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ABSTRACT

The effect of cyclosporine on P-cadherin expression
in experimental diabetic nephropathy
and glucose-stimulated podocytes

Dong-Ryeol Ryu

Department of Medicine

The Graduate School, Yonsai University

(Directed by Professor Shin-Wook Kang)

Background: Proteinuria is a clinical characteristic of diabetephropathy.
The underlying pathologic change responsible fatginuria is the loss of
size-selective and/or charge-selective propertieth® glomerular filtration
barrier. Size-selectivity is maintained primarily the slit diaphragm and P-
cadherin is known as one of the basic componenits Gf/closporin A (CsA)
has been used in the treatment of various glomedidaases with proteinuria.
However, its mechanism of action has not been fullyderstood. |
investigated whether CsA had the anti-proteinuffect in diabetic rats and
whether it was associated with the alteration afaBherin expression. In
addition, | evaluated the role of TG which is known to be an upstream
activator of calcineurin expression in rat mesdngils, on P-cadherin

expression in cultured podocytes exposed to higboge medium.

Methods: In vivo, twenty-four Sprague-Dawley rats were atgd with
diluent (Control, C, N=8) or streptozotocin intraipeneally. The latter were
left untreated (DM, N=8) or treated with 1.5 mg#tkay CsA (DM+CsA, N=8)

for 6 weeks. In vitro, immortalized mouse podocyiese cultured in media

1



with 5.6 mM glucose (LG), LG+24.4 mM mannitol (LGYM_G+10°M CsA
(LG+CsA), LG+10 ng/ml TGH; (LG+TGF4$,), 30 mM glucose (HG), or
HG+10°M CsA (HG+CsA). RT-PCR and Western blot were perfed for
P-cadherin and TGB: mRNA and protein expression, respectively, with
sieved glomeruli and cell lysates, and immunoflsoesice staining for P-

cadherin with renal tissue.

Results:

1. Twenty-four hour urinary albumin excretion at 6 w&evas significantly
higher in DM (1.28+0.11 mg/day, p<0.05) comparedhwC rats (0.32 *
0.02 mg), and CsA treatment inhibited the incraasalbuminuria in DM
rats (0.62+0.18 mg/day, p<0.05).

2. Glomerular calcineurin A&+ mRNA and protein expression in DM were
2.1-fold and 2.2-fold higher than C rats, respedyi(p<0.05). On the other
hand, there were no significant differences inioalerin A§ mMRNA and
protein expression between the two groups.

3. Glomerular P-cadherin mRNA and protein expressionDM were
decreased by 40.2% and 56.1% (p<0.01), respecticeiypared with C
rats, and these decreases were significantly irgutiy CsA (p<0.05).

4. Glomerular TGH; mMRNA and protein expression in DM were 2.1-fold
and 1.7-fold higher than C rats, respectively (p5D. and CsA treatment
inhibited the increases in T@R-MRNA and protein expression in DM rats
by 56.3% and 76.1%, respectively (p<0.05).

5. Immunofluorescence staining for P-cadherin reveakedsignificant
decrease in glomerular P-cadherin expression inr@sl (p<0.01), and this
decrease was ameliorated by CsA (p<0.05).

6. Calcineurin Aee mRNA and protein expression in HG podocytes were
2.2-fold and 1.8-fold higher than LG cells, respesgy (p<0.05). On the
other hand, there were no significant differencesalcineurin AB mRNA

and protein expression between the two groups.



7. P-cadherin mRNA and protein expression in HG potEscyvere 50.4%
and 66.4% lower than LG cells, respectively (p<P.0dnd these HG-
induced decrements in P-cadherin mRNA and proteijoression were
restored by CsA (p<0.05).

8. LG podocytes treated with TGR-showed similar changes in P-cadherin
MRNA and protein expression as cells cultured uhtfemedium.

9. TGF$; mRNA and protein expression were 2.4-fold and fal8-
higher in HG podocytes compared with LG cells (9080, and the increases
in TGF$; mRNA and protein expression in HG podocytes welgbited
by 61.2% and 77.9%, respectively, with CsA treatinfpx0.05).

Conclusion: | demonstrate for the first time that CsA treatingecreases
urinary albumin excretion in 6-weeks DM rats and tlecrease in P-cadherin
expression in diabetic glomeruli and in HG podosyteameliorated by CsA.
It suggests that anti-proteinuric effect of CsA nizy associated with the
alteration of P-cadherin expression in early digbe¢phropathy. In addition,
inhibition of the increase in TGP expression under diabetic conditions by
CsA seems to restore the P-cadherin expressiaulfingsin the decrease in

albuminuria.

Key words: diabetic nephropathy, proteinuria, podocyte, Cyclosporin A,
P-cadherin, TGF-$,



The effect of cyclosporine on P-cadherin expression
in experimental diabetic nephropathy
and glucose-stimulated podocytes

Dong-Ryeol Ryu

Department of Medicine
The Graduate School, Yonsei University

(Directed by Professor Shin-Wook Kang)

I. INTRODUCTION

Diabetic nephropathy, the leading cause of endestagal disease in the
USA!, is characterized clinically by proteinutiarhe underlying pathologic
change responsible for proteinuria in various glartze diseases, including
diabetic nephropathy, is the loss of size-selecawel/or charge-selective
properties of the glomerular filtration barfiér The glomerular filtration
barrier is comprised of three layers: a fenestratetbthelial layer, glomerular
basement membrane (GBM), and podocyte foot prosessmected by a slit
diaphragm. Traditionally, the GBM has been congden coarse filter
restricting large molecules, while the slit diagimawas thought to function
as a fine filter contributing ultimate size-selgityi, permitting permeability
only to molecules smaller than albufhin

The slit diaphragm, which bridges adjacent footcpeses derived from
different podocytes, is a continuous filamentowacstire containing pores of
4 x 14 nm, and P-cadherin, nephrin, NEPH1, and &&Tlocated in the slit
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diaphragm regiott. P-cadherin is known to serve as a basic scaftwlthe
slit diaphragm, and the permselectivity is provided the slit diaphragm
complex composed of P-cadherin and other proteirsh sas nephrifi.
Moreover, recent study showed that P-cadherin mRN@Aprotein expression
were decreased in experimental diabetic glomeudi ianpodocytes cultured
under high glucose medium, suggesting that the ggwam glomerular P-
cadherin expression may contribute to the developwieproteinuria’.

Diabetic nephropathy is characterized pathologichy glomerular and
tubular hypertrophy and increased extracellularimgECM) accumulatiotf
¥ 1t is well known that elevated blood glucose emrtcation per se, factors
suchas transforming growth fact@- (TGF$,), angiotensin Il, insulin-like
growth factor-1 (IGF-1), and signaling pathwayshsas mitogen-activated
protein kinase, lipoxygenase, phosphatidylinostkinase contribute to these
change¥% Meanwhile, renal hypertrophy and ECM synthesis®#-1 and
TGFf3; required activationof the calcium-dependent serine/threonine
phosphatase, calcineurin, and inhibition of calaiite with Cyclosporin A
(CsA) reduced these renal pathologic chafigés

In the kidney, expression of calcineurin is digitdd mainly in proximal
tubules, collecting ducts, and in medulla, but alstected in glomerdfi?®
Recently, it has been reported that calcineurirressgeon was upregulated in
the diabetic kidney. Moreover, calcineurin is known to be activatedTiGF-

B and is required for TGB-mediated accumulation of ECM proteins in rat
mesangial celf§.

