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Purpose: We investigated whether Cyclosporin A (CsA) had the anti-proteinuric effect in diabetic rats
and whether it was associated with the alteration of P-cadherin expression.

Methods: Sprague-Dawley rats were injected with diluent (C, N=16) or streptozotocin intraperitoneally
(DM, N=16). Eight rats in each group were treated with 10% ethanol or with 1.5 mg/kg/day of CsA
(C+CsA and DM +CsA) for 6 weeks. Immortalized mouse podocytes were cultured in media with 5.6
mM glucose (LG), LG+CsA (10'8 M), LG+TGF-34, 30 mM glucose (HG), or HG+CsA. Real time-
PCR and Western blot were performed for P-cadherin and TGF- 24 mRNA and protein expression,
respectively, with sieved glomeruli and cell lysates.

Results: Urinary albumin excretion was significantly higher in DM compared with C rats, and CsA
treatment inhibited the increase in albuminuria in DM rats. Glomerular P-cadherin mRNA and protein
expression in DM were decreased compared with C rats, and these decreases were significantly
inhibited by CsA. Glomerular TGF- 81 mRNA and protein expression were higher in DM than C rats,
and CsA treatment inhibited the increase in TGF- 341 expression in DM. P-cadherin mRNA and protein
expression in HG and LG+TGF-g34 podocytes were lower than LG cells, and these HG-induced
decrements were restored by CsA.

Conclusion: CsA treatment reduces urinary albumin excretion in DM rats. P-cadherin expression is
decreased under diabetic conditions, which is ameliorated by CsA. In addition, inhibition of the increase
in glomerular TGF- 31 expression under diabetic conditions by CsA seems to restore the P-cadherin
expression, resulting in the decrease in albuminuria.
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Table 1. Sequences of Primers and PCR Conditions

Sequence (5'—3')

Annealing Temperature (C)

Rat TGF 3,

Sense AAACGGAAGCGCATCGAA 62

Antisense GGGACTGGCGAGCCTTAGTT 62
Rat Pcadherin

Sense AGTGGGCCACGAGGTACAGA 53

Antisense ACGCCATGCCGGTGAGT 53
Mouse P-cadherin

Sense TGTATCTGAGAATGGTGCCTCTGTAG 56

Antisense TTGAGTGAACTTGGGCTTGTTG 56
Rat GAPDH

Sense TGCCAAGTATGATGACATCAAGAAG 60

Antisense AGCCCAGGATGCCCTTTAGT 60
Mouse GAPDH

Sense TGTGTCCGTCGTGGATCTGA 60

Antisense CCTGCTTCACCACCTTCTTGA 60
Rat and mouse calcineurin A- @

Sense CGAGCCCAAGGCGATTG 60

Antisense GGAAATGGAACGGCTTTCAC 60
Rat and mouse calcineurin A- /A

Sense TTCCCTGAACACCGCACAT 60

Antisense CTGGTCACTGGGCACTATGGT 60

CA, USA), polyclonal anti-calcineurin A-a 2} A-8
5. Bt =& 4l Western blot &4 antibody (Chemicon International, Inc., Temecula, CA,
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(402£6 g)7 C+CsAT (397£5 g)olld DM (270+4
2)¥ DM +CsAT (29918 g)ol vlsto] F-2sHA 571817
th (p<0.05). Z12fvh, WMAE SBAA o SAT Al & A
2ol A= C (0.76+0.05%) 3 C+CsAT (0.83+0.07
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%)el vt DM+ (1.09£0.08%)3 DM+ CsA+ (1.01
+0.08%) 14 uSIAl =%t (p<0.05).

