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Effect of Puromycin Aminonucleoside on
Podocyte P-Cadherin

Purpose: To test whether the expression of P-cadherin, a component of slit
diaphragms between podocyte foot processes, would be altered by puromycin
aminonucleoside (PAN) in a cultured podocyte in vitro.

Methods: Rat glomerular epithelial cells (GEpC) were cultured with various con-
centrations of PAN. The distribution of P-cadherin was examined with a confocal
microscope. Western blotting and reverse transcriptase-polymerase chain
reaction (RT-PCR) were used to measure the change in P-cadherin expression.
Results: This study found that P-cadherin was concentrated in the inner and
peripheral cytoplasm with high concentrations of PAN under immunofluorescence
views. Western blotting of GEpC revealed that PAN induced a decrease of P-cad-
herin in dose- and time-dependent manners. A high dose (50 pg/mL) of PAN
decreased P-cadherin expression by 21.9% at 24 h (P<0.05) and 31.9% at 48 h
(P<0.01) compared to those without PAN. In RT-PCR, high concentrations (50
pg/mL) of PAN also decreased P-cadherin mRNA expression, similar to protein
suppression, by 23.5% at 48 h (P<0.05).

Conclusion: Podocytes exposed to PAN in vitro concentrated P-cadherin internally,
and reduced P-cadherin mRNA and protein expression. This could explain the
development of proteinuria in experimental PAN-induced nephropathy.

Key words: P-Cadherin, Puromycin aminonucleoside (PAN)-induced nephropathy,
Glomerular epithelial cells (GEpC), Podocyte
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L= ol9} FARE FEAYRES AR =T, oF B 5
AAREZA XA FEefolAl opr iy eAe| =
(puromycin aminonucleoside, PAN)Z FA}a}o] 2y}
= WL AR S2A)E (podocyte; glomerular epithelial
cells, GEpC)ol] £o121 22814 Wigl ol& 51, £57]

o Wsiel Tt 5L S uislY As T =
gt vl §AFEI o] PAN (b)) A1Zole} Bt

SR PAN 2152 5 AlE5re] Wejde]ol 3
AT o = Ho| o853 ArH4-7]. ThE, A o
Sk o]zfgt o] AYA| U] Hrk ofg} KA 9 5, v
Bjo] SA| 3ol = fARE Y-S 71E Aoz AZtE=T
AFPAS] T2 AZEAAE B 5 fle SA2el 5old
N AEFA 55 Bsto] mge Azl tiste] PANS]
d3Fo] PAN 415 ARG 210 2 ALSHTHS, 9. GEpC
9] ofejgh Wsh= A W] Wk ofufe} A 9, 5 v
Ej¢] GEpColl% fAe d3F-S 7]4A] PAN A5} fASH
TH7-9).

AFAS] oJih= oA, AFEA] 71412 (glome-
rular basement membrane), 12|31 Ao 2J5}e] o]
FolA0, ol ZHIES) FE7] Abole] ATkl diaph-
ragm)©| o 3}9] mpx|u} TAIQ] M)A of 2ol Fofdirt
[10, 111 A5 A2 THE 59 FAEEZFE U2
5|5 AtolE ddshs YE Fx2EA, I (rod-
like units) o] AHHFENS] AFFFE o]Fal o] o3}
o] A grH2, 13]. FHtol] B2 ArollA A=t
F-9lel] EAeh= o8] 7EA] @l 0 2 nephrin, P-cadherin,
FAT, podocin 50| Az} Ak (adaptor proteins)
© 2 zonula occludens-1 (ZO-1), catenins, CD2-associated
protein (CD2AP) 5ol &J3l Al U] AlzZA 3} A4%
of Fx4], 7154 9&S s, olfd diEe] W
ST AFA| AZol| A Tl o] WRlolgial FSE 13-
16]. ©]% Al=atoll EA31= P-cadherin®] A|Z 9] F-1&
2 HAV motif7} ZHgol] &J3l] QA=HA 45 Z=57125
Bl v} Al 2H8 zipper TS o] Al|aE U &
2 catenin familyZ £3}0] actin filamente} SIAT o] =
5715} o) 7, Tl A0 2 2@ e FaHThEg D
[13, 16-18]. & Aol Atz vlFEE SAl szl ] PANC]] <]t
P-cadherin®] 2%, 4 WslAT & Foto] A AF
Fr] Aol 91o1A P-cadherin®] H&E Ha1x} 8131
=3

