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Pathogenesis of focal segmental glomerulosclerosis and morphogenesis underlying its pathological variants
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[ABSTRACT] Focal segmental glomerulosclerosis (FSGS) is defined as a clinicopathological entity of different etiologies and
pathogeneses. The clinical manifestations include proteinuria,usually of nephritic range,and are associated with lesions of focal
segmental glomerular sclerosis and foot process effacement. The Columbia classification of FSGS based on light microscopic
assessment includes five subtypes: collapsing variant, tip variant, cellular variant, perihilar variant, and not otherwise specified.
Columbia classification emphasizes the association of clinical with pathologic characteristics. However, both the physiopathology
of FSGS and morphogenesis underlying the five morphologic variants are not fully described in Columbia classification. Over the
past few years,significant progress has been made in the pathogenesis of FSGS and morphogenesis of diverse variants of FSGS.
This review recapitulates recent important advances in the pathogenesis of FSGS and morphogenesis basis underlying the
pathological variants of FSGS.

[KEY WORDS| focal segmental glomerulosclerosis; pathogenesis; pathological variants; morphogenesis

[Acad J Sec Mil Med Univ,2009,30(8):961-964 ]

2003 4F D Agati FFH i R kb BoVE B /N BRBEAK (fo-
cal segmental glomerulosclerosis, FSGS) ) &F & Lt V. 9% i 43
RIS WAR e, %5 BB v EAR IR 6 85 N & A i Ak B /N ER
7 B 0 98 BLRRAE B o3 AT A B FSGS 4328 5 FlE A, B g Y
(collapsing FSGS) ., T ¥ & ( glomerular tip lesion FSGS) . 4
B8 Ccellular FSGS) | 78 2 (perihilar FSGS) Fl 4F 45 5 A
(FSGS not otherwise specified), %43 B b #E 575 I IR 5 9%
PHARIE 2R L 9k U8 S (W) 38 T8 A I PR AR AR IR I RN B 1
T 5 45 77 1 14 45 LR A

Barisoni %5110 R FSGS & e HACF M 1Y 2 40 1 7%
(podocytopathies) , F A& 9 9 H0 PR 4T 2 A2 40 M 368 493 , OF 9 it
PR T MG Sy 2 W AR A . % 3 28 UE DL B G 1L R
PHA3 T35 W b o Dy R Bl L 2 AR SRR R LR OF L i 2

[ BEHE] 2009-01-14 [#£ZH#] 2009-03-11
[fEERAN] BEEE, 8+, E-mail:yizchen@126. com

20 5 912 WS T R 6 5 PR L R AL D B 2 4 %
J5 1B 45 8 LUBR I RGP 5 2L 5 5 UG T A R LR

B, XMt EESEGLAE KR T FSGS &ML K H 5 ﬂﬂ?ﬁ‘
BRI 25 S A 2 FE R R DR AN W IR A O JRAS — 26 o B gk

Ji& AR SOR A G A — L5k
1 FSGS & 7% HL il 7 50 it R

FSGS A HIL i i o0 3195 J2 8 I T 2 40 i A B sl 3
At xR QA B . KEZE FSGS 2 Hh AN 1T 386 14 2 41 45
P51 2 A0 PR T 4 B O A BUH T B o 0 S HE
AR AR G FSGS T2 pl R T (4 2 AN 4 45 51k 2 40
M T e ¢ I, 3 e 4 R BOILAL T 25 40 AR 25 SUtE A 40 i 38 5
JA . IR R AN AR B B AR B N S

* 38 IHAE# (Corresponding author). Tel:021-81885393, E-mail : zh_zx@ tom. com



+ 962

B EBEREAR 2009 4E 8 AL 30 %

Ty R R A5 A L TR P ks A i e AR L TR PN T 4
AL A T 4 6 S RS TET L T 3 T A (30 5 2 AL R R Cslit dia-
phragm, SD) AH 5 #4150 45 44 228 40 A 528, DL R DA LB
B Ry A O A0 B R SRR 0 SR AL R TR R S L T B
PR Al 0 A 05 R B L R R G OE R TR
MUBRRE J3 LA B 25 vh 2 55 AR SCER e R R T 2 4 it A
45 1) &R pL

