k2o Assl 2] Al 10d A 135 20069 R A (]

I3 FIIREAFE AA 9 ATFAAFE
o) q3 93

ERFEAHAGY 2AEd tokd FEUGA A2l Lsotastm A

= Abstract =

Effects of High Glucose and Advanced Glycosylation
Endproducts(AGE) on the in vitro Permeability Model

Jun Ho Lee, M.D. and Tae Sun Ha, M.D."

Department of Pediatrics, Bundang CHA General Hospital,
College of Medicine, Pochon CHA University, Sungnam, Department of Pediatrics’,
College of Medicine, Chungbuk National University, Cheongju, Korea

Purpose : We describe the changes of rat glomerular epithelial cells when exposed to high
levels of glucose and advanced glycosylation endproducts(AGE) in the in vitro diabetic con-
dition. We expect morphological alteration of glomerular epithelial cells and permeability
changes experimentally and we may correlate the results with a mechanism of proteinuria in
DM.

Methods : We made 0.2 M glucose-6-phsphate solution mixed with PBS(pH 7.4) containing
50 mg/mL BSA and protease inhibitor for preparation of AGE. As control, we used BSA.
We manufactured and symbolized five culture dishes as follows; B5 - normal glucose(5 mM)
+ BSA, B30 - high glucose(30 mM) + BSA, A5 - normal glucose(5 mM) + AGE, A30 -
high glucose(30 mM) + AGE, A/B 25 - normal glucose( mM) + 25 mM of mannitol{os-
motic control). After the incubation period of both two days and seven days, we measured
the amount of heparan sulfate proteoglycan(HSPG) in each dish by ELISA and compared
them with the B5 dish at 2nd and 7th incubation days. We observed the morphological
changes of epithelial cells in each culture dish using scanning electron microscopy(SEM). We
tried the permeability assay of glomerular epithelial cells using cellulose semi-permeable
membrane measuring the amount of filtered BSA through the apical chamber for 2 hours by
sandwich ELISA.

Results : On the 2nd incubation day, there was no significant difference in the amount of
HSPG between the 5 culture dishes. But on the 7th incubation day, the amount of HSPG in-
creased by 10% compared with the B5 dish on the 2nd day except the A30 dish(P<0.05).
Compared with the B5 dish on the 7th day the amount of HSPG in A30 and B30 dish
decreased to 77.8% and 95.3% of baseline, respectively(P>0.05). In the osmotic control group
(A/B 25) no significant correlation was observed. On the SEM, we could see the separated
intercellular junction and fused microvilli of glomerular epithelial cells in the culture dishes
where AGE was added. The permeability of BSA increased by 19% only in the A30 dish on
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the 7th day compared with B5 dish on the 7th day in the permeability assay(P<0.05).

Conclusion : We observed not only the role of a high level of glucose and AGE in de-
creasing the production of HSPG of glomerular epithelial cells in vitro, but also their additive
effect. However, the role of AGE is greater than that of glucose. These results seems to
correlate with the defects in charge selective barrier. Morphological changes of the disruption
of intercellular junction and fused microvilli of glomerular epithelial cells seem to correlate
with the defects in size-selective barrier. Therefore, we can explain the increased permeabil-
ity of glomerular epithelial units in the in vitro diabetic condition. (J Korean Soc Pediatr

Nephrol 2006;10:8-17)

Key Words : Advanced glycosylation endproducts(AGE), Glucose, Diabetes, Glomerular per-
meability, HSPG, Intercellular junction, Proteinuria -
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Fig. 1. Chemical reaction pathway for nonenzy-
matic glycosylation of proteins.
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5. HSPGS 53

ELISAE ©]83}% heparan sulfate proteo-
glycan(HSPG) %S

body; rat perlecan®l core protein®l ™3gr mon-
oclonal antibody(UBI, USA)).

