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= Abstract =

Effects of High Glucose and Advanced Glycosylation
Endproducts (AGE) on ZO-1 Expression in cultured Glomerular
Epithelial Cells (GEpC)

Tae-Sun Ha, M.D., Jin-Seok Lee, M.D., Hae-Soo Lee, B.S.” and Ok-Ja Yoon, B.S."

Department of Pediatrics, Medical Research Institute”
Chungbuk National University Hospital, Cheongju, Chungbuk, Korea

Purpose : Regardless of the underlying diseases, the proteinuric condition demonstrates
ultrastructural changes in podocytes with retraction and effacement of the highly specialized
interdigitating foot processes. We examined the molecular basis for this alteration of the
podocyte phenotypes, including quantitative and distributional changes of ZO-1 protein as a
candidate contributing to the pathogenic changes in the barrier to protein filtration.

Methods : To investigate whether high glucose and advanced glycosylation endproduct(AGE)
induce podocyte cytoskeletal changes, we cultured rat GEpC under 1) normal glucose(5 mM,
=control) or 2) high glucose(30 mM) or 3) AGE-added or 4) high glucose plus AGE-added
conditions. The distribution of ZO-1 was observed by confocal microscope and the change of
Z0O-1 expression was measured by Western blotting and RT-PCR.

Results : By confocal microscopy, we observed that ZO-1 moves from peripheral cytoplasm
to inner actin filaments complexes in both AGE-added and high glucose condition. In West-
ern blotting, high glucose or AGE-added condition decreased the ZO-1 protein expression by
11.1%(P>0.05) and 2.3%(P>0.05), respectively compared to the normal glucose condition.
High glucose plus AGE-added condition further decreased ZO-1 protein expression to
statistically significant level(12%, P<0.05). No significant change was seen in the osmotic
control. In RT-PCR, high glucose plus AGE-added condition significantly decreased the
expression of ZO-1 mRNA by 12% compared to normal glucose condition.
Conclusion : We suggest that both high glucose and AGE-added condition induce the
cytoplasmic translocation and suppresses the production of ZO-1 at transcriptional level and
these changes may explain the functional changes of podocytes in diabetic conditions. 4]
Korean Soc Pediatr Nephrol 2004;8:138-148)

Key Words : Diabetic nephropathy, Advanced glycosylation endproducts, ZO-1, Glomerular
epithelial cells, Podocyte
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Fig. 1.
diaphragms and has been demonstrated to in-
teract with the components of cell-cell junctions
( @ —-catenin) and cytoskeletal networks(F-actin).

Z0-1 protein is concentrated in slit

&Aook 2 g Ek 5] 2] L A8 E A 235 20049

(tight junction) 2ZA] dF9 W HAU)
(adherens junction) ¥¥o]ti[7]. ZO-1<& A=
atm} A E A (cytoskeleton) AEQ acting 4
AAZIM(8, 9], Al5He] v dilsn Fsahg
A AAl Tl Fad Js FrHlo,
111(Fig. 1).

7O-19] #EAl FAHA 2] AL
AHEA Smeets $[12]& @
Thy-1.1 transgenic miceol4 W3 F7AAL
b ZO-19] 2d o] AA wEex gokvta
st e, Kawachi S[13]2 ®#AoA MADb 5-
1-6 FAE FH4IS o 59 F Dl LA
A Z0-1 2de] A3 At Ba
atitt olgk fA1eHA Liu S(14]1% BAo)A &
Neph-1-nephrin &#| & FY3le] ALFA T3
o] %23 Nephl nephrin® ArFZ2ES oA A
AL W FE7)e BE2E Aol gy
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1. WA ARH AHMZO| B

Kreisberg7} A4S Eelsti 543k w9
GEpCE wl4ste] Ado o] &3t3rHIg, 19).
A wjgFAoRE 10% fetal
(FBS), 1 M Hepes, 0.2 M L-glutamine, 0.01
U/mL insulin 28]z &FAA2 £¢3 RPMI
1640 viSEH(GIBCO BRL, Gaithersburg, MD)
S AME3IE R WIAE Folr] f3 Aol 49
Aol FBS 05%%Hs #H7bstict v wghe
3o A skl AldialgE 0.05% trypsin
oz olgAZl F §lo] wgAow thy wjst
S oH19-211.