i 2 657 F g2 Cf, C+CsAT, DM, 183
DM +CsAollA 7H2} 95.8+10.9 mg/dL, 99.31.8 mg/dL,
466.2+13.9 mg/dL, 18]al 495.1+13.8 mg/dLSZE C+
3} C+CsAirell H|Et] DM3 DM +CsAellAd 2]2]9)
Al =9k (p<0.01). 1231, AEelx] 543 C+CsAvY
DM+ CsAT¢] CsA HA =% (trough level)= ZF7} 16.8
109 ng/mL, 154%1.4 ng/mLo|3itk FzolEld HAs
2 C, C+CsA+, DM, DM +CsAollA 7} 055+
0.07 ml/min/100g, 0.64£0.10 ml/min/100g, 0.84*0.07
ml/min/100g, 0.81+0.12 ml/min/100g 2% =735 o] C¥
3} C+CsAol B&e] DM DM+ CsATolA &Jmlg)
A =%kot (p<0.05), DM# DM +CsAw Afe]ofAl=
gt 2pe)7t QAT 24413 gl w2 C (0.32
+0.02 mg/day)®} C+CsA+* (0.34+0.04 mg/day)el H]
3t DM+ (1.28+0.11 mg/day, p<0.05)l4 /23t 57}
£ 1o, o3t T CsA Tz 9wl AES
t} (0.62%+0.18 mg/day, p<0.05, Table 2).

2) AFPAHIL calcineurin A-a % A-3 mRNA2}

CHafol dis

DMollA AU calcineurin A- @ ) mRNA 232
tjxol vlste] 2.18) Z71E 9o (p<0.05), calcineurin
A- A 9} GAPDH?] mRNA e oF i Aole] 2m|9li
ztol7k gldek.

Western blot& o]g3ste] 2418k AAU] calcineurin
A-q o] @ kg oJA] DMl A tfjz7ell Hlsle] 123%
Z71 e WA (p<0.05), calcineurin A- 8 $} B —actin
O] wh k2 oF - Atole]l o]k Apol7t GiSiTh

3) AFAILH P-cadherin % TGF-81 mRNA2}

EHifol dis

AU P-cadherin® mRNA 2d2 Jx 3 65

% ozl vlgte] DMellA 40.2% FAslont (p<

Table 2. Animal Data of the Four Groups

Control (N=8) C+CsA (N=8) DM (N=8) DM +CsA (N=8)
Body weight after 6 weeks (g) 402* 6 397£5 270+4" 299+8"
Kidney Wt /body Wt (%) 0.7610.05 0.83£0.07 1.09+£0.08" 1.01£0.08"
Blood glucose (mg/dl) 95.8%+0.9 99.3+1.8 466.2+1397 495.1+13.8"
Creatinine clearance (ml/min/100g) 0.55%0.07 0.64+0.10 0.84+0.07" 0.81+0.12"
Urinary albumin excretion (mg/day) 0.32£0.02 0.34%0.04 1.28+0.11° 0.621+0.18"

"p<0.05 vs. Control; "p<0.05 vs. DM; Tp<0.01 vs. Control
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0.01), DM+ CsArolA= olst 747t felshAl oAs]
Aok (Fig. 1). AFFAIW TGF- 812 mRNA 28 oz
o njste] DMarellA] 2,18 7k glom, olejgt TGF- 4,
mRNA2] B F7h= CsA FoI2 56.3% JAE AT (p<
0.05, Fig. 2). C+CsAi*|A P-cadherin @ TGF- 3,9}
mRNA 22 dizry fARRlch e, AR
GAPDHS] mRNA #HL2 BE 1 Afelef] 288l Afol7}
ATk

Western blot®Z #43F AAU] P-cadherin®] w#

0.5

P-cadherin/GAPDH mRNA

C C+CsA DM DM+CsA

Fig. 1. Glomerular P-cadherin/GAPDH mRNA ratio in
control (C), DM, and C and DM rats treated with
1.5 mg/kg/day CsA (C+CsA and DM+CsA, respec-
tively) for 6 weeks. Glomerular P-cadherin/GAPDH
mRNA ratio was significantly lower in DM com-
pared with C rats at 6 weeks after the induction of
diabetes, and this decrease was significantly inhi-
bited with CsA treatment. CsA had no effect on
glomerular P-cadherin mRNA expression in C rats.
“p<0.01 vs. C and DM +CsA

TGF-B1/GAPDH mRNA
1

C C+CsA DM DM+CsA

Fig. 2. Glomerular TGF- 8 1/GAPDH mRNA ratio in control
(C), DM, and C and DM rats treated with 1.5
mg/kg/day CsA (C+CsA and DM+CsA, respectively)
for 6 weeks. Glomerular TGF-81/GAPDH mRNA
ratio was significantly higher in DM compared with
C rats at 6 weeks after DM induction, and CsA
treatment significantly inhibited the increase in
glomerular TGF-A1/GAPDH mRNA ratio in DM
rats. CsA had no effect on glomerular TGF-8;
mRNA expression in C rats.