6. MEQ Hefsty 3

Scanning electromicscopy (SEM)E o] &84
Hejeta w2 Z47h9 culture dishesol JE A
FA AHHEE 5% glutaraldehyde® 1333
2% osmium tetroxide® F13%¥ § ethanol®
g5 A1 A}, Critical point drying 373 $ gold
coating3ty SEM(Hitachi $-570, Japan)2Z
TEEA T
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Semi-permeable membranes ©]-8%% per-

2339 Hprimary anti-

meability assay 0.45 mm® pore size® Zte
cellulose semi-permeable membrane(Millicell~
HA, Millipore Corp., MA, USA)Y] ¥EHoj o
ul Zast AEA AHAEE FEAAS. Main-
tenance media® M ZHoZ B F baso
lateral media®l 1 pg/mL$] BSAE P&tk F
3 AFEe
BSA®Y¢& sandwich ELISA method® &A%
o} Z¥zhe) Rje HUME ¥ BSAY 4@
millicell chamberd] 2+ BSA9 Hl&= A
o},

8. SHH 24

A7y B9t apical chamber®

4 a}
Z3EgHE Y] FEE fluorescence sphec-

oA A3 A A 10A A 12 20069

trophotometer2 ©l-83t4] 440 nmolA concen-
o] §-8hod

tration—-dependent emission peakZ

shelah e,

1, ELISAE 0|28t HSPGY &3

o

4817 ¥l ¥ A uxes 2EE oA
culture dishes®] HSPG¥2 EATA Zlole
AATE A 5 v Foll 4841 Fb vl BS
dishol ®lsjM o F wldd A30 dishE A
¥ g F ulgs ZE dishesolAl 10% <]/l
HSPGYe Z718 HYHP<0.05, Fig. 2). ¥
F vl B5 dishell Hlsjd o 5 wikd A30
7} B30 dishollA#l Ztzk HSPGao] 22} 77.8% ¢}
95.3% 2 A3t (P>0.05), osmotic control
group(A/B 25)olA BAIHo 2 {og zojE
BolA &Ach(P>0.05, Fig. 3).

2. AFRA| AIMIEL| HEfst prE
A F oY F 3 FT)DEEE % A
A A9AEe geetd b3S scanning EME&

o]

Effect of AGE and glucose on HSPG production of
cultured GECs(by ELISA)()

2 days 1 week]
140 * * *

120
100
80
60
490
20

% of control(B5)

A5 A30 A25 B5 B30 B25
Culture conditions

Fig. 2. Effect of glucose and AGE on the HSPG
production of cultured glomerular epithelial cells
during two and seven days incubation time(as-
sayed by ELISA) when the HSPG amount of the
control(?nd day B5 - left column of B5) is deter-
mined as 100%(vertical axis). B5 5 mM glucose
+ BSA adding, B30; 30 mM glucose + BSA ad-
ding, A5; 5 mM glucose + AGE adding, A30; 30
mM glucose + AGE adding, A/B 25 5 mM +
25 mM of mannitol added(osmotic control). “P<
0.05, compared with the value for the 2nd day
B5.
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Effect of AGE and glucose on HSPG production of
cultured GECs(by ELISA)(II)

r@ 2 days (11 week

140
120
100
80
60
40
20

% of control{B5)

AS A30 A25 BS B30 B25
Culture conditions

Fig. 3. Effect of glucose and AGE on the HSPG
production of cultured glomerular epithelial cells
during two and seven days incubation time(as-
sayed by ELISA) when the HSPG amount of the
control7th day B5 - right column of B5) is reck-
oned as 100%(vertical axis). B5 5 mM normal
glucose + BSA, B30; 30 mM high glucose +
BSA, A5; 5 mM normal glucose + AGE, A30; 30
mM high glucose + AGE, A/B 25, 5 mM + 25
mM of mannitol(osmotic control). "P<0.01, com-
pared with the value for the 7th day B5. TP<
0.01, compared with the value for the 7th day B5.

