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Effect of Mycophenolic Acid and Rapamycin on
the Proliferation of Glomerular Mesangial Cell
of Rat
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Purpose: Excess proliferation of mesenchymal cells such as
vascular smooth muscle cells and glomerular mesangial
cells, cause transplant vascular sclerosis and glomerulo-
sclerosis, which are typical pathological lesions of chronic
allograft dysfunction. Mycophenoic acid (MPA) and rapa-
mycin (RPM) were recently reported to have strong anti-
proliferative potentials toward vascular smooth muscle cells.
However, the potential effects of these drugs, either alone
or in combination, on glomerular mesangial cells, remain to
be reported.

Methods: Primary cultured mesangial cells, from Sprague-
Dawley rats, were isolated, and stimulated with 10ng/ml of
PDGF. The test drugs MPA and RPM were administered
at various concentrations, either alone or in combination, 15
minutes before the addition of the PDGF. The cell pro-
liferation was assessed by [3H]—thymidine incorporation.
Results: The PDGF effectively stimulated the proliferation of
the mesangial cells. The MPA inhibited the proliferation in
a dose-dependent manner. In comparison to the stimulated
control, the MPA (above 500 nM) showed a significant
inhibitory effect. The ICs of the MPA, against PDGF-
stimulated mesangial cell proliferation, was between 500 nM
and 1puM. The RPM, at 10 nM, showed a significant
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inhibitory effect. In a linear regression analysis, the RPM
was supposed to suppress the mesangial proliferation in a
dose-dependent manner (P <0.05). The pattern of inhibition
for the MPA and RPM combination was very similar to that
of either the MPA or the RPM alone. Both the MPA and
RPM were shown to independently suppress the mesangial
proliferation from a multiple regression analysis (R2=0.415,
P <0.001).

Conclusion: We demonstrated that MPA and RPM signifi-
cantly inhibited the proliferation of glomerular mesangial
cells, and that these effects were well maintained when used
in combination. Our data indicate that both MPA and RPM
have unique potentials in preventing the development of
transplant mesangial proliferation in renal transplant recip-
ients. (J Korean Surg Soc 2003;64:372-376)
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of] WA Ae] mycophenolic acid (MPA)S} rapamycin
(RPM)©] AFHES-9] FQFAAEQ A ofye}

A% FYTALL ARPAE) FAE GO oz
o] WaEn gov (68 Yubde Agael Adgal
A% "ot A4 Wskes ATAl Wk FAol
Aste] whebd 7h RE wstabg So] ol Ax T4
Ao ¥ 4 Yo ©) ATAES AATA AL
E Ao g slo], Aok 28748 714 MPAS} RPM
AAE, T B WekTo stof, o]5 AA7E AA Et
AL FAAA WA HE SelsknA QT A
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2| 100 gram % 52| Sprague-DawleyA] <+ 3F & n}
3 F et ok F AAE AE3 F ARARE TR
A Aol 3 Al AFHU0= F st ATAE £
glstal IR EE vieksldct. 75im 452 Aol A=
AFAHE FBFAL collagenase®} trypsinS 2 X 2] gF ¥ 2,000
pmell 4] A4 Felste] A AFAE Felob EA (fetal
bovine serum: FBS 20%: GIBCO BRL, Grand Island, NY,
USA), penicillin (100 U/ml: Sigma Chemical Co.)@} strepto-
mycin (100ig/ml: Sigma Chemical Co.)& 388+ Dulbecco’s
modified Eagles Medium (DMEM: GIBCO BRL)ol|A] wlj<ks}
fick. 2~3%uet Wkl Az FFsha 7~ 102wt}
trypsin/EDTA (0.25%/0.5%: GIBCO BRL)E o|-&3}o] Alti
aFatar, 53] Al wjget o] %o AEE B gl AE
e

9 du ez daAlEe] S Dl dvimen-
tin &2 (DAKO Japan Co., Kyoto, Japan)2} &cytokeratin &
#| (DAKO Japan Co., Kyoto, Japan) & o]-&-3F w o =%]3}3}
A Allste] AAl dRAIES sk

wjok7]oll A &3] A2t AZE trypsin/EDTA (0.25%/
0.5%)% A 2lg ¥ 96 well vl%k-87](Coming, Corning, NY,
USA)ll 7+ welld 1x10°719] AE7} HEE HZEs|o]
confluence & o] FA sl3it. o] AEES 20% FefolEA
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o] &8-51 DMEM 2. & 72A] 7} vljeksl 3 & uf 4] DMEM
O 2 48A17F Fet wiekste] FAE AAEGch o] kAl
2 A EL 2 Foldl 3ol PDGF-BB (Sigma Chemical Co.,
St. Louis, MO, USA)E well9] 557} 10 ngmle & F %
5 Arlkslol 24410 B S4& FUAL F Hlhymidine
(Du Pont Co., Wilmington, DE, USA)< 7+ wellol] 1:Ci/m1<]

