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on PDGF-induced Mesangial Cell Proliferation
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of Surgery, Yonsei University College of Medicine, Seoul,
*Department of Surgery, Yonsei University Wonju College of
Medicine, Wonju, and ‘College of Pharmacy, Ewha Womans
University, Seoul, Korea

Background: Excess proliferation and extracellular matrix
(ECM) accumulation of mesenchymal cells such as vascular
smooth muscle cells (VSMC) and glomerular mesangial cells
cause chronic allograft nephropathy showing transplant
vascular sclerosis and glomerulosclerosis. Mycophenolic acid
(MPA) and rapamycin (RPM) are well known as strong
inhibitors of VSMC proliferation, but their effects on the
glomerular mesangial cells are not yet clearly understood.
This study examined the effects of MPA or RPM on
PDGF-induced proliferation and ECM accumulation in rat
glomerular mesangial cells. Methods: Mesangial cells
isolated from the glomeruli of Sprague-Dawley rats were
cultured with DMEM containing 20% fetal bovine serum.
Growth arrested and synchronized cells were administered
with test drugs (MPA10 nM~10 M , RPM 0.1 nM~1 M)
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before the addition of PDGF 10 ng/mL. Cell proliferation
was assessed by [*Hjthymidine incorporation, collagen by
PH]proline incorporation, and fibronectin, ERK, and p38
MAPK by Western blot analysis. Results: PDGF increased
mesangial cell proliferation by 4.64-fold. Compared to
stimulated control, MPA above 500 nM and RPM above 10
nM showed a significant inhibitory effect in a dose-
dependent manner. The ICs of MPA and RPM against
PDGF-induced mesangial cell proliferation were around 500
nM and 100 nM, respectively. The collagen synthesis was
also inhibited by MPA and RPM, but the fibronectin
secretion was inhibited by MPA alone. The proliferation of
mesangial cell correlated with activation of ERK and p38
MAPK. MPA, but not RPM, inhibited ERK and p38 MAPK
activation. Conclusion: This study demonstrated that MPA
and RPM significantly inhibited PDGF-induced proliferation
and ECM production in rat glomerular mesangial cells. The
inhibitory effects of MPA, but not RPM, are correlated with
ERK and p38 MAPK. (J Korean Soc Transplant 2004;
18:13-22)
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@A ok AFA A7 E 9 A E 2] 7] A (extracellular
matrix)> AALH] Zwl(glomerular capillary tuft)e] 7]5<
FAteH T8 AE ohe FE2EA, ATA A7
AE] 243 A7)0 AHE AT BT B
Al Hegl47elth(2)

HA7EA] AR Soll FH SBT3
o2 Alofsh B e Ul ARz o
so] thek3l cytokinedt AA4Q1Abe] AT W&
He A7t ol gou) oA AL AR
7} FredsiAl WA A= oA A= dlh(3-5)
+ mycophenolic acid (MPA)$} rapamycin (RPM)yo]| €3} 74
F2A LY FAE AAe] Hus 3 rh(6-8) YubH o
2 A4l AAR) 79 dtel} A4 e] Wt A
TH o] wigket FAof kel 7 R M3 EL
ol Ak FHAkE & 7 ek (9) wheh A P HETA
29 FAAAIE Eoli= MPAS} RPME At g3t
ZHAE FA N E kg v 5 vka 88+ glon,
AAZ MPAS} RPM ALH4] S EE o] &3 A&
AdelA ZAAAZHN7E Had vzt 9deh(10,1))

Mitogen-activated protein kinase (MAPK) 7 &= A EA o]
EAQ el b Ao} QA3 G 47 A] extracellular-regulatory
protein kinase (ERK), c-jun N-terminal kinase (JNK) 1&| 31
p38 MAPK 9] A 712 dej7} 9o, 7 MAPKE A 9|
52 Z+E 25 Q1Abgell ol &4 sts o] AAzAAAE
gA31etel.(12) AAE ERK, INK, p38 MAPKE 77+
platelet-derived growth factor (PDGF)1} angiotensin IIol] 2|3t
VLA E(5.19% BUBAEUS109] 2434 oA
o Qieh. FA A EIF HolE Be SHAES ofeldh A
ALY A4S JAlsls Ao Bag vyl Qe
dl, M2 dadEeA A carvedilolS ERKQ #A 3
oA RB}1L,(17) MPAY: B AFA4Z WA 18] 3 ERKS} p3s
MAPKS] SA3H5 o dlsto](18) € HHTALS) 24
= AAgte] BaH npr} Gk B ol ol 4= MPASE RPM
o) RTINS SAH WelAg ATAR ol
J3k8 w4 & 98 Aolehiz s shol, MPASH RPMo]
27 AA kAl FA 3 Al 27| Ak I F
9] fibronectin} collagene] YA ol] v|X]| = Gk} o]o] Tho]
ah= Al ZH ASAEA F ERKS}F p38 MAPK S| 4] 3tol]
L PR R o e R PR

T
1) 8F AITA 22l ¥ "HZNES YR HiY
A 100~ 150 gram2] Sprague-DawleyA] 4270 217 & n}