bovine serum

2. AGE®t 20| Z&HE HiY £0d

(=540 mg/dL
bofo] Eqste] &3] w
AejgHel 5 mMe] Foll dede e
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4 ge 30 mMel FE
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£381 H Ao 48 bovine serum albumin
(BSA)E txwo2 39 5 pug/mie] wE= i

ofollell 3 Asle] FodalguH19, 22, 23] <Fste],
Hjgked &£ Feo] ¥E5 5 =¥ 30 mME, AGE
9} BSAZ

Z7}8F osmotic control2A FH(E
=) 5 mMol mannitol 25 mMS 42 AL

I X

_ PBSel

dstel A5, A30, Aosm, B5, B30oE
FRTHLY, 221 7 o] o= ol w=EelA
Mel A&t 2ll.

ox £ N

3. 3= #0o|H(confocal microscopy)E
0|88t ZO-13t F-actin®| Exti5} &
AEZE collagen type-I(Upstate Biotechnol-
ogy, USA)o & #¥3l glass cover slipsol &
Zre] 27102 43A XL kst mwiatAl 2}
phosphate buffer solution(PBS)2.Z 3¥ A&
S & % 4% paraformaldehydeE 200 ul
Azo A 1087 HYste AMEE 143t LA
o] AFR¥ paraformaldhyde® aldehyde”]Z A
A&7 93 0.02 M glycine®] B°]5l= PBS&
olgsted 3 AAsIATE 1 F v]Eo]AQl uf
A& HAagsl S8t 10%
serum(GIBCO BRL, Rockville, MD, USA)-&
well @ 200 pl® Akl 37Tl 30&1F i

ksl t}8 goat serum< W3 monoclonal

normal goat

mouse anti-rat ZO-1(Zymed Laboratories Inc.
South San Francisco, CA, USA) &A1& 1:50
o= 8480 well 3 200 ul® 37CNA 1A%
wjeksl 5 PBSE  ol&3te 10&7 3¥A
shakerol A A& 8Fsic}. FITC-conjugated anti-
mouse IgG &A(Santa Cruz Biotechnology,
Santa Cruz, CA, USA)E $4 25 ug/mlez
g Asle]  37TCoA 4083 wfFstal
0.1% triton X-100°] &30+ PBSE 104 2
W oAAY F oA PBSE 29 1083 AASY
t}. Acting d43s}7] 98] F-actin phalloidin—
TRITC(Sigma Chemical Co., St. Louis, MO,
USA)E 25 ug/mlel, F=2 d4e & 24 7
200 pl®  37CeA f’_40—5’.—7¢ HHSA AL, ohe
triton X-1000] E°l9lE PBSZ 10¥1F 33 A
Heln oA PBSE 23 AH# F slide glass
Al mount mediag AEH BoA=" F cover
glassE "ol #aaly] A7A 4CelA Raastd

t} BZL Fluorescence microscope(TCS SP2
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AOBS, Leica, Germany)2& FITC-conjugated
+ emission 496-534 nm, excitation 488 nm<)
e 2 TRITC-conjugatedE emission 555-
635 nm, excitation 543 nm¢ F}FoZ B}l
T¥HsLE B

o =1
2 9% Axete A2se A4 o 2EW

(Leica confocal software v2.5). Z+zbe] A
718 ZEads File] Y84 3 T onjwst

A
4. Z20-1 £y £H

Fohsg wfgglol 48A17F Fob wjokst
7o AEES PBSE 23 AHH g8 A%
& 4 M guanidinium-HCl, 2% CHAPS, @
EAAAA(100 mM 6-aminohexanoic acid, 10
mM benzamidine HCl, 1 mM phenylmethyl-
sulfonyl fluoride)E ©]-§-ata] 4ol 244759
ety AEEge gweks
A% T 30 pg-2 4/12% polyacrylamide gra-
dient gelol EF3n HrjgEog EaAzl &
3A1ZF &9t PVDF membraneo]| AAMAZ]T H]|
£ AAst7] 8 3% skim milk
€ X% PBSY wAZTh g ded 9
Bz ALoA 2AZ F W-EAF) L TBST
(washing buffer)® 5-10% 1oz 2-33] 4

