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The Changes of Slit Diaphragm Molecules After Using Sirolimus

Jung Youn Choi, M.D., Gi Dong Han, Ph.D.
Yong Jin Kim, M.D." and Yong Hoon Park, M.D.

Department of Pediatrics, College of Medicine, Department of Food Science and Techno]ogy*
Department of Patho]ogyf, College of Medicine, Yeungnam University, Daegu, Korea

Purpose: Recently, massive proteinuria has been observed in some transplant patients
after switching cyclosporine A (CsA) to sirolimus. To evaluate the pathogenesis of siroli-
mus—associated proteinuria, we investigated the early changes in slit diaphragm molecules
by various administrative conditions of sirolimus and CsA.

Methods: In vitro—Mouse podocytes were incubated with buffer (C), sirolimus (10 pg/mL)
after CsA (10 pg/mL) (C—9), sirolimus only (S) and CsA and sirolimus simultaneously
(C+S) for 12, 24, and 48 hours. In vivo— twenty four SPF female Wistar rats were divided
into 4 groups buffer (C), sirolimus after 2 weeks of CsA (C—S), sirolimus only (S) and
CsA and sirolimus simultaneously (C+S). All groups were treated by intraperitoneal injec-
tion every other day for 4 weeks (CsA: 25 mg/kg, sirolimus: 0.5 mg/kg). The changes in
mRNA of slit diaphragm molecules were examined by RT—PCR.

Results: The mRNA of nephrin was significantly decreased in group C—S and C+S in vitro.
In vivo, the mRNA of nephrin in all groups using sirolimus and the mRNA of podocin in
group C—S and C+S were decreased. Microscopically, group C—S and C+S showed small
vacuolization and calcification in proximal tubular epithelial cells. Immunohistochemistry
using nephrin and podocin antibodies did not show remarkable decrease of staining along
the glomerular capillaries. Electron—microscopically, focal fusion of foot processes was
seen in group C—S and C+S.

Conclusion: This study suggests the decrease of slit diaphragm molecules (nephrin and
podocin) in podocyte may be one of the causes of sirolimus associated proteinuria, and
podocyte injury by sirolimus may need a primary hit by CsA to develop the proteinuria.
(J Korean Soc Pediatr Nephrol 2010;14:143—-153)
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HAA 9 391 : Sirolimus AFE 3 AFEA] 7)1 A2 A=

M =

Alo]2)S WS Sixlof| A Hr) 7123t ol A A
¢l cyclosporine A (CsA) Q] AR FA 7 Huks
o7 %t ”7]'“ /\”4 NS |43 Az

-/H 1:_/] CsA TXL_Q_OE_ A7)
wate] T S HolA| X3t
ATHI, 2]. whEbA Aleo]2] 3 714 "]7]b A=
QA= CsA el vk A7} d 8 81%=
1;1] x]x%x%o] }\]E/\-] S) 7].;(] ] g%—ou:] 61—01— ol tqoﬂ
A G5 FTAlo| 7FHTHE mammalian target
of rapamycin (mTOR) 2AAQ1 sirolimus’} Al
23 wgAAR 2= AH3-6].
Sirolimust= tacrolimus (FK506) £} f-AFSH -
=5 7R AA A AlEW 5-8A41]1 FK506 bin-
ding protein (FKB12) 3} Agtslo] T2 whlzel
mTORS olAlste] G1-S A171¢] AEF715 HA
A1719, interleukin (IL) —2¢1 &3k A& A& v
a3t o] 2 Qlaf Alo]ETIelef 9%t T Y19l B

il

e

Yo BYsE oAee, AE 7719 AL
Aot Az AL oAlsle] holelA gL 1
ehaith. ER PB A RRAES F4S A
7 o)4a 2:¢] 0 A9 WA 0|4 EL 2o,
Tl F0 e 7119 R RS oAE s @
TH5-8]. He S[9] & o418 A4 85 Fk CsA

&AM F sirolimus® tiAIEE FHellA CsAE Al
AREEE T eSS W 245 Soll= Wi Yl
transforming growth factor (TGF) mRNA 74
7} B2E 3 © ™ Banff sum score”} Sto}l RHJ o]
A5 AE £ =Erhl BRusiSith v A
TEAME alo]2] & CsAE F7]l sirolimus®
tiAlete] ARE S ol W o] 2S5 lgo] ghs)
QJ_J_goLuLg/]g_] o12110] A7)
o] dE+= 714 O]@% Bl on
ofli= 2lo]a] & CSA-/] ] Ae] JAAZ siroli-
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ke

mus”F @] AREE 3 QITH10-13].