A F BFeln 4 ARe A% F A9RE e
%

A AD 2FE AAFHUIYE HYste] ATAE £

glaha Hat AL E wfFslleh. 75 um &3] Aol A7
ATAE 2$F3L 2 mg/mL collagenase (Sigma Chemical Co.,
St. Louis, MO, USA)2} 0.25%/1 mM trypsin/fEDTA (GIBCO
BRL, Grand Island, NY, USA)Z 2|3} & 2,000 rpmol] 4]
4 Zelstel A AFAE 20% Felob EH(fetal bo-
vine serum; GIBCO BRL), 100 U/mL penicillin (GIBCO BRL)
3} 100 pg/mL streptomycin (GIBCO BRL)E 83} Dulbec-
co’s modified Eagles medium (DMEM; GIBCO BRL)ol] 4] sl
Fataict. 2~3dmiet widdS gt s 7~10Y v}
trypsin/EDTA - o]-§-8}0] At wiokslol om, 6~103] Ald]
ujokdt ARTALZE B ol o] &3t 4 duli
o7 HHHAES] el S g}lslsr, ¥ vimentin 32]|(DAKO
Japan Co., Kyoto, Japan)®} &} cytokeratin &4](DAKO Japan
CoyE o] &3 el ket o 98 Aueto] ATA

TAEYE Felzgich
2) %H9 o

MPAE 10 nM, 100 nM, 500 nM, 1M 28] 10 xM &
%22, RPME 0.1 1M, 1 nM, 10 nM, 100 nM 18] 1M
SEE &= Fofdgich MEK 2449 PD98059= 203}
50 M 5, p38 MAPK <A A2l 2-(4-chlorophenyl-4-(4-
fluorophenyl)-5-pyridin-4-yl-1,2-dihydropyrazol-3-one-2- 13} 10 xM
E5L & PDGF-BBE X 2]%l7] 1A17F Aol Hols}ir}.

3 HME =A9 HIL [3H]thymidine incorporation2
0lg% DNA BNS &%

F7lol|l A F2s] AgE AEE trypsin/EDTAZ A2k
% 96 well v]ok-87](Corning, Corning, NY, USA)ell Z} well
& 13100 9] MEE BFeAe). o] ALEL 20% $-efo}
dAo] 3l DMEM sk o 2 72217k uiokst 3, 94
WA DMEM .2 24| 7H&<t wloksto] A EF7)1 5 L3t
313ich o]F MPA, RPM 3 MAPK Y AAE AP esrg
o8l Zol| 10 ng/mL PDGF-BB (Sigma Chemical Co.)& *
7Fslo] 242]7F <t wiekslgdch. [Hlthymidine (Du Pont
Co., Wilmington, DE, USA)Z Z} welle]] 2 .CijmL2] X &
A7tskar, 6A17F & vlokA| EE cell harvester (Titertek Cell
Harvester 550, Flow Laboratories, Irvine, Scotland, UK)E- o]
S3}o] glass filter (Flow Laboratories, Irvine, Scotland, U.K.)
of] FHAIA A-ZollAl F 6417t Fk AAZAIF] b, 3 mL
scintillation cocktailel] ¥ 3L A-counter (TL 5000 s, Beckman
Instruments Inc., Fullerton, CA, USA)E. & WA 8 2=43]

it
4) Collagen MM Q| 7} [H] proline incorporationS
0|28t collagen EIM s TI}
Adlo] Z35]7] 124]7F Aol [H]proline (Du Pont)< 7}
wellol 1 CifmL] 5352 H7}elieh. Aaol Z2u, )
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okol S A As} I ol Ak}l (phosphate buffered saline; PBS)
© & 23] A18sk3lth Methanol 2 738} 31 PBSE 13] A%
}el ). 10% Trichloroacetiac acid (TCA)E 1027+ A 2.0} 4
ulx) 3k £ 02 N NaOH®} 0.5% SDS7} ¢F-5-51 &lo]| 308
7FHESA171 £ 1 N HCIE ¥H2-8 £8A]#A 3 mL scintilla-
tion cocktailel] ¥ 3 A-counter (Beckman Instruments Inc.)5

2. O 2z 7]
Z s A

5) Western blot2 0|28l fibronectin, ERK 1/2, p38
MAPK &3

Fibronectin®] %74-& $lsto] AIZ wijoFlg Fote] A4
& F cell debris & AAF FFAE EFoto]
—70°Ce]) Bi+slgleh ERK 1/29) p38 MAPK A 31& £4
3}7] 9i5ko] Western blot-g A g8l A| 58] xf2 A 7+
ERK 1729} p38 MAPK®] A\ 7ol W& BHES A48 &
ol AR st Aol FEH = AL+ PBSE 23] AH3
Z AZ 83 23820 mM Tris, pH 7.0, 137 mM NaCl,
5 mM EDTA, 1% Triton X-100, 10% glycerol, 0.2 mM PMSF,
1 pg/mL aprotinin, 20 4M leupeptin, 1 mM Naz;VO,, 10 mM
NaF, 1 mM EGTA, pH 8.0, 1 mM pyrophosphate, 1 mM £
-glycerophosphate)& AH-gslo] 4°Cofl 4] 1047+ W2 sto] Al
EgaE 2 7, QNS Adstol 4EAE AE
o sl g 2ekelehog
Aol £EH ¥ BioRad B £A kit Ageto] AL
Sal9 0] SR Aesich AEg Beae ug
AEZ wjoke i AEW HwA e R4 ALY Sl
5 sample buffer (12 mM Tris-HCl, pH 8.0, 0.5% glycerol,
0.4% SDS, 2.88 mM 2-mercaptoethanol, 0.02% bromophenol
blue)e} Eaksto] 95°Col|A] 587} 7tdsl9ir}. 5% (fibrone-
ctin AAHE) E 10% (ERK, p38 MAPK 7 A-&) SDS-
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Relative proliferation versus
stimulated control

