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Effect of Mycophenolic Acid and Rapamycin
on the Proliferation and Collagen Synthesis
of the Vascular Smooth Muscle Cell of Rat
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Purpose: Vascular smooth muscle cell (VSMC) proliferation
and extraceliular matrix protein accumulation play impartant
roles in chronic -allograft - vasculopathy. Mycophenolic acid
(MPA) or rapamycin (RPM) was reported fo inhibit VSMC
proliferation in vitro and in vivo. However, effects of MPA
or RPM on collagen synthesis of VSMCs, and the combined
effects of MPA and RPM freatment on VSMC proliferation
are not yet reported. Methods: VSMCs isolated from the
aorta of Sprague-Dawley rats were cultured with EMEM
supplemented with 10% fetal bovine serum and insulin/ trans-
ferrin. Growth arrested and synchronized cells were pre-
treated with test drugs (alone or combination of various
concentrations of MPA and RPM) 1 hour before the addition
of 10 ng/mi PDGF. Cell proliferation was assessed by [H’)-
thymidine incorporation, and collagen synthesis by [H’}
proline incorporation. Results: PDGF increased oell profifer-
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ation and collagen synthesis by 3.4- and 2.1-fold, res-
pectively, compared to control. MPA at above 100 nM or
RPM at above 1 nM effectively inhibited PDGF-induced cell
proliferation and collagan synthesis. The 1Cs of MPA or
RPM against PDGF stimulated cell proliferation was between
100 nM and 1 .M or between 1 nM and 10 nM, respectively.
The combination of MPA and RPM showed additive effects
on PDGF-induced VSMC  proliferation in a multiple re-
gression analysis /(R=0.508, P<0.05). Conclusion: The
presant study demonstrated that MPA or RPM significantly
inhibited PDGF-induced VSMC proliferation. These indepen-
dent phenomena were well maintained as suggested by
additive effects after combination treatment. PDGF-induced
collagen synthesis was also effeatwe?y suppressed by the
treatment of MPA or RPM. (J Korean Soc Transplant 2003;
17:1-6)
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Rapamycin (RPM)< tacrolimus (FK506)2} -$-Ab8) Lz =
7H AAZA AE W E49) FKS506 binding protein
(FKBP12)7} Z3tsto] 34 thlel mammalian target of ra-
pamycin (mTOR)-&- A A|sto] A|EF7|E 2Asto 24 A
EZAE AR A2 Eol o] AAE HA A A o] 9
A= F3 ) AX L stentol] T F o] A APF ol
3 X gl AL Bk ohgt A7A HPAE FA
AA 8 FLAZA L] AR AAE L Urk(8-12)

A2 E 7170 2 2881 MPAS} RPMo] H i gk
xS FAE JAslE A2 o] F ofFo| 7]1E9 o
2 o] Slol| = A E2] FA o] Fojels A E TEATA
DA il A8 Qe A 2EY, T FAlE
HHHGZA AN AE ) A DA B4 A 4Z, extra-
cellular signal-regulatory protein kianse 18] 3L p38 mitogen-
acitvated protein kinase 7] & &4 3}ol] thdl dgke] A 2 o}
& Rt obY et AEe] 74 whule] YF9 fibronectin] A8
AR Az o 3HE HoFan Yoh(3zle

Collagen- 7+& FR7 st oA 25 & A X971 g}
499 Fo THHROZ A o B ZA|E Hold
t}.(15) Dubus 5(16)7} Badid S(I17)< 5/6 AAA 2FH 9
ATA GAZAEE o83 in vivog} in vitro Ag o)A
MPA7} collagen 9H41-S JAIHS R aslgla, Svelgliati-
Baroni -5(18)-2 RPMo| 7h4)| ¥ (hepatocyte)ol] 4] collagen mRNA
S 22AYE BIselch 2P, ofx7la] o
o] AHFITAHEY collagen Aol v A} Ba
At glek

utetA], £ AT 1) MPAS} RPMA| A Q] B gHF0i7} &
[AHBTAEL FAol vlx]= FE Y 2) 7 AA9) G=
Fol7h Al£2]7)4 Q) collagendl] v X &35 B3
stz skgdch

