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Effects of Inosine Monophosphate Dehydrogena-
se Inhibition on Platelet-derived Growth Factor-
Induced Fibronectin Secretion and Cellular Reac-
tive Oxygen Species in Mouse Mesangial Cells

Jehyun Park, Ph.D.", Jae Sook Song, M.S.", Kyu Ha Huh,
M.D.!, Man Ki Ju, M.D%, Hye Kyung Chang, M.D.%>, Hyung
Joon Ahn, M.D.", Myoung Soo Kim, M.D."* and Yu Seun
Kim, M.D., Ph.D."?

"The Research Institute for Transplantation and 2Department of
Surgery, Yonsei University College of Medicine, Seoul, Korea

Purpose: Mesangial cell extracellular matrix (ECM) synthesis
plays an important role in various renal diseases.
Mycophenolic acid (MPA), which is an inhibitor of inosine
monophosphate dehydrogenase (IMPDH), inhibits mesangial
cell proliferation and ECM synthesis. However, the exact
mechanism of MPA has not been clearly elucidated in
mesangial cells. To examine the relative importance of
IMPDH on the inhibitory action of MPA, we compared the
effects of MPA or IMPDH2 siRNA on platelet-derived growth
factor (PDGF)-induced fibronectin secretion and cellular
reactive oxygen species (ROS) in mouse mesangial cells
(MMC). Methods: MMC were stimulated with PDGF 10 ng/ml
with or without MPA 0.1~10 «M, IMPDH2 siRNA 10~ 50
nM, or N-acetylcystein (NAC). IMPDH2 siRNA was transiently
transfected by lipofectamine for 24 hours. MPA 0.1~ 10 M,
ribavirin 10~100 M, and NAC 5 mM were administered 1
hour before the stimulation. Cell viability was measured by
methylthiazoletetrazolium (MTT) assay, fibronectin secretion
by Western blot analysis, and dichlorofluorescein
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(DCF)-sensitive cellular ROS by flow cytometry. Results:
PDGF 10 ng/ml effectively increased fibronectin secretion
and cellular ROS in MMC. MPA and NAC at concentration
without affecting basal level of fibronectin and cellular ROS
ameliorated PDGF-induced fibronectin secretion and cellular
ROS. However, IMPDH2 siRNA only partially reduced PDGF-
induced fibronectin secretion and cellular ROS in MMC.
Conclusion: These results suggest that MPA may inhibit
PDGF-induced fibronectin secretion partly through IMPDH2
or cellular ROS in MMC, and there may be other mechanisms
on the inhibitory action of MPA in mesenchymal cells. (J
Korean Soc Transplant 2007;21:210-215)

Key Words: Mycophenolic acid, Inosine monophosphate de-
hydrogenase, Mesangial cells, Reactive oxygen
species
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%<1 mycophenolic acid (MPA)& B3 HZLLAE 3 A
AT P e

Haxo] 3rk(3-6)

MPAE A|ZW guanosine Aol F 23
monophosphate dehydrogenase (IMPDH)ol| tl]
HIZ A AAA(DZA HAA ] AHE F
Yzt 25 Tl A 71 Al S4 3 Alxer)d #A4
= GAst B AL 315 I FE2A £} AA
F7HA| E ol A MPA7} platelet-derived growth factor (PDGF)
EE oleic acidoll &8 AlE£F4] 9 ECM A& dAlstx
IMPDH 2|&4 wEx vl o]EHQ F =25 E*}C’i AZE A
IALATE AR oju] Bargt v} ek 3-6) 53], AlxE
Y guanosine A= A|FEL} ZZ ol v} salvage$} de novo
73729 o] &5 sy wiiell, F& de novo FEE A
sHe MPAS] 714& aedel] & uf, AvlE 22 de novo 7
29 o] go] A& AFA| E7HA|ZellA IMPDHS MPA
o oA ARl e RARERH AR olshE 2
Aot}

A FEW 24 A+ A=Z(reactive oxygen species: ROS)< PDGF
off o3t d3k HIAZA L] FAel 9loA Fast TS
Sro] Q143 o]F Fo3t AEW AZAGAE dHA St
th(89) thokdt Aztol|A] ROSO| d&to] WA= i3, &
QAT 3 o A% 1 o)4 Ao 3] W) BT
o] A2 ROSS @AW AA IS o] F7HbS Hagt
ub Qleh.(10,11) B3 MPAZE €3 HELA| X 9 Il AlZ
oll4] ROS A5 B2l vt 9le v (312) kel HA-&
olUf 2L AA7|A ZAY 715AS 183 MPAY
FA A IMPDHE] 44 A& o] &3], Alx

J.4-9] inosine
% geeolx
|
.