Control
0 T v
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MPA concentration (uM)
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polyacrylamide gel electrophoresis (SDS-PAGE)ofl4] Z 7] %
2|3k 3 nitrocellulose &R ol] Aol Azt chullo]] ot
molecular marker2 AL-8-3}o] M} Ao] AEE FHalsly
t}. ERK &HA4|(Cell signaling Co., Beverly, MA01915, USA)$}
p38 MAPK 3rA)(Cell signaling Co)Z WH-3-A]7! & pero-
xidase7} conjugation® o] %} $hA](HRP-conjugated anti-mouse
or rabbit IgG; Santa Cruz, CA, USA)E 1A 7} 59 HE-3-A]1 7
t}. Fibronectin 3}4|(DAKO Japan Co.)x&= ¥ X9} o] x}akA) 7}
Agtslo] 9l aA|E A£819ic} ECL (Enhanced Chemilu-
minescence, Amersham, Buckinghamshire, UK) kit5 o &%}
of o|x A& AEeAE 42te] WEE Tina 2.1 TR
Ae Aol 2Heto] ETE 1002 sho] ulitety]

o}
6) EAA2

A7 A L] ZAA £} collagen?] 44 E3= [Hjthymi-
dineo| U} [Hproline incorporation¥] &= % H}A5-(cpm) S5
FAskl oA, kAol ot FAAEE AHHYU FAEE
(relative proliferation=cpm of drug-treated group/cpm of
PDGF-stimulated contro)Z 8| Z&}gich. 2+ Ay el ts}o]
triplicate®t] © & 4~53] & AJgsloict. 13] ZA X = wipli-
aedH oz 248 a9 A% WEHeD PFh
9t} Western blotol] 2|3t &A% = Uz v PDGFE
uhEl o zake) wlEE A e A A
A %)= ¥ HF(mean) + 5 H X} (standard deviation) & L}E}
om 5 F 7re EAEA O v+ Student’s t-testE, o]
T 7He] AIEAQ vl ANOVAE A|3§3t $of 7
W 7+9] v}EEn] 5 (multiple comparison)+= Tukey®H o
A58

i e dk o

—_
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Relative proliferation versus
stimulated control

Control ;
0 T T T v

T 1
0 0.1 1 10 100'Cs 1000
RPM concentration (nM)

PDGF 10 ng/mL

Fig. 1. Effects of MPA (A) and RPM (B) on PDGF-induced rat mesangial cell proliferation. *means P <0.05 versus stimulated control.
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1) SRZENEO| SMO DIX= HE

(1) PDGFOf| 2|t ERZEMES
9] ['H]thymidine incorporation

cpm@l ¥bd, PDGFE G123 o7l
90.10 cpme. & PDGF 10 ng/mL-E
w3} sigle

(2) MPAR} RPMO| PDGFEZ ZA] R EZZHMZ
Ojxle 98k MPAYE =57} Z7)}8<4E PDGFE &%
FA1E oAlste] 500 nM o] AellA] 50% o]
& FE3l %Q% o} A&k ch(Fig. 1A). RPMY 5571 5
7b3hr% PDGFR 5% AZRAES] FA& A8l
10 nM o[l A F=5 dlz73e o8 Ho| & B
o, 100 nM o] AellA = 50% o]AFe] EA| A azE
B9 rhFig. 1B). AEZAld] tjak MPAS] ICs (inhibitory
concentration 50%)-2 100~500 nM, RPM9] ICs¢-2 100 nM

el it
2) HEAZMIZOM MZLTIRL| Yoo DXz HE

(1) PDGFE REE SZZHNZ0HAM HELT|ZQ| MA:
PDGFZ §-%% " 7HA L 9] fibronectin®} collagen?] 444
2 )z 7ol vlslo] 7+7k 2.81+0.46u9); 1.81 041w =7}
331t

Control  MPAO 0.01 0.1 1 10 (uM)
PDGF 10 ng/mL
A —_
e
c 1
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® 054
e
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>
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0 T T T 1
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MPA concentration (uM)
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(2) MPAQ} RPMO| PDGFZ R & SZIZHM TS| ME
QI7|-9| MM O|X|= P& MPAE 100 nM o] Aell 4
fibronectin (Fig. 2A)#} collagen (Fig. 2B)2] AL I A5}
htﬂ ol AN Z Y FAAAE Ho|= FE9) v|53t

ogirt HhHell RPMY E A7 A £9] 4] A g 3}7}
‘El%ﬂb- 781 e FEolA fibronectin®] A4S ¢

AstA £ Fa vk (Fig. 3A), collagen®] A} Z Ao A%
=9 vl RPM 10 nM o] goll4] oldt ojalaats,

RPM I Mol A& 50% o]4+9] oAl 4 3+5 R} (Fig. 3B).
3) MZLH HLAAH olxXl= g

(1) PDGFE2 {TE EHIZINEO ZAl1} ERKS} p38
MAPKQ| #AM3}: PDGF: SHA7HAZUl9] ERKS} p3s
MAPKE 2434 A et ERKS] 7 9-= 10504 a5 &
Holul Al H 3t 5.58+2.90u4] A3} glc). npxtrlA) 2 p3g
MAPKX% 5% utol| 15 & Ho|m A 3 3.01+0.148) 3
4 3t=) 9l eh(Fig. 4).