1.1 #ZXETHAERIAE FALREFHFCHEIEHSA
25 FSGS B A% V1M 56, Bl i WT1,PAX2, Lmx1b &5 ; i 47 4&
e SR R 1 O M AF 9 AT 455 B 7 B0 S5 G B840 B F o B B
BN Podl,Foxc2, Math6, HIF #1 PPAR-y %, H i &% # i
S SA R AN S5 Noteh {5 5 5% S 5 B oA G 5% 5%
HF RBPJ-x B K, 16240 M A IE# & B 2282 P . Notch 8 #
PS8 A R R ) LA 2 R A0 I 43 4 ) RE L i i
B 1) 00 3 D0 T K G A R 40 5E A 4k T 26 7% . Noteh il
% 1 58 FE IR TR B AR /N B UE b R SRR [FJE 20 2 gn
AR A, %% 3 R/ R A R G & & 1, Noteh i i 5ok BE #40%
AR EUR 40 A AL T 2 A AR A B R A K A R L O iR 4 R 3L
WRIE M R BT AL T ZE AR /N BRUE AL P, Noteh 3 B 8006
PSS A A T O e B R Y B AR, Btk Notch 3 B
SH AT RE S R AR A L 2 —

1.2 SDAAKREGUEYLEMEAEF»HFF BIEW SD
HEWKF 2 FE I A nephrin Ml podocin F ¥ 7 5 B R 8
PERZEIHAK . CD2AP HEF AR T 4F R e B A 45 A IE R
B IE B AT B B R AL . CD2AP fE A 4ERE SD
BEREEM ZDIBEN 7 —F EEE M, H# 5 nephrin M
podocin % ZF SD & I &AM, Ff B ERA S
J 5 P At B CAn A B AR AR D) A AR B R, CD2AP A
FEIRJ A I RE SR L A BCE Y R R R A R R
WREMGHTT,

1.3 wmieRREOFFARFILEE B ACTN4 HH
AR o3 WLZN 2 M Cactinin) 4 FLA B4 2 40 I 5 4 11 5 41
Ji B SRR S RE L 123 TR 58 8 T R B — b R e £ ik B kst
G FSGS™, 24k IR 98 48 T B0 AN B 45 495 B ' /s R T Ak
1 R S LR 28 4 oK B, 4R 1 98 A A 0 Al i 2 SR L S L
EALS G FE R G R R BB K ENE
AT Dandapani 5% B 55 & BE /N BUE 40 8 ACTN4
F DRk [ 1T 5 850 R1-24 K B A Cintegrin) B B2 1k Th AE B 1,
T 51 A2 A0 55 /I Bk 56 i R 20 BH BE 0 I R . ACTN4
LR 22 7F 5 B0 FSGS K I 18] 552 0 L 48 7R S 1778 52 % 1Y
oA LB AR 4 SEAR A, S A0 L AT 1T R 38 Aok LAt B 1 fe £ 43
SEARTE A R I T o, DT e 4 0. PRIk, AR B A A T
AT B " RFIi#”, Yanagida-Asanuma %65 BF 58 & BE syn-
aptopodin( 4 Jfl 15 48 1l 43 2 — ) H& P i B /0 BRGE 2L IE R
B A R AL, HOA 2 H G IR A 1E CD2AP BN 58 I A4 2>
FBFSGS B4 WL T “ AT & FE M gtk

1.4 BEaEMEAEArHFF HEITIES TRPC6 K
H 2 A5 0] 5 30 03 A — Fh R M FSGS 1y &k A1 % R
SEAF ] B A T R AU IS O T A TRPC6 2R (1 8 7 5% i3
Tyt BA . 45 00 17 A P A e L AR T 4N i