CsA is a known powerful immunosuppressive agentlasibeen used in
the treatment of various glomerular diseases witlemuria such as minimal
change nephrotic syndrome, focal segmental glomecidrosis, membranous
nephropathy, and lupus nephrti&® It has been speculated that the anti-
proteinuric effect of CsA was related to the hemmadyic change,
immunosuppressive effect, direct effect via enhaypg@ize- and/or charge-

selectivity of glomerular filtration barrier, ordreased levels of glomerular



cAMP®*"*% Even though some investigators suggested that i@ight alter
glomerular permselectivity*® no trial has been made to elucidate the effect
of CsA on the expression of glomerular filtraticartier-associated molecules.
In the current study, | investigated whether CsA hati-proteinuric effect
in experimental diabetic rats and whether it wa®eaisited with the alteration
of P-cadherin expression. In addition, | evaludtedrole of TGH3,, which is
known to be an upstream activator of calcineuripregsion in rat mesangial
cells, on P-cadherin expression in cultured podecegixposed to high glucose

medium.



[I. MATERIALSAND METHODS
1. Animals

All animal studies were conducted under an apprgvetbcol. Twenty-four
male Sprague-Dawley rats, weighing 230-270 g weundiesd. Eight were
injected with diluent (Control, C) and 16 were otgd with 65 mg/kg
streptozotocin (STZ) intraperitoneally. Blood glseolevels were measured
on the third day after STZ injection to confirm tdevelopment of diabetes.
Diabetic rats were then randomly assigned to twaugs. CsA doses were
carefully determined in view of nephrotoxicity. 8&y of chronic
nephrotoxicity in rats were observed at doses of €40 mg/kg body
weight/day administered for at least 2 wé@Ks Because this experiment
was planned for duration of 6 weeks, | decided sedof 1.5 mg/kg body
weight/day CsA. One group, comprised 8 rats, was treated with 1.5
mg/kg/day of CsA (Novartis Pharma AG, Basel, Switzed) (DM+CsA), and
the remaining 8 diabetic rats were left untreat@M). The rats were housed
in a temperature-controlled room and were giver f@ecess to water and
standard laboratory chow. All rats were sacrifiefér 6 weeks.

Body weights were checked weekly and kidney weighesasured at the
time of sacrifice. Blood glucose and 24-hour unnalbumin were also
measured at the time of sacrifice. Blood glucose maasured by glucometer
and 24-hour urinary albumin excretion was deterhiog ELISA (Nephrat I,
Exocell, Inc., Philadelphia, PA, USA).

2. Podocyte culture

Conditionally immortalized mouse podocytes weredKkirnprovided by Dr.
Peter Mundel (Albert Einstein College of Medicirgronx, NY, USA) and
were cultured as previously descriffedriefly, frozen podocytes were first

grown under permissive conditions at’@3n RPMI 1640 media containing
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10% fetal bovine serum, 50 U/mb-interferon, and 100 U/ml of
penicillin/streptomycin in collagen coated flas&sd they-interferon tapered
down to 10 U/ml in successive passagéslls were then trypsinized and
subcultured withoug-interferon (non-permissive conditions) and allowed
differentiate at 37C with media changed on alternate days. Differéioticof
podocytes at 3T was confirmed by the identification of synaptojpoda
podocyte differentiation marker, by RT-PCR and Wastblotting (data not
shown).

After confirming differentiation of podocytes, meadi was changed to
RPMI medium containing normal glucose (5.6 mM, LE&G+24.4 mM
mannitol (LG+M), LG+10 M CsA (LG+CsA), LG+10 ng/ml TG,
(Sigma-Aldrich Corp., Saint Louis, MO, USA) (LG+T&¥), high glucose
(30 mM, HG), or HG+18M CsA (HG+CsA). After 24 hours, cells were

harvested for either RNA or protein.
3. RNA isolation and rever se transcription

Glomeruli were isolated by sieving. Purity of thirgerular preparation
was greater than 98% as determined by light miomgcTotal RNA was
extracted as previously descriBedriefly, addition of 10Qul of RNA STAT-
60 reagent (Tel-Test, Inc., Friendswood, TX, USA)the glomeruli was
followed by glomerular lysis by freezing and thawithree times. Another
700 ul of RNA STAT-60 reagent was added, the mixturetexed and stored
for 5 minutes at room temperature, 400of chloroform added, and the
mixture shaken vigorously for 30 seconds. After iButes, the mixture was
centrifuged at 12,000 g for 15 minutes &C4and the upper aqueous phase
containing the extracted RNA was transferred toeav nube. RNA was
precipitated from the aqueous phase by @g08opropanol and pelleted with
centrifugation at 12,000 g for 30 minutes &C4The RNA precipitate was
washed with 70% ice-cold ethanol, dried using Spéet] and dissolved in

DEPC-treated distilled water. RNA from podocytessvextracted similarly.
8



Glomerular and podocytes RNA vyield and quality wassessed based on
spectrophotometric measures at 260 and 280 nm.

First strand cDNA was made by utilizing a Boehringgannheim cDNA
synthesis kit (Boehringer Mannheim GmbH, Mannhe@ermany). Twoug
of total RNA extracted from sieved glomeruli waseaese transcribed using
10 uM random hexanucleotide primer, 1 mM dNTP, 8 mM MgG0 mM
KCI, 50 mM Tris-HCI, pH 8.5, 0.2 mM dithiothreithd®5 U RNAse inhibitor,
and 40 U avian myeloblastoma virus reverse traptsgé. The mixture was
incubated at 3W for 10 minutes and 4€ for 1 hour, followed by
inactivation of enzyme at 9@ for 5 minutes. Podocytes RNA from each

plate was similarly reverse transcribed.
4. Real time-polymerase chain reaction (RT-PCR)

The primers and PCR conditions used were showaliteTl.

Using the ABI PRISM 7700 Sequence Detection System (Applied
Biosystems, Foster City, CA, USA), the PCR was qrened in a total
volume of 20pL in each well, containing 1QL of SYBR Greefi PCR
Master Mix(Applied Biosystems), 25 ng of cDNA, and 5 pmol serand
antisense primers, which was determined after ttadyais of the optimal
concentrations of each primer. Each sample wagnrtniplicates in separate
tubes. After PCR, the temperature was increaserh f6® to 95°C to
construct a melting curve. A control without cDNAasvrun in parallel with
each assay.

The cDNA content of each specimen was determingdjwomparative €
method with Z**°". The results were given as relative expressiorP-of
cadherin, calcineurin A; calcineurin AB, and TGFB; normalized to the
GAPDH housekeeping gene. Signals from control glother LG podocytes
were considered a relative value of 1.0. In pikgpeximents, PCR products

run on 2% agarose gels using each primer reveaatwke band (Figure 1).



Table 1. Sequences of primersand PCR conditions

Annealing

Sequence (553 Temperature®C)

Rat and mouse TGF-B,

Sense AAACGGAAGCGCATCGAA 62
Antisense GGGACTGGCGAGCCTTAGTT
Rat P-cadherin
Sense AGTGGGCCACGAGGTACAGA 53
Antisense ACGCCATGCCGGTGAGT
M ouse P-cadherin
Sense TGTATCTGAGAATGGTGCCTCTGTAG 56
Antisense TTGAGTGAACTTGGGCTTGTTG
Rat GAPDH
Sense TGCCAAGTATGATGACATCAAGAAG 60
Antisense AGCCCAGGATGCCCTTTAGT
M ouse GAPDH
Sense TGTGTCCGTCGTGGATCTGA 60
Antisense CCTGCTTCACCACCTTCTTGA
Rat and Mouse calcineurin A-a
Sense CGAGCCCAAGGCGATTG 60
Antisense GGAAATGGAACGGCTTTCAC
Rat and Mouse calcineurin A-p
Sense TTCCCTGAACACCGCACAT 60
Antisense CTGGTCACTGGGCACTATGGT
2 2
o) o
£ & €
[ORery 1] o3 L@
2 5 3 5 8% &3
o c © T o o o
EZB 5 @ fa) < i =c
Bs $2 3% ST 3% gE Ef
Sf 45 g2 08 %5 25 S5
c2 fe 22 g8 2E £§% £°%

Figure 1. PCR products run on 2% agarose gel efgubresis using each

primer revealed a single band.
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5. Western blot analysis

