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Abstract

Objective:  To investigate the function of fenofibrate on PAN-induced podocyte
injury. Method: 18 weeks old SD female rats were randomly assigned into 3
group( n=6). mice in PAN group and fenofibrate treated group received a single
intravenous injection of PAN (65 mg / kg), while those in control group received
equal volume of saline. Mice in fenofibrate treated group received 40 mg / (kg d) of
fenofibrate (intragastric administration) at day 1 after PAN injection, while those in
PAN group and control group received equal volume of vehicle. 24 hours urine sample
from all group were collected in day O( 1day before PAN injection), day6, day 10. The
24 hours urine protein was detected by Bradford Assay. All the rats were sacrificed 10
days after the induction of podocyte injury, glomerulus sample were collected. The
expression of Podocyte injury marker and transcription level in apoptosis, podocyte
cytoskeleton protein, slit diaphragm protein were evaluated by western blotting and
real- time PCR. Result: Compared with the control group, 10 days after injection of
PAN, 24 hours urine protein was obviously increased, the expression and transcription
level of podocyte injury marker desmin, apoptosis, gap junction Cx-43, podocyte
cytoskeleton protein, slit diaphragm protein were upregulated greatly, but those were
significantly lower in fenofibrate treated group as compared with those in PAN group.
Conclusion: PPAR-a agonist fenofibrate can ameliorate PAN-induced glomerulus
podocyte injury, the mechanism involved may be associated with inhibition of the

mitochondria apoptosis and TGF-B/Smad pathway.

Key Words: Podocyte injury; PPAR-a agonist; Apoptosis pathway
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1.1 FEHE M S /\BkEE L ( FSGS)

Ja kb Bt B /N EREEAE (focal segmental glomurular sclerosis, FSGS) A&
ZMEMEZR K ERIIE RS R . PRI (Rt B/NERFT (B B /hER
o BAME R CBD KAWARE, HPHEAK. HREGEI2 LR IRKR
Blo WA P B BOTIR R BORESS B /NER, 53010 R A BB 1) /N — (]
JRIRAS, P R EEAT IR R, HA& R AR T RE R .

FEICHET, BRI AL 2 R (IR K B /NER) « 1B (B2 R B /INER Y
TBUNHEAL) 73 A o 2N B NER AR AR BE R AN —, T BOERE AL A Y R AN AT
[, — L BRR 2 8 55 B B AL B /N ERCT BUEAE I . iR . A A AL
HZPAS JetusmPaE, PR, 245 /NERBANILE #F K A B AR B A B 40 I
AT ILIE IR 5T, BT A “IE WA 7o 1 BUREAL A B /N ER N AT LI R 4 i
(B ELA A I (I R AR R0, JF ) L5 Bt 5 AR I R BERLIE . R VRS

P HE TRERAE T B A A o ARATEAL (14 /N BRI A B P 22 9 3 M AR I o A 5
BEAL ' NER LGB I, AR SE 3 (0 B /NERORE 2 A AEAREE R I K

HLBE T LRSS Rt — 2D SR, FB/NER B R 2 )2 (e SR Ak, IX AR &
AR T 0 N A B BN, I T REA IR B/, s ar
WA S G ) 2, RIEIX . FE55 DR R T DL RTRIR # 5
Bos iR, B/NERTTBUEALAL GBM . 1E)E, BAHMER BN miE, A
TR R, ARG, BELAN AR R, BE VAR R RUR I S SRR E
[1' 210

IEAh, G =R MG FREOR, TgMy 3. Clg EAFMBRCR . PR EEE TR
AT BUSEAL IR B NER B A M E R ITAR, 2> WL TG PORR o ARAEAL R /N Bl & [
BAE R XIL TeMy C3 JIAR, B/RAET B E FHUTAR . B /N Bk 2 4R AT Ve |
S A0 P 3 U A A A A 8 B R R (800 M B