PUAG R A5 0 I S B FSGS & A i HARHLGI 3 R ARG . RSP
FEM L A1 TRPCG i R ik Wi Gk 1 47 4 £ R0 48R 41
0 P A R 28 T R 08 A EL AT AR T RE 1 40 B R A4, A
S B R K H FE FSGS % 4=, TRPC6,Nephl,Neph2,
nephrin Ml CD2AP % 1] BB il — F &2 & 1 , 3 6] 8% 22 ' /v ek
UE S 2R /NEE N R 1 555, O Bl B R A R AR 0 R Gk
LI SD & AR ael

1.5 MEAZEaIDRFF PLCEl LRGN PLCE1 &
o2 — R BT A T, R A PR B R B 2 R] s L R
B X nephrin Fl podocin K ik, #F U &k M, 4 & F
PLCE1 % [N 28 28 (i L3 ViR 45 A 10 /B 3 L U0 8 48 S 80k 18
P ZR RS T Ak T I e 2 AR T BOUR AL T B M R A s 48R ik
FEERH B NE S B AE 5 PLCED 2 R 28 28 26 M %5 U] A 6,
PLCE1 % [ # 45 28 28 H it gk b 2 51 e JL 28 < FF & k7 ik
18 11 2R O 0 A 1 i D i PR 2 AR AT Sy A, R A i Y
R R TR fE A B, T S B A, B
B EL I 52, 2 R fA (RNAM F1 (RNA™ 3K R4 K5
CoQ10 & AR KR COQ2 F1 PDSS2 K Al 28 78 4 ] & 5k
JE N AR A5 T

2 FSGSRETHESREFMRER

2.1 WA ZWEMEHEHEAT S E /KR L
B B B 2 B0 40 384 5 4, 5 SO B0 RN 3R 5K R R Y
AR I 22, UL A0 M S AR AR R AN D R 0 A
it 410 1 5% 19 2 35 T ¥, W synaptopodin . podocalyxin, GLEPP1
A CALLA 55 5 T AS 528 R 41 i 43 7 b5 25 4 A1 41 i 38 56 4 =5
Y35 FiH . 0 PAX2, cytokeratin Fl Ki67 %2220 5% sk 5
S R ELZ X R R R R E ECHEEMN WTL Y
K BWREXF RS E MBI IIRERBIE R,
g T A, IS 7E B I B o R 3 R L DR S TE R D
R a4 IE B & A7 7E WT1 Ml synaptopodin A9 #i5 TIH,
PR B MR AR oAb B 3Rk R BT R A L A Y 48
M

0 1 2 A0 0 2R 25 A0 A0 FRR AR W Rk, 45 =
ST b B A R G R — SRR O R 2R A I 1 o U R
B3 W e A ok TR ME B G, xR R Tk DL R 5 R OK T TR
A B 8 BB B (CHIV) AH G 10 4k & PR30 B 78 FSGS 11 BiF
YT EIUESL A % b AR Y 1 B 40 R TT R IR B R A
B J2% 1 B 20 R 25 oAk Y R A M, AE 1T R A A XS B Y
B 2 A R AT A B R P TR S L 2 i R BE 2 R 4 i
WM | TR B % ik 400 B 4 S PR AR T L ik Se R B R OR
T I8 700 7 G 22 9 o 3 T K Y 0 AR T RE R B 40 i L BE R
B A RE SR A R R R IR AR K R £ ik A A
M,

TE PR B 9 6 2 8 P A0 43 A A — 5 B0 19 £ R AE 4
BT, Gk AH R S ME 2R G844y bR R CD24 N
CD133, VA B 5 5T Oct-4 Fl BmlI-1, {H e = 5 20 2 40 g 5§
BEJZE b B 20 M B9 R S R A bRk, I S AH 4 M IE D A AR
A RE IR A e B R Y v B T AR Y /D BB T o L
— WY AR B NE LR A R RE L (B R AE R FA B FSGS