PDGFE FoialA] ¢b-& HAZHA L9 ul|ofoll A= MEK
A A AU p38 MAPK 2 A|Aol] &3k Z=AdAQaat= ¢lg)
©1}(Fig. 5A), PDGFZ §53 A 7HA|E 9 =4S MEK
A ALt p38 MAPK AAAE Fofsts S0l 52817
o} A= 9d c}(Fig. 5B).

(2) PDGFE2 REEH EHZIMZO M IELI7[E MAMa}
ERK 2 p38 MAPK®| &35} MEK 4|49} p38 MAPK

W

Ratio versus stimulated control

0 T T T 1
0 0.01 0.1 1 10

MPA concentration (uM)
PDGF 10 ng/mL

Fig. 2. Effects of MPA on PDGF-induced fibronectin secretion (A) and collagen synthesis (B) in rat mesangial cells. *means P<0.05

versus stimulated control.
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RPM 0 1 10
PDGF 10 ng/mL

4

0.5 1

Control 100 1000 (nM)

>

Ratio versus stimulated control

0 T T T
0 1 10 100

RPM concentration (nM)
PDGF 10 ng/mL

1
1000

Fig. 3. Effects of RPM on PDGF-induced fibronectin secretion (A) and collagen synthesis (B) in rat mesangial cells.

versus stimulated control,

P-ERK1 (44kD)
P-ERK2 (42kD)

ERK1 (44kD
ERK2(42kD;i. . ¥ % X R X X

os]

o2}

Ratio versus control

Ratio versus stimulated control

~.

0.5 L]

0 T T T 1
0 1 10 100 1000

RPM concentration (nM)

P-p38 (38kD)

PDGF 10 ng/mL

*means P < 0.05

|

- e

p38 (38kD) == GEp = - = Gy T
Control 5 10 15 30 1 4 24 48
Minutes Hours

4-.

31 ee

2_

) H

0 T T T T Ij T i T D T D (E—]

Control 5 10 15 30 1 4 24 48
Minutes Hours

PDGF 10 ng/mL

Fig. 4. PDGF-induced ERK (A) and p38 MAPK (B) activation in rat mesangial cells.
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A A A= PDGFE 5% Hak7HA 22| fibronectin A4 &
AglsE ErellA folskAl A AlsldvhFig. 6A). et

a7 A 9] collagen A4S 2{1"“:9—] MEK <] A| 4] (20

#M)2} p38 MAPK & A 4|(1 pM)oll A= &-2o]slA] o A5

A Eaiglon,
MAPK el Al Aol ATt §-2]¢h oAl ekE w2l chFig. 6B)

AEE(50 .M MEK 2} AlA12F 10 M p38

(3) MPAQ} RPMO| HEZHM|ZELHS| ERK?} p38 MAPK

o M0 DIX= F&: MPAE= FA Al RIS Hol=
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A B
100~ = 400 -
€ €
g § 350
g S 300
© ©
g g 250+
Q Q
= £ 2001
2 2 150-
B =}
s € 100-
£ £
vﬁf mf 50_
T T T T B -
Control 20uM  50uM  1uM  10uM Control Stimulated 20uM ~ 50uM  1uM  10uM
MEK inhibitor p38 inhibitor control  “MEK inhibitor p38 inhibitor

PDGF 10 ng/mL

Fig. 5. Effects of PD98059 and p38 MAPK inhibitor on rat mesangial cell proliferation without PDGF 10 ng/mL (A) and with PDGF
10 ng/mL (B). *means P-value <0.05 versus control group; Tmeans P-value <0.05 versus stimulated control group.
A B
4 34
e IS
5 5 2
o (]
[} w
3 =
2 2
[ ]
> >
ie] R
5 5 17
@ o
T O 1 T T T T
Control Stimulated 20uM  50uM 1uM 10uM Control Stimulated 20uM  50uM 1uM 10puM
control “MEK inhibitor  p38 inhibitor control “MEK inhibitor  p38 inhibitor
PDGF 10 ng/mL PDGF 10 ng/mL

Fig. 6. Effects of PD98059 and p38 inhibitor on PDGF-induced fibronectin secretion (A) and collagen synthesis (B) in rat mesangial
cells. *means P-value <0.05 versus control group; "means P-value <0.05 versus stimulated control group.

FEHT £ S04 ERKS p38 MAPKS] #4131& oﬂxib PDGFE §ulolzt2 AH&3}9ich. PDGFE: 83 3

Asent SEIEA AAUAE kT 8 AALE L AVGASS T3 AL L
Holl HaA 2] FAAALIE BUW 10 nM o] <] = w‘-’r‘?—l* = T8 pEatgle] oy A Fole] UAA
RPM?- ERKY} p38 MAPK S| B4 8L5 o AlslA] X3loict Eb‘ A TH(22-24) welA] PDGFol| thst ¢4Av} PDGF 4
(Fig. 8). SAoll gt FAZ Azlels 4 AFAEY S oL}
Alze)7)1 49 Ful7h Aol Harxl 3 9lr}(2526) ¥ o

T @ FolAE GAMALS S43) AL R SR

PDGFE A-&-3F A3, BE 7 $-oll A dlzoll ulste] 9

Pt FE LA Z AL FA ) A Ee] 7] - g FAFEE g Az At EnE Bl
Enl = A3 == 88 E(activated or dedifferentiated) Al t}. o|2]gt PDGFE $-=5 Kﬂ:?_% Aol 73%, ofe] AlZE
Zo] AYE EAo|t}20) ]2 e WMol PDGE, basic Tl Q1AM ¥ 40| B4} = -g— B o} g
fibroblast growth factor (bFGF) %! transforming growth factor- d d3 AT FEollA = ERKI/} MAPK7} 2H4 315