MR R A BE RS FSGS 73 g il TR A L SR Ra AL 22 RN ] Y A 7
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o THHRAL FSGS: FEATE AR iR AT T 3 /INET IEL 251 P 25 H B — AN 1T B AR I Ay
TR FSGS, HF:FIGREIAN R TR EIE. RIT 25, XFh FSGS %
PEARTITAS R AT, B0 O NE R SR, R T SRR, B ThRE4ERR R 4 . SR
TFSGS: &/ 1 AN BORESR A LT BN BN Bk, TR (A T )2 b 3 2 At R
ARG A REETY FSGS o MR ANHUR . BIRLEAAEANE hREAS 422 HL F 2 KR I
Vo X PR FSGS — MRS R I, F AR R ELRE AN NP E R L L HIV 5 33 55
I UL S D BB AR P R L BUR IR R . R BLRURIT B FSGS: £t FSGS
EIX FUPIFT R B 5 A LY, R A LRl FSGS AR REMFL S5 S . B/ NERT]
JE (AR RBE AL T Y FSGS AL RVRRAE™ . %28 FSGS 2 WL T4k K K 5 5]
HELI FSGS DA K — S8R R M B9 . D% T2 LAY FSGS AT & B FSGS B R AL,
LE A Z A0 FOESE R 40 5 2k 2 RSB R &

ORI, R rET B B N BRI 2 — T DA A2 4H 45 15 AR AE 1R 1 /)N
ERBE AL, AR5 Bk 25 5 AE FSGS [V SR & Jig it SC s MEVE ™ o 2 Rhoms
HNE, FlandmameE, SN, MRsh /% R%, WA s L
I A A, 0ok 7 A 00 o B R AN, B 2 7 A AR A i A R A KR T
(R A A A/ JE 5T SRAR, A 2 N B /INERASE A AN 28 A 30 155 0o PR o R A
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SR AT — Ao BE O A R AR Y] b e A, . T B /N ERFE TR R (GBM) F e Ak 2
A [i) 5k TR AT 6 200 ML A PRy B 240 3 [ ) ol /N B oo o e, o A ' /N BR B A i
B, YEFRF R /NERIEL BRI T B > R AR R, AR 4ERF RN ERYER AE 4G F AT
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T 3% 1 AL 20 o R = 9 A 5 g i A BEE I B AR Y AL A, 3 R SRR
A RN AR SR, BRER DX B A L AE B T EOK S RAAAE T E AR, 37
S A B4 1L A T SO R 1 R SR PR 6 2 Bk, AT U8 5 TORDERTE R, S8
KEH AE T B A IS A2 B AR T A RN, e 2 B/ INERAE AL 7 A2

FEFEUE MR 00 2 PR R, H LR R EZA VIR B/ NERNIE TR
7% (ROS) = BFFFCFRH™, JE 4t 0 A 3 P SRR 1 0 T 1 D S 4 A5 495 (¥ A L
AL EEAE . WS TR T RS e e A ARG, 5Dy, W] DAIE
_E A A2 4 NADPH S0 H Bl A 2 » 3 7 2 B 22 RO R SRR, T 5 B2 A0 B 453
FOIRI T o PR A TR G A5 AL 5 SO T SR 28 B 43— 0 /N IR i
IV SR G5 R AT G o BRAb, W PR EUA%AE v] 5 4] R 7~ 1 (PAT-1) ik B AIRE
T

M EHKR I (Ang 11) = Ang ILXF 2 400 BAT B R 051 EH, EAMERT B
FF/NER Y B A0 I R 1 5 0, e 4R b, 3 BUE S Mk e, IERES B
et B /NBREIL BF I . Chen &6 XOF 78 27 M4 SR 5K 3R 1 AT LA A R 4 = A

IVALR, SIS ECM ARSI S, R& RERARM™ 4. Lok, M
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EU N I B ARG AN e = SRR ol DI = A NS = 976 N7 i /) (P e v o