58 1L BRAEAS AR, JRn kN Btk B /NER R Ak B o AL T B EC U Y BT 75 A 2

+ 963 -

B ELAT OB AL 2 R AN R RE S U Rl — e, AR
ok B R HE B I ST R, B A0 AR 40 MO e 8 BRE N X FSGS
BE T EAEEN LA EAERRT . 550X Alport #E'E
INERBE ALY Colda3-/-/IN BRI 78 (1% 47F 5 007 3¢ B KL - 8 T 4l
i IR LA A A K ST 1 A M T A BE 7. R R ST AR OR A
TR N IR R FSGS JB 1 77 76 2 40 it P 2E R X b
FE 7 1 A I8 B i3 3 6 B FSGS e B0 3 A K AF
2.2 TR ALIIE TR 4 i T S 0 H 8 U 1A A
T e L B A K P 9 B 7 7 B AT 5 3808 20 25 2% L i 3T 35
B /N b B A 0 G T B AR L 2R I A — Rl T A ek
PEANAL , BARK S 5T R ) B AT 5156 2 40 i & AR — R 50 R R
FRA BRSO ARG BK ) £F v > 366 BE R ) (vineulin) BTG
BEE 2 4 5 300 A0 i) 4 Ao 1 ) o B LB R 4 B Y
T LS AR A 1 A JE R 3 4 L K B T B 1 (cortactin) i T K
R, XS 1 3T T ORI BT A AN B O R
B, OfE— 20 A M A 0 = BNV T Ak BE B LS
AN B R A A

B /INER T 4N i A O T R A B I B /N BR T BB
A JFH AR AL E A — 3 BAE REY . B /NER R A i
DA BR800 5 35 (A /Y — A T8 8 B 50 1 5% 3 vl 5 80k
DR A BT 1) A B 2 BN AR S 1 R A0 Y — 2B R L R
2B AN L 0 55 IR AR R ARG
2.3 mMe A % AL S AL B AR R B 4N I PN R 40
JL M P9 R A M SR 4 AR K A 2L A T IR — B R B
PN i B R IR M AE N R AR K I F (vascular endothelial
growth factor, VEGF) /) R B 4 fiff 57 4 S 05, 1 40 f 7=
A IR VEGE ST 4 fiz 240 I 4t 45 1F % 25 89 f oh i B oA
TEAE IR R OSSR R 4, R A0 R 0 AT S
PR YE VEGF 19 28 35 3k 107 52 i N J% 40 M0 2 R i I — 30
X HEZ T VEGF UK IR 7 s /B 35 0 B 5200 e s, 45 2
AN HTOR IR YT Y R T 38 o S0 N IR VEGE B /R B9 3K
P 240 R R A 0 P R . X S AT 3 A A 40 i A 45
A5 00 38 A S A0S P R A 2 TR A 38 SIS X N 4 i
A T R A A

P S AR TR ST G R R A0 D R A 6 A0 i A A b L o 2
20 05 35 i =2 [ £ A8 LA v Hi BELE L i 7 O SRR AE 1 36 1)
B AR AT AR DX, A AR R RRR SR 4 A U YR T
1o U o BE R B, OF e 4¢ T BUR F6 B AN IS P9 VUK A0 A Y B
B, 3 A 1] At (4 S 9 L T DA AR R — R KR B 4L L BN
At 5 BRI A LY L A0 Y R AR AR AN A M R B K,
{(EREZEY 8 {1 NI N -/ ] 7 N O 3 1 A LU Y7 N
JiLTE BT 3 2 ph B /N ER DY R 3 e B R AR BT B T 3R
Tk 25 A A 1 J0L 3 L T 7 7K P 9 g A R R 5 1R 1 FR ek e AR
FERCNEES SR, 33 L HE AT A A T AE S R R P A5 3 i —
BIUE
2.4 MARAEFFA B REER 58 FSGS & Wil
il (9 G HEE AR 2 A0 M B0 RE I L X — ML B AR LA 2 40 M A
SR R RS A R AR B I, 8 TR M SRR 2K AR
R Z R AR R RUE 20 2 8% T AR5, 7T S B00
KO R A I A i AR BT, NEP25 &% kBN RO TR