"<0.05 vs. C and DM +CsA
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> DMrellA] dizwe] vlste] 56.1% FaE o
(p<0.01), |23k ZFAE CsA Folz m|QlAl A=
(Fig. 3). TGF- 8,2 wh gkl ozt nlste] DM
oA 1.7v] Z71Eglem, DM+ CsA oA DMl ]
st} TGE- 4 ©e] W S/ 76.1% A=) (p<
0.05, Fig. 4). C+CsAv* P-cadherin W TGF- 5,2
o e 2t fARRITE $RE, B -actin®] W
A B T Aol fogh zfol7t gilrh

2l. Synaptopodin2} calcineurin A-o 0| A
S M
Al A8 o]g3to] ZA3E YollA 9] calcineurin A- @

o] gl 1wk o] 1E FQIsly] 2|8} synaptopodin (red)
3} calcineurin A-a (green) ©|%F 9IS A3 Ay}

synaptopodin GOz iyl AFEAC] FAHE ol A

C C+CsA DM DM+CsA
[ [ [ [ |

Dracin — o e—— — — —— —

Fig. 3. A representative Western blot for P-cadherin with
glomerular lysates of control (C), DM, and C and
DM rats treated with 1.5 mg/kg/day CsA (C+CsA
and DM +CsA, respectively) for 6 weeks (represen-
tative of five blots). Densitometric quantitation
revealed that there was a 56.1% decrease in glo-
merular P-cadherin protein expression in DM relative
to C rats (p<0.01), and this decrease was signifi-
cantly inhibited with CsA treatment (p<0.05). CsA
had no effect on glomerular P-cadherin protein
expression in C rats. On the other hand, there was
no difference in S —actin protein expression among
the four groups.

c C+CsA DM DM+CsA
[ I | I |
TGF-B, —» = “'

fracin — -ty

Fig. 4. A representative Western blot for TGF-£; with
glomerular lysates of control (C), DM, and C and
DM rats treated with 1.5 mg/kg/day CsA (C+CsA
and DM +CsA, respectively) for 6 weeks (represen-
tative of five blots). TGF- A1 protein levels were
1.7-fold higher in DM compared with C glomeruli
(p<0.05), and CsA treatment significantly inhibited
the increase in glomerular TGF- /8 protein expres-
sion in DM rats by 76.1% (p<0.05). CsA had no
effect on TGF- 4 protein expression in C rats. On
the other hand, there was no difference in B —actin
protein expression among the four groups.



calcineurin A-a 9] A5 &g = ATt (Fig. 5).

2. MI=ZAE

7}. Calcineurin A-a % A-8 mRNASQ} CHHO| Hisi

Calcineurin A- ¢ 2] mRNA &2 HGrolA LGl
Hllo] 221 Z7lE9lon LG+ TGF- 4, welAx 2.34)
Z7k 90} (p<0.05). 12} calcineurin A- 8 9+ GAPDH
o] mRNA TS BE 7 Alool] f2Jgt zol7} gigich

Western blot2Z #43} calcineurin A- ¢ &) W b
@A LGrell nlste] HGw# LG+ TGF- 31 wellx 27}
83%, 67% =7} w ¥HA (p<0.05), calcineurin A- 8 &
B-actin®] T dgelli= ouigle zlol7t IStk IEE
o] AREel FvlE wiAIE] 18kl H 78t mannitol (24.4
mM)2 calcineurin A- ¢ % A- /5 mRNA$} ¢ o] dlg]
of WS FA ek

L}. P-cadherin mRNAQ} o] vis

P-cadherin®] mRNA &2 HGTolA LGtel Hlsk]
50.4% FraE o, ojgjgh Thai= CsA HAZ 2297
A= ATt (p<0.05). HGI3% fAkekAl LG+ TGF- 81w
ANME LG 1]} P-cadherin® mRNA #Hado] 493
% 2% ek (p<0.05, Fig. 6). 34, GAPDH mRNA '3
He BE 7 Aolel] {2k zlo)7}h glglth