T3 FHE o7 AFelA CsAS] tiAl = siroli-
musE Fof W AF Aold] FxEA As o
W 7h dESGithE QPR A M E gl oY

—Or , o] 2+
Agto] Ast Aol A T2 FEEHJATH10, 14—
17]. A&AQ vy 2R 2 v Al slo] ol
7] wjEol sirolimus® A3 gy =3k v

3 oA AR AE sl 417]

5
2= 3,13} f‘ﬂx}]ﬁ}%] s1rohmus°ﬂ ot &

O““/‘r 18] CsAY Xﬂﬂ"ﬂ - /‘FrLXﬂ
o] 7k Alae] © A EF A, :’ﬂl siro-
limus®] ZA3E (podocyte) ol gt 7‘3

5ol ‘“/Pﬂ”hJ folo7 ¥ yEal

olef 04?"1]"1” *HLXﬂ A A A EF
mouse SAIEE o83 A & A ¢ =Y

o5k A W S F3to] CsAg} sirolimus
«1 Hl o] AES Bl A=t B 22k wgk
= Ao m g7k WegstAl W AA] o
sirolimusell 9Jgt Tl A7 S SA| el o
o AR AN Gl thel] dotr Al skl

ohat o
1. MH 9 U

Mundel®] mouse immortalized SAEE vt
sto] el o]-gataint. A= 10% FBS (Gibeo,
USA), 100 unit/mL penicillin (Banyu Pharma-
ceutical, Tokyo, Japan) ¥ 100 mg/mL strepto-
mycin (Gibco, USA)& F7F RPMI 1640 Hj#]
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Fsialon, ol vizkel o) TS XI5
S8l vk wi=]e 20 U/mL mouse IFN—y (Pe-
proTech EC, England) & F7}5F3t) 24 A8
o] AFR-3L7] 1549 37°C9] y—interferon®] §li=
vk (non—permissive condition) & AFE3}o]
SAEE EIAZTH20]. #jFd SAEE e
ol &N (C), CsA (10 pg/mL) A& F sirolimus
(10 ug/mL) H&H(C-S), sirolimus (10 pug/mL)
F=74(S), CsA (10 pg/mL) ¥ sirolimus (10 ug/
mL) BHT(C+S) o0& ®iHate] 124171, 24417,
48217t 52k wijF= 1t} Novartis (Switzerland)
oA 1%k CsAE PBSell, Wyeth Korea©ll4 +
213} sirolimus® DMSO % ethanolel 2}z £-3ls}
01 AHEERATE Aol e Ak mRNA
& Wsks 97] 98 RT-PCRE AR-3I3ith

2. MH| L A

Samtako (Korea) |4 7%+ 140—180 g<] 6
= ¥ specific pathogen—free Wistar &% =
AREERSITE & 24wt e] HE 7 o 6k &
THE ARES 2T (O), CsA (25 mg/kg) 25°3F
AR - sirolimus (0.5 mg/kg) & 2577 ARS8 -
(C-9), sirolimusE 457F =202 ARGsE 74(S),
CsA¢%} sirolimusE ‘33?} sfo] 4573 ARESE 7H(CH+
S)o® EFste] Be Aok 3}—? AejA 57
of FAFSFATE. Alok Z?J 45 S e FE A4

39 S A 52 DEPC-PBSE o]&3}o]

AR, T AR AgE A F o8
= 0 3 A YN, MR A
A3 5] 2AZIAl ALgakgl or, v 2l
e A5 ARk Feho] 7hg] Bl BlAE ol gate]

o

Z7Zh A 5 AAH (sieving method) ol we} 2}
2 mesh #60 (pore size 250 um) 0.2 33}
3L #150 (pore size 150 um) ol Z23AA Azt

Ao ool

tgkiobalgetsl 4] - A1 14 P Al 25 20104
S A#JuaL mesh #200 (pore size 75 um) = A}
TAHE defdo] Aex A AlES AR E 5
alf AstSleh SAEe} S Expe] wiskE &)
918l RT-PCR= ©]&at] F AHAl mRNAS 5
deldlnk B A o ® 388 & 244]
7t = e Akl

7|1 (Qz}?ﬁ-zﬂi} FITC—conjugated
IeG olAEAR A4 5 AdgRAn o B

4. RT-PCR

MAEZE Felska TRIZOL (RNA isolation solu-
tion) ¥} chloroform®.& F%3F 3 isopropanol¥}
3% sodium acetate, 100% ethanols ©]-&3}]
precipitationA]7! t5 AA mRNAE #2313tk
A4 mRNAE 5 ug? %% M—MLV reverse
transcriptase (Intron, Korea), oligo—dT (KDR,
Korea), 2.5 mM dNTP (Intron, Korea), 121
THTE HE 20 uLe] FE 5§ 37C A
2033 REE $ 90T ellA mA40] NS B24ds)
AlA AR cDNAE FHOoR, FAE 7|57
A=Al slit diaphragm & F2}21 nephrin, po-
docin, CD2AP®] ti3t primerE ©]-&3l>] RT-PCR
< Y3515} A9 %E PCR products 20 uLE 1%
agarose gel®l running*]7] & ethidium bromide
T M3}, quantitative densitometer scan© =
SAsto] dstatdlon A o oA &8 Apo]
= B A3 Ysle] GAPDH=E internal control®
o] AhAQl density 2 BAEG )

Z}7te] Aibe HEEEAsE 3A| 0} ow,
unpaired t—testE |83l P<0.05 ¢l 9= &
e AR %’85}%3}.