g o2, o|a3 A= horseradish peroxidase

N )

wrgA7l

conjugated IgG(Zymed Laboratories Inc.
South San Francisco, California, USA)E 60&
L WeAZIm TBSTE A& & LumiGLO
chemiluminescent substrate® ©|&3te] X-ray
filmel =Z&AZ . Band densityE densitome-
try(LabWorks 4.0, UVP, Inc. Upland, CA,
USA)Z 74zt &A3le] 7t zde] ZAng un

s

et Lotaldsts] ] © 484 A 2&E 2004

RNAZ 2887] $38l RNA isolation solution
2} chloroform®.& % %
sodium acetate, 100% ethanols o] &3t A
A7l v AA RNAE #8359l @4 RNA
5 ug® BEE M-MLV reverse transcrip-
tase(Intron, Korea)® oligo-dT(KDR, Korea),
25 mM dNTP(ntron, Korea), 18] ZF+2
% $- 37CelA 2087

HE 20 pE F9E8 g

isopropanol ¥ 3%

g F 90TM Eae WS BaAsA
3 4% cDNAS F8o# RT-PCRE 53

CSkSiTh ARERE AL ZO-1 sensed] @714 4

2 5'-CGTTCTAGAAGATAGCCTGC-3'°] 3,
antisense®] @7 Ee 5'-CTCTTGGAGCT-
GCGAAGACC 3012027 housekeeper 24 1)
A1e] GAPDH sense? 97]14M¥& 5-CTCTA-
CCCACGGCAAGTTCAA-3'9]4, antisense?]
A7IME2 5 -GGATGACCTTGCCCACAGC-
3'e]%1 3 Bionics(Korea)ol % A=}3tsich 10
XPCR buffer(Intron, Korea), 2.5 mM dNTP
(Intron, Korea)® Z7¢] 54 primerol F#<
E g3te] A 42 50 plo g wE T 94T
A SRR 7FER the 94T 30%, Zhzbol g
annealing XA 307 72CeolA 30x%F 30

Al AANES 15% agarose
gel& o &3t 7 A|l59 PCR HAE 15 ul&
A7)1%9E3sta ethidium bromide® @M3sle] UV
light &lellAl polaroid filmell 7ZF3#A1713. densi-
tometry(LabWorks 4.0, UVP, Inc. Upland,
CA, USA)Z 77 243 % GAPDHe| zto@
A3

6. SAHN 24

cycles&

Nz &7 2+ a2 thete] Western &



sl o 3 1 B3 AR @ ATA AL Z0-1 WA W3

gk
T AEsL wustA 2 A4 AZAole] A%

F-actin

Age FAY o AZAcHFig 2. 95 A
g2 B W, AT QR AT
Bysht zAd wel 971 HEe Fge B
& THFig. 3). de] Fwde] $HUS Azl
wAlsle W A AeHe B3 B5AA

Fig. 2. Confocal microscopy of confluent glomerular epithelial cells with
F-actin phalloidin-TRITC(red color) and monoclonal ZO-1 antibody(FITC-
conjugated, green dots). Merged view shows that ZO-1 protein is located

along the cell-to—cell contact areas.

BS

B30

AS

A30

Fig. 3. Confocal microscopy with F-actin phalloidin-TRITC(red color)
and monoclonal ZO-1 antibody(FITC-conjugated, green dots). Merged
views and distributional curves show that ZO-1 dots are moving

inside from B5 to A30.
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B30, A5 AA 7 #Ad A30 $dez R
FLrE Z0-1= AZA vpgoA oz
o]5 3= P cytoplasmic translocation)e R
FeHTig. 3).