T2 Arlsla, 6A17F F wokA|EE cell harvester
(Titertek Cell Harvester 550, Flow Laboratories,
Scotland, UK)E ©]-&%}o] cell harvester filter (Flow Labora-
tories, Irvine, Scotland, UK)ol] §ZHA|HA Aol A <k A7+
=t A=A7] thS 3 ml scintillation cocktailoll Pl [
counter (TL 5000s, Beckman Instruments Inc., Fullerton, CA,
USAE ¥ WAse SAsIh

Irvine,

3) MgotRlel 2o

A ZE wjekE7171 & ol @A eliA] DMEM & &
;,Ls?}a} ] 48X 7F wljoksto] AE AAS A3t Al
& @ w4 DMEMo 2 1331 4 10 ng/ml¥] PDGF-
BBE Fol&}it). MPAY} RPME 7 welloll F-of3lar 158
733} %oll PDGF-BBE Folsloitt. oFAlE Lol vt MPA
9} RPM] wh5 1l BighFo] AR ool 2t

1) PDGF (10 ng/ml) §olFFEAHZ2T)
2) MPA %5501 A3 MPA (100 nM), MPA (500 nM),
MPA (1iM), MPA (10:M)
3) RPM k550 Ad4: RPM (0.1 nM), RPM (1 nM),
RPM (10 nM)
4) MPAS} RPM W3HFo] Ay
MPA (100 nM) + RPM (0.1 nM), or + RPM(1 nM),
or + RPM(10 nM)
MPA (500 nM) + RPM (0.1 nM), or + RPM (1 nM),
or + RPM (10 nM)
MPA (11M) + RPM (0.1 nM), or + RPM (I nM),
or + RPM (10 nM)
MPA (10iM) + RPM (0.1 nM), or + RPM (1 nM),
or + RPM (10 nM)

4) SAHXNZ| LY

13]9] 38X triplicate
incorporation®] =4 %] %

o2 245 [H'|thymidine
:‘r}g o7 ‘;Hi—‘—]_ ﬂou;] 7]— /~1

[}
g A= 639 FAXol gk 1+ E 73 %K (Standard
deviation) 2 FAIsIch + o 7+ FAIE 4°1 Hl 2 &
Student t-testS, 37- o] EAIEHAQl H]ZE ANOVA

with Bonferroni’s multiple comparisons ©] & ’5}04 PZke] 0.05
ujukel el fFelAe] S Aoz iA ]'°3\‘:]' oFA| 7}
Qo ATA BRHAE S0 o)A JgE D)
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54 (simple linear regression). > &, 27 2FA|2] W gHFo] A]
ZAo| mxE= g tF3] 7] E 4 (multiple regression
analysis, enter method)S AH-&3}o], F-2l+F 0.05 vjuto 2
o= st

| o}
1) PDGFO|| 2|8t AL A EEZEMZS SARYEY

=79 [H']thymidine incorporation & 102.3+27.8 cpm
o]gl o™ PDGF 10 ng/ml A&+ 1,723.0+528.0 cpmo]
tl. PDGFell ¢J3t SA &7+ HZT9 167408202 &
At oz {o3t FAFUETRE HhP=0.001).

2) MPA2} RPMQ| SA|9FE 1 EISF0{gDl

MPA &H=5-0] 72 [H’|thymidine incorporation-S 100 nM
o & 2,057.8+424.6 cpm, 500 nMellAE= 606.3+164.1
cpm, 1UMOlAE 360.3£134.9 cpm, 10uMolAE= 179.8+
59.8 cpm O E ATA] A L] FA L TE oJEF O
2 A9t E3] MPA 500 nM o] Aol A= ZA =3
(stimulated control)ol] H]3}o] EAISHH o2 {23 2ol &
H9 o™ (P=0.003), MPAS] 3 A|5%(ICs, inhibition
concentration 50%)%= 500 nMI} 1uM Aol o] th(Fig. 1).