it

chat o e

1. AP SMIZ Hi 2 PAN S0

W o] AFEA] A A 3E(glomerular epithelial cells,
GEpC): Kreisberg7} A4S EH¢lalarl golsh A= i
Fate] A o] g3t tH19]. 4] viFH o == 10%
fetal bovine serum (FBS)¥} 1 M Hepes, 0.2 M L-glutamine,
0.01 U/mL insulin 18] 3 3415 &3k RPMI 1640 wj
N (GIBCO BRL, Gaithersburg, MD, USA)& AH&-8131 L
Hi7-S Zol7] f18l Z42e] A3 el FBS 0.5%%He H7}
Sigich vkl mehe 230l B v B AR
0.05% trypsin .= o|gA|Z] F- £12] uljef o 2 ThA| Hj
FaIATH20]. A3zl thFgE F522] PAN (Sigma Chemical
Co., St. Louis, MO, USA)S- F-o3}al, 24417+ &2 4847
EE2AIZ L HFTEE vehiclett Fol1Sitk

3. Confocal microscopyE 0|&gt P-cadherin?|

=X 2hE

iAo AREA] AT M| S collagen type-T (Upstate
Biotechnology Incorporation, Lake Placid, NY, USA)2.
=2 coating?t glass cover slipsoll Z2}2] 710 7 244
b 5 vjkS Sl PBSE 3W AlHE SiE 3 4%
paraformaldehyde S 200 ul# A-&o|A] 1023 225}k
o] AZE 343} 002 M glycineo] E0]3)= PBSS o]
£3}0] 3 A3 1 F- 10% normal goat serum
(GIBCO BRL, Rockville, MD, USA)& well & 200 uI% ]
glste] 37 ColA 3087t vl the; goat serumS HE]
3L polyclonal rabbit anti P-cadherin (Santa Cruz Biote-
chnology, Inc. CA, USA) FAIE 1:1000.2 31495} well

nephrin

000000 06

F-actin

P-cadherin

Fig. 1. Schematic view of P-cadherin and B-catenin complex
in podocyte.
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200 ulA 37°CellA] IARE =EA1Z] 5 PBSE 0]-8-31¢
10871 3HA shakeroll A A2 81Tk

THE AEZEo| o3} = Alexa-488 Hi= TRITC-
conjugated anti-rabbit IgG ¥A|(Santa Cruz Biotechnology
Inc)E -4 25 ug/mLO.= PBSel| 3]A1ate] 37°CollA] 40
EZF ujFslar 0.1% triton X-1000] E9{81%= PBSE 10
B 2 AFHE 3 PBSE 2HE 1087 Atk &
P-cadherin ¥4 (Santa Cruz Biotechnology Inc.)<}
4’ 6-diamidino-2-phenylindole (DAPI; Sigma-Aldrich,
Stockholm, Sweden)x= ¢]&} Z2-& vhd o 2 A3}t
T2 Fluorescence microscope (TCS SP2 AOBS, Leica,
Germany) 2 & 33t}