Ao,

2. Western M2 0|28 z0-1 ME =X

o

Bands 205 kD H-¢lolA @23 4 9
o 7 AYA #8749 Bs AnE dxTo
st 7} 9] ZO-19] band densityE v 3}
< o T AU B30oIA 11.1%, AGES
7V A5 M e 23%7F gastdu folsiA e
goktt. 28u 23 AGES FAl6l #7hsk A30
AME 190%% Fold Bas RATHP005,
Fig. 4). Osmotic control(Aosm)dlA% 8-9]3k
HEs B3R 5 g AHP>0.05, Fig. 4). whek

e ¥R

A AEEe "gr AGEd 93 GEpCe ZO-1
SR Fashs IS BAD ol Pae
#EQ Aol wFr} obd B3} AGE 99 &

A5 A3 B B30 Aosm

% of Control (B5)

A5 A3 B5

Culture Conditions

B30 Aosm

Fig. 4. Effects of glucose and AGE on cellular
ZO-1 protein levels in cultured glomerular epi-
thelial cells assayed by Western blotting. Density
values for ZO-1 protein of representative immu-
noblots from each group show decreased cellular
Z0-1 protein levels in A30 conditions. Control
(100%); the value of B5. *P<0.05 for the value of
Bb5.

Witsobaldstd Al @ A8 A A 2% 2004

3. RT-PCR

53

mio

S8t Z0-12] expression

ZO-1°] w3t PCR MAIZL 48] base pairs
oA &d 4 9den ZO-1 mRNAS ¥
%<& GAPDH mRNA¢ %Yoz uAs &
B59] ZAE dgxFoezw o zZ o Ans
Hlaskdty. RT-PCRel 98 Z0-19 band
densityx 1FEe 3L A7 B30oIA 82%
o] Zra9t AGEE #7138k =79l AB9A 50%

&

o FAE HAou EAHA o= glyxm
(P>0.05, Fig. 5), AGE9} 1% %9 2L ZA]q)

F7FE 2 A3000A 12.0%9] 99 de 7
25 BATHP<0.05, Fig. 5). A309A19] Zas
A59l ZAHel: Fojg HATHP<0.05,
Fig. 5). 284} osmotic control(Aosm)ell A&
e WEE #AY S+ gtk & aEn9
T AGES fr3A &4 GEpCS Z0-19]

BEE FAAITIL Z0-15 AEZD W2 o] B4

PA =4

"vil-=

A5 A30 BS

B30 Aosm

80

&0

40

% of Control {B5)

20

Ab A30 BS

B30 Aosm

Culture Conditions

Fig. 5. Effects of glucose and AGE on the mRNA
expression of ZO-1 in cultured glomerular epithe-
lial cells assayed by RT-PCR. Density values for
ZO-1 mRNA of representative gels from each
group show decreased RT-PCR products of ZO-1
in A5 and A30 groups. Control(100%); the value
of B> *P<0.05 for the value of B5, +P<0.05 for
the value of A5
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A el eyt S 24), @eiaE FykEt
= Al xE #A@A F ds FAL FE7)
o st gy A2 Ho deey sl )
AL HAE e MAZTe wigl SAH XS AL
A 714 W3l LolS Hi v FAE
o] Zthr)9t 4 9(apical membrane domain)€l
Azl ¥ METEAL @93l actind o]
ol AdyE gMEe ®Wst FE EAXY Eij
Hojals 2EEHE oldom HIT8, 24,

al 2 A A

Aol & BBl NEZ IS FHst

#H 44t zonulae occludentes

= T oz AFuE Hgsd

Bis AR, AbFAe SAEE
7 7h

ol#fgt Ayt MXEZF T Al A= hEd 9l

= =

A2 2 Aole] AToNA AT 0] E
A= o skx] @l oz pephrin, Z0-1,
P-cadherin, FAT, podocin, catenin, CD2AP
Fol A (Fig. 1), &gt EAEe W5y
AREA Agtoll A el Held £ dum 5

=53 A8, 24, 25]. ©] F°l nephrine A=

g sk 9 F HERE Rud dem
[28], AFTH A7) e-E FAlshEY To% 9%
< ot wEA 9len(2529], dd=d A
4 AFEE AN EdNelE Hele

NPHS1 349 AE-o1v{29, 30].