TR
1 Al % 7|7

Aol &3 Ak gl V| FE w2 AR e 3 7
7} Sigma Chemical Company (St. Louis, MO, USA)$} Nalge
Nunc International (Naper Ville, IL, USA)ol| 4] £l &}e}

2) MiE HH

Kim 5(19)] & HAsto] AHH I EE wjokst
k. Zrekshm, E5A] 200~250 gme] Sprague-Dawley A
TH JFE o] AN F KBieL FHol HE A
AHe TET HF2RE dEus sl 429
55 penicillin (100 U/mL)3} streptomycin (100 mg/mL)
of 5 4°C 9]k} A (phosphate buffered saline: PBS)ol]

o

gol tlEmo 2 e) A 233 Qo) 5L AAR S,
FH| 3 collagenase (activity 253 U/mg; Worthington Bioche-
mical Co., Greehold, NJ, U.S.A.)7} $8-3] Eagle’s minimum
essential medium (EMEM) #jofF<} 7.5 mLe} Z+o] 15 mL A]
% #(Corning, Corning, NY, U.S.A)ol] Qa1 37°Col| 4] 30
S HHEAZ o] % tlEwe) owka} Wuhg dissecting
microscope (Olympus SZ 40, Olympus Optical Co., Tokyo,
Japanyslo}| 4] forceps2 o] -§3}o] ¥he]&t & razor blade & &
Al &5k} o] AHES vhA collagenase’} 4% EMEM
iy 7.5 mLell W31 37°Coll 4} 1~1.5417F Eetk wkg-A]7]
thE 1,000 rpmell A 587 44 Relsto] Ao Wl
‘&2 Al ZE collagenase7t £ =] o] 14| 92 EMEMof| )
A7 ol T & 28] HHES ohe, 94 Rl
of AFNE e, ¢ AMEEZ 10% elobsd A (fetal
bovine serum)o| 3+-4% EMEMZ} &7l 35 mm uljok & 7)o
38k 37°C, 5% CO, humidified incubatorel 4] ujjoks}<d
v}k wjokEl AlE & anti-al-actin antibody (DAKO Japan Co.,
Kyoto, Japan)E ©]-&-3F W1 =2 318t UG Afsle] &
HHBTAZYE s

3) %E Fof

AZEE WEE717E 32 wfl ¥ A EMEM skl o
2 aghsto] 48417k Wikl AZAAE Uit
o]Z AZ-g HHujA wjkBo g w3lslw 4 PDGF-BB
10 ng/ml& Fodstod mhokslddcl. MPASH RPM2 PDGF &
o] 1217+ Aol Folelich. efAlEEol whE MPA 9} RPM
o = o W FAAYTL ofush ek

(1) PDGF (10 ng/ml) Fof Z(FA tH2T)

(2) MPA ©h5-F0] 4317 MPA (100 nM), MPA (1 zM),
MPA (10 M)

(3) RPM &H5-5F-0 A% F: RPM (0.1 nM), RPM (1 nM),
RPM (10 nM), RPM (100 nM)

(4) MPAS}H RPM W 3HFo] A¥lF
MPA (100 nM)+RPM (1, 10 =¥ 100 nM)
MPA (1 zM)+RPM (1, 10 XEE 100 nM)
MPA (10 #M)+RPM (1, 10 ®EX 100 nM)

4) [3H]-thymidine incorporationZ2 Q|28 MIX Z=A|
o W}

96 well A E uljok&7]o)] 7+ welld 2x 10°7]9] A7} 5
E5 EF3to] 53] Ageisich Age] £857) 12417 A
o] [3H]—thymidine (Du Pont Co., Wilmington, DE, U.S.A)&
2t wellol] 1 4CifmLe] 3£ 2 7ksisich. A4lo] a2,
WA S AAska YAl 2k PBSE 23] Al e}lirt. Trypsin-
EDTAE A&3lod HNEE X 8A7] & 3 mL scintillation
cocktailo]] 3 31 beta-counter (TL 50008, Beckman Instruments
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Inc., Fullerton, CA, US.A)E & WSS FA3%