P-cadherin ©he] W&e LGl vlgl] HGH3 LG
+TGF- g 17 27 66.4%, 67.5% 7AEem (p<
0.05), HG+CsAv-lM= HGoll 23t P-cadherin®] w2
a7t ouQlAl dAE e} (Fig. 7). Mannitol (24.4 mM)
X7 LG+ CsA7olA P-cadherin mRNAS} o]
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diabetic rat glomeruli at 6 weeks after the induction of diabetes. Co-localization of calcineurin A-a (green) and
synaptopodin  (SYN) (red) is evident as yellow fluorescence on the merge image.
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Fig. 6. P-cadherin/GAPDH mRNA ratio in podocytes
exposed to 56 mM glucose (LG), LG+24.4 mM
mannitol (LG+M), LG+10° M CsA (LG+CsA), LG
+10 ng/ml TGF- ,381 (LG+TGF- 81), 30 mM glucose
(HG), or HG+10° M CsA (HG+CsA) medium.
P-cadherin/GAPDH mRNA ratio was significantly
lower in podocytes exposed to HG and LG+ TGF- 3
1 than LG cells, and this HG-induced decrement in
P-cadherin/GAPDH mRNA ratio was ameliorated
with CsA treatment.
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Fig. 7. A representative Western blot for P-cadherin in
podocytes exposed to 5.6 mM glucose (LG), LG+
24.4 mM mannitol (LG+M), LG+10° M CsA (LG
+CsA), LG+10 ng/mL TGF-8; (LG+TGF-8)),
30 mM glucose (HG), or HG+10®* M CsA (HG+
CsA) (representative of five blots). P-cadherin pro-
tein expression was significantly lower in podocytes
exposed to HG and LG+TGF-3; than LG cells
assessed by densitometry (p<0.05), and CsA nearly
normalized this HG-induced reduction in P-cadherin
protein expression (p<0.05).

CsAE vAWIsks] AZs =i Fa4 AFEa7st
Z o AE 1 2EaA A9 B9 AlEAl skl
w2 7haa)y)E @it ke gelA] Qom® ) g A
& 7)Aol tha s =eto] wor), wololx zhg, Holws

A g3}, AR 71Ae] sk el oig v, ela
AA) ofzh ge] F7] delidel gt &3} So] A2
Q. ek, @AEA CsATE A ojw) A g
chale] glo] u] B AT A Qs A%

jul =2 0
o%, # Avelre B FollA CsAe] ol A

ful

t.,

i

1
Al

v

FdEFS
¥ A

,30,

Zub # ghlo] &3el P-cadherin®] WHlel W) 98
< FIEh

P-cadherin® AZ Ao]e] Ho] yhojsh= Tulcl
cadherin¥2] s, Al5ute] =2 933} FA] o nephrin
¥ 2 T AE|o] of3} AEd fA] o) Tofsh= Ao
7 oadlq P P gy vy ¢l P-cadherin®] 2+
Atole] Aol dist A7+ 3] wulstd, 1 A¥} E3

A)
=

H,

M= Agoldt

goltt.

g ADEY AR AFFTelA P-
AALA © =

cadherin®] AAFA w35 90om”  P-cadherin A9
rhgol A A Sk BakeA) ghgithe Bavh gl

)
A Liu 5% WMo anti-P-cadherin antibody S %]

L

jul

)
Sk A3} 24A)17F w4 wido] 49% SRSl oe sl
HH 3} nephrin®] PH13}+= F33}to] P-cadherin &A]

3o
=

o s
AFEA] o3} g oleks o Sl on], P WAg] ALY
A} nEEFOF =3 vk FAH|EA P-cadherin?]
7129} gl whe] Aido] RaE)r]E ey
ZollA] TGF- g, wHle] Z7h= xS
o] Aol Fo9 ek ", ZAx vy
(detachment) %! AM|3¥APEA} (apoptosis) & oF7]sk= A
Z A 9o, dA7A P AMEelA TGE-
g1 AFE P ghele] o

