uw}E triglycerided]
Z7le 2% glucose 2719 Aol 3| °‘°11/H:— Rno.g
2ot Mardar S[17]& 9=y #3435 A4 ARG
= triglycerided] 5ol Eoldttn 0}9515_’.11], Niall &
[1912 n8GY W I triglycerider} EolH b dho, £
AT A= in vivod| A Yehvhe 18T A} fFASHI
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0a FF H3E 4HE 29, Avs 2PdA Y
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Fig. 2. Time course of triglyceride levels in GM10 cells. Cells
were cultured for 24 and 72 hr in a medium containing
either high glucose (25 mM) and low glucose (5 mM).
Cell lysate was collected after the indicated hours of
cultures and analysed TRIGLYZYME-V kit as de-
scribed in Materials and Methods.
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Fig. 3. Time course of total protein concentration in cell lysate
of GM10 cells. Cells were cultured for 24 and 72 hr in
a medium containing either high glucose (25 mM) and
low glucose (5 mM). Cell lysate was collected after the
indicated hours of cultures and analysed as described
in Materials and Methods.
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F ZRAE WA % falofrltt FEol LEE glu-
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2 o] 88 4= 9+ glucose o] RES A%EE glucose Bl %
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APozA o ol 2237 i ASZ HAn, ¢A
AR ASE glucose ¥ TN F DYoo) 27
3 ARHE Ao E gAY mepA F A gk H)x
£ glucosed] &L triglyceride Z& o nla) Au)F o] @&
T A2 BUY. F3 olu:=bE cystine, glutamine, ser-
ine 5& AFE glucose W% FANXE 22 60%, 81%,
61%% a3 YY, 15 glucose ¥ ZHNME Z7t
58%, 80%, 49% 2 & ECJ:] AEEY 1FE glucose HY
G 24 B glojA 2A ZAEE Ao g Yyt o=
cystine, glutamine, serine 5 &) o}u]imAto] oA o g o]
$He Aoz Hojy w9, g7 7 Rlwstg S 9 glycine,
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Table 2. Free amino acid composition of GM10 cells on high

and low glucose conditioned medium (mg/1)
i i Sample
Amino acid
Control  High (120 hr) Low (120 hr)
Arginine 84 68 61
Cystine 63 27 25
Glutamine 584 114 111
Glycine 30 55 54
Histidine 42 28 26
Leucine 105 97 84
Lysine 146 125 117
Methionine 30 29 27
Phenylalanine 66 73 68
Serine 42 2 16
Threonine 95 107 102
Tryptophan 16 - -
Tyrosine 104 73 67
Valine 94 95 88
Total 1,501 912 846

phenylalanine, threonine
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Z7A0A ZAadte Aoz JelythFig. 4). Baxter} Martin
2] ¥z o] HA] ¢ Iy Ao A IGFBP- 3& A
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46 kDa ~ <+— IGFBP-3

1 2

Fig. 4. IGFBP-3 ECL Western blotting of GM10 cell lysate.
Collected cell lysate from medium containing either
high glucose or low glucose, after 48 hr culture, was
subjected to SDS-PAGE and analyzed ECL blotting, as
described in Materials and Methods. Molecular mark-
er is indicated on the left. lane 1 : High glucose (25
mM), lane 2 : Low glucose (5 mM).
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GMI10 AZM Aere 15T glucose #F ZA Al
IGFBP-3 gl 7 4=Fo] ¥igg e g IGFBP-3 mRNAY
HALE AHE A3}, 15 % glucosed] A IGFBP-3 mRNA
FEo| FaHe 222 YEidthFig. 5). Y-S FEA
Fol ¢lojA IGFBP-3 mRNA w30 Astdcty Bustge
14[10] Spoerri S[22]¢ T §7}o] 4] IGFBP-3 mRNA 2
Fde A9 ¥sprt Ao Rusgo

Fig. 62 AFTY 1FE glucose Wiy A% nFE
glucose W} Ae)oll A} IGF-13} insuling A& A u) %
o Z9] IGFBP-3 proteolysisE ArHHgtch 1 A3}, GM10
MEE IGFBP-3 protease®] 983 #Hdlo] Jtke A< &9l
& 4 9l Clemmons §[7]-2 human epidermal fibro-
blasts$} porcine aortic smooth muscle cellsS wj 3§ A
wjok o] A IGFBP-3&= ¢FA3}H, IGFBP-3 proteolyt1c4 %_}
o YehbA) et shel B A7 Ass dNsE
2 ey

< ]GFBP-3 mRNA

1 2

Fig. 5. Effect of glucose on IGFBP-3 gene expression in GM10
cells. Cells were cultured for 24 hr in a medium con-
taining high glucose and low glucose. Total RNA was
extracted from cultures of GM10 and was analyzed by
Northern blotting using a specific IGFBP-3 ¢<DNA as
described in Materials and Methods. lane 1 : high glu-
cose (25 mM), lane 2 : low glucose (5 mM).

46 kDa - +— 1GFBP-3

1 2 3 4 5

Fig. 6. Effects of high glucose, IGF-I, insulin low glucose on
IGFBP-3 protease activity in GM10 cells. Cells were cul-
tured for 24 hr in a medium containing high glucose,
high glucose treated with IGF-I, high glucose treated
with insulin and low glucose. Conditioned medium
was incubated with intact IGFBP-3 (100 ng) for 14 hr
at 37C, and the products were analyzed by Western
blotting. lane 1 : Conditjoned medium plus intact
IGFBP-3 and no incubation, lane 2 : Conditioned me-
dium containing high glucose (25 mM) plus intact
IGFBP-3, lane 3 : Conditioned medium containing high
glucose (25 mM) treated with IGF-I (100 ng/ml) plus
intact IGFBP-3, lane 4 : Conditioned medium containing
high glucose (25 mM) treated with insulin (100 ng/ml)
plus intact IGFBP-3, lane 5 : Conditioned medium con-
taining low glucose (5 mM) plus intact IGFBP-3.
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