- 145 -



#H7gA 9 32 : Sirolimus AHE §- ARFA Z1AE A5 A B240] wst

1. dH 2 &8

iz (O) 3 ¥laels W nephrin CsA #
2] ¥ sirolimus AT (C—S) ¥} CsA$} sirolimus
IR (CHS) ol 24A1%F, 48A1712] mRNA &
o] F2osMAl F43sIt) Sirolimus ol =
24A17F, 48217l nephrin® mRNA #&o] 7}
3}t (Fig. 1). CD2AP+= tizr ¥} vl wakgl S o)
C—S+, sirolimus @573 C+Sa- B4 244
3k, 48A13Fe] mRNA o] F7kslsich(Fig. 2).
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Fig. 1. The mRNA expressions of nephrin at 24
and 48 hours were significantly decreased in
group C—S and C+S in vitro. The mRNA ex-
pressions of nephrin in group S were increased
at 24 and 48 hours ('p<0.05, 'p<0.01, 'p<0.001
compared with control).

A S7Feklvh(Fig. 3).

Aetdu| A oA C-STaF C+StelM = 1F
s}, At A Al ] A 3]35t 9 globules
e o, thzr U osirolimus ©HETOA
2710 A (Fig. 4). WZA 8} s
oM BE oA B4 d3 9] podocin
ephrin A =2 FhaskA] ekshet(Fig. 5).
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Fig. 2. The mRNA expressions of CD2AP at 24
and 48 hours were significantly jncreased in
group C—S, S and C+S in vitro ( p<0.05, "p<
0.01, Tp<0.001 compared with control).
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Fig. 3. In vivo, the mRNA expressions of ne-
phrin were decreased in all groups of using si-
rolimus, and the mRNA expressions of podocin
were decreased in group C—S and C+S. The
mRNA expression of CD2AP was only signifi-
cantly decreaged in group C—S_and increased
in group S ( p<0.05, 'p<0.01, 'p<0.001 com-
pared with control).
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Fig. 4. LM findings:

group C—S and C+S showed small vacuolization, globules

and calcification in proximal tubular epithelial cells (A: PAS, X400, B: HE,

x200).

Fig. 5. Immunohistochemistry by using nephrin and podocin antibodies did not
show a remarkable decrease of staining along the glomerular capillaries in all
groups.
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HAA 9 391 : Sirolimus AFE 3 AFEA] 7)1 A2 A=

A7t A des FHN T, Letaver-
nier 5 [14]¢] A7elME @A) A7|95=

&l sirolimus® S Thil = AREA] 7]-9J°1—°4
AAsiet. dE o] vl 7]do] AlrAlEbE CsA
ol ¥t 5 a9 AR QIS Wyt sk
A, sirolimus AHAZF AR 7R3 B el 24 4]
1l FEE vA Wl EAE= Q1A ol tialA
= ks ukeRl 7 9ith19]. CsAx endothelin,
thromboxane A2} nitric oxide synthaseS <]
Aletal Wik A73E AXIAA 74 Als e S
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%2 7]%% Letavernier 5 [14] ¥ Franco 5[16]
o] ofg] o QI AFellA o] & CsAE
mus® A3 $ Gn7F AL sirolimusE
FTErelal Al CsAR Ag8Els wlolli= w7}
ThA] 22158 B33tk Saurina 52512 wHA
oA At A CsAE sirolimus® A%k & &
Az o7 4] AlsHe] Aol Fhaste] AY R
2 AR W o] FHe dFete], CsAQ] Al
Aol & AFAl Hite] S7FE AR FaRdol &
7heto] i} Mgt o] B S ERGlth
AT CsA AR Q19| azathioprine®l|A sirolimus
Z Agste] vlwst 999 mycophenolate mofetil
(MMF) &= 9 sirolimus 2} MMF W 3st & vl
W3 AFENME BF sirolimus Fof $of o
=7b AElRlth =, o] CsA 11]74334 o 7=
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3gof|A] ]2 Fof| 1EEe] sirolimusE AMHEEH F

A AFF) Bl 9 AR
o) wslglon, SAE) 24 oE drlehe &
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PAX2 5°] 7+45 o] sirolimus7}
VYT F F AL AGOE AN, o) F
Letaverneir 5 [29]- human immortalized <A
XE sirolimus® 2|3t A & A FAE

cytokeratin@}
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AE] Boleh= Akt ZZ W VEGF 343 9 A4
3 Estel] Al AAF @491 WT19 A4E
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& 7AW, actin cytoskeleton 2
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o olF Exl= FHAES] cytoskeleton &
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[34]19] Ao XA7 sirolimus7F 24
AR} JFS = 4 91O sirolimus BEE
= CsAs)t 3 A3 ol 71 a3t o A4
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#H7gA 9 32 : Sirolimus AHE §- ARAl Z1AE AlST B B2

Sl 54 e Ao BEEGl oM, oA
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