& % of

L

2413} 8 ROSE JAlsHE MPAS] Hotobe] vl a s £,
IMPDHS] Z 2 Aol tlgt & ©] #pAe oAty I JOLOM

H o Fol| A& MPAS} IMPDH®] small interference RNA
(siRNA)7} PDGF-BBol| 2J8t A SZ7HAE2] fibro-
nectin 0| &} A|Z W SAAES At v X = F8ks v
2 At

H} By
o =

MF AFPR| EZHZEMIZ (mouse mesangial cell) H2¥

AF AFA DI/ EE SV40E HFH AT immorta-
lized cell lineS ATCCollA] T sled AL-8-&1d ). Aok
£ 5% $-eflo}8 A (fetal bovine serum, Invitrogen, Gaithers-
berg, MD, USA), 100 U/ml penicillin (Sigma Chemical Co.,
St. Louis, MO, USA) % 100 xg/ml streptomycin (Sigma
Chemical Co.)-& €3t Dublecco’s modified Eagles medium
(DMEM, Invitrogen)oll 4] ulj kst

2) Methylthiazoletetraolium (MTT)

Aol 273 % phenol-red®} A o] vA|x] DMEM Hl
Aol 1 mgmlo] ¥ MTTE 53] 37Tl A 147
E9ot HFSA|7It}. Extraction buffer (20% SDS, 50% N,
N-dimethylformamide, pH 4.7)& &7}3F & 24X 7+ 733 &
microplate reader (SpectraMax 340, Molecular Devices Co.,
CA, USA)Z °]&3to] 562 nmollA F3 =5 FAstArt

3) Flow cytometry

Aglo] 5% AELZ PBSE 23] MM 3 Aste] wlzt
Sk &342)1219] 5-(and-6)-chloromethyl-2’, 7°-dichlorodihydro
-fluorescein diacetate (DCFH-DA, Molecular Probe, Eugene,
OR, USA) 5 «ME H7}stod 205 53t AE wljod7]oll W)
sto] A2 HE 4885 FUAAY FdEA 2 dE8E
A ste] A7 g & FACS (Becton Dickinson Immunocy-
tometry System, Mountain View, CA USA)E & % (excitation;
485 nm, emission; 530 nm)S =43l th

4) IMPDH siRNA M|z 2 MZLU 7

AF ol Eo]Z 2l 23] IMPDHS] siRNAT AmbionAbol|A]
A58} pre-designed sSiRNAE Fi-sto] AA-g3}9ie) 7=

Aol AR 552 SiRNAE hpofectamme-b} plus

reagenets -3—%‘“ SNol| A 27 158 7F HESA 7] 3 244
7F B AlFEW S ek cy3rh 2hE SiRNAE

Agste] AEY 99 AEE FFFu| Aoz BHsl9)
IMPDH22] mRNA iﬁa—% realtime PCRZ &7 3}o] s1RNA
9 ZIE A

5) Realtime RT-PCR

% RNAT TRIzol (Invitrogen) 2 E2]3} 3, A2t 5 ug
2] RNA¥E reverse transcription premix (Maxime RT premix,
JEE, AE, o Z 42TellA] 5087 vE-A17] £ 95C
ol 1087+ ukgste] cDNAE TAstgrl. IMPDH2
mRNA §*2 SYBR greeno| ¥3%+% realtime PCR premix
(Takara, Tokyo, Japan)E Ab&3}o] 7500 Realtime PCR
System (Applied Biosystems, Foster, CA, USA)Z £43}%
th PCR AHE 9] SolAl3 &elsl7] 918te] melting curve®}
agrose gel 71955 Algsqict

6) Western blot =41

Aol 83 ME wleklS 73}o] fibronectin £
Kol ALEeIeh. A8 WAL 5,000 rpm, 4Cell A 53
Zb AAEEE] AES AES AAsA kS
AAS AE= YAEZH PBSE 13] A8 & lysis buffer
(20 mM Tris-HCI, pH 7.0, 137 mM NaCl, 1% Triton X-100,
0.2 mM PMSF, 1 xg/ml aprotinin, 20 #M leupeptin) & 1L
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Fig. 1. IMPDH2 mRNA expression (A) and cell viability (B) transfected with IMPDH2 siRNA in mouse mesangial cells. Data are presented

as the mean+SE of five experiments. *P<0.05 vs. control.