Sieved glomeruli and podocytes harvested from glaeze lysed in sodium
dodecyl sulfate (SDS) sample buffer (2% sodium dgldsulfate, 10 mM
Tris-HCI, pH 6.8, 10% [vol/vol] glycerol). Lysateas centrifuged at 10,000 g
for 10 minutes at A and the supernatant was stored atG70ntil all rats
were sacrificed. Protein concentrations were detedhwith a Bio-Rad kit
(Bio-Rad Laboratories, Inc., Hercules, CA, USA)icgiibts of 50ug protein
were treated with Laemmli sample buffer, then hetatel00C for 5 minutes,
and electrophoresed 5@/lane in 8% or 12% acrylamide denaturing SDS-
polyacrylamide gel. Proteins were transferred tdodhd-ECL membrane
(Amersham Life Science, Inc., Arlington Heights, WLSA) using a Hoeffer
semidry blotting apparatus (Hoeffer Instruments; Eeancisco, CA, USA),
the membrane incubated in blocking buffer A (1 X3¥B.1% Tween-20, and
8% non-fat milk) for 1 hour at room temperaturedatmen incubated
overnight at 4C with a 1:500 dilution of monoclonal anti-P-cadher
antibody (Zymed Laboratories, Inc., San Franciscd, USA), polyclonal
anti-TGF$; antibody (Santa Cruz Biotechnology, Inc., SantaizCrCA,
USA), polyclonal anti-calcineurin &- or A-f antibody (Chemicon
International, Inc., Temecula, CA, USA), or polytdd antiff-actin antibody
(Santa Cruz Biotechnology, Inc.). The membrane washed once for 15
minutes and twice for 5 minutes in 1 X PBS with %9.Tween-20, and
incubated in buffer A with horseradish peroxidas&dd sheep anti-mouse
IgG (Amersham Life Science, Inc.) at 1:1000 dilatioThe washes were
repeated, and the membrane developed with chenmisoént agent (ECL;

Amersham Life Science, Inc.).
6. Glomerular pathology
Slices of kidney for immunofluorescence stainingravdixed in 10%

neutral buffered formalin, processed in the stashdaanner, and 5 micron
11



sections of paraffin embedded tissues were utiliz&lides were
deparaffinized, hydrated in ethyl alcohol, and vemsim tap water. Antigen
retrieval was carried out in 10 mM sodium citratéfér for 20 minutes using
a Black and Decker vegetable steamer. For P-cadls@ining, monoclonal
anti-P-cadherin antibody (Zymed Laboratories, Inggs diluted in 1:200
with 2% casein in BSA and was applied for overnigigubation at room
temperature. After washing, a secondary RhodameskRconjugated goat
anti-rat IgG (JacksommunoResearch Laboratories, West Grove, PA, USA)
was added for 60 minutes. A semiquantitative sémreneasuring P-cadherin
immunofluorescence intensity within glomeruli wasetmined by examining
thirty glomeruli in each section and by digital igeaanalysis (MetaMorph
version 4.6r5, Universal Imaging Corp., DowningtowRA) as previously
describedf. To confirm that the change of P-cadherin expogssgias not due
to the change of podocyte numbers, immunohistoatednstaining for
Wilms’ tumor-1 protein (WT-1) was also done. A réliolyclonal antibody
to WT-1 (Santa Cruz Biotechnology, Inc.) was ditute 1:100 with 2%
casein in BSA and was applied for overnight incidoaat room temperature.
After washing, a secondary goat anti-rabbit antjpeehs added for 20
minutes, the slides were washed and incubated avithrtiary rabbit-PAP
complex for 20 min. DAB was added for 2 minutes dhd slides were
counterstained with hematoxylin. All cells staingasitive for WT-1 in 20
glomeruli cut at the vascular pole were consideasdpoodocytes and were

counted to confirm the change of podocyte numbers.
7. Statistical analyses

Results are expressed as the mean +* SEM. Stdtistiedyses were
performed using the statistical package SPSSWimdows Version 11.0
(SPSS, Inc., Chicago, IL, USA). Results were aredyasing Kruskal-Wallis
non-parametric test for multiple comparisons. lerth was a significant

difference by the Kruskal-Wallis test, it was fugttconfirmed by the Mann-
12



Whitney U test. Statistical significance was deteed, when P values were
less than 0.05.

13



1. RESULTS

1. Animal studies

A. Animal data

Body weight increased in all the three groups, inateased more in C
(402t6 g) than in DM (2784 g) and DM+CsA rats (298 g) (p<0.05).
Kidney weight was measured at the time of sacrifitkee ratio of kidney
weight to body weight in DM (1.G9.08%) and DM+CsA (1.G40.08%) rats
was significantly higher than C rats (0£0605%) (p<0.05).

The mean blood glucose levels of C, DM, and DM+Qs#s were
95.8:0.9 mg/dl, 466.213.9 mg/dl, and 495#113.8 mg/dl, respectively
(p<0.01). Compared to the C group (0.32+0.02 mg/dag¢-hour urinary
albumin excretion at 6 weeks was significantly leighn DM rats (1.28+0.11
mg/day, p<0.05) and CsA treatment inhibited thedase in albuminuria in
DM rats (0.62+0.18 mg/day, p<0.05) (Table 2).

Table 2. Animal data of the three groups

Control DM DM+CsA
(N=8) (N=8) (N=8)
Body weight after . X
6 weeks (g) 402 £ 6 270 £ 4 299 + 8
K'd?o?)’ WiBody Wt 0.76 £0.05 1.09 + 0.08* 1.01 + 0.08*
Blood glucose
(mg/dl) 95.8 +0.9 466.2 + 13.9 495.1 +13.¢
Urinary aloumin 0.32 £0.02 1.28 +0.11* 0.62 +0.1¢

excretion (mg/day)

* p<0.05 vs. Controlf, p<0.05 vs. DM?, p<0.01 vs. Control.

14



B. Glomerular calcineurin A-o and A-f mRNA and protein expression

Calcineurin Aee mRNA expression was 2.1-fold higher in DM compared
with C glomeruli (p<0.05) On the other hand, there were no significant
differences in calcineurin #-and GAPDH mRNA expression between the
two groups (Figure 2).

Westernblotting experiments revealed that glomerular ceorin A<
protein expression was increased in DM by 123% e with C rats
(p<0.05), while there were no significant differeadn calcineurin A3 and

B-actin protein expression between the two groupggi(E 3).

(A) (B)
*
s s
X 2 - @ 1.5 1
1S IS
5 z
o o
3 : 1 T
3 2
< 14 L <
£ £
3 3 0.5 -
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Figure 2. Calcineurin AHGAPDH mRNA and calcineurin #/GAPDH
MRNA ratio in control (C) and DM glomeruli at 6 weeafter induction of
DM. (A) Calcineurin Ae/GAPDH mRNA ratio was significantly higher in
DM than C glomeruli. (B) On the other hand, theraswno significant
difference in calcineurin /GAPDH mRNA ratio between the two groups.
*, p<0.05 vs. C.
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Figure 3. A representative Western blot for caleiime A-o. and A with
glomerular lysates of control (C) and DM rats awéeks after induction of
DM (representative of five blots). (A) Calcineuaa protein expression was
significantly increased in DM compared with C glaome(p<0.05). (B) There
were no differences in calcineurinfAandp-actin protein expression between

the two groups.
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C. Glomerular P-cadherin and TGF- 1 mRNA and protein expression

Glomerular P-cadherin mRNA expression in DM wasrdased by 40.2%
compared with C rats at 6 weeks after inductiorD®d (p<0.01), and this
decrease was significantly inhibited with CsA treant (Figure 4). In
addition, glomerular TGB; mMRNA expression in DM was 2.1-fold higher
than C rats, and CsA treatment inhibited the irsgem TGFB; mMRNA
expression in DM rats by 56.3% (p<0.05) (Figurel®)contrast, there was no
significant difference in the amount of glomeruPDH mRNA among the
three groups.