nephrin J& 2 F ¥ il F . 76 B 4 i 1 B 4 % 1k A CD250 7,
A A g B R T A R AN A S R A L AT S B A
BRI VB R AN NERBE AL B &L, A LacZ AR
O R AU R BRI ) F A L RE R b B AN R A W O S
VIR 1 20 1 A R A BRI TE O AR Y 2L B 4 R A
0 2 3 T R 2 A I e AR AR B LA G AR A TR AR L Y
ANERBEALRR DY LR R SRR B /N BR b SRR AR T A —
Tl J2& 440 6 I 12 49 1) SO M0 I L 8K T X R itk 45 R AR AL I T i B
Z o e 1 S 0 A FR R IE B X R T TE I R IR AL

3 BEMRE

FSGS J& —Fljs BRI 22 95 AL i 45 5 00 I R 06 3 255 5 1iE
I A Sf T A T A0 O R A B 2 R Kk TR S AL 2 AT 5 I A I TR
A BB R G R R R R L AN M AR B 5 A
it R A A B 45 . T AN L 4 A 56 BIF 9T B R AR U R4S H
95 L 43 U2 WA o R 40 19 5 Bl FSGS 8 B R (B B — 58
A A A 98 2HL KB R Tt L o TR R 2 5 ML 4 O T 38 A BT IX
B Rz AR AR AL TR IS A 2SR ST

(& % x #]

[1] D’Agati V. Pathologic classification of focal segmental glomeru-
losclerosis[J]. Semin Nephrol,2003,23:117-134.

[2] D’Agati V D,Fogo A B,Bruijn J A, Jennette J C. Pathologic
classification of focal segmental glomerulosclerosis: a working
proposal[J]. Am ] Kidney Dis,2004,43:368-382.

[3] Barisoni L,Schnaper H W,Kopp J B. A proposed taxonomy for
the podocytopathies: a reassessment of the primary nephrotic
diseases[ J]. Clin ] Am Soc Nephrol,2007,2.:529-542.

[4] Barisoni L.Schnaper H W, Kopp J B. Advances in the biology
and genetics of the podocytopathies: implications for diagnosis
and therapy[J]. Arch Pathol Lab Med,2009,133:201-216.

[5] Niranjan T, Bielesz B, Gruenwald A, Ponda M P, Kopp ] B,
Thomas D B, et al. The Notch pathway in podocytes plays a role
in the development of glomerular disease[ J]. Nat Med, 2008,
14.:290-298.

[6] Waters A M,Wu M Y.Onay T,Scutaru J, Liu J, Lobe C G,et
al. Ectopic notch activation in developing podocytes causes glo-
merulosclerosis[J]. ] Am Soc Nephrol,2008,19:1139-1157.

[7] Lowik M M,Groenen P J,Pronk I, Lilien M R, Goldschmeding
R,Dijkman H B, et al. Focal segmental glomerulosclerosis in a
patient homozygous for a CD2AP mutation[ J]. Kidney Int,
2007,72.1198-1203.

[8] Shih N Y,Li J, Cotran R, Mundel P, Miner J] H, Shaw A S.
CD2AP localizes to the slit diaphragm and binds to nephrin via
a novel C-terminal domain[J]. Am ] Pathol, 2001,159;2303-
2308.

[9] Kim J M,Wu H,Green G, Winkler C A,Kopp J B, Miner J] H,
et al. CD2-associated protein haploinsufficiency is linked to glo-
merular disease susceptibility [ J ]. Science, 2003, 300 1298-
1300.

[10] Kaplan J] M,Kim S H, North K N, Rennke H, Correia L A,
Tong H Q,et al. Mutations in ACTN4, encoding alpha-actinin-
4, cause familial focal segmental glomerulosclerosis[ J]. Nat
Genet,2000,24:251-256.