=2 = Al gt A=

Aol B Ao AE 4 F FER st SA¥
o TGF- 8, 7}t
T

TEEG AFA9 FAE]
Al P-cadherin ¥glo] 7144

2+ w7} B4 24 P-cadherin

21
2
©

e

v e gl
A}

73

&3] AMgElA) Sahed),
EAZ Ho] itk CsA
walA gl skout A% #d3} ofe] wiAIA
gofahs Zloz oela glom™ ¥ o] Zejx
3k mj7fRIxlE ARE = Zlo] TGE- £ 0]ty T WA oA
CsA o3t Ax} 29| TGF- 4,2 mRNA
Z71H9 oMY, TGF- 8 So] Z8h & Folol 3]
o] W CsA A=A k2ol A Algb-712 ) Wt 54
Holtks v b’ et TGF- 8,9 mRNA i
ol thet CsA 9] FTR= AFEAISh Aol 2 Ao)sle]
Gooch 59& CsA o2 A4 TGF- 8,2 mRNA
ukEo] 7has|dria slol,  olgte] Avls} GALEIAT

T =0

%ol =R

=
72

&o



StetAs ARk o2t AlolE Aol o] E T8 W AE
o] F5, CsA A& 7|k Te)al Fof g3k vho] Qg
Ao AZEh 2 AFelME CsAZE =T o]
N G FEstaAt i WA el Ji f F 4y
b AP 65 B¢ CsAS Folatast &1907] wli-
of A AT VelA FolE CsA Y FABIES 15
mg/kg/day ®] §FOo% Folaglon, olg|d A8 CsA
TR QIF QA mi= 2T CsA AEAS DAYsHA]
oJ-ol—r/}_

CsAE A4 ogele Jie F9] 137d0] Sl ofAl

oY, B AT Agee) CsA Fof WAlg) flot
o] W Alolel] Be] olu] Q= Fol7} %1%}
ARHOZ, CsAL Pix WAl

L o}lH o)

EIPSEEY

=R T
3 BaAAow, ol#d 3= P-cadherin® ¥l w3}
9} WA #Awlo] Q1S Ao AlmH) w3l CsAd] 93
P-cadherin & 7F42] A= g 24 SlolA AFE =
AFFAIY TGF- 812 & 57171 CsAel gsto] A==
2 o] Qe Aow A7k

2N gy AMZq AolEz Az (cyclospo
rin A, CsA)¢] ¥ 742 #3} 9 P-cadherin 2 W3}
gle] Aol vistel Atstarat skich

g AR Ao sE MME giET (C), CsA Fo

%2 (C+CsA), Yic
(DM +CsA)2.& Uro]
£ o]g3t9f mRNA

I (DM), 733 CsA Fo Bt
Fax F 67 Foll Heldt AT

oL T =2
ol gl WS- 717} real time-PCR

= = A |
2l Western blot® #&3slGTE A2 Ado gz wjok =

MEE AN X237 (LG), LG+CsA A A+ (LG+CsA),
LG+ transforming growth factor-8:1 (TGF-81) #*]
i (LG+TGF- g1, 1¥59" (HGQ), 18]32 HG+CsA
AT (HG+CsA)SZ o] 24417 nfekst
time-PCR % Western blotE A]g&}iTh
b 2441 P wAde Citell Hlste] DMaollA
Al #=9kom, DM+ CsArelA= DMrel] nlate] <
AAE ATk AFEAIY P-cadherin mRNA 2} ©hal <]
DMelli Citoll wlste] fFeJskAl A glom,
DM+CSA:¢L°1]/\1*E olgfdt vt AAHS AFFA
TGF- 51 mRNAS} g} ke DMrellx] Caell wls}
of o9l Z7HEIR0H, DM+ CsA TN oleldt Z7}

3 real

2
=

Shi

,31,

in—Wook Kang, et al.: The Effect of CsA in Diabetic Nephropathy

AA L) weF FAE] P-cadherin mRNAS} ¢
HGT % LG+TGF- B 174 LGl nlsle] 9
rE]gom HG+CsAToAE= o)gfst ka7t o

I WA Rl HAdE oJu|QA
, O]Eﬁ?‘g} §3-= P-cadherin®] 23 WH3}kol #
o= A" B8k CsAd 2%t P-cadherin