Figure 6 shows a representative Western blot for P-cadhefirqual
amounts of protein from the lysates of sieved C, ,Dand DM+CsA
glomeruli at 6 weeks. Glomerular P-cadherin protexpression was also
decreased in DM compared with C and was restordodMrCsA rats as P-
cadherin mRNA expression. Densitometric quantitatievealed that there
was a 56.1% decrease in P-cadherin protein expre#siDM relative to C
glomeruli (p<0.01), and this decrease was signifigainhibited with CsA
treatment. As shown in Figure 7, T@EFprotein levels were 1.7-fold higher
in DM compared with C glomeuli, and CsA treatmenttibited the increase
in glomerular TGH3, protein expression in DM rats by 76.1% (p <0.08). |
contrast, there was no difference firactin protein expression among the

three groups.
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Figure 4. Glomerular P-cadherin/lGAPDH mRNA in coh{{C), DM, and
DM rats treated with 1.5 mg/kg/day CsA (DM+CsA) tbweeks. Glomerular
P-cadherin/lGAPDH mRNA ratio was significantly lowier DM compared
with C rats at 6 weeks after induction of DM, artdstdecrease was
significantly inhibited with CsA treatment.
* p<0.01 vs. C and DM+CsA.
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C DM DM+CsA
Figure 5. Glomerular TGB:/GAPDH mRNA in control (C), DM, and DM
rats treated with 1.5 mg/kg/day CsA (DM+CsA) fom@eks. Glomerular
TGF$,/GAPDH mRNA ratio in DM was significantly higher egpared with
C rats at 6 weeks after DM induction, and CsA treatt significantly
inhibited the increase in glomerular TBFGAPDH mRNA ratio in DM rats.
* p<0.05 vs. C and DM+CsA.
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Figure 6. A representative Western blot for P-caidhevith glomerular
lysates of control (C), DM, and DM rats treatedhwit.5 mg/kg/day CsA
(DM+CsA) for 6 weeks (representative of five blotdpensitometric
quantitation revealed that there was a 56.1% dseréa glomerular P-
cadherin protein expression in DM relative to Csrgp<0.01), and this
decrease was significantly inhibited with CsA treant (p<0.05). In contrast,
there was no difference fRactin protein expression among the three groups.

DM+CsA
| |

Figure 7. A representative Western blot for TRRvith glomerular lysates
of control (C), DM, and DM rats treated with 1.5 /kgyday CsA (DM+CsA)
for 6 weeks (representative of five blots). T@Hprotein levels were 1.7-fold
higher in DM compared with C glomeruli, and CsAatraeent inhibited the
increase in glomerular TGE-protein expression in DM rats by 76.1% (p
<0.05). In contrast, there was no differencepiactin protein expression
among the three groups.
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D. Pathologic findings

Immunofluorescence staining for glomerular P-caiheonfirmed the
MRNA and Western blot findings. There was a sigaiit decrease in
glomerular P-cadherin expression, which exhibitethedr/punctate
distribution along the glomerular capillary loops DM rats. The decrease in
P-cadherin expression in DM glomeruli was ameledaby CsA treatment
(Figure 8A). Semiquantitative score of immunoflusmence intensity for P-
cadherin was significantly lower in DM comparedwi€ (p<0.01) and this
decrease was significantly ameliorated by CsA (@sP.(Figure 8B). In
contrast, there was no statistical difference inam@odocyte counts per

glomerulus assessed by WT-1 staining among the treups (C, 1541.8;
DM, 15.3t1.9; DM+CsA, 16.12.0).
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Figure 8. Immunofluorescence staining for P-cadghprotein in control (C),

DM, and DM rats treated with 1.5 mg/kg/day CsA (D&&A) for 6 weeks.

(A) There was a significant decrease in glomeriaradherin expression,
which exhibited linear/punctate distribution alotige glomerular capillary
loops, in DM rats. The decrease in P-cadherin egima in DM glomeruli

was ameliorated by CsA. (x 400) (B) Semiquantimimmunofluorescence
score for glomerular P-cadherin was significantyér in DM compared
with C and DM+CsA rats.

* p<0.01 vs. C¥, p<0.05 vs. DM.
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2. Podocyte culture studies

A. Calcineurin A-a and A-f mRNA and protein expression

Calcineurin A mRNA expression was 2.2-fold higher in podocytes
exposed to HG than those exposed to LG. Similéingre was also a 2.3-fold
increment of calcineurin A mMRNA expression in podocytes exposed to
LG+TGF$; compared with LG cells (p<0.05) (Figure 9A). On tiker hand,
there were no significant differences in calcineukip and GAPDH mRNA
expression (Figure 9B).

Western blotting experiments revealed similar findings ad-RCR.
Calcineurin Ae. protein expression was increased in podocytes sexpto
HG and LG+TGH3; by 83% and 67%, respectively, compared with LGscell
(p<0.05), while there were no significant differeaan calcineurin A3 andp-
actin protein expression (Figure 10).

Mannitol (24.4 mM) had no effect on calcineurinofand A mRNA and

protein expression in podocytes.
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Figure 9. Calcineurin A/GAPDH mRNA and calcineurin 8/GAPDH
MRNA in podocytes exposed to 5.6 mM glucose (LGE+R4.4 mM
mannitol (LG+M), LG+10 ng/ml TGP, (LG+TGF{,), or 30 mM glucose
(HG) medium. (A) Calcineurin A/{GAPDH mRNA ratio was significantly
higher in podocytes exposed to LG+T@fand HG than those exposed to LG.
(B) There was no significant difference in calcirneuA-p/GAPDH mRNA
ratio.

* p<0.05vs. C.
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Figure 10. A representative Western blot for caaoin A« and A with
podocytes exposed to 5.6 mM glucose (LG), LG+24mmannitol (LG+M),

LG+10 ng/ml TGFB; (LG+TGF4$,), or 30 mM glucose (HG) medium
(representative of four blots). (A) CalcineurincAprotein expression was

significantly increased in podocytes exposed to TGF-f; and HG

compared with LG cells (p<0.05). (B) There were diferences in

calcineurin AB andp-actin protein expression.
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B. P-cadherin and TGF-$; mRNA and protein expression

P-cadherin mRNA expression of podocytes exposetiGwas 50.4%
lower than that of LG cells, and this HG-inducedtréenent in P-cadherin
MRNA expression was ameliorated by CsA (p<0.05paddition, P-cadherin
MRNA expression was also decreased by 49.3% inqgybel® exposed to
LG+TGFf; compared with LG cells (p<0.05) (Figure 11). In tast, TGF-
B: MRNA expression was 2.4-fold higher in podocyteposed to HG
compared with LG cells, and this increase in T&RRNA expression in
HG podocytes was inhibited by 61.2% with CsA tresttn(p<0.05) (Figure
12). There was no significant difference in GAPDIRNA expression.

P-cadherin protein expression was also signifigalativer in podocytes
exposed to HG and LG+TGkR-than LG cells. There were 66.4% and 67.5%
decrease in P-cadherin protein expression in pddsoyxposed to HG and
LG+TGF,, respectively, compared with LG cells assesseddnsitometry
(p<0.05), and CsA nearly normalized this HG-induaediuction in P-
cadherin protein expression (Figure 13). Figureshdws a representative
Western blot for TGH, protein expression in podocytes exposed to LG,
LG+M, LG+CsA, HG, and HG+CsA. There was a 1.8-foldrease in TGF-
B, protein expression in HG podocytes compared withces (p<0.05), and
CsA inhibited the increase in TGhprotein expression in HG cells by 77.9%
(p<0.05).

