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Abstract : Diabetes mellitus is associated with a wide range of pathophysiological in the
kidney. This study was designed to examine the effects of high glucose concentration on IGF-1
binding and glucose transporters in renal proximal tubule cells. The results were as follows :

The binding of “L-IGF-I reached the peak at the 30 minutes and gradually decreased by the
time dependent manner. The binding of I-IGF-1 was inhibited by the unlabelled IGF-I(10™*~
10®M) in a concentration dependent manner. The relative affinity of IGF-I receptor for IGF-I,
IGF-H and insulin exhibited typical type 1 binding(IGF-I > insulin > IGF-II). However IGF-II did
not compete for the cultured cell membrane '“I-IGF-I binding site at 10™~10*M. Under optimal
conditions, IGF-I binding to the membranes from 5SmM and 20mM glucose treated cells was
analyzed. It was found that 20mM glucose treated cells exhibited higher binding activity for
IGF-I. In order to further substantiate this increase in IGF-I binding sites, we performed affinity-
labelling studies. The cross-linked cell membrane subjected to SDS-PAGE; labelled material was
detected by autoradiography. 20mM glucose treated cells exhibited higher levels. The initial rate
of methyl-a-D-glucopyranoside(e-MG) uptake was significantly lower(74.4146.71%) in monolayers
treated with 20mM glucose than those of SmM glucose. However, 3-O-methyl-D-glucose(3-O-
MG) uptake was not affected by glucose concentration in culture media. IGF-I significantly increased
a-MG uptake in both 5SmM and 20mM glucose treated cells. However, 3-O-MG uptake was not
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Glucose

affected by IGF-I in both conditions.

In conclusion, 20mM glucose increased binding sites of '“I-IGF-I, inhibited Na/glucose

cotransporter activity. But 20mM glucose did not change facilitated glucose transporter.

Key words : Glucose, IGF-1, Transporter, Kidney.
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Fig 1. Schematic model illustrating mechanisms of tran-
sepithelial glucose transport. Brush-border Na'-glucose co-
transporter transports filtered D-glucose from tubular lumen
into cell. Glucose then diffuse out of cell into blood via baso-
lateral facilitated glucose transporter.
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Az, TY A xBS 60pg/ml collagenase class [V}
60pg/mi soybean trypsin inhibitor2 420l A ztz} 38
A d F 44E(1,000rpm, SE)3He 38) Al
gk olgA Fud THAxDE 7R AR
A}H(insulin Spg/ml, transferrin Spg/ml, hydrocortisone 5 X
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16mM, Glucose SmM, 1% Bovine serum albumin, pH 7.
42 33 AH3E T 1ml incubation bufferd] I-IGF-I
(2x10"'M)Z} IGF-I(5x10"°M)& H7}sled wj AR T
® AH® A|Zhuit} incubation bufferE A A 3l31 2}
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Fig 2. Time course of binding of I-IGF-I with primary cul-
tured renal proximal tubule cells at 37T, Monotayers were in-
cubated with 'IIGF-I(2x 10""M) in presence of unlabeled
IGF-I(5X10"°M) and 0.6mM bacitracin. After different
periods of time, cells were exposed to cold acidified buffer.

Acid-sensitive radioactivity was taken as membrane-bound
SLIGF-I and acid-resistant radioactivity as internalized '*1-
IGF-1. Data are expressed as the relative amount of '*[-IGF-I
radioactivity added to monolayer cells. Values are the means+
S.E. of 9 separate experiments performed on 3 different cul-
tures.
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A gtok. HIGF1 2% 9] 50% A= BAHA o
& IGF-19] 2% 6.54x10°Mo] A, insulin®] 7 $-&
4.51x10°Mo| 4 =]l rh(data not shown). Cross-link-
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Fig 3. (A) Displacement curves of '“IIGF-I binding to primary
cultured renal proximal tubule cells. Cultures were incubated
30 minutes at 37C with "PLIGF-I(2X 10"'M) and increasing
concentrations of unlabeled IGF-I, IGF-II or insulin. Data are
expressed as the relative amount of '*I-IGF-I bound to mono-
layer cells incubated without competing unlabeled hormone.
Values are the means*+S.E. of 9 separate experiments per-
formed on 3 different cultures. (B) Autoradiograms of “I-IGF-I
cross-linking to primary cultured renal proximal tubule cells
without reduction by DTT. Near-confluent cell cultures were
incubated 30 minutes at 37°C with "*LIGF-I2x10"'M) in
presence of IGF-I(5x10"°M). The bound ligand was cross-
linked with 0.1mM dissuccinimidy! suberate and analyzed by
SDS-PAGE and autoradiography.
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& AN 20mM EEF A 27(107.67+2.45%)
o] smM Aol "3t IGF-1 Z¥o] o4 LA
3= 9oh(p<0.05, Fig 4A). Cross-linking analysiso] 9| g
autoradiographyol] Al & 20mM X £ X g} FoA -
IGF-1¢] Ago} 5SmM A2 Fol ¥3 Z7}al(Fig 4B)
binding assayol] 4] & 2 2}9} x| 8t
Na/glucose BE2UHHIS} T e EXH &otA|
of chst DETE I IGF-12 &2 : 20mM ¥ A
27t 2dulgd AT SHA=BA L SGLTS
GLUTY| WX & F&& dotr 7] A8t ¢-MG % 3-
O-MG uptakeE A AT} 20mM X 2F F T A
SGLTY] @A E(74.41+6.71%)= SmM EE G
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Fig 4. (A) Effect of high glucose concentration on '“LIGF-I
binding to primary cultured renal proximal tubule cells. Pri-
mary cultured renal proximal tubule cells were grown in medi-
um containing SmM glucose or 20mM glucose, as described
by "Material and Method". The monolayers were incubated
with "P-IGF-I2X 10"*M) in presence of unlabeled IGF-I(5 x
10"°m) and 0.6mM bacitracin for 30 minutes at 37T. *p { 0.
05 vs. SmM glucose. (B) Autoradiograms of '“I-IGF-I cross-
linking to SmM or 20mM glucose treated renal proximal tubule
cells without reduction by DTT. Near-confluent cell cultures
were incubated 30 minutes at 37C with "I-IGF-I(2x 10"'M)
in presence of IGF-I(5x 10"°M). The bound ligand was cross-
linked with 0.1mM dissuccinimidyl suberate and analyzed by
SDS-PAGE and autoradiography.