x

4. P—Cadherin THHHQF =X

1

ZAZE 6-well plated] 5x10° cellse] HEZ 53}
o] confluence’} 70-80% HEE A|EZE wjoksiic) 24
AZE 48AI1ZF At $of] protein extraction solution (PRO-
PREP, Intron, Seongnam, Kyungki, Korea)<- well & 400
uLE Wil Al E Galisielth o] &allES 4T YiEel]
2 13,200 rpmel|A] 304-7F ARSI, o] 2R A2
Az &) AEHS Bradford WHo 2 e T 5X
SDS loading dye®} &3t 95Tl 53 7hdste] &=
HSIATE £H)E AJZE 10% polyacrylamide-SDS mini
gelol] 7199%5(SE 250 mini-vertical gel electrophoresis
unit; Amersham Biosciences, Piscataway, NJ, USA)3}
1! electroelution-g ©]-8-3}¢] polyvinylidene fluoride
(PVDF) membrane (Immobilon-P Membrane, Millipore,
Bedford, MA, USA)ol| 200 mAZ 4A13F 302 59 ZAIA|
ZTHTE 22 tank transfer unit; Amersham Biosciences).
PVDF membrane-& 5% non-fat dry milkE tris-buffered
saline-0.1% tween20 (TBS-T)el| &3)A]A 1A17F B2t
A g o, TBS-TZ 1] AlFstal desh A3
AE TBS-Tol| ]Asto] 4A17FE<t ¥h-3-A17] ¥ PVDF
membraneE TBS-TZ 583+ 33] M3t} o]x}&A|
(goat anti-rabbit IgG-HRP, Santa Cruz Biotechnology Inc.)
E 15000 345t 458 F2F WHEAIRl F TBS-TZ 5%
7t 33] M|FEIE) ¥h-g-o] 5 £ PVDF membrane<
West-Zol plus (Intron, Seongnam, Kyungki, Korea)2] -8}
A%} BE 112 4do] PVDF membraneo]] H-&-A17] & o]
LAS-3000 imaging system (Fuijifilm Life Science, Minato-
ku, Tokyo, Japan)oll '=&A|A ou|X|& @5t Thek
2 g-tubulinol] thgk &) (Santa Cruz Biotechnology Inc.)

2 HASIA}E @3 ou|x]= Multi Gauge V3.1 Z 213
< AH8-38to] band densityE S48, o & thaa HetA|
o 100%e] ek “geighko = FAISHATE

5. P—Cadherin0i| LSt RT-PCR

7y 2704 vk AlSEE RNA isolation solution®}
chloroform® & &5 $F 3¢ isopropanol, 3% sodium
acetate9} 100% ethanol- o]}y HAAZ] o} A
RNAZ E2J3}59t) RNA 5 ug?] FE& AMV reverse trans-
criptase (Intron, Korea)Z} oligo-dT (KDR, Korea), 2.5 mM
dNTP (Intron, Seongnam, Kyungki, Korea) 18|11 SH/
2 HF 20 uLE FIE 2 5 3704 20270, 42 ¢4
S0ERE WHg- §- EAE BEASIAR] vh FV3E cDNAS
T8 © 2 RT-PCRS- +3¥35}53t)

AF83F WA Q] P-cadherin sense?] G71-E9& 5- CTT
ACAATGGGGTGGTGG-30] 11, antisense®] 97|41 E-&
5~-GCCACGGTGAAATGATCC-3"0]%} 21 housekeeper®
A1 BA1¢] GAPDH sense®] 971492 5-CTCTACCCACG
GCAAGTTCAA-3/]11, antisense2] 971492 5-GGATG
ACCTTGCCCACAGC-3]%1 11 Bionics (Korea)ol] =& A|
ATt 10X PCR buffer (Intron, Korea), 2.5 mM dNTP
(Intron, Korea)2} Z12}2] &4 primerol] /52 tls}
o] A & 25 L= 9He - 94cellA] 51t 7HEg v
94°C 30%, Z¥zbol| 2= annealing 2504 1387F 7279
A 50211 30 cyclesE Al3¥sIATE BAAES 2.0% agarose
gels o]-g3te] 7} A|59] PCR A& dyes Eato]
15 ul9] 4L A7]19%3} ethidium bromide® A4 s}o]
UV lighta}ol| A polaroid filmol] 7F3A17]11 densitometry
(LabWorks 4.0, UVP, Inc. Upland, CA, USA)Z Z}z} =743
¥~ GAPDHS] gko = B33tk