G 21 slelld BEE= AR
d 717k CsAel 2late] oAl = A3t B+

FAZ, AlE=A

rok

1) Mogensen CE, Christensen CK, Vittinghus E: The
stages in diabetic renal disease. With emphasis on
the stage of incipient diabetic nephropathy. Diabetes
32(Suppl 2):64-78, 1983
Olson JL, Rennke HG, Venkatachalam MA: Alterations
in the charge and size selectivity barrier of the glome-
rular filter in aminonucleoside nephrosis in rats. Lab
Invest 44:271-279, 1981
Myers BD, Okarma TB, Friedman S, Bridges C, Ross
J, Asseff S, Deen WM: Mechanisms of proteinuria in
human glomerulonephritis. J Clin Invest 70:732-746,
1982
Daniels BS, Deen WM, Mayer G, Meyer T, Hostetter
TH: Glomerular permeability barrier in the rat. Func-
tional assessment by in vitro methods. J Clin Invest
92:929-936, 1993
Guasch A, Deen WM, Myers BD: Charge selectivity
of the glomerular filtration barrier in healthy and ne-
phrotic humans. J Clin Invest 92:2274-2282, 1993
Ota Z, Shikata K, Ota K: Nephrotic tunnels in glome-
rular basement membrane as revealed by a new elec-
tron microscopic method. J Am Soc Nephrol 4:1965-
1973, 1994
Tryggvason K, Wartiovaara J: Molecular basis of
glomerular permselectivity. Curr Opin Nephrol Hy-
pertens 10:543-549, 2001
8) Rodewald R, Karnovsky M]J: Porous substructure of
the glomerular slit diaphragm in the rat and mouse.
J Cell Biol 60:423-433, 1974
9) Reiser J, Kriz W, Kretzler M, Mundel P: The glome-
rular slit diaphragm is a modified adherens junction.

2)

3)

=

5)

6)

7



The Korean Journal of Nephrology 2007;26:23~33

10)

11

—

12

=

13)

14)

15

N

16

N

17

—

18

=

19)

20)

21)

J Am Soc Nephrol 11:1-8, 2000

Holzman LB, St John PL, Kovari IA, Verma R, Hol-
thofer H, Abrahamson DR: Nephrin localizes to the
slit pore of the glomerular epithelial cell. Kidney Int
56:1481-1491, 1999

Ruotsalainen V, Ljungberg P, Wartiovaara J, Lenkkeri
U, Kestila M, Jalanko H, Holmberg C, Tryggvason
K: Nephrin is specifically located at the slit diaphragm
of glomerular podocytes. Proc Natl Acad Sci USA
96:7962-7967, 1999

Donoviel DB, Freed DD, Vogel H, Potter DG, Hawkins
E, Barrish JP, Mathur BN, Turner CA, Geske R,
Montgomery CA, Starbuck M, Brandt M, Gupta A,
Ramirez-Solis R, Zambrowicz BP, Powell DR: Protei-
nuria and perinatal lethality in mice lacking NEPHI,
a novel protein with homology to NEPHRIN. Mol Cell
Biol 21: 4829-4936, 2001

Inoue T, Yaoita E, Kurihara H, Shimizu F, Sakai T,
Kobayashi T, Ohshiro K, Kawachi H, Okada H,
Suzuki H, Kihara I, Yamamoto T: FAT is a com-
ponent of glomerular slit diaphragms. Kidney Int 59:
1003-1012, 2001

Ryu DR, Xu ZG, Yoo TH, Chang JH, Jung DS, Lee
SH, Kim JJ, Choi KH, Lee HY, Han DS, Kang SW:
P-cadherin is decreased in glucose-stimulated podo-
cytes and in experimental diabetic nephropathy. Korean
J Nephrol 22:494-503, 2003

Mauer SM, Steffes MW, Ellis EN, Sutherland DE,
Brown DM, Goetz FC: Structural-functional relation-
ships in diabetic nephropathy. J Clin Invest 74:1143-
1155, 1984

Adler S: Structure-function relationships associated
with extracellular matrix alterations in diabetic glome-
rulopathy. J Am Soc Nephrol 5: 1165-1172, 1994
Gooch JL, Tang Y, Ricono JM, Abboud HE: Insulin—
like growth factor-I induces renal cell hypertrophy
via a calcineurin—-dependent mechanism. J Biol Chem
276:42492-42500, 2001