Mannitol (24.4 mM) and CsA (1OM) had no effect on P-cadherin and
TGF{$; mRNA and protein expression in LG podocytes.
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Figure 11. P-cadherin/lGAPDH mRNA in podocytes expgofo 5.6 mM
glucose (LG), LG+24.4 mM mannitol (LG+M), LG+EM CsA (LG+CsA),
LG+10 ng/ml TGFB; (LG+TGF,), 30 mM glucose (HG), or HG+TM
CsA (HG+CsA) medium. P-cadherinflGAPDH mRNA ratio pbdocytes
exposed to HG and LG+TGR-was significantly lower than that of LG cells,
and this HG-induced decrement in P-cadherin/fGAPDRNA ratio was
ameliorated by CsA.

* p<0.05 vs. LG and HG+CsA.
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Figure 12. TGH;/GAPDH mRNA in podocytes exposed to 5.6 mM
glucose (LG), LG+24.4 mM mannitol (LG+M), LG+EM CsA (LG+CsA),
30 mM glucose (HG), or HG+1OM CsA (HG+CsA) medium. TGF-
B./GAPDH mRNA ratio was significantly higher in podaes exposed to HG
compared with LG cells, and this increase in TEs#SAPDH mRNA ratio
in HG podocytes was inhibited with CsA treatment.

* p<0.05 vs. LG and HG+CsA.
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Figure 13. A representative Western blot for P-egithh in podocytes
exposed to 5.6 mM glucose (LG), LG+24.4 mM mannft@s+M), LG+10°
M CsA (LG+CsA), LG+10 ng/ml TGB, (LG+TGF$;), 30 mM glucose
(HG), or HG+1G M CsA (HG+CsA) (representative of five blots). P-
cadherin protein expression was significantly loweHG and LG+TGH3;
podocytes than LG cells assessed by densitomet.@p), and CsA nearly
normalized this HG-induced reduction in P-cadhepirotein expression
(p<0.05).
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Figure 14. A representative Western blot for TEFA podocytes exposed to
5.6 mM glucose (LG), LG+24.4 mM mannitol (LG+M), kG0® M CsA
(LG+CsA), 30 mM glucose (HG), or HG+fOM CsA (HG+CsA)
(representative of five blots). TQh-protein expression was significantly
increased in HG podocytes compared with LG cellsO(@5), and CsA
inhibited the increase in TGR-protein expression in HG cells (p<0.05).
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V. DISCUSSION

In this study, | demonstrate for the first timettGaA treatment for 6 weeks
reduced albuminuria in experimental diabetic ratss study also shows that
the anti-proteinuric effect of CsA seems to redulim inhibition of the
increase in TG, expression and restoration of the decrease indRecan
expression, both in vivo and in vitro.

CsA is a well known powerful immunosuppressant iimgy of 11 amino
acids. The mechanisms of action of CsA involve cidn of interleukin-2
and cytokine production by inhibiting calcineurictigatior. Calcineurin is a
serine/threonine phosphatase and is considered @&sessenger in the
dephosphrylation and activation of the nucleardaof activated T cell family,
myocyte enhancer-binding factors, and GATA prot8ink is comprised of
the catalytic subunit A and regulatory subunit Bd @ahe A subunit has three
isoforms: a, B, andy. Thea andp isoforms are widely expressed in most
organs, whereas theisoform is expressed predominantly in the té&tds
the kidney, calcineurin activity was relatively hign proximal and distal
tubules which corresponded to the expression ofigminantly the a
isoforn?” 2 Gooch et &P revealed that all calcineurin A isoforms were
upregulated in STZ-induced diabetic rat kidney, lntrement of only
calcineurin  Ae. expression was observed in glomeruli. Using double
immunofluorescent labeling, they demonstrated thatcells with increased
expression of calcineurin A-isoform were endothelial and mesangial cells.
In this study, | provide evidence that calcineukia was also upregulated in
diabetic glomeruli and cultured podocytes exposed high glucose,
suggesting that activated calcineurin may play la @ gene regulation in
podocytes under diabetic conditions.

In addition to immunosuppressive therapy, CsA haenbused for
proteinuria in various glomerular diseases, inegigdninimal change disease,
focal segmental glomerulosclerosis, and membramaphiropathy? > The

mechanisms of action in the treatment of theseades® have been speculated
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as follows: 1) inhibition of production of cytokisevhich is thought to be of
T-cell origin and is supposed to be important ia gathogenesis of certain
glomerular diseases; 2) hemodynamic effects; 3ceffon charge-selective
properties of the GBM; and 4) effects on size-delec properties of
glomerular filtration barriéf®. Even though some investigators suggested
that CsA might alter glomerular permselecti¥ity, no trial has been made to
elucidate the effect of CsA on the expression ofgirular filtration barrier-
associated molecules. In this study, | demonsti@tehe first time that P-
cadherin, a molecule known to be located at thted#&iphragm, expression
was altered by CsA.

P-cadherin is a 120,000,Nransmembrane protein that belongs to a large
cell-cell adhesion superfamily with calcium-depemdbeomophilic adhesion
properties. It consists of five cadherin domain#saextracellular portion and
a B-catenin binding site at its cytoplasmic part, tiglo which the molecule is
linked to the actin cytoskeletdh As homophilic interactions was
demonstrated for cadherins at the molecular f&vielhas been supposed that
P-cadherin constitutes the core protein of the dibiphragm, whereas the
permselectivity is provided by the slit diaphragommplex composed of P-
cadherin and other proteins such as nephriMevertheless, the role of P-
cadherin in the pathogenesis of proteinuria has s studied. In congenital
Finnish type nephrotic kidney, P-cadherin was esg®d normally in spite of
absent slit diaphragrfis In addition, even though proteinuria was not
investigated in P-cadherin-deficient mice, it seeéntbat life-threatening
proteinuria did not develop in view of the surviadithese mic®. In contrast,
Liu et aP* demonstrated that intravenous injection of anteBherin antibody
resulted in 49% increase in 24-hour urinary proiaretion independent of
nephrin or NEPH1, suggesting that P-cadherin atsgesas a glomerular
filtration barrier to protein. A more recent stualgo revealed that P-cadherin
MRNA and protein expression were decreased in titalgdomeruli and

cultured podocytes exposed to high glucose, suiggete potential role of
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P-cadherin in the development of proteinuria irbdtic nephropatHy.

Despite the beneficial effects of CsA on organ gphantation and various
steroid-resistant nephrotic syndrome, the clinicseg of CsA is often limited
by nephrotoxicity. Chronic CsA nephrotoxicity isachcterized pathologically
by afferent arteriolopathy, tubulointerstitial fi®is, and interstitial
inflammatory cell infiltratiod” *3> The mechanism responsible for this
complication is not well understood, but low gradehemia and various
mediators have been implicatéd®> One of the important mediators is TGF-
B;. Both in vivo and in vitro studies have demonstbatthat TGH3;
expression is increased by CsA. CsA induced PeRNA and protein
expression in activated human T cells, human lulepacarcinoma cells, and
mink lung epithelial cell lin& >’ In addition, Wolf et af also observed that
TGF3; protein expression in proximal tubular cells andbulpinterstitial
fibroblasts was increased by CsA in a dose-depdéndanner. Furthermore,
CsA treatment for 2 weeks increased renal corfiGziF{$; MRNA expression
and administration of specific TGF-neutralizing antibody ameliorated
tubulointerstitial changes in a mouse model of nlr@sA nephrotoxicity.

In contrast, the effect of CSA on T@rmRNA expression was completely
different between glomeruli and renal cortex. Gooeh af* observed
decreased rather than increased TPoFARNA expression in diabetic
glomeruli by CsA, which was in concord with theuks of this study. The
divergence in the effect of CsA on T@F-expression is not clear, but
differences in experimental animals, cell typegatian of CsA treatment, or
doses of CsA administered may contribute.