B (TGF- g)7} A&l Ao 2 A Ql=dll, 21 & A+ 9lem,(13,18) PDGF27)+ && v %H 1 7HZ: endothelin-
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P-ERK1 (44kD)| — — P38 (38KD L :
P-ERK2 (42kD) —_— e e —— PIB(EBD) | - o — — - |
ERK1 (44kD) | i ]
ERkz (1240) i S S S 38 (GBKD) | — — —— ——
Control MPAO 0.01 04 1 10(uM) Control MPAO 0.01 04 1 10 (uM)

PDGF 10 ng/mL PDGF 10 ng/mL

b -]
os]

-

o
&)
1

Relative fluorescence activity
versus stimulated control
Relative fluorescence activity
versus stimulated control

0 T T T 1 0 T T T 1
0 0.01 0.1 1 10 0 0.01 0.1 1 10
MPA concentration (uM) MPA concentration (uM)
PDGF 10 ng/mL PDGF 10 ng/mL

Fig. 7. Effect of MPA on PDGF-induced ERK (A) and p38 MAPK (B) activation in rat mesangial cells. *means P </ 0.05 versus stimulated
control.

P-ERK1 (44kD) p— 0038 (38KD
P-ERK2 (42kD) — v — — — p38 ( ).W - |
ERK1 (44kD) | wm s s .
ERK2 E42kD; et s wewmw et e p38 (38kD) el L
Control RPMO 1 10 100 1000 (nM) Control RPMO 1 10 100 1000 (nM)
PDGF 10 ng/mL PDGF 10 ng/mL

>
o)

-

I

o
n

0.5

Relative fluorescence activity
versus stimulated control
Relative fluorescence activity
versus stimulated control

-

T T 1 T T T
0 1 10 100 1000 0 10 100 1000
RPM concentration (nM) RPM concentration (nM)

PDGF 10 ng/mL PDGF 10 ng/mL

Fig. 8. Effect of RPM on PDGF-induced ERK (A) and p38 MAPK (B) activation in rat mesangial cells. *means P < 0.05 versus stimulated
control,

16]L} angiotensin-IN28L} B3 A AZUORN AT AFH 9 p38 MAPK7} RZHAIE 24314 F ojulst wi3hs 1

ABAAERS) a7 ) Astast 4skEo] Wus oA fhelsieldl vl ERKS} p38 MAPK7} 77t PDGE
2 vk ® e Fel A AT whulA QA EA F ERK  ed 1083 SE ol 2 e S48 Hels 4 g9
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t}. gk ERKS] Aleldol ojaA|el MEK < A4} p3s
MAPK 9| Ael#] AAAZ AKX & sl 7§ PDGFe| 9
g ERFAEY FAo] ATHoF AAPE HAT F
ek o]4e] dFAHE-S PDGFol| 23t P E e
434 oll ERKYF p38 MAPK®] 241317} #Hofdhg A4
g}
MPA7} 3 H LA 28] FA1E A3 g2 Bt
el w7t 9ow (71829 AFAE o]u] o et
FARE Hudh vk vk (30,31) E3F MPAE FA AL
< FaEA A oA AFY HEE U3E Yt
FEAZ7E Hagl ub Ach(32) AFAHE MPAE 100
nMEE] 10 uM7ER] 9] B 25 B Algol] A3l o]+
A WA g Kol Aol 42 MPAS] A&
SEE Abste] AAZE Aolvh(33) & ATt o3l
500 nM o] 4o] MPAL AtA]l HAAEY] F41& g3
Ao AAetglerl, ole v Ao Aets dxH
k(1034 o= dAH o2 AL 7153t MPAS] A A F
5 el A AA] EAZEAES] FA o] Fi3] Al +
UG ulstH, ogdt FE= MPAVF 3t HETAE
o] 45 Al $E(1830)9 % v| 23 ol %) w
£ TAE MPAE Aol &= SAA ATA A%
| goll A-El7]% ghe}(35)

o e o

to
N

=
PMO] A¥ HIELE 10 nMOE $A519c} ol
ZAEe ek Z4AAANA 1 oM o] &+
RPMol| 2] Z-3-3F A E£FA o] A= 921 (30) RPM2| &
57} 15 ng/mL (16.4 nM) o] 2] ¢ Er54 3 A A Aol

7t AaliFlche g aGeE AR AYsEE A4
ZAz}olglr}. s1E]t} RPM 10 nMell 4= PDGF {utuf) =7
7 523t 2ol Kol o), 50% o] AFe] i o 37HA)
o] FAAAERE Y = ek ol g At
ATAH GRBFAZ] FAAAEHN = FI HITAE

t}, 559 RPMo| HQ3ks oln]gte}. 121} Diloseph
S(37)E 27 ng/mL (29.5 nM) 5 =2] RPMol|A = 213 A
o A d7o] gtk Warslglom, YA o 2 Qg
RPMO| G4 ZF%7} 10~60 ng/mL (10.9~65.6 nM)a}= A}
AG8E HZTH 10 M o] FES) RPME ¢ 440
2 334 Aol A5 BEe ¥ 5 Ik web] £ o
Toll A& RPME| 55 100 nM2- &8 | uM7EA] F0d 4
Algsiglon], 47] R4 BUAAEL FHo| FE
2402 ofAlslo] 0% ol 4ol FHG FHUALAE &
1% 4 GAEk. 100 1M o] 48] RPMe] 50% of 9] 3-8
ZA AL G thE AFolA el Hawlr|E
k(1)