Gooch JL, Barnes JL, Garcia S, Abboud HE: Calcine-
urin 1s activated in diabetes and is required for
glomerular hypertrophy and ECM accumulation. Am
J Physiol Renal Physiol 284:F144-F154, 2003
Buttini M, Limonta S, Luyten M, Boddeke H: Distri-
bution of calcineurin A isoenzyme mRNAs in rat
thymus and kidney. Histochem J 27:291-299, 1995
Mukai H, Kuno T, Chang CD, Lane B, Luly JR, Tanaka
C: FKBP12-FK506 complex inhibits phosphatase acti-
vity of two mammalian isoforms of calcineurin irre-
spective of their substrates or activation mechanisms.
J Biochem (Tokyo) 113: 292-298, 1993

Tumlin JA, Someren JT, Swanson CE, Lea JP: Ex-
pression of calcineurin activity and alpha-subunit

,32,

22)

23)

24)

25)

26)

27)

28)

29)

30)

31)

32)

isoforms in specific segments of the rat nephron. Am
J Physiol 269:F558-F563, 1995

Tumlin JA: Expression and function of calcineurin in
the mammalian nephron: physiological roles, receptor
signaling, and ion transport. Am J Kidney Dis 30:
884-895, 1997

Gooch JL, Pergola PE, Guler RL, Abboud HE, Barnes
JL: Differential expression of calcineurin A isoforms
in the diabetic kidney. J Am Soc Nephrol 15:1421-
1429, 2004

Gooch JL, Gorin Y, Zhang BX, Abboud HE: Involve-
ment of calcineurin in transforming growth factor-
beta-mediated regulation of extracellular matrix ac-
cumulation. J Biol Chem 279:15561-15570, 2004
Ponticelli C, Rizzoni G, Edefonti A, Altieri P, Rivolta
E, Rinaldi S, Ghio L, Lusvarghi E, Gusmano R,
Locatelli F, Pasquali S, Catellani A, Della O, Alberighi
C: A randomized trial of cyclosporine in steroid-
resistant idiopathic nephrotic syndrome. Kidney Int
43:1377-1384, 1993

Cattran DC, Appel GB, Hebert LA, Hunsicker LG,
Pohl MA, Hoy WE, Maxwell DR, Kunis CL: A
randomized trial of cyclosporine in patients with
steroid-resistant focal segmental glomerulosclerosis.
North America Nephrotic Syndrome Study Group.
Kidney Int 56:2220-2226, 1999

Meyrier A, Noel LH, Auriche P, Callard P: Long-term
renal tolerance of cyclosporin A treatment in adult
idiopathic nephrotic syndrome. Collaborative Group of
the Societe de Nephrologie. Kidney Int 45:1446-1456,
1994

Guasch A, Suranyi M, Newton L, Hall BM, Myers
BD: Short-term responsiveness of membranous glome-
rulopathy to cyclosporine. Am J Kidney Dis 20:472-
481, 1992

Cattran DC, Appel GB, Hebert LA, Hunsicker LG,
Pohl MA, Hoy WE, Maxwell DR, Kunis CL; North
America Nephrotic Syndrome Study Group: Cyclos-
porine in patients with steroid-resistant membranous
nephropathy: a randomized trial. Kidney Int 59:1484-
1490, 2001

Radhakrishnan J, Valeri A, Kunis C, Appel GB: Use
of cyclosporin in lupus nephritis. Contrib Nephrol
114:59-72, 1995

Ambalavanan S, Fauvel JP, Sibley RK, Myers BD:
Mechanism of the antiproteinuric effect of cyclosporine
in membranous nephropathy. J Am Soc Nephrol 7
290-298, 1996

Zietse R, Wenting GJ, Kramer P, Schalekamp MA,
Weimar W: Effects of cyclosporin A on glomerular
barrier function in the nephrotic syndrome. Clin Sci
(Lond) 82:641-650, 1992



33) Sharma R, Sharma M, Ge X, McCarthy ET, Savin
VJ: Cyclosporine protects glomeruli from FSGS factor
via an increase in glomerular cAMP. Transplantation
62:1916-1920, 1996