RPM 0.1 nM, 1 nM & 10 nM §H5-5-0d 2] [H’Jthymidine
incorporation> Z+7Z} 2.040.5+384.8, 1,765+479.0 & 1,314.3
+282.1 cpm & & RPM 10 nMoll At EAg3 o 2 2]t
ZA A A E IS B rkP=0.018). 1} RPMY] 57} =
7} s FTFA A& Fobske o3t AYAIE B
o](P=0.003), RPM2] ICso%= 10 nM o4& 4 + AU
th(Fig. 1).
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Fig. 1. In vitro effect of mycophenolic acid (MPA) or rapamycin
(RPM) on the proliferation of mesangial cell *means
P-value <0.05 versus stimulated control by Bonferroni’s

multiple comparisons
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o} 9} mp7RA| 2 MPA 500 nM o] ¢e] FEellA SA =
Toll ulsto] Fodk FAAALAE 3t 5 RPM 5=
o] #AIglol MPAS] ‘EX%=7} 500 nM o] 43l 7% FA =
Toll Hleto] ot SAAAEAE Hlor, RPME &
Eoll g Aol flShrhFig. 2).
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Fig. 2. In vitro effects of mycophenoic acid (MPA) on the
proliferation of mesangial cell by the co-administered
concentrations of rapamycin (RPM), *means P-value <
0.05 versus stimulated control by Bonferroni’s multiple
comparisons.
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Fig. 3. In vitro effects of rapamycin (RPM) on the proliferation
of mesangial cell by the co-administered concentrations of
mycophenoic acid (MPA), *means P-value<0.05 versus
stimulated control by Bonferroni’s multiple comparisons
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MPA7} 100 nMQ! <Foll 4wt RPME] %ol wHE f-2)3k =
Al A g9H5 gHalg 4= 9lglrh MPAS] F57} 500 nM o]
4 75oll= RPME] kol b SAJAR == 5AE
Ao Z {Folgt o]z} flo] YA A chFig. 3). L& v}
3 AEA S A Aol A ATA dRA X F
A A EE MPASH RPM 55 B59 &9 A33AE
A E Aog gesglen v E ARAF Re oy
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g = 9rh(R*=0.415, P<0.001).
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1 A5 o] galsl MPAS} RPM7} AFEA] 7 stoll o
qeh-E sl AA IZAE] Aol vX]= 2
oFA|S] k= g Wit RoE Bl Ak
MPA7} &3t FEZA 9] FAS AL w2 Hald
A 2R vt glow (6,713) o] AlAlE dFHLEE
AAFET T3 v o] A4l AFe HIEE Y
T vk BaE uh glek(14) B3k MPAZE ARA] E3kzk
AlES] SAE JAgo] Bax s gle] (1516) ol & AR
MPATE QIdellA] SAA ATA A5 X 5ol AEE7 =
geh(17) AAHES MPAE 100 nMFE] 100M7HA] &) S5
2 Al Agsloled ol B Wl dAsH S
Hol= MPAS] A&sEE Atsle] AR A2Z (19)
500 nM ©]%9] MPA+ AH7Al ERHA 2] FAS a3t
Aoz At ol dFHoZ AL7Hs3E MPAY
AR FE Woll A AtA] GRTAES] FAlo] FE3] A
g e guleid, ol#dt FEE MPA7L E3 HLE
|Ze] SAE JAlstE FEAE H3E ol et
RPM & Ag 2355290 10 nMol| A Y §-2]8k F4]e
AEIE BHg o), RPME 57} S718el w2 5
EAQ SAAA &S HEY 7 ek dF H3
Zol| tigk FA] A Aol A 1 nM o]/42] RPMoI|A]
g A EFA o] AAE A S(11)S ket At I3
THAE] SAAAETE 3 HE A EE) 1559
RPMo] HQ3H3 ok = 9lom 10 nM o] 9] RPMeofl A H]
24 50% o449 SAAAEIT} et AA7A 4
7 v2E= RPME] 557} 15 ng/ml (16.4 nM) o4 7%
5S4 AAANE Azt BaEs glont19)
BFE o] &3 FEAYAE 27 ng/ml (29.5 nM)dlA =
Aol WA 7ol gle ALZ Huxi glvk(20) Gyt

mu ok > ol

2

rlo o|N

ofN <

N 1>

Q| : Mycophenolic Acid 2! Rapamycinil S&ZHIE SAl 375
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