Y FLTALE o] §F ATA B9 AAUGIAE
MPA= ERK$} p38 MAPK®] #4135 AAdo 24 I3

BETAE A4S AAITE Bk Ho| Y8 A

TA ARFAEE o] &3 B ol Ak o]9} v}
Aok B odF7Agloll A MPAo] 9% ERK$} p38 MAPK 2
A3te] A AEe 2L 5 MPA g AEZ4]Y
Al & 3ok of7ke] Apol= U o, FEAEHQ] A as
= FAEG 0|9 - A= MPAY FA Al AHE-o]
HAZLA £ 0 ERKS}F p38 MAPK 9| 243t} olito] gl

< A% 9ulsla gk whd RPM3 MAPKS}e] Atk
Alell stod A= AQPAEY Fipoll webA] L AR S
H3sl7] % sluh(39) vhre] Hatel|A] MAPKS= A6l

Ao g Huwa girh(3040) ¥ AFolAE AA 8

AT ZAdA7 7H5ehelE RPMS] A8 w0l A
5 EabA o] ERKYE p38 MAPKS] #A4J3HE A%
71 9lgie}. o]+ RPMY 282 9]¢l mTOR (mammalian
target of rapamycin)o| A EU] A1 F A 2|4 & MAPK Rt}
|2 Al o] A (41) MAPK )= W2 9] A& x| Ale] 7] u &
o]c}.(42)

PDGF8} 72 cytokine2 S 7HA| Lofl 4] AE£2] 714 A
Ae FEshe Ao q 98A k) £ AF7A T2
fibronectin®} collagen& PDGFol] 2] s}o] Z-7} 2,84 2} 1.8uj
AEe] Aol AUt o]t AlE£2)7]4 F fibronec-
tin®] A4 7} ofl ERKUF p38 MAPK7} o3t 7]&9] of
TN E B vprt 9leh(30,40) Hbd &3 7kA 2]
9] collagen?] §-%=3A ol p38 MAPK7} ofglchi= H 1=
U 21}, (43) collagen®] WA H7Gof] A E W A5 A FAHA
7b AR oudt g SRl tisted A= dEl A
uk7} ek B od 774 Fholl A MPA7L fibronectin®} £-0] & <
Ast b RPME FHIE AAlA Seleledl o]+
MPA2| 79 A} A A] 5 ERKL} p38 MAPKE -2
1A A Asl= Wb RPM-2 ERKLU} p38 MAPK 2 2] A)3]R)
Lal7] i i-ol Ao Ak MEK o] A AL} p38 MAPK
AA Al et HAZAEL b2 7F Al E2)7]1- o A
HA o] 2= AL YZ=sl i ¢ir}l. = fibronectind} colla-
gen B3 PDGFol| ¢]slo] Al o] Z7}1x]g) o1}, fibronec-
tin®] 7 §-olli= MEK <] #] AL} p38 MAPK < 4l Alof] tjs}o]
EE AR EuldAadE Kyl vh collagen ]
AL AAAY rEEollARE F-o3F Kol & Hit) o]
= A|ZE2| 7| A Z fibronectin®} collagen®] A 7] o] A2
dg 4 9dvhs A Ak 9

B ol ol A = collagen®] 2434 & [‘Hlproline incorpo-
rationol] 98t A A2k B ZA 519} o] collagene] o}
o a2 24S B 71E9) BAShE Rolvh Yrk() B
s A (S 1Y E) SAA L] ARZ Hol o] &
%]+ collagen type To]1} type I} A A3 0] = A A EA)
Sk type IVE 7314 &2 AR F3ks A8 7o)
HRA ] e el oAl WikE ol F & Hhdsle
Aof] thatod A= =gke oA 7} et et F2lH 2B
gl el oJsled i IRHAEL A EL) 7)Ao AEE

o

e oy



2134 9] : Mycophenolic Acid®t RapamycinQl &1 AIHl SIZZINESAIIE MEQJIE MAH DIXl= et 21

Aol 28l collagen type IV, fibronectin 8] lamining H&
collagen type 13} type IIIE F-A|of] A o] A5 = 7o g
Bol (45) AAEke =71 o]l AL WA Agle &4
N2 oJul 9 F Grka sHAlE 2 ATol A MPAE
E-Z RPMo| EA A E 9] collagen FA S L& o2
o A8+ SHleloieh., MPAG] €& HAZHAES collagen
AR A EIE TGR §2 SRR A8 Q7 B
AFA 7 AB7h Bs 3 grk(44) LefLh RPMo
o4 WBIFAES TR W3 BAAE o} W
vlE gl o), 7HHAI AR A (hepatic stellate cell)E- o] &3k 41
YA £ 19 npd7EA £ collagen mRNAe]| 2]
3 AL AdAsle Ao g BHEYrh(40)
¥ A F72H MPAS) RPMo] A7) WRTAIES %
Al 9 collagen?] BA)-& FaA oz sty welA] o)
oAl Eo] uH oA Al 7 e R e tEA S el A
TFAZ LSS QAT = ke ARA FAE Ak

e

T

MPAS} RPM-& B =5 9] &% o & PDGFo]] oj#l +%
) ATA HRLALE F47 collagen FHE A
t}. Fibronectin® 2J4J-2 MPAol| 9J3fA o A= 9l 21}, RPM
of ot AAF = FQIT 4= §ldct o] = MPAS RPM 2]
A&7 -el A& Aolsly| wliE-o®, MPAE ERKY p38
MAPKS] ZA#E A3l v RPMS ERKU p38
MAPK ] 2HA3}e} odubilo] glglc). A 27 o & MPASH
RPM-& PDGFE. G55 AFA A7 E Z4]8 94|

3
g2 B2 collagen®] AJAE odAlsln g, o] kAl Eo] gHA
o| A4l 7] e5A e A& Zﬂfé AL 4 Qlub= AdFoel

IS ANl 1 Y.