34) Murray BM, Paller MS, Ferris TF: Effect of cyclos-
porine administration on renal hemodynamics in con-
scious rats. Kidney Int 28:767-774, 1985

35) Su Q, Weber L, Le Hir M, Zenke G, Ryffel B: Ne-
phrotoxicity of cyclosporin A and FK506: inhibition
of calcineurin phosphatase. Ren Physiol Biochem 18:
128-139, 1995

36) Mundel P, Reiser J, Zuniga Mejia Borja A, Pavenstadt
H, Davidson GR, Kriz W, Zeller R: Rearrangements
of the cytoskeleton and cell contacts induce process
formation during differentiation of conditionally im-
mortalized mouse podocyte cell lines. Exp Cell Res
236:248-258, 1997

37) Kang SW, Adler SG, Lapage ], Natarajan R: p38
MAPK and MAPK kinase 3/6 mRNA and activities
are increased in early diabetic glomeruli. Kidney Int
60:543-552, 2001

38) Suthanthiran M, Morris RE, Strom TB: Immunosup-
pressants: cellular and molecular mechanisms of action.
Am J Kidney Dis 28:159-172, 1996

39) Wilkins B]J, Molkentin JD: Calcium-calcineurin signa-
ling in the regulation of cardiac hypertrophy. Biochem
Biophys Res Commun 322:1178-1191, 2004

40) Rusnak F, Mertz P: Calcineurin: form and function.
Physiol Rev 80:1483-1521, 2000

41) Takeichi M: Morphogenetic roles of classic cadherins.
Curr Opin Cell Biol 7:619-627, 1995

42) Shapiro L, Fannon AM, Kwong PD, Thompson A,
Lehmann MS, Grubel G, Legrand JF, Als—Nielsen ],
Colman DR, Hendrickson WA: Structural basis of
cell-cell adhesion by cadherins. Nature 374:327-337,
1995

Shin-Wook Kang, et al.: The Effect of CsA in Diabetic Nephropathy

43) Ruotsalainen V, Patrakka J, Tissari P, Reponen P,
Hess M, Kestila M, Holmberg C, Salonen R, Heikin-
heimo M, Wartiovaara J, Tryggvason K, Jalanko H:
Role of nephrin in cell junction formation in human
nephrogenesis. Am J Pathol 157:1905-1916, 2000

44) Radice GL, Ferreira-Cornwell MC, Robinson SD,
Rayburn H, Chodosh LA, Takeichi M, Hynes RO:
Precocious mammary gland development in P-cadherin-
deficient mice. J Cell Biol 139:1025-1032, 1997

45) Liu G, Kaw B, Kurfis J, Rahmanuddin S, Kanwar
YS, Chugh SS: Nephl and nephrin interaction in the
slit diaphragm is an important determinant of glome-
rular permeability. J Clin Invest 112:209-221, 2003

46) Ziyadeh FN: Mediators of diabetic renal disease: The
case for TGF-Beta as the major mediator. J Am Soc
Nephrol 15(Suppl 1):S55-57, 2004

47) Ding G, Reddy K, Kapasi AA, Franki N, Gibbons N,
Kasinath BS, Singhal PC: Angiotensin II induces
apoptosis in rat glomerular epithelial cells. Am J
Physiol Renal Physiol 283:F173-180, 2002

48) de Mattos AM, Olyaei AJ, Bennett WM: Nephro-
toxicity of immunosuppressive drugs: long—term con-
sequences and challenges for the future. Am J Kidney
Dis 35:333-346, 2000

49) Fellstrom B: Cyclosporine nephrotoxicity. 7Transplant
Proc 36(2 Suppl):220S-223S, 2004

50) Ling H, Li X, Jha S, Wang W, Karetskaya L, Pratt
B, Ledbetter S: Therapeutic role of TGF-beta—neut-
ralizing antibody in mouse cyclosporin A nephropathy:
morphologic improvement associated with functional
preservation. /| Am Soc Nephrol 14:377-388, 2003

51) First MR, Gerber DA, Hariharan S, Kaufman DB,
Shapiro R: Posttransplant diabetes mellitus in kidney
allograft recipients: incidence, risk factors, and mana-
gement. Transplantation 73:379-386, 2002

,33,




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