18
16

14

12

['*C}-2-MG uptake
(pmole/mg protein/min)

10

8

IGF-I —  + -+
20mM Glucose

5mM Glucose

Fig 5. Effect of high glucose concentration and IGF-I on ¢-MG
uptake in primary cultured renal proximal tubule cells. Primary
cultured renal proximal wubule cells were grown in 5mM or
20mM glucose and treated with IGE-I(3 X 10°°M) as described
in "Material and Method". Uptake was performed with 0.5mM
a-MG and '*C-e-MG(0.5pci/ml) for 30 minutes at 37°.
Uptake determinations were corrected for zero time uptake, and
standarized with respect to protein as described in "Material
and Method". Values are the means*SE. of 9 separate
experiments performed on 3 different cultures. *p(0.05 vs.
5mM control, **p ¢ 0.05 vs. 20mM control.

90

T

80

['4C}-3-O-MG uptake
(pmole/mg protein/30mins)

60

IGF-l — _+ - ¢

5mM Glucose 20mM Glucose

Fig 6. Effect of high glucose concentration and IGF-I on 3-O-
MG uptake in primary cultured renal proximal tubule cells. 3-
O-MG uptake studies were conducted with uptake buffer con-
taining ““C-3-O-methyl glucoside(0.5pci/ml) for 30 minutes at
37T. Uptake determinations were corrected for zero time up-
take, and standarized with respect to protein as described in
"Material and Method". Values are the means*+S.E. of 9
separate experiments performed on 3 different cultures.
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Hl& oA A 28 oh(p<0.05, Fig 5). 224
GLUTY 4 EE 20mM L5 FEoA £8o=
F7Htg oy BAdo2E R 2ol YAt
(Fig 6). SmM 2 20mM ¥ =% E o)A Zojujokst
Al Z o IGF-I1Z 72} M2l g o) SGLT $A k&
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FFE U AR Fu

I #
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= 972 284 ded 1G] 29 R & o
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AA A Fgm™, ANAFTAG HnBelHe L
IGF-1¢] ZA32 50% JAst=d BAEA e 3x10
M| IGF-Io] &3 wao] insulin® 1x10°Mo] &
TFHAGE Bzt g 2 AP x PLIGF-1¢)
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A Gxgd AFY 9o HrlxE gt gH AN g
T EET Tk 77k A 1oEd ¥Z & IGE
& IGF 849 A 2 & H3lA )2 &3
O Ba% g™ oz e Basy B 482y
2 Rol ¥F 3T Fo| YA nBAAELY IGFI 4
EAE FTMHER A B Bl FA ¥
st T2 ¢ 42LEE A =t

STZ o3 F =¥ Zuy Y9 AHFRE
HEolzl ¥ H2Xe) SGLT2Y GAEE 72
HAG BBW A7 S gy HE] £¥d B4
T o SCLT €A% HA| v]53 JA& By B &
of 1 A STZ Ao 9 AFEL olgtn
AEAAY. £} 2 AT M Yasuda er al *& STZ
& Azd HEGA AN7d £ AT SGLT
g4 % 743 phlorizin bindings] 9sir 24"
SGLT - 9le] ztaof 71Q1& ZHolat sy, &u
SGLT @4 =& insulin §o1} 3959 F7o o3
NEF IET FTE H2AHE 1 JEE Ao
Z Ho} o]5& SGLT Hd 9] #ay u¥EY 3
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SGLT1 mRNA 4 o] 104} A& Z7}el= Aoz U
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SGLT1 mRNAS} EA % 9] 7+ = SGLTI A=}
i xrgo] BAHo &S A3 AAls)E)

CACO-2 M X (human adenocarcinoma cell line)ol] A
Erde] F4E SGLTY ¢lata] o] Folxn o] A
¥ = insulin?} IGF1 $£#5 7141 Qo). a8
insulin®} IGF-I M2 A] L= o] 5L odak-e x| o
T HOR Bol olE FEAE X5 £40 245
TAZE fle A2 2aEeP. wbeo] FRTLS A
¥ (rat thyroid cell)ol] & insulin® IGF-lo] ¥ &3 &
A frRZ 2E S g Ao B 4
FH AEGOE X UAE F9%oEN ¥
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