REFERENCES

1) Hayry P, Isoniemi H, Yilmaz S. Chronic allogarft rejection.
Immunol Rev 1993;134:33-46.

2) Kashgarian M, Sterzel RB. The pathology of the mesangium.
Kidney Int 1992;41:524-9.

3) McDonald PC, Wong D, Granville DJ, McManus BM. Emerg-
ing roles of endothelial cells and smooth muscle cells in
transplant vascular disease. Transplant Rev 1999;13:109-27.

4) Park JS. Inhibition of intimal hyperplasia. ] Korean Vasc Surg
1999;15:365-74.

5) Hiyry P, Savolainen H, Luoto NM, Petrov L, Loubtcvhenkov
M, Aavik E. Emerging therapeutic strategies for the prevention
and treatment of chronic allograft rejection. Transplant Proc
2000;32:519.

6) Gregory CR, Huang X, Pratt RE, et al. Treatment with

rapamycin and mycophenolic acid reduces arterial intimal
thickening produced by mechanical injuryy and allows
endothelial replacement. Transplantation 1995;59:655-61.

7) Azuma H, Binder J, Heemann U, Schmid C, Tullius SG, Tilney
NL. Effects of RS61443 on functional and morphological
changes in chronically rejecting rat kidney allografts. Trans-
platation 1995;59:460-6.

8) Mohacsi PJ, Tueller D, Hulliger B, Wijngaard PLJ. Different
inhibitory effects of immunosuppressive drugs on human and
rat aortic smooth muscle and endothelial cell proliferation
stimulated by platelet-derived growth factor or endothelial cell
growth factor. J Heart Lung Transplant 1997;16:484-92.

9) Becker GI, Perkovic V, Hewitson TD. Pharmacological inter-
vention in renal fibrosis and vascular sclerosis. J Nephrol
2001;14:332-9.

10) Hauser IA, Renders L, Radeke HH, Sterzel RB, Goppelt-
Struebe M. Mycophenolate mofetil inhibits rat and human
mesangial cell proliferation by guanosine depletion. Nephrol
Dial Transplant 1999;14:58-63.

11) Wang W, Chan YH, Lee W, Chan L. Effect of rapamycin and
FK506 on mesangial cell proliferation. Transplant Proc 2001,
33:1036-7.

12) Cobb MH. MAP kinase pathways. Prog Biophys Mol Biol
1999,71:479-500.

13) Yamaguchi H, Igarashi M, Hirata A, et al. Characterization of
platelet- derived growth factor-induced p38 mitogen-activated
protein kinase activation in vascular smooth muscle cells. Eur
J Clin Invest 2001;31:672-80.

14) Ushio-Fukai M, Alexander RW, Akers M, Griendling KK. p38
mitogen-activated protein kinase is a critical component of the
Redox-sensitive signaling pathways activated by angiotensin
II. J Biol Chem 1998;273:15022-9.

15) Tsiani E, Lekas P, Fantus IG, Dlugosz J, Whiteside C. High

glucose-enhanced activation of mesangial cell p38 MAPK by

ET-1, ANG 1I, and platelet-derived growth factor. Am J

Physiol Endocrinol Metab 2002;282:E161-9.

Haneda M, Arachi S, Togawa M, Sugimoto T, Isono M,

Kikkawa R. Mitogen-activated protein kinase cascade is acti-

16

Nt

vated in glomeruli of diabetic rats and glomerular mesangial
cells cultured under high glucose conditions. Diabetes 1997;46:
847-53.

17) Sung CP, Arleth AJ, Eichman C, Truneh A, Ohlstein EH.
Carvedilol, a multiple-action neurchumoral antagonist, inhibits
mitogen-activated protein kinase and cell cycle progression in
vascular smooth muscle cells. J Pharmacol Exp Ther 1997;
283:910-7.

18) Park J, Ha H, Kim MS, et al. Effect of mycophenolic acid

on human vascular smooth muscle cell proliferation and its

signal transduction. J Korean Surg Soc 2002;62:1-7.

Radeke HH, Christians U, Bleck JS, Sewing KF, Resch K.

Additive and synergistic effects of cyclosporine metabolites on

glomerular mesangial cells. Kidney Int 1991;39:1255-66.

19

~



22 [HSIOIMSKIXI - HI 18 A HI1& 2004

20) Hohnson RJ, Floege J, Yoshimura A, fida H, Couser WG,
Alperts CE. The activated mesangial cell: a glomerular
‘myofibroblast’? J Am Soc Nephrol 1992;2:S190-7.

21) Floege I, Eng E, Young BA, Johnson RIJ. Factors involved
in the regulation of mesangial cell proliferation in vitro and
in vivo. Kidney Int 1993;39:547-54.

22) Iida H, Seifert R, Alpers CE, et al. Palatelet-derived growth
factor (PDGF) and PDGF receptor are induced in mesangial
proliefrarion nephritis in the rat. Proc Nat Acad Sci USA
1991;88:6560-4.