5) ['H}-proline incorporation@® O| &8} collagenB & &
ot

24 well A wfjokg7]oll 7t welld 1x 10°78¢] AE7} 5
SE B2 53] Agdelle. Ade] Fa57] 12417+ A
ol PHlproline (Du Ponty& 7zt welloll 1 4CimLe] FE& 4
7bstdel. Ao 2859, wiAE AAST EA ERg
PBSE 23] A= 3lgch Methanolg Ab-g3slo] AGA7| 3L
PBSE 13] AlMslglr}). 10% Trichloroacetiac acid (TCA)E
10E-7} Al.2o| 4} Hbx]8 3 0.2 N NaOH$} 0.5% SDS7} 3t
43 8ol 3087 HH2Al7] ¥ | N HCIZ 4H-5-8 F8A
# 3 ml scintillation cocktailo] %31 beta-counter (Beckman
Instruments) 2 & 95 SR8
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Fig. 1. PDGF increased rat VSMC proliferation. Data are presented
as the mean +SE of five experiments. *P <0.05 vs. control.
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E AgAzte] A2l ¥ F(mean) + EF 2 XHstandard
error)’ 2 Vbl e 7+ F 7rel SAIRH e wlae E4
BA(ANOVA)F} t-testS A3hs}o] PgLe] 0.05 vlukel 7%
o §elAol gl Aoz #Ascl

2 &
1) PDGFO|| 2|8t SR HETMES] S4(Fig. 1)

PDGF 10 ng/mi& 317 HAFEZAEY FA2 st
%t} PDGF %o ¥ 482 7to)| ['H]-thymidine incorporation
£ 1367.3+3272 cpmo. 2 tZF-9] 397+51.7 cpmol] H] 3}
3.44(P <0.05) Z7}stgict.

2) MPAS RPMQ| CHRRO{0] MHE BRTHES 5
A H|(Fig. 2)

B AgellA A48 FE9 MPA 100 sM~1 uMo|u} RPM
0.1 nM~100 nM& ]3¢} [*H]-thymidine incorporationel]
W3 F2) gol F AA BF B A ALE Fxel
A AE EAe] le& A rHFig. 2).

MPASQ} RPME =-59]&3 o @ PDGFo| 2% AT Z4]
& A MPAS] Al E54] Aol gk I 100 nM
7} 1M Ao| ¢ 3L,(Fig. 2A) RPM9] ICseS 1 nM3} 10 nM
Ao G rHP <0.05) (Fig. 2B).

3) MPAQ} RPMQ| HEIF0{0| WHE BUTMHMES &
Al K| (Fig. 3)

MPAS} RPMS] A1 EAl0l] gk 4 Fol Lahg 7 44et
7] 95l 100 nM~ 10 xM MPAS} 1 nM~ 100 nM RPME
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Fig. 2. MPA and RPM inhibited PDGF-induced rat VSMC proliferation. (A) Effects of MPA on PDGF-inudced rat VSMC proliferation.
(B) Effects of RPM on PDGF-induced rat VSMC proliferation. Data are presented as the mean£SE of five experiments. *P <0.05

vs. MPA- or RPM-free group.
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Fig. 3. Combination of MPA and RPM showed additive effects on rat VSMC proliferation. Effects of MPA (A) and RPM (B) on
PDGF-induced rat VSMC proliferation. Data are presented as the mean +SE of five experiments. *P<0.05 vs. MPA- or RPM-free group.
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Fig. 4. Effects of MPA and RPM on PDGF-induced collagen synthesis in rat VSMC. (A) Effects of MPA on PDGF-induced collagen
synthesis. (B) Effects of RPM on PDGF-induced collagen synthesis. Data are presented as the mean+SE of five experiments.
*P<0.05 or **P<0.01 vs. control, ' 'P<0.01 vs. MPA- or RPM-free group.