In the rat, chronic CsA nephrotoxicity developsdases greater than 10
mg/kg body weight administered for at least 2 wéeks A recent study also
demonstrated that there was no evidence of CsAraapticity in rats given 5
mg/kg body weight CsA for 2 wee®sSince the purpose of this study was to
clarify the effect of CsA on urinary albumin exdoet, CsA treatment was

scheduled for 6 weeks when urinary albumin excnetiecame evident in
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diabetic rats. Therefore, the dose of 1.5 mg/kgyhwelight was determined to
make the total amount of CsA administered simiethe previous stud§ As

a result, no signs of CsA nephrotoxicity were obedrhistologically in CsA-
treated rats of this study.

CsA is a diabetogenic drug in clinical field espdlgi after organ
transplantatioff. In contrast, blood glucose levels were decreaseiiibetic
rats by low dose CsA treatment for 14 days, howetrex reason for this
hypoglycemic effect was not clearly descrifedn this study, there was no
difference in blood glucose levels between diabatid CsA-treated diabetic
rats. Therefore, the anti-proteinuric effect of GsAhese diabetic rats was not
associated with the changes of blood glucose levels

In conclusion, urinary albumin excretion was redlda CsA-treated
diabetic rats and changes in P-cadherin and Ff&Kkpression under diabetic
conditions, both in vivo and in vitro, were inhidxit by CsA. Taken together,
the anti-proteinuric effect of CsA seems to be @lpselated to the inhibition
of TGF; expression, resulting in the restoration of dezedaP-cadherin

expression under diabetic conditions.
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V. CONCLUSION

| investigated whether CsA had anti-proteinuriceffin diabetic rats and
whether it was associated with the alteration afaBherin expression. In
addition, | evaluated the role of T@¥-on P-cadherin expression in cultured
podocytes exposed to high glucose medium.

In vivo, twenty-four Sprague-Dawley rats were daddinto three groups,
control (C), DM, and DM+CsA. In vitro, immortalizedouse podocytes were
cultured in media with 5.6 mM glucose (LG), LG+24MM mannitol
(LG+M), LG+10°M CsA (LG+CsA), LG+10 ng/ml TGP, (LG+TGF4$,),
30 mM glucose (HG), or HG+1tM CsA (HG+CsA). RT-PCR and Western
blot were performed for P-cadherin and T@GFMRNA and protein
expression, respectively, with sieved glomeruli aoell lysates, and

immunofluorescence staining for P-cadherin withatdissue.

1. Twenty-four hour urinary albumin excretion at 6 w&evas significantly
higher in DM (1.28+0.11 mg/day, p<0.05) comparedhwC rats (0.32 *
0.02 mg), and CsA treatment inhibited the incraasalbuminuria in DM
rats (0.62+0.18 mg/day, p<0.05).

2. Glomerular calcineurin A+ mRNA and protein expression in DM were
2.1-fold and 2.2-fold higher than C rats, respedyi(p<0.05). On the other
hand, there were no significant differences inioalerin A§ mMRNA and
protein expression between the two groups.

3. Glomerular P-cadherin mRNA and protein expressionDM were
decreased by 40.2% and 56.1%, respectively (p<Od@ihpared with C
rats, and these decreases were significantly irgutiy CsA (p<0.05).

4. Glomerular TGH; mMRNA and protein expression in DM were 2.1-fold
and 1.7-fold higher than C rats, respectively (p5D. and CsA treatment
inhibited the increases in T@R-MRNA and protein expression in DM rats
by 56.3% and 76.1%, respectively (p<0.05).
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5. Immunofluorescence staining for P-cadherin reveakedsignificant
decrease in glomerular P-cadherin expression inr@sl (p<0.01), and this
decrease in P-cadherin expression was ameliorgt€sA (p<0.05).

6. Calcineurin Ae mRNA and protein expression in HG podocytes were
2.2-fold and 1.8-fold higher than LG cells, respagy (p<0.05). On the
other hand, there were no significant differencesalcineurin AB mRNA
and protein expression between the two groups.

7. P-cadherin mRNA and protein expression in HG potiexcyvere 50.4%
and 66.4% lower than LG cells, respectively (p<P.G&nd these HG-
induced decrements in P-cadherin mRNA and protejoression were
restored by CsA (p<0.05).

8. LG podocytes treated with TGR-showed similar changes in P-cadherin
MRNA and protein expression as cells cultured uhtfemedium.

9. TGF$; mRNA and protein expression were 2.4-fold andfal&-higher
in HG podocytes compared with LG cells (p<0.05)d dhe increases in
TGF{$3: mRNA and protein expression in HG podocytes welgbited by
61.2% and 77.9%, respectively, with CsA treatmprD(05).

In conclusion, | demonstrate for the first timett@sA treatment decreases
urinary albumin excretion in 6-weeks DM rats ane tlecrease in P-cadherin
expression under diabetic conditions, both in \awal in vitro, is ameliorated
by CsA. It suggests that anti-proteinuric effecOsfA may be associated with
the alteration of P-cadherin expression in earlgbdtic nephropathy. In
addition, inhibition of increased TGhR-expression under diabetic conditions
by CsA seems to restore the P-cadherin expresseunlting in the decrease

in albuminuria.

34



REFERENCES

1. Collins AJ, Kasiske B, Herzog C, Chen SC, Eversp@@&hstantini E, et
al. Excerpts from the United States Renal Datagbys2001 Annual Data
Report: Atlas of End-Stage Renal Disease in theddnbtates. Am J
Kidney Dis 2001; 38(Suppl 3): v-viii.

2. Mogensen CE, Christensen CK, Vittinghus E. Theestag diabetic renal
disease. With emphasis on the stage of incipiesibedic nephropathy.
Diabetes 1983; 32 (Suppl 2): 64-78.

3. Olson JL, Rennke HG, Venkatachalam MA. Alterationthe charge and
size selectivity barrier of the glomerular filten iaminonucleoside
nephrosis in rats. Lab Invest 1981; 44: 271-279.

4. Myers BD, Okarma TB, Friedman S, Bridges C, RosAs3eff S, et al.
Mechanisms of proteinuria in human glomeruloneghriClin Invest
1982; 70: 732-746.

5. Daniels BS, Deen WM, Mayer G, Meyer T, Hostetter. THomerular
permeability barrier in the rat. Functional assessnby in vitro methods.
J Clin Invest 1993; 92: 929-936.

6. Guasch A, Deen WM, Myers BD. Charge selectivityttid glomerular
filtration barrier in healthy and nephrotic humaa<lin Invest 1993; 92:
2274-2282.

7. Ota Z, Shikata K, Ota K. Nephrotic tunnels in gloolar basement
membrane as revealed by a new electron microsecogibod. J Am Soc
Nephrol 1994; 4: 1965-1973.

35



10.

11.

12.

13.

14.

15.

16.

Tryggvason K, Wartiovaara J. Molecular basis of nggoular

permselectivity. Curr Opin Nephrol Hypertens 2000Q; 543-549.

Rodewald R, Karnovsky MJ. Porous substructure efdglomerular slit
diaphragm in the rat and mouse. J Cell Biol 1974;423-433.

Reiser J, Kriz W, Kretzler M, Mundel P. The glomaruslit diaphragm is
a modified adherens junction. J Am Soc Nephrol 2000 1-8.

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

Ruotsalainen V, Ljungberg P, Wartiovaara J, Lenkkér Kestila M,
Jalanko H, et al. Nephrin is specifically locatedhe slit diaphragm of
glomerular podocytes. Proc Natl Acad Sci USA 138;7962-7967.

Donoviel DB, Freed DD, Vogel H, Potter DG, HawkiasBarrish JP, et
al. Proteinuria and perinatal lethality in mice Kemg NEPH1, a novel
protein with homology to NEPHRIN. Mol Cell Biol 20021: 4829-4936.

Inoue T, Yaoita E, Kurihara H, Shimizu F, SakaiKibbayashi T, et al.
FAT is a component of glomerular slit diaphragmgrey Int 2001; 59:
1003-1012.