1S oA 1057 H-2A R AEE 12,000 pm, 4ol
A 1587 A Helslo] A28 #slo] Bio-Rad protein
assay kit (Bio-Rad, Hercules, CA, USA)S Ab-&3}o] whul-S
AeFsioict. Az chwlow HAH kAL sample
buffer (12 mM Tris-HCI, pH 6.8, 0.5% glycerol, 0.4% SDS,
2.88 mM 2-mercaptoethanol, 0.02% bromophenol blue)$} £3¢
slo] 95CollA] 5% &3 7Fask3irt. 6% SDS-polyacryla-
mide gel electrophoresis (SDS-PAGE)9llA] A7 2|3 &
nitrocellulose &2 (Bio-Rad)ol] H o] A|Zt}. ghullo]] i3t
molecular markerE AH-&3ko] AMe}F Ho] FEZ &34l
t}. 245 5% non fat dry milk blocking §Hol] Wit 42
ol A 1417+ 5k vb-SA A 0.1% Tween 205 £33 Tris
ol o g 23] A|H g F horseradish peroxidase (HRP)7}
7Z43+5 fibronectin 4(DAKO Japan Co., Tokyo, Japan)Z 1
AIZE EE A&olA WhEAIZL 3 1584 43] AlHsgieh
Enhanced chemiluminescence (ECL, Amersham, Buckingham-
shire, UK) kitg o]-&3lo] A& H=33ch.

7) EANE
RE YA SR ATEE 02 hehigl
a, ZF 7k BAIEAR vlae EAHEA(ANOVA)TL
Fisher®] #]48-9x AAHS Al)slo] PZko| 0.05 w]ukel

1) IMPDH2 siRNA 07} MF AFFA| S2ZINZES
IMPDH2 mRNA ES 3} NEZEM O|X= P&

AF AEA GB7HA Eol| A IMPDH2 mRNA 8-S =
Aslo] IMPDH2 siRNAS] AT 99 a 7S =A 1)

- — —

- - -

PDGF 0.1 1 10

Control 0.1 0 10

MPA (uM) MPA (uM)+PDGF
B
e D —
Control IMPDH2 siRNA PDGF IMPDH2 siRNA
10 nM 10 nM+PDGF
C
- - - _.. - .
Control NAC 5 mM PDGF NAC 5 mM
+PDGF

Fig. 2. Fibronectin secretion exposed to PDGF with or without
MPA (A), IMPDH2 siRNA (B), or NAC (C). Data are
presented as a representative Western blot of five expe-
riments.

IMPDH2 mRNA %382 IMPDH2 siRNAZ 10 nM ©]4F §o]
S92 W) 90% o4 FaElo] FAHE Fol3l9lrhFig
1A, P<0.05). Aol AH-&3F 55 2] IMPDH2 siRNAE 7]A]
3o AZEA Jko| 31girhFig. 1B, P>0.05).

2) MPA, IMPDH2 siRNA 2 NAC7} PDGFO| 2|st
fibronectin 2H|0| O|X|= A&

PDGF 10ng/ml Fo] ¥ 244 7ol A3F] AtA] HA7HA 2
9] fibronectin ¥+ Ao 2 Z71E 9, MPAE 1 M
o|Ake] F o)A PDGFOl 9|3} Z715 fibronectin £H] S
A 3] LA ZHFig. 2A). WbHoll IMPDH2 siRNAT
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PDGFel| 2]ste] 714 fibronectin %-H]E 71474 7+
ZAFNA ko] FEAHQ apuks el v (Fig. 2B)
71 QAFol| A MPAS] &7}7} F9 FAthuiel IMPDH2
o} A B4 LT JAE Tkl Ueltong gk
3}AIQl NACE Foste] Adsleict. NAC 5 mMY PDGF
o] 9J&}o] Z=7}= fibronectin B0 S aF o7 ZHAAA
th(Fig. 20).
3) MPA2} IMPDH2 siRNA7} PDGFOf| 2|5F MZLY
EMMAZ OX= HE
PDGF 10ng/ml-> A7 A7A] SR7HAZ ] A2y 24
AaE S 5Holl, =T vlarste] 199 F7HA Z k. (Fig.
3A, P<0.05) MPAYE £59]&% o 2 PDGFl| 98t &4
4% 37 dAsle] 100 nM o] FollA AR OE fo8t
Al A8k tH(Fig. 3B, P<0.05). IMPDH2 siRNA Fol+
PDGFol| ¢Jslo] S718 AEU SALEFS VA FF9
1.3u] 2 72 Zch(Fig. 3C, P<0.05).
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Aol F d ARk WA oAl RAFol o] 44l &
4ol 9 AAYelE BT opgAA oz HE
& kgt X 24l gl Ageleh HA Ageld F 4714
Z89 FPE A WA o144 BAZ a2
S A% 5 9k A FAS Aol AT Fol 9

th(1,2) MPAE AHA
E9714 o] At 8 A S AL F
PEHoZE o|AAle] BEES T7HAIZIAL RHA] o] A4l
FAZo 29 AYS A=