2. R AL TEIA T R B I (PAN) BRI KB E AR, B R RN
KA AN EREEAY, A0 B 25 R A Y () MU RURRAE, 5 SR IR AL B R A B /N BRASEAK,
TR R MM BCRER 2, WA R BB ™ B . EAR ARSI, PR B A
MENA BT 3R AR 8 W5 T R OR A A0 R G I 4 1 B SRR B R L, Bl E R B (B
—tubulin) . WIEHEH (vimentin) . ERiHE A (laminin) . A H (keratin) &HLE)
HHE. WHtEs, @I EERERIEREYFEa 3 MB 12 BE R nRNA MEH
(ZRIE, kLA IRE PR BE 77, (H AN M4 A /7 75 5% DNA A

e ORI I AR S C A A A ME S T O S R L P B A K
THla 3 VARSI G i, 4 db/ db BUE K BT TGF-B 11 HY 24k i) ik b,
NG NERAE K 3 (I8 IE T o TR I, 16 = BEFREE T P38 MAPKs 15 5 id i 7= 2E
WAL, Sk ECM & g in, B2 ARNERAL ™) (AGEs) 21X, T AGEs &
TR 5] 2 2R J S o 40 2R AN B, LR AR . B4k, Wendt %57 DN
(B9 7, ORBEHEAG = MDA FH T A 40 M0 2 [T RO AR RS2 A4 I, A2 4 P I 87 9
AR T RA B IR AR AR TR A B, 3 SR A R B I, T
LB /NERBEA IR A

g EPTA, 4RI EL H R e BN R A A ) SR BE IR 3R, B /INER N 2 AT
HEMA LRSI EThEEA 4. CAMFTTIESE, BB FERIIN, B/ NEREE{L
KAV R E RS R B A B VIR B /NEREE AL FETE 2 A0 B
10 %~20 %iF BRI E S, A0 R E E B2, BN BRI DL R B PR e
A, Pagtalunan %5 TERE IR B IIGIRRT Fo 45 R R, IRRIE KEEA
PRICIAE PRI B S5 8 SR 2 M 25 SR AH Ll b 8 PREE 1 1K) DN AR T 9 ) X2, (F AR s 4
AN A B2 A0 B8 H TG 35 AR o oAt 2R T 0% PRI B3 B9F 7 A5 Y T AL

YA [18]
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1.3 PPAR-a
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(peroxisome proliferators activated receptor, PPAR) ", PPAR 43AJ PPARa .
B (d)Fly =FEAY, 5 EABERZMEEIE R, PPAR H 6 X
(A-F) . 3/NThRe4itt. A7 T 32457l C X2 DNA 454 [X (DBD), FRHk¥
I E/F X2 RCHEELS 51X (LBD), LBD FEMER (R 5 Fe i e S BUE 5 i B vh R 4%
PR, &AL A/B ZATIX, PPA Ry HIEMAIHE M A P K A5 A/B X
— AR TR TR AL T P, T PPARa FRIBAR (L AT 1E R 15 32 A1 Ak (52 A0
3

PPARGL #2 55 — AN 591 H SR (S 28, PPAR— 75 /Co FUL I L R 5 A 3 B (A
W B R AR KR KFERGE . HABAE R ECIABOE E, SR X AR (RXR )
TR IR, SRR R A AR G B D AR R Tt (PPRED AREHS, 3%
[Fl VR % R IR R e k. VR 2 S IR AR QM B R #5A PPRE, 414N fid 5
I R 3z R A I R A O 1) TG R 5 B GE  Tk Al EL A e 1 R R ™
PPAR-a A4S DRE 40 2, BRFES SHEEAR N IR AT, B 2 S B AN
WA 5 B AR RE SN e S SR FE AR A VR 2 a0 g L B
RS BRI iR DA K SRR 5 PPAR-o B Z DI R ™