[11] Weins A, Schlondorff J S, Nakamura F,Denker B M, Hartwig J



+ 964 -

B EBEREAR 2009 4E 8 AL 30 %

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

H.Stossel T P.et al. Disease-associated mutant alpha-actinin-4
reveals a mechanism for regulating its F-actin-binding affinity
[J]. Proc Natl Acad Sci USA,2007,104:16080-16085.
Dandapani S V,Sugimoto H,Matthews B D,Kolb R J, Sinha S,
Gerszten R E, et al. Alpha-actinin-4 is required for normal podo-
cyte adhesion[J]. ] Biol Chem,2007,282:467-477.
Yanagida-Asanuma E, Asanuma K, Kim K, Donnelly M, Young
C H,Hyung C J,et al. Synaptopodin protects against proteinu-
ria by disrupting Cdc42; IRSp53: Mena signaling complexes in
kidney podocytes[J]. Am J Pathol,2007,171.:415-427.

Reiser J,Polu K R, Moller C C, Kenlan P, Altintas M M, Wei
C,et al. TRPC6 is a glomerular slit diaphragm-associated chan-
nel required for normal renal function[ J]. Nat Genet,2005,37;
739-744.

Winn M P,Conlon P J,Lynn K L,Farrington M K, Creazzo T,
Hawkins A F.et al. A mutation in the TRPC6 cation channel
causes familial focal segmental glomerulosclerosis[ ]J]. Science,
2005,308:1801-1804.

Moller C C,Wei C, Altintas M M, Li J,Greka A,Ohse T,et al.
Induction of TRPC6 channel in acquired forms of proteinuric
kidney disease[J]. ] Am Soc Nephrol,2007,18:29-36.

Huber T B,Schermer B,Benzing T. Podocin organizes ion chan-
nel-lipid supercomplexes: implications for mechanosensation at
the slit diaphragm[J]. Nephron Exp Nephrol, 2007, 106 e27-
e3l.

Hinkes B, Wiggins R C,Gbadegesin R, Vlangos C N, Seelow D,
Nurnberg G, et al. Positional cloning uncovers mutations in
PLCEI responsible for a nephrotic syndrome variant that may
be reversible[ J]. Nat Genet,2006,38:1397-1405.

Gbadegesin R, Hinkes B G, Hoskins B E, Vlangos C N, Heerin-
ga S F,Liu J,et al. Mutations in PLCE1 are a major cause of i-
solated diffuse mesangial sclerosis (IDMS) [ J]. Nephrol Dial
Transplant,2008,23:1291-1297.

Barisoni L, Diomedi-Camassei F, Santorelli F M, Caridi G,
Thomas D B,Emma F,et al. Collapsing glomerulopathy associ-
ated with inherited mitochondrial injury[J]. Kidney Int, 2008,
74.237-243.

Shankland S J, Eitner F, Hudkins K L, Goodpaster T,D’ Agati
V, Alpers C E. Differential expression of cyclin-dependent ki-
nase inhibitors in human glomerular disease: role in podocyte
proliferation and maturation[ J]. Kidney Int,2000,58:674-683.
Yang Y, Gubler M C, Beaufils H. Dysregulation of podocyte
phenotype in idiopathic collapsing glomerulopathy and HIV-as-
sociated nephropathy[]]. Nephron,2002,91:416-423.

Dijkman H, Smeets B, van der Laak J, Steenbergen E, Wetzels
J. The parietal epithelial cell is crucially involved in human idio-
pathic focal segmental glomerulosclerosis[ J]. Kidney Int,2005,
68:1562-1572.

Dijkman H B, Weening J J,Smeets B, Verrijp K C,van Kuppev-
elt T H, Assmann K K, et al. Proliferating cells in HIV and
pamidronate-associated collapsing focal segmental glomerulo-
sclerosis are parietal epithelial cells[J]. Kidney Int, 2006, 70
338-344.

Smeets B,Dijkman H B, Wetzels ] F,Steenbergen E J. Lessons
from studies on focal segmental glomerulosclerosis: an impor-
tant role for parietal epithelial cells[J]? J Pathol, 2006, 210
263-272.

Bariety J,Mandet C, Hill G S,Bruneval P. Parietal podocytes in
normal human glomeruli[ J]. ] Am Soc Nephrol,2006,17:2770-

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[36]

[37]

[38]

[39]

[40]

[41]

2780.