Xu ZG, Ryu DR, Yoo TH, Jung DS, Kim JJ, Kim HJ aktP-Cadherin is
decreased in diabetic glomeruli and in glucosedtited podocytes in
vivo and in vitro studies. Nephrol Dial Transpl&005; 20: 524-531.

Mauer SM, Steffes MW, Ellis EN, Sutherland DE, Bro@M, Goetz FC.
36



17.

18.

19.

20.

21.

22.

23.

24.

Structural-functional relationships in diabetic hegpathy. J Clin Invest
1984; 74: 1143-1155.

Adler S. Structure-function relationships assodiateith extracellular
matrix alterations in diabetic glomerulopathy. J Swoc Nephrol 1994, 5:
1165-1172.

Abboud HE. Growth factors and diabetic nephrologyt overview.
Kidney Int Suppl 1997; 60: S3-S6.

Wolf G, Ziyadeh FN. Molecular mechanisms of diabetienal
hypertrophy. Kidney Int 1999; 56: 393-405.

Kang SW, Adler SG, Lapage J, Natarajan R. p38 MA&K MAPK
kinase 3/6 mMRNA and activities are increased ityahiabetic glomeruli.
Kidney Int 2001; 60: 543-552.

Goruppi S, Bonventre JV, Kyriakis JM. Signaling lpaays and late-
onset gene induction associated with renal meskuoglhhypertrophy.
EMBO J 2002; 21: 5427-5436.

Reddy MA, Adler SG, Kim YS, Lanting L, Rossi J, KpsW, et al.
Interaction of MAPK and 12-lipoxygenase pathways growth and
matrix protein expression in mesangial cells. ARhysiol Renal Physiol
2002; 283: F985-F994.

Gooch JL, Tang Y, Ricono JM, Abboud HE. Insulireligrowth factor-I
induces renal cell hypertrophy via a calcineuripatedent mechanism. J
Biol Chem 2001; 276: 42492-42500.

Gooch JL, Barnes JL, Garcia S, Abboud HE. Calcineigractivated in
37



25.

26.

27.

28.

29.

30.

31.

diabetes and is required for glomerular hypertropagd ECM
accumulation. Am J Physiol Renal Physiol 2003; Z8#4-F154.

Buttini M, Limonta S, Luyten M, Boddeke H. Distritbon of calcineurin
A isoenzyme mRNAs in rat thymus and kidney. Histaoh) 1995; 27:
291-299.

Mukai H, Kuno T, Chang CD, Lane B, Luly JR, TanaRaFKBP12-
FK506 complex inhibits phosphatase activity of twoammalian
isoforms of calcineurin irrespective of their swbtts or activation
mechanisms. J Biochem (Tokyo) 1993; 113: 292-298.

Tumlin JA, Someren JT, Swanson CE, Lea JP. Exmnessicalcineurin
activity and alpha-subunit isoforms in specific megts of the rat
nephron. Am J Physiol 1995; 269: F558-F563.

Tumlin JA. Expression and function of calcineurin the mammalian
nephron: physiological roles, receptor signalingd &n transport. Am J
Kidney Dis 1997; 30: 884-895.

Gooch JL, Pergola PE, Guler RL, Abboud HE, BarriesDifferential
expression of calcineurin A isoforms in the diabddidney. J Am Soc
Nephrol 2004; 15: 1421-1429.

Gooch JL, Gorin Y, Zhang BX, Abboud HE. Involvemerftcalcineurin
in transforming growth factor-beta-mediated redafatof extracellular
matrix accumulation. J Biol Chem 2004; 279: 1556%50.

Ponticelli C, Rizzoni G, Edefonti A, Altieri P, Rilta E, Rinaldi S, et al.

A randomized trial of cyclosporine in steroid-réaig idiopathic

38



32.

33.

34.

35.

36.

37.

38.

nephritic syndrome. Kidney Int 1993; 43: 1377-1384.

Cattran DC, Appel GB, Hebert LA, Hunsicker LG, P&, Hoy WE, et

al. A randomized trial of cyclosporine in patiemtgh steroid-resistant
focal segmental glomerulosclerosis. North AmeriegpNotic Syndrome
Study Group. Kidney Int 1999; 56: 2220-2226.

Meyrier A, Noel LH, Auriche P, Callard P. Long-temanal tolerance of
cyclosporin A treatment in adult idiopathic nepizotsyndrome.
Collaborative Group of the Societe de NephroloKieney Int 1994; 45:
1446-1456.

Guasch A, Suranyi M, Newton L, Hall BM, Myers BDh@t-term
responsiveness of membranous glomerulopathy tcoggotine. Am J
Kidney Dis 1992; 20: 472-481.

Cattran DC, Appel GB, Hebert LA, Hunsicker LG, P&, Hoy WE, et
al. Cyclosporine in patients with steroid-resistamiembranous
nephropathy: a randomized trial. Kidney Int 2002, 5484-1490.

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

Ambalavanan S, Fauvel JP, Sibley RK, Myers BD. Mai$m of the
antiproteinuric effect of cyclosporine in membrasmephropathy. J Am
Soc Nephrol 1996; 7: 290-298.

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

39



39.

40.

41.

42.

43.

44,

45,

Sharma R, Sharma M, Ge X, McCarthy ET, Savin VJcl@porine
protects glomeruli from FSGS factor via an increasgiomerular cCAMP.
Transplantation 1996; 62: 1916-1920.

Murray BM, Paller MS, Ferris TF. Effect of cyclospwe administration

on renal hemodynamics in conscious rats. Kidnel ®&5; 28: 767-774.

Su Q, Weber L, Le Hir M, Zenke G, Ryffel B. Nephloxicity of
cyclosporin A and FK506: inhibition of calcineurpphosphatase. Ren
Physiol Biochem 1995; 18: 128-139.

Mundel P, Reiser J, Zuniga Mejia Borja A, PavensthdDavidson GR,
Kriz W, et al. Rearrangements of the cytoskeletod aell contacts
induce process formation during differentiation abnditionally
immortalized mouse podocyte cell lines. Exp Cels R€97; 236: 248-
258.

Doublier S, Ruotsalainen V, Salvidio G, Lupia EaBione L, Conaldi
PG, et al. Nephrin redistribution on podocytes igogential mechanism
for proteinuria in patients with primary acquiregphrotic syndrome. Am
J Pathol 2001; 158: 1723-1731.

Suthanthiran M, Morris RE, Strom TB. Immunosuppagss. cellular
and molecular mechanisms of action. Am J Kidney T886; 28: 159-
172.

Wilkins BJ, Molkentin JD. Calcium-calcineurin sidimg in the
regulation of cardiac hypertrophy. Biochem BiopfRes Commun 2004,
322:1178-1191.

40



46.

47.

48.

49.

50.

51.

52.

53.

54.

Rusnak F, Mertz P. Calcineurin: form and functi®mysiol Rev 2000;
80: 1483-1521.

Takeichi M. Morphogenetic roles of classic cadheri@urr Opin Cell
Biol 1995; 7: 619-627.

Shapiro L, Fannon AM, Kwong PD, Thompson A, Lehmd®, Grubel
G, et al. Structural basis of cell-cell adhesionchgherins. Nature 1995;
374: 327-337.

Ruotsalainen V, Patrakka J, Tissari P, ReponeneBs 1, Kestila M, et
al. Role of nephrin in cell junction formation iruthan nephrogenesis.
Am J Pathol 2000; 157: 1905-1916.

Radice GL, Ferreira-Cornwell MC, Robinson SD, Raybd, Chodosh
LA, Takeichi M, et al. Precocious mammary gland elegment in P-
cadherin-deficient mice. J Cell Biol 1997; 139: 3a032.

Liu G, Kaw B, Kurfis J, Rahmanuddin S, Kanwar Y$ugh SS. Nephl
and nephrin interaction in the slit diaphragm isiraportant determinant

of glomerular permeability. J Clin Invest 2003; 1209-221.

Shihab FS. Cyclosporine nephropathy: pathophysyolagd clinical
impact. Semin Nephrol 1996; 16: 536-547.