6. SAH 24

=} A 7} ol thste] Western 412 33], RT-
PCRE- 33] 21813} & A3}= mean=tstandard deviation (S.D)
2 Al AL, AT dizazke] 2ol digk BAA f-
o 18 EHEE T-ZHAW(SPSS version 12,0; SPSS Inc,
Chicago, IL)& AF-&-3}o] H| RS2 Student’s r—test BH 0.
2 A= ]om, P-gko] 005 n|vtd wff BATH o= {2
gk Ao = i
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1. Confocal $i0|ZE 0188t P-cadherin?| 2x

2E

3} B-catenin &A|9} & P-cadherin $A1E 7] x]2)3}
S ], QA EL]| BESH= B-catenin (B7)o] PAN
9] 7t b= sexHA] P-cadherin (54)2 U
TR SHhs BEd & 7 UthFig. 2A), vjdAlEE )
WSHA| ZpepA| &F - 22 o2 AEEIS wE, Al
Ate]9] B-catenino] PAN®] 57} S5 524
A Zh=ro] A7 A FR1E = A1 om, P-cadherin ¢
Al ZRashaA] W2 S8k Bis & 5 UTHEHEE,
Fig. 2B). ©]3= PAN9l| 2J3}] P-cadherin®] E2 $]x]oj A 1
2 EFete] AE I FHATso] E4EE o

Aoz AlEH),

(=A<

2. Western 245 0|E¢t P—cadherin THQF ZH

P-Cadherin 2] ¥l 118 kD H-9jol|A #&a 5=
Ao, P-cadherin T =] F7A= B-tubulin THY
Azlz BAEAT o] H%E2] PANO| A1 3 P-cad-
herin THokL: 24417 5} 4847 ol A B3 A3} E5
of whe} hadhs S BT 24410 uF oA AL
F521 50 ug/mloll A 21.9%2] 2Ju] = 7~ (P0.05)2F
48117 0] =Z F7ol|lA] 259} 50 ug/mlollA] ZH2} 291%
9} 31.9%9] AT 2= v Q= AAhaS Bk
(PX0.01, Fig, 3).

-PAN +PAN 5 pg/mL

Y 4
— \

\
P-cadherin ’
B-catenin A
DAPI
Merged

. |

>

P-cadherin
p-catenin
DAPI
Merged

3. RT-PCRE S35t P—cadherin?| expression &

GEpCol|A] P-cadherine]] g+ PCR BAE-S- 397 base
pairsoll A 218 4= 91l o, P-cadherin mRNAS] &
%<& GAPDH mRNA®] AYC 2 HAZ & PANS 7
ofSlA] g2 e Axfe] tigh 7} 7o) A#E vlwskirk
RT-PCRoI| 2]+ GEpCol|4] P-cadherin®] W= 7= 24
AR E 2} F5E Thol] ' xfo]7} gld o, 48417 ol A
= 7552 50 ug/mL PANS- H713F Z70|A 23.5%2]
ofn) Q= s BATHIK0.05, Fig. 4). 5, 35%2] PAN

24 hrs 48 hrs
PAN 0 5 25 50 0 5 25

50 (ng/mL)

P-cadherin

50

% of Control
(noPAN at 24 hrs)

0
PAN 0 5 25 50 0 5 25

50 (ug/mL)

24 hrs 48 hrs

Fig. 3. Effects of PAN on cellular P-cadherin protein levels in
cultured cells assayed by Western blotting. High dose (50 pig/mL)
of PAN decreased P-cadherin expression significantly by 21.9%
at 24 hrs (P<0.05) and 31.9% at 48 hrs (P<0.01), compared to
those in without PAN condition. Data are presented as mean+
SD; n=3 per group. Control (100%); the value of PAN (-) at 24
hrs. *P<0.05 versus control. PAN, puromycin aminonucleoside.