A-8-31% . RPM 0.1 nM-2 oflu] A& o] ] PDGFol] 213t =
Alfriboll thslo] BAIH o2 foldt JAAT}E Holx| &
k7| uwfS-oll A 2]stich. RPMS 7H2} 1, 10 28] 3 100 nM
E 3% Aol A MPAS] FEol whE ZA A5 A
Hr, MPAS] thE S0l nl X712 & PDGFe| 2]3F 24 F
o vlgte] BE Foll A fstA F4o] ZHaslic).
MPAE Z+Z} 100 nM, 1 xM 28|31 10 xME 314 8} Abelol|
A5 RPM ol u}-2 Z4] 9 #l)= PDGFol| 2]3F Z4] 7o)l
Hjgle] EE FollA ot A4 2y

23 AEAE sl ul, MPAS} RPM9] HigF ool
23t AL FAZ FA Aol 7 o Bo] EPH o
2 2A83E ¢ F YHP<0.05, R*=0.508).

A1 E(cpm)=1,163.572 — 136.73 x MPA S5 ( uM)
—1,080.167 X RPM-5 %.(nM)

4) MPA2} RPMO]| 2|8t collagen®tA 2 H|(Fig. 4)

PDGF 10 ngfmL-& 48417} 1 4] &334 Zol| 4 )
collagen ¥4 2ol vlste] 2.1 ZF7HAZ o} A EZ
Aoj el 2 5522 100 nM o] 4-e] MPAS} 1 nM o]4}¢]
RPM- 77} 5 £ 9] o 2 PDGFol| 24l 4% collagen
A= A kP <0.05).

| &

£ A 23} PDGFe d#FEZAEY 43} collagen
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42 $oluA 271443, MPASH RPM @57 7}
7} PDGFol] 23 AEZ4] 4 collagen §A& Fol3tA o
At o Al WiFol slgl g ol MEFA ] SHE
o2 AqAdE #FE + A%

QJAA o 2 A&7H5(2058k 3 A EEA 0] gl 100 nM~
10 uM2l MPAS}H | nM o]A4+e] RPM-& 7}7} PDGFol| 2%
AEZAL g EH ol ZAH R FoutAl At
Atk A EZA] Aol i MPASH RPM9] ICso Z+7}
100 nM~1 M3} 1~10 nM Aol e o] Mohacsi 5(21)
o B AFRA(22)9) 7E Az}t ¥xd.

MPAS} RPM9] H3§HFoi7) 2t SPH o2 FA A &
#& JehiQ 1, 23 AEA A 5 /A e 7
EH o g 242 Az} ol MPASH RPMo] A2
o2 1AL A et RHE AT FAL AATE
A Agke}, 3] Foll Jolicoeur §(23)2 AF AT =
9g AL Al MPASH RPMS] 017 ol 44
#e] % 9! Banff sum scoreE EA|H 082 F2lstA 4]
%2 Wusiela, 2 ATAQHS MPAH RPMS] ¢ Fol
} 217 AT BUDAES 24 P SYHeE
A Baslgct

35 A7) A hule] 3 F57< collagenol] -+ oF
9] &3+ MPA7L 100 nM o] 4ol 4, RPMo] 1 nM o]-d-eil
A 2 AL FEEH o2 A MPAE ATAl
AL E9] collagen FHA & A AlshaL,(16) RPME ZHALE
ol 4 9] collagen mRNA FAL HAIgkcta Bxd vt 9l
t}.(18) Collagen Aol 3k MPAS] A &7he & A7
o 712 AF AFU31H AE ) S444457) ERK 9
p38 MAPKol| tigh o} A|izte} AHo] Y& A2 A7
)3, AAZ 3482l N-acetyleystein, ERK 2] 2l 2] Q1
PD98059 % p38 MAPK < AIA& A8319¢ o] PDGFo|
o]8t collagen 34 F7P 4SS #3livHdata not
shown). RPMo] A Z£.¢]7)A ghuje] o}& F579] fibronectin
7} e collagenol] 3t A HIE HolE AL o] F F
74A AEL71A el FAlo] ok 71AE B3 o]Fol
Ag ousin], 713l A7t LR}

A& o2, MPAS RPME 7H7t HAHGTH Foll
3 ZAA ZFHE 7HA 3 glen, HFoe SRHY
zAlgA ZzE Bk Yozl ZH AlAlell 218 collagen
A AALHE o5 oHA7H o4 F Wabgue] B S
apeba A Beke oA EA $8u 489 5 9 7
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