23) Floege J, Burns MW, Alpers CE, et al. Glomerular cell
proliferation and PDGF expression precede glomerulosclerosis
in the remnant kidney model. Kidney Int 1992;41:297-309.

24) Johnson RJ, lida H, Yoshimura A, Floege J, Bowen-Pope DF.
Platelet-derived growth factor: A potentially important
cytokine in glomerular disease. Kidney Int 1992;41:590-4.

25) Johnson RIJ, Raines EW, Floege J, et al. Inhibition of
mesangial cell proliferarion and matrix expansion in glomeru-
lonephritis in the rat by antibody to platelet-derived growth
factor. J Exp Med 1992;175:1413-6.

26) Ludewig D, Kosmehl H, Sommer M, Bohmer FD, Stein G.
PDGF receptor kinase blocker AG1295 attenuates interstitial
fibrosis in rat kidney after unilateral obstruction. Cell Tissue
Res 2000;299:970-93.

27) Huwilwe A, Stabel S, Fabbro D, Pfeilschiffer J. Platelet-
derived growth factor and angiotensin II stimulate the mitogen-
activated protein kinase cascade in renal mesangial cell:
comparision of hypertrophic an d hyperplastic agonists. Biochem
] 1995;305:777-84.

28) Tsiani E, Lekas P, Fantus IG, Dlugosz J, Whiteside C. High
glucose-enhanced activation of mesangial cell p38 MAPK by
ET-1, ANG I, and platelet-derived growth factor. Am J
Physiol Endocrinol Metab 2002;282:E161-9.

29) Gregory CR, Huang X, Pratt RE, et al. Treatment with ra-
pamycin and mycophenolic acid reduces arterial intimal thick-
ening produced by mechanical injury and allows endothelial
replacement. Transplantation 1995;59:655-61.

30) Park J, Ha H, Kwon KH, et al. Effects of mycophenolic acid,
rapamycin, and carvedilol on the PDGF-induced fibronectin
secretion by rat vascular smooth muscle cells: Implication of
MAP kinase. I Korean Soc Transplant 2002;16:1-8.

31) Kim YS, Kim MS, Ha H, Park J, Kim HJ, Park K. Effects
of carvedilol alone and in the presence of cyclosporine A on
the DNA synthesis of cultured vascular smooth muscle cells.
Surg Today 2002;32:230-5.

32) Ojo AO, Meier-Kriesche H-U, Hanson JA, et al. Myco-

phenolate mofetil reduces late renal allograft loss independent
of acute rejection. Transplantation 2000;69:2405-9.

33) Allison AC, Eugui EM. Inhibitors of de novo purine and pyri-
midine synthesis as immunosuppressive drugs. Transplant Proc
1993;25(Suppl 2):8-18.

34) Ziswiler R, Steinmann-Niggli K, Kappeler A, Daniel C, Marti
H-P. Mycophenolic acid: A new approach to the therapy of
experimental mesangial proliferative glomerulonephritis. J Am
Soc Nephrol 1998;9:2055-66.

35) Briggs WA, Choi MIJ, Scheel PI. Successful mycophenolate
mofetil treatment of glomerular disease. Am J Kidney Dis
1998;31:213-7.

36) Kahan BD, Podbielski J, Napoli KL, Katz SM, Meier-Kriesche
H-U, Van Buren CT. Immunosuppressive effects and safety of
a sirolimus/cyclosporine combination regimen for renal trans-
plantation. Transplantation 1998;66:1040-6.

37) Diloseph JF, Mihatsch MJ, Sehgal SN. Renal effects of
rapamycin in the spontaneously hypertensive rat. Transplant
Int 1994;7:83-8.

38) Diloseph IF, Fluhler E, Armsrong J, Sharr M, Sehgal SN.
Therapeutic blood levels of sirolimus (rapamycin) in the allo-
grafted rat. Transplantation 1996;62:1109-12.

39) Oh CD, Kim SJ, JU IW, et al. Immunosuppressant rapamycin
inhibits protein kinase C alpha and p38 mitogen-activated
protein kinase leading to the inhibition of chondrogenesis. Eur
I Pharmacol 2001;427:175-85.

40) Svegliati-Baroni G, Ridolfi F, Di Sario A, et al. Intraceullar
signalling pathways involved in acetaldehyde-induced collagen
and fibronectin gene expression in human hepatic stellate cells.
Hepatology 2001;33:1130-40.

41) Davies SP, Reddy Helen, Caivano M, Cohen P. Specificity and
mechanism of action of some commonly used protein kinase
inhibitors. Biochem J 2000;351:95-105.

42) Penuel E, Martin GS. Transforming by v-Src: Ras-MAPK and
PI3K-mTOR mediate parallel pathways. Mol Bio Cell 1999;
10:1693-703.

43) Chin BY, Mohsenin A, Li SX, Choi AM. Stimulation of
pro-alpha(I) collagen by TGF-beta in mesangial cells: role of
the p38 MAPK pathway. Am J Physiol Renal Physiol 2001,
280:F495-504.

44) Dubus 1, Vendrely B, Christophe I, et al. Mycophenolic acid
antagonizes the activation of cultured human mesangial cells.
Kidney Int 2002;62:857-67.

45) Yasuda T, Kondo S, Homma T, Harris RC. Regulation of
extracellular matrix by mechanical stress in rat glomerular
mesangial cells. J Clin Invest 1996;98:1991-2000.