+PAN 25 ug/mL  +PAN 50 pg/mL

Fig. 2. Confocal microscopy of glomerular epithelial cells with P-cadherin and B-catenin.
Merged views show that P-cadherin (green) become concentrated in inner cytoplasm near
nucleus in single (A, arrows) and confluent cells (B, arrows), and B-catenin (red) become faint
and re-localized inward in single (A) and confluent cells (B) by PAN. Magnification, x1,000. PAN,
puromycin aminonucleoside ; DAPI, 4',6-diamidino-2-phenylindole.
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24 hrs 48 hrs

PAN 0 5 25 50 0 5 25 50 (ug/mL)

150
*

[
- Lo "
-3 100 i : i
SN
£%
5=
o<
5% 50
RE
0
PAN 0 5 25 50 0 5 25 50 (ng/mL)

24 hrs 48 hrs

Fig. 4. Effects of PAN on cellular P-cadherin mRNA levels in
cultured cells assayed by RT-PCR. High dose (50 pg/mL) of PAN
decreased P-cadherin mRNA expression similar to protein sup-
pression by 23.5% at 48 hrs (P<0.05). Data are presented as
mean+SD; n=3 per group. Control (100%); the value of PAN (-)
at 24 hrs. *P<0.05 versus control. PAN, puromycin aminonu-
cleoside; GAPDH, glyceraldehyde 3-phosphate dehydrogenase.

rlo

A} ol Al FANEL] P-cadherin®] B3-S <A

1ZEk

N

2

il

Cadherin =& tF-1-2] 7ol AI|M|3EZ22]2] A3
oF A3z Ato] F-Z(cell adhesion)ol] #oI3h= Zre-2JE
2 g o 2 A 22)9] 3 fA], 229 v, T8
3L LR o Tk AlaEe] Ho| Foll T83F TS g2,
22]. 7874 cadhering & E-o)4e] w}e} E (epithelial)-, N
(neural)-, VE (vascular endothelial)- 12] 17 P(placental)-
cadherin 52 & E-531CH23, 24]. E-cadherine thitie
I A, N-cadherin 4744|3290, VE-cadherind &3
WA 320 =251, P-cadhering eyt 9o 1]t} A
HAME] 1AM EZo Fgksto] SAIGTHIS, 23, 24]. A}
FA| % E-, P-, R-cadherine] 7] A A7)0l 2 &
A= A o= BALEAA|THI3, 25, 20], B4 et =3
A oA o] cadherin®] H&| tisixr= & LA
2] §FS)T) Nakopoulou 5271 E-cadherino] 2 A+
A] “duiA oA AR, S22 AFFALIE fhAfol A
E-cadherin®] o] 7k AT B389 O, Yaoita
52512 AP Ao A AREA] Zge] A 3ol Hold pan-
cadherin @Ao] AJ<3k WA 82 o2} PAN-FEA 415

o X% pan-cadherin®] SA& A 4= Il 5181

o} T2k olo] S T} AL§F v} N T
5oy AEE Fla] PEu

P-cadhering: Z&E3E vle} 22o], AL Apole] F-2pol] 24
ofsh= Bl A4 cadherin 2] i, 979t A
Y1) SV, §A10] TSIAIE, T2 AFEAle] &
A, A el AlSetol Sl Zle.z v
0] P-cadherin®] Al=Ere] Z4 953} FA]9) nephrin
I} 2 chily} AvEjo] o3} MEiy fAlo] HoAd Ao
& AZFETHL3, 18], T3 nephrinh= 2] T}
P-cadherin A}o]¢] QIS FHE A7 ==tk

Singh 52812 &3} thll(glycated protein) & & A=+
GEpCel|A cadherin ¥F&o] ZHA3FAT L B 7813 o1,
Bains 52912 HH g 0. = #E3 cadherin®] 2
B2 e A vwslel nlAsh S FEe Ty
APAAIY BRje) Aol eIl Aolg WA 5
UATIAL 319101, Yaoita 5 [25]2 A1AFMA oA AREA]
Ag)A1aEe) 12018 pan-cadherin o] 443t WA B of
Y2} puromycin aminonucleoside nephrosisoll 4 %= pan-
cadherin®] EAE AT 4= gIActal sHATk 1L} o]
E0] AF&3F 37} pan-cadherindl] th3k &F401%17]
&9l P-cadherin ©@52] H3lE ou|d = gI%S He
2 A7t ol AT MR T2 il Bol AR <9l
517] PETh B3 nephrine] Zojd AR=Y MY AF
S| A P-cadherino] A0 2 FHETE AFA[30]
3} P-cadherin o] v}-$-A0| A A5 Thill g 7} EHkE] %)
T AR B R m]Fo] vhil o] Wk} P-cadherin
Atolel] BT AL fls Ao 2 AZFE = 9tk 1
U Xu 53212 P-cadherinel]l tigt FAE A-g3te] i
= Foll ol AHA| A1) P-cadherin We] ZH4x
£ I mRNAY] WAt E B st T3t 4l
A A AZERd s thily o} b AL A &