Sagrinati C,Netti G S, Mazzinghi B, Lazzeri E, Liotta F, Frosali
F,et al. Isolation and characterization of multipotent progenitor
cells from the Bowman’s capsule of adult human kidneys[]J]. ]
Am Soc Nephrol,2006,17.:2443-2456.

Becker J U, Hoerning A,Schmid K W, Hoyer P F. Immigrating
progenitor cells contribute to human podocyte turnover[ ] ].
Kidney Int,2007,72.:1468-1473.

Sugimoto H,Mundel T M, Sund M, Xie L, Cosgrove D, Kalluri
R. Bone-marrow-derived stem cells repair basement membrane
collagen defects and reverse genetic kidney disease[]]. Proc
Natl Acad Sci USA,2006,103.:7321-7326.

Prodromidi E I,Poulsom R, Jeffery R, Roufosse C A,Pollard P
J.Pusey C D, et al. Bone marrow-derived cells contribute to
podocyte regeneration and amelioration of renal disease in a
mouse model of Alport syndrome[ J]. Stem Cells, 2006, 24
2448-2455.

Friedrich C,Endlich N,Kriz W, Endlich K. Podocytes are sensi-
tive to fluid shear stress in vitro[]J]. Am J Physiol Renal Physi-
0l,2006,291:F856-F865.

Howie A J,Ferreira M A, Majumdar A, Lipkin G W. Glomeru-
lar prolapse as precursor of one type of segmental sclerosing le-
sions[ J]. J Pathol,2000,190.:478-483.

Stokes M B, Valeri A M, Markowitz G S,D’ Agati V D. Cellular
focal segmental glomerulosclerosis: clinical and pathologic fea-
tures[ ] . Kidney Int,2006,70:1783-1792

Eremina V,Sood M, Haigh J, Nagy A, Lajoie G, Ferrara N, et
al. Glomerular-specific alterations of VEGF-A expression lead
to distinct congenital and acquired renal diseases[ J]. ] Clin In-
vest,2003,111.707-716.

Eremina V,Baelde H J, Quaggin S E. Role of the VEGF—a sig-
naling pathway in the glomerulus: evidence for crosstalk be-
tween components of the glomerular filtration barrier[ J]. Neph-
ron Physiol,2007,106:p32-p37.

Eremina V.Jefferson ] A,Kowalewska J, Hochster H, Haas M,
Weisstuch J, et al. VEGF inhibition and renal thrombotic mi-
croangiopathy[J]. N Engl J Med,2008,358:1129-1136.

Neal C R, Crook H, Bell E, Harper S J, Bates D O. Three-di-
mensional reconstruction of glomeruli by electron microscopy
reveals a distinct restrictive urinary subpodocyte space[J]. ] Am
Soc Nephrol,2005,16:1223-1235.

Wharram B L, Goyal M, Wiggins ] E, Sanden S K, Hussain S,
Filipiak W E, et al. Podocyte depletion causes glomerulosclero-
sis:diphtheria toxin-induced podocyte depletion in rats express-
ing human diphtheria toxin receptor transgene[ J]. ] Am Soc
Nephrol,2005,16:2941-2952.

Matsusaka T,Xin J,Niwa S,Kobayashi K, Akatsuka A, Hashi-
zume H,et al. Genetic engineering of glomerular sclerosis in the
mouse via control of onset and severity of podocyte-specific in-
jury[J].J Am Soc Nephrol,2005,16:1013-1023.

Asano T,Niimura F,Pastan I,Fogo A B,Ichikawa I, Matsusaka
T. Permanent genetic tagging of podocytes:fate of injured podo-
cytes in a mouse model of glomerular sclerosis[J]. ] Am Soc
Nephrol,2005,16.:2257-2262.

Ichikawa I, Ma J, Motojima M, Matsusaka T. Podocyte damage
damages podocytes: autonomous vicious cycle that drives local
spread of glomerular sclerosis[ J]. Curr Opin Nephrol Hyper-
tens,2005,14:205-210.

W

[ A %5 ]