ol gste] #ASACE F712sgEo] HiteE A
Lo ¥a]¥ AEAlo]ol-S(intercellular junction)
3 $3HE AgEE 3T § UATHFig. 4).
ol#l ety wsle Fr|IdagEe] dgon
X% size-selective barrierd A7t FE3
o2l AREA ZIA oMo UET FAde
71 909 E A g s
3. gal FO|gksEtEel AMTAl ALAM|IE
thist albumin permeability 0] BD|X|=
ks
BSA9 Ei= o F wig F A30 disholAl
o A F ¥ F B5 dishol ¥ls) 19% S71st
t 278 2goey 5449 #9444 (g
(P>0.05, Fig. b).

il &
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2 obn Fwgol w4 o

115+
110
105+
100 ¢
95

Percentage of control(B5)

90

A5 A30 B5 B30
Culture conditions

Fig. 4. Effect of glucose and AGE on the perme-
ability of cultured glomerular epithelial cells by
the in vitro permeability assay. The increased
passage of BSA was shown only in A30 of the
7th day incubation culture dish(right column of
A30, P<0.05). At the 7th day A30, 19% increment
of permeability was observed compared to the
control when the permeability of the control of
the 7th day B5 was determined as 100%(vertical
axis). B5; 5 mM normal glucose + BSA, B30; 30
mM high glucose + BSA, A5, 5 mM normal glu-
cose + AGE, A30; 30 mM high glucose + AGE.
*P<0.05, compared with the value for the 7th day
Bb5.
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ste} Fefstx dstet Al TR (FE) 9]
g duagt

AFEe] B3I AGEE AMTAl ZHAEe]
HSPG #4& ZaA7led M2 FAERE 2

P

~12_



3 Aol AAEEA C A10A A 1E 20064

Fig. 5. Morphological alterations of cultured glomerular epithelial cells in the 7nd(th) day incubation
culture dishes by scanning EM(SEM). We can see the disrupted intercellular junction and fused micro-
villi on AGE-adding conditions(A5, A30). Most severe changes are shown at A30 dish with high glu-
cose adding AGE. (A) SEM (x2,000) (B) SEM (x20,000).
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enzyme-linked immunosorbent assay(ELISA)
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£ TIse wjudT )P ES AL
AlzefeEsta olwo] yehe WA wsl
MEe) 7140 wistel Fejsty wistel g ¥
s (elzhg)e] WstE diugin FAY Fx

RIS RERCEE IR IR
k.

Hf H{
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awetaz o

1 37 FEEES] EHE »-?’]?-sH 50 mg/
mL BSA(Fraction V, Sigma)®} protease in-
hibitor® X%% PBS(pH 7.4)° glucose-6-
phosphate® 4301 02 M2l £48 wEQUU
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BSAE 5 ug/cm’ surface area® FE7} HEE
R O3 22 vl 449 culture dishesE
TEATHB5; BSAY #7F - 5 mM, B30; BSA
T H7F - 30 mM, A5 F719EFET AU -
5 mM, A30; F71<93E7 FH7b - 30 mM,
A/B 25; osmotic control - 25 mM mannitol).
olF WY ¥4 4 F MY F Az culture
dishes®l Sl heparan sulfate proteoglycan
(HSPG) %S ELISAE o] &3t #4331 B5E
zxog o ztzh blwsldo Zhzke] cul-
ture dishes®l & AFFH A MEE scanning
EM(Hitachi S-570, Japan)e ©ol-£3}d Fe|g}
A #EE 39 Cellulose semi-permeable
membrane ©]&3td Z}74e] culture dishesel
Al % Azt F<F apical chamber® %3 o 7}5
£ BSA%< sandwich ELISA method® &%
sty S digh BA S st
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4 Aoy AT d F uld Fo o) HeH
wgd B5 dishel Hl3lA 4 F wigd A30
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% o)’del HSPG¥H F7M2 RATHP<0.05).

o F wj¥e B5 dishel vlsAd
A30%} B30 dishellA Z}Z} HSPG%el Z+2t 77.8
%t 95.3%=E 239 2(P>0.05), osmotic
control group(A/B 25)l4 EAHo2 {23

F v
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