Z F-9]9] P-cadherin TG 0] ZAE I35
B AAE 7 5E2] 9 AGE (advanced glycosylation
endproducts)el] 2JgF GEpCe] P-cadhering #5314} 5
o X A= The] A A4S e =M, It
7oA A=t o] BiskE AWE 5 AATH33), T3t
Otero 5 (341> AGE®]| &Jsto] kgt Syl zo A
olE Mz H2el 583k VE-cadherin®] ¢]¢] = 7
28 FRslo] Bk FAl4Ie) S Aelelr

AlFabo]] Z2)3}= P-cadherin®] A3 U] H-3-& catenin
family (x, 8 and y-catenin)& 538}] actin filament$}
Aso] 5719 2P| 12, V)5 Ho R ATE F
3t} E3], P-cadherine B-catenind} 1A= il
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catenin complex®] a—catenin actin¥} AZ4AZIcH(Fig.
1) [13, 16-18]. PAN 215 FE2d 2] Ao A Luimula
513518 g-catenin ©H 9] oJn] QJ= ZAAE F01EHS]
3, B ARE AlEa| ol A PANe] <] GEpCe]
B-catenin TS FHA} Fo| A Q] A2 o] AY
o] s FRISHITHR20]. =, PANC] &Jste] SA|Z9]
P-cadherin/g-catenin complexi= A& FAFSH Wigko 7
L9} AEFA WstE BRIt

AEAO R B AFAP} o] ARolA &1g PANC]
oIt A AREA| oJyjdlof| A 2] Fahg F7H36)9F E
AL 4] GEpCE] P-cadherinel] thal A3} Z12]31 Otero
513419] AGEd]] oJst NI M EZF cadherin®] 749}
3 o] STVAAE S, PANC| gk ZAE
P-cadherin®] W37} F31-&20] S7HINw)E ZefehS

A 5 & Flol

2ot

S&: ohil . Z3gke] AFREHR] puromycin aminonu-
cleoside (PAN)ol|X] #2E = Q= FAlaze] WeE|gh o]
ol $lo1A P-cadherin®] W3stE A 2] SAE vk
e Foto] ol At ek3ick

HitH: PANO] 93} =4 £2] P-cadherin®] W3l= A
A 9 vlFAHE B3l Gopd u A} WA AR A E
(GEpQO)E HljeFsto] thekst 2] PANS Foislo] conr
focal An7<& E35}o] P-cadherin®] £xE #238191
Western blotting ¥} RT-PCRE- A}-8-3}¢] P-cadherin 2+&
o] Wists HEslsit)

ZAak: oA z-e| #358}= P-cadherin ©GIAE &
< SHgVHolA] PANS] w27} St s UHE S
= A B $ AT Western H-490l|4], P-cadherin
ThGR2- PANO|| FE-0]EH 0 2 53], i FER] 50 mg/
mLof|A] 24A1313} 48117 0| = Zgdol|A] ZH2F 21.9% (X
0.05)2} 31.9% (7X0.01)2] &Jv] A= FAAAS BT
RT-PCRof|A = 4847 ol A 50 mg/mL PANS #7713k 271
oA 235%2] ©Jv] gh= HAE BATHP0.05).

AR PANS EA|320)| 4] P-cadhering A|3z2ho 2 7E]
2ol 35S §238)a1, P-cadherin mRNA2] v+ 7+
A8} ThalEEo| A o] THAE 2T 2 A, Tl o]
el 7]e4E Ao} Als Tt

ZAtel 2

B AT 7 B & ke, AXE Al
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