Falkenhain ME, Cosio FG, Sedmak DD. Progressiviloigic injury in
kidneys from heart and liver transplant recipiaetseiving cyclosporine.
Transplantation 1996; 62: 364-370.

de Mattos AM, Olyaei AJ, Bennett WM. Nephrotoxicityf
immunosuppressive drugs: long-term consequenceschalenges for
41



55.

56.

57.

58.

59.

60.

the future. Am J Kidney Dis 2000; 35: 333-346.

Fellstrom B. Cyclosporine nephrotoxicity. Transpldtroc 2004; 36(2
Suppl): 220S-223S.

Li B, Sehajpal PK, Khanna A, Vlassara H, CeramiStenzel KH, et al.
Differential regulation of transforming growth factbeta and interleukin
2 genes in human T cells: demonstration by usageoweél competitor
DNA constructs in the quantitative polymerase cheaction. J Exp Med
1991; 174: 1259-1262.

Khanna A, Li B, Stenzel KH, Suthanthiran M. Regigiatof new DNA
synthesis in mammalian cells by cyclosporine. Destration of a
transforming growth factor beta-dependent mechara$rimhibition of
cell growth. Transplantation 1994; 57: 577-582.

Wolf G, Thaiss F, Stahl RA. Cyclosporine stimulatspression of
transforming growth factor-beta in renal cells. $ol® mechanism of
cyclosporines antiproliferative effects. Transpédiain 1995; 60: 237-241.

Ling H, Li X, Jha S, Wang W, Karetskaya L, Pratte®,al. Therapeutic
role of TGF-beta-neutralizing antibody in mouse logporin A
nephropathy: morphologic improvement associatedh witinctional
preservation. J Am Soc Nephrol 2003; 14: 377-388.

First MR, Gerber DA, Hariharan S, Kaufman DB, ShapiR.

Posttransplant diabetes mellitus in kidney allagre€ipients: incidence,

risk factors, and management. Transplantation 2082379-386.

4 2



ABSTRACT (in Korean)
i WA ARA] B AXEEFORT AGF3 ZA Lol A

Aol F 2 AE 0] P—cadherin® & ol nx]=

of

f%]:

w
@
@
o
=
2.
=
<
N
ko
rlr
)
ol
ol
£
)
oX,
—
o
=
[ab)
=
0Q
¢}
wn
@,
@
o
ey
S,
=
<
N—
1o
[
i
l
[-‘O
ol

P—cadherin 52 WMol EAjst= Aew®  Hixol itk
AO|FEAETYS 7] o2 § &3] Aok A AAY Erl
ofre}, ofe] AbAl AgelA Wl FHA g e Ao®
a4 A o, 3
Aol wEbq B dAFrel A ofe] AFA] AStolA HEE=
Mol S EAXYL]  whln
HEE=AE gotagd Ao, A= dd de] sl P

cadherin® %

kr
ok
oX,
r
ok
o\
=2
2
1o
fol
o
=2
=
=
C o
rlr
k)
h=s
e

(ol
(%
Lo
©
1o
r o
r
o,
2
=
%
r o
-
o
=
=
by
o
=
38
o

W W 24uk2] 8] Sprague—Dawley WA S tixa (87tE]), G

43



8wukal), 183 RolF=ZAxd (1.5 mg/kg/day, I3HFo]) A
G 8t 02 yro] ARSE F, W fd 65 $of EEgh

AFPEA S o] 83}o] calcineurin A— «, calcineurin A—pA, P-
cadherin, TGF—pj; mRNAS} ©&¥ w§e] wsts 24z} RT-—
PCR¥} Western blot& ©o]&3sto] #&sIon, =AY P-
cadherin® & W3l= AQYF S ol &sto] AFsEiTh

Lsl 58 A3 SAXE (immortalized mouse podocytes) S A

g (5.6 mM), Y ETEIG+UYET (244 mM), E%

el P“

Fi

Fel

FHAO|FRAZH(I0Y M) AT, AN £E9+ TGF-4,
(10  ng/ml AR, AEEGT (30 mM), Ex
SR+l ZRATE (107° M) AXTORE Uro] 2443
5k 3 RT—PCR¥ Western blot= A| 83} t}.

ki
e

jus)
==
O

L. 2472 =959 wAde diza (0.32+0.02 mg)el s
28%0.11  mg)°lA SJeIUA  =kom,

MOl ZFEAELH AA G (0.62+0.18 mg) oM Fieol
Hlal] =Rl v S feetAl oAl E Tk (p<0.0

2. AAIY calcineurin A—a@  mRNAS} wol b
el A dizate] wlE] ZZ 2.1W), 228 SUHEAS
(p<0.05), calcineurin A—p mRNA¢S} chulo] ulge =
Atolell f-2l st 2ol 7k Sl

3. AFAIW  P—cadherin mRNAS®} o] by o thig ol A
izl wlel 27 40.2%, 56.1% FHAHEUe™  (p<0.01),
AolFRAEY AA FidtolAdis o]#d P-cadherin®] ¥
a7b m Al GAE AT (p<0.05).

[J-&{ll
o

S

4 4



4. AFFAIY TGF-4; mRNASE =#o] gL i toA
) ztoll Hlal] Zhzt 2.1, 1.74) F7tElon, Aol r Az
A2 el ol#d TGF—-4,9 2d 717 99
A=A (p<0.05).

5. W9dd 44 A A AW P-cadherin ®

i, giEzde] vlE g

A (p<0.05),  AMolFEAXY  HHA

i)
Ao
u
1
o
o

6. Calcineurin A—a@ mRNA%} wile] wge 4
Hlg] axTgor =gt FAETOA 7z 2
S7hER e, TGF-g,= A A4 oA xE 22t
2.380, 1.79) =7FE A (p<0.05). ©]ef Hball calcineurin A—
B HHEE BE I ghell fo 2ol 7h gt

7. DEEFL wjF FAES P-cadherin mRNAS} vl k&S
Z}z} 50.4%, 66.4% HaAZew, TGF—-pg,0% A%
FAEZTFANE FA =g vlE Z+7b 49.3%, 67.5%
FAaERT (p<0.05). LEEGHAO|FRZAETY AR oA =
P—cadherin mRNAS} w9 ke o] 71471 Su] QA oA = gt
(p<0.05).

8. TGF—pB3; mRNA%} el e
Exgael  ws Az 24W), 1.8 FrrEdoH,

TgtolZEAYY  AXTAAME olggt TGF- 8,9

HE F7EE oAl GAE AT (p<0.05).

f
ke
b
ofl
A
2,

1A A

=
F

2 & ol AR, MolFEA
WA S FolshAl garlzlon, olgs a3+ P-cadherin® @3

Wals  WHE  wdel Qe om  ARdt. T

el
i
flo
ofl
kr

z
B
2
>
kr
e
r
rﬂ



stell A #EEE= TGE- 54,9
AAE 7] wWEoz Azt

R E ]

cadherin, TGF— 8,

46



	<TABLE OF CONTENTS>
	ABSTRACT
	I. INTRODUCTION
	II. MATERIALS AND METHODS
	1. Animals
	2. Podocyte culture
	3. RNA isolation and reverse transcription
	4. Real time-polymerase chain reaction (RT-PCR)
	5. Western blot analysis
	6. Glomerular pathology
	7. Statistical analyses

	III. RESULTS
	1. Animal studies
	A. Animal data
	B. Glomerular calcineurin A-α and A-β mRNA and protein expression
	C. Glomerular P-cadherin and TGF- β 1 mRNA and protein expression
	D. Pathologic findings

	2. Podocyte culture studies
	A. Calcineurin A-α and A-β mRNA and protein expression
	B. P- cadherin and TGF-β1 mRNA and protein expression


	IV. DISCUSSION
	V. CONCLUSION
	REFERENCES
	ABSTRACT (in Korean)