7HA] MPAE thekst Aol o3t A|Z2]7]4 chull 34 &
Aol Haxlo] 9l ¥ AFolAE MPAE AF 2 A4
TA SH7HAE A PDGFell 2]slo] 715 fibronectin®]
S FEOEH o Z A8t MPAS fibronectin A3
A A Eabe B oA Xlol|A] At kst S o] AAEA|
AT E 5] G FLTA| oA odoj R Azt opy
2h(5,6) th& A2 Agk AA] IB7HA| ol A TGF-
B 1ol oJslo] F7hel Alxe]7|d gl A5 AAlse A
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Fig. 3. Cellular ROS exposed to PDGF (A) with MPA (B) or

IMPDH2 siRNA (C). Data are presented as the mean+SE
of five experiments. *P<0.05 vs. control. TP<0.05 vs.
PDGF alone.
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e} A3kt (15)

MPA7} AA] BRHA A F4] 9 Al £2]7]4 tha
A= dAlsle 7IHeZA 719 Fo A Al
IMPDH27} AXE] 32 Y31, o]u] 2]FH o4 F-ofdt guanosine
o] o] & 3] FA 7= A7t hek(6) shARE, 2 FellA] F
o138} guanosine= MPAS] I H3TA|E9 F4] A&
FEA o 3 BAZQ3) ol T 719 AlZelA
IMPDH29] o] A3 Q1 7]E2] Hi6)9k 37 MPA7}
thE kel TIHe Eeke] Alxe] F4 9 Alxe]r)d
chle] AAE JdAE F dge ARG AAE
IMPDH29] siRNAY Z3H o & PDGFol| 2lslo] &7l
fibronectin A8AHE A ASFAAN, 2 A7} AgHE o] et
o] & Fol|A FoI3t guanosineo] MPAS] A &AI}E
Ao 3| HA7] Ae} 97 MPAS] AlE S48 AlZ
97174 ok $hAJof] digk A E77F IMPDH2E 73-R-3HA]
o BEA S AlARskE Zlolvh Bjh, NACZE PDGFell 9
g ATA| SHAEL fibronectin H-H] S A3 A=
G FEZA T I A EEE ofy et AEA] F37E Al
Fo| AT AEW A A4Zo] PDGF| )3t fibronectin -
Hlof| 4] F a3t 33 3}, MPAY] fibronectin 0] 4 A|7}
Al A S i3k AA 713 e 7 skl AT
T U= Al Qe
A SAAALFL hekst Al AadDA 9 24
Skt obdel Al ES] FA) 3} Al £e]7] 4 gkl o] Aol =
23 &S ghe AT FEATHADARA 7]E AT
ofl A MPAS] thAll 4 o2 AAE I 3lek(3,12) & ol
A% PDGFel| &J&to] AZ SAF4LFL 55 2=E
S7kslaL vk Aol A= 3t §lgith MPAE PDGF
Fol & 530 Z7he ATl A4S tiste] 2
EA9 &z HE Bk AN IMPDH2 siRNAE
fibronectin A§AFA A2} - AFs1A] PDGFel| 28k A 2] 24
AaEE FEA o Z At MPAT YXpulekst 315
AR GITAZF A A AZE A S A LA Z p38 mitogen-
acitvated protein kinaseE & Als}H, 2] Foll4] Foi3k guanosine
o] A Ql 3| RAH}E Bk (5) MPA7L AAl ERTE
Al Zof| A A2l SAAAFESS AR 2L I3 FE2A
2ot oAzl A AAH 7]E9] gAkst axket A A
E3 MPAS| A 022 AE 44459 245 o
3 Aoltt.

2 =

B ]9 A= MPA”Z} PDGFel| 9J3le] $5% A7
AL DRI E ] fibronectin £H| 5 < A, MPAC]|
o3t AAAAES AATE AF AA A2 A3t
= JAlske 7140l 2 o Ya AAEE Bt ok,
MPAZ} 7]&ell A W F2 #8714 IMPDH2E &
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