PPAR-a 5 B ik FERE Ak . PPAR-a (¥ 370 20 Jik 546 B 15 4k 1 FH 3= 22 2 3 ik P&
MCP-1(PPAR—a A HIRT C S bt H 53 i B A A i L EE DV ET-1C N 3R -1D
ik, $) IL-1 530 IL-6 B, LAAIRZHE (LPS) 5 3 B ML 4 0 &5 P 23
T-1( VCAM-1) k=™, [FIF, PPAR-a B4EN7ITT @ GEL2 T bk U 400 M 3k
3 T A Sl SR AR RE A8 IS TPN-y & &, Bh4h, PPAR-a  7E4% | FiE
24 i 1) B[] O PR A S B DG BR AR L RT UG IE ApoA2—T -3 i L] I HE A A
S Niemann-Pick 2 C & 15 (1322, 8 717 L 3] 152 DA V25 T8 {4 280 200 M P PR 32 20
PPAR-a #EZ) B S FEREAL IR J5 KB Bt R ¥ B 2AE R, —J7 T PPAR-a 38 1 X it
240 L A 2R B AR R P16 15 S F AT 4 SMC R LANMDD (s ™
537718, PPAR-o B e fig MMIP-9 (20 fid 715 joid i 45 o1 4 J 2k 1 i) gk Tt o)
SMC HJiE#% .
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W, R SHBIENRE . 1993 4F Marsman Z5450E T KR H PPAR-a #3)
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I wy—14643 REWEHE IR B R K R ™ 0 53 oh, JEDR R BRI BRI S0 — 25 E
SRR wy—14643 390 R KA 5 PPAR-a HE VIR R (HZE, 7EA
AR A K PRI AT 4871 R 5 00 I Al Y e I 247 A v DR (093 598 6 384 R
95 1 AR o A BIF S 4R R T DURE RT LA N Al M bk HePG2 fRO3 5 ™
Holland FRIURRRALMIE R v B8 T KB PPAR-a 7 N7~ 5 N B A 23 &
RIE, 45T PPAR-a BahiRIAE VR AT DL 0] AR 75 N B Ak Ishikawa )
WA, I 5] R R AN T2  PPAR—ou H BRI AT B B DA R LA 5 THI P74
(1. @] AP-1 s H-1), N Cyclo—oxygenase2, cox—2 (A%
PORE—2) B MU P B AR A TR I, AT IR et N 25 Mg i 4 P P e b 2
(2) . PPAR—a HIHGE AT LA LR B 7 B 8 TkB R4 NF-x B #3E It HE T &
PR ER: (3) . PPAR-o /iS4 ffd J& S RN Z0 A U TR DG TE IR (3R
= AR AN B G S S HARRAL, TR RLIK 40 E 3 D1 (eyelin
DL) (N, MIIEBHREMACE ™ (4. FRPIETEE Bel-2. HAFETE
(1 Bad (7K, 380 40 A 12655 (5) « Ji Brbd iU F B, B AR A a 4 i
I3 R K h AT PR S B, J2 VEGE B7K ik B4 g i /6
PPAR 5 ' IF5 075 « R 22 (1T 72 38 W PPARL 72 ' HIE 5 T A8 R 3% 2 2 [ iR 47
e . BT "%, Docosahexaenoic acid, DHA (- B NHMER) 1E PPAR
o FR TR Eh, R I R8> 2 e b BRI R K8 3 51 AT R /N B B T 40 L
JAT, Wikt F PPARa DM bR/ REDCREAE o 59 A BF5E " 43E, PPARa i1
—prostaglandin, PGL (RFIMRE 1.) Al @G FRAMFE T A CE H caspase—3
caspase—9 LA AHMI L ZR C, Pk v P S P A SR A I DR OK B 2 5 R I A R
7f siRNA(short interfering RNA, siRNA) [J#&4esit i, PPARa FEEE T4 RNA
L) NRK252E A i PPARa 1A Y2 2 FEAIC, AT FHIT PCL X KR E R B F T
IR . BEAh, =3IA 1) PPARa 1O REAE 025 1R A A DA SO AL
S RN, A2 R R SR A RORCZ B, B NFk B
p65 WA EAEF, 02 RS 1 NPk B IEMEF & o 78/ BB PRI B9
BRI A, PPARa KO /I BRI M /135 5 (ECM) BB A= B B (B4 22, S RE Rl 7 3RIA |
A, I R = R AR R K K T e BFST TR B, PPARGL IR RR R /D R
X 9 S5 I P T P VR 5% 0 S S I gURg, 1y B4 T B AR AL/ R PPARG BN 7
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