1986\ Stevenson S[31]2 ZO-1°] Au|AE
o] dadol] ENGE AMEE AZLE WS
I, Schnabel S[27]2 ZO-10] A} AlS 4ol
Eqtte AS FHerAer, Kurihara 5[32]
2 720-19 F 7}A isoformo] EA3thE AL
gt} ZO-12 membrane-associated guany-
late kinase(MAGUK) familyol] <£st= 2xjbek
205-295 kDO o 2[0 31,32], st}
AEZAZ AU E B0l EAgH25,27]. ZO-
12 AZE AFFAle wEHA F
7121 S-shaped body staged] & H o] capil-
SHFEY Hojr|HE
(apical portion)oll A SHoZ olFaA 1, ¥
Had P23 B@E 7012 A=y AxF
< wat AAsA A6, 27,33). ZO-12 2
e 9Hs A4S AV =, Z0-19
a—catenin, C-terminal-2 actin
filament$+ Aoz AF 2831, cadherin/
catenin E&A$} actin MFEHZ Ato]e] A
gl A (cross-linker) 2 2ZH&-3HCHO9, WA] 4lxd el
confocal microscopyaZdolA] Z0O-12 P-cad-
herin® 22 {-9lo =2438Hco-localization) = ©]
ATH7,34]. ZO-1& AZE Zo) &= A WA
9ok A S (scaffolding) ©9¥.0.2[27,35], tyro-
sine phosphorylationg %3 AlsAde] AT
wak obe}, AbA HaAlAd B4 Feol #ds
A =Y, B3y g AgeE25, 27].
ZO0-12] A WA PDZ 992 Nephl w@¥ie} 7}
28 A dgs Agste]  Nephl®]  phosphory-
lation ¥ A&zAE Aol J3& v zlcH24, 35,
36]. AE)A EAsE Z0-12 HAHird &
A e] %A 3Horganization) ool AXE A%
2 B = o] Fei{37].

SAol A AFEA ZO-19] WHEE AWR
W ATAH B 58 2l Smeets $[12]

Thy-1.1 @& ZMxEe] FHEZ 3 Thy-1.1

W3 ol& Al

lary loop stage’} =W

Nse
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FA A Z0-1, nephrin, synaptopodin S2)
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szmj‘ W 5}
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b FE71% 2EE FeEelA guiws HolwA
ZO-19] o] #AsA gasPEd, o=
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H dl e sk Z0-19) HHo] 7Aad
= Zo® MYsdth & FAZ = ATA

1S 35 #Esr] o]l dolglr Chul b
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FHoR AT Axd #Wg wel EAsid
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welA HEee WA For pEa)
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o o]Edte Y cytoplasmic translocation)S
Btk 28, Western blot @ RT-PCR ZAA
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StelAd o) 32 " FUIFSEC o AFFA AEAE Z0-1 2] W
Fo2 g AISHe vhE dWolu} actin AEX  FiHz A4S Bk ZO-1 wwigke B5 A
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=EAZL O W B ATE 297 =E2AIZ v 11.19%, AGEE 3718 2719 AbA 2.3% 7
GRS} Apolst ol AT HAAVIH BAdst f Astdoed BAH f4e sz, B3 AGE
FoSol g Aoz Almdnh ®3 Kim 5 7F A6 HrbE A309014 = 19.0%9 9@
(1718} A7+ in vivo A7AME fFARE A7 7E2E 29tk mRNAS #HEZ  A300] gt
£ THHAER FF B AFAELS invivo 120%9 99 = #AZ KA olld ok
oM Fxu 1 7Igke] Aolo] 9fdt ZO-19] A3 mRNAQl A AL osmotic control
Wale wEalana sl (Aosm)ellA= B2 ¢ it
AEHow, AGE®t 1¥E9 T 9% 2 B:u¥vx9 2% AGEo 9% GEpCH
GEpC9 ZO-1 w¥e] 2xyslel <ol g  ZO-19 ¥ wHslel §347 $39A9 dx=
A A7 BN FHE7)9 JFH wskg e A4 BAaE Yo, 470 dn
F5E F g Ao FF AGEY) 9% 70-1 &AM FHE79 Hugs wzg AWy 4+
o} agk Z)dol g AT F in vivo B den, FF ol WE v|dd dg A7 I
Aol A7 ZO-19] 43 2¥®st] o 88 o=z ARG
@ A7t By Aoz Audrh
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