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Abstract
The expression of SEMA3A is localized in the podocytes of distal tubules and collecting ducts.
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SEMA3A is a guiding protein secreted by podocytes. In the process of renal development, strict
SEMA3A regulation is important to maintain the abnormal structure and function of glomerular
filtration barrier. Signal element 3A (SEMA3A) is considered to play an important role in the
maintenance of slit diaphragm on podocytes. SEMA3A regulates the shape of podocytes. Too many
SEMA3A signals can aggravate kidney disease. In terms of mechanism, excessive SEMA3A induces
the imbalance of renin, MMP-9 and avb3 integrin in vivo, and SEMA3A automatically destroys the
shape of podocytes. SEMA3A is an extracellular negative regulator of the structure and function of
podocytes in the glomerular filtration barrier of adult kidney. This article reviews the mechanism
of SEMA3A on podocyte morphology and function injury.
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1. 5|15

{55 % (semaphorin, SEMA) W8 45 € R A w4, B J5 #0822 Fhab i SE AL S B HE RS 5,
HERGKE ENL BB NEME T RIERRIEZRTI[1]. SEMA &b BB ChE R, R
LA T EIEBR 751> N \ZE; SEMA 1. 4. 5. 6 Al 7 Zeh ()2 1 T2 AR G PEM, 1 2. 3418
KA AR DL ROR BEE 5 R 2 A ) [2] [3]

IR SEMA FIRTE'E . %, M4, FHMOIIE RGP M EZAN REH RIE T ERH
[4]. TERBRIENEF, SEMA3A EEENIE S BU/IMARIARE 2, 1EREANIE N+ SEMA3A RIAE
AT R, mom/ NEFESE[L]. /AR T, SEMA3A Bk FEE M TRAGRM, BB
BN, R, EREAEMEARA]. RANSEE N RBERSR TE R NRR LR,
SEMA3A TE/R N R4l /3 A it S E R, FER B IRy TS IE R B AN ERUEL B b, 75 2 4%
P15 SEMA3A I [1] [4], E'B/NRK B ERUE, SEMA3A fERGEA I FAR e RIL[5]. Bk Eid
TR DI RERE FL R W], SEMASA Al P B 4 1) B /NER KT, BR A% IR 28 70 SR B - SEMA3A 1
MFBENREKEAR, SAMMEIER, JoaERisiaME[6]. B 1@ R B I AR TER LK SEMA3A Avex
MR R4, SRMAEAEFARES T, SEMA3A ZKFAE LTS 3 - R 5UA A I B4t i 52 8 4 [2]

JEGH 2 AR AE BN ER BN I A L R A, 5N A T R e . A R 4 A
WML, F-a WBhE B A BAS TR B IR B R EFRA R TR . R RE BR8] HE B
R ISR, FROABEEERE RN (SRR NIRIE), BRaE MR (S BB IR ) A5 S P &, RS T4 Y
AFIUEI BE R A D RE o A2 SR IR IR M 1) 285 1) ST M P 6 1B e AH A D e 22 DG B [ 7] o AR AR R e (B2 R A IR
JE)R 5 ZEHESYAMHKE nephrin (&4 M 275 I8 ) 73 B M b 25 46 304 R PR A A A B 328 42
GBM (‘B /INERILJE ) A2 IV Ui R A2 HE3% 8 19 521 4% perlecan. syndecan. entactin Al agrin (FH< 2 )
MEEY8].

2. SREAMESR-3A SRE/IKR, PRERFHEXETFHEEER

SEMAS3A J2 52 1A neuropolin-1 (#f£44F E 8 A 1)1 neuropolin-2 (& 4FEE A 2). plexin-Al (MR
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BA ADESCHEIHE. T/ NERES B ERIE, EH SEMA3A TEMRSME{E podocin (£ 41
FLIEE )5 nephrin Fil CD2 A FAMIERIE[9]. fEE A ECAAMITEN T, SEMA3A 2R A AR 3B A 2% -
FEH EAER, AT 4ERE40 M 5 AR AL[10]. TERCARAFTE R, SEMASA 24k plexin-Al il GTP (=fi
B2 S 1) KN T RAS (B R IMLE BTk R G0) R0E, M85 2 - 3 0UH BAE F IF-5 S0 Mo e Ak
PEREIR[10]. BATTR I &1 SEMA3A TE/R N5 S T nephrine MMP-9 I avb3 #& 21026 1, HEAT]
Y8 T SEMASA {55 321k plexin-Al Al nephrin 2[RI —Fr MAHEAER . ZAH BAEH¥ SEMA3A 55
R SRS R L (SRR REIB ) (55 E AW X LR IIESE T SEMA3A & 5 /NER 8 I 57 e 52 He A1 Th RE (1)
YA R . B SEMASA TEAR N 51 T e B /NRIL IR Z 4 E AT R, s i
nephrin FI4HI] avh3 4 & 2 U8 40 B 2 40 i T 45 [8] -

KRR R R 55 T E 4] SEMA3A TS 2L KRN T, Fm> nephrin, B4 K ER
A1 CD2AP (e 40 FLIRE B) Z RIAH BAE R o 1 /N R 4 B 45 25 2 SEMABA W5 408 . mlif
f L G AR (IR [4] [14] [12]. B3 H SEMAS3A T BEFRS 512 A nephrin R i R /2 5543 AT

SEMAZA [#{ avb3 & 2= B /N ERIEME IS T R 4 48 MR . avb3. b3, bl B REHEA
B I ) 22k /K- FE AR K SEMASA (13 BERIA T 2% . SEMA3A i fERIA 53 2. MMP-9 #ll avb3 &
RArE R, SEVERIEA. B3N GBM REL, R sk AP B4 15[8]. EIR SEMA3A i 51
nephrin T FELAHHIHE L, HE/NERH MMP-9 1) F AT avb3 B 5 20 ME I P T 20 GBM TRV
TR P B A543 o %o e 24 B PN R 200 A 30 1 0 2 1 A P R e B T4k P A PR P T R A
FE 32 . Plexin-Al F1 nephrin #H EAE F% SEMASA {555 nephrin {5 5 @B L RitLk, N SEMA3A i 5
() 2 T BBt T ML . ZEUERAIL T % plexin-Al. nephrin A HAE F A0~ nephrin (1) JE %4 £ & 41 &
B, ETREH—DIIFT, GREE R TAINESEASEGEA. LM plexin-Al T SEMA3A 55
T T BEAR N B N RORE PR R AR AL R R o RGBT, R R B YR YT R (8]

i 7¢ K& B nephrin A1 plexin-Al Z [H 47 7E—FP T B A BAEH . Nephrin 55 plexin-AL AH B {F FH K 4%
BB IS 5 E AW S ARIME S BRI R[13]. Kk, SEMA3A 2B /INERIEIT B b 45 44 R 3 BE 140 g &
FTTE T . &R SEMA3A 5 neuropilin-1 454, T2 plexin-Al i&{k, 5 nephrin fHEAEH, ZHARIE
BERINE, FEUL T RN G AE /NREERE(GBM) /32 . Vegf-A (L P R AR R 1) 5 R R o
WA B ARG I S ERI R R .. SEMASA (55 2B AN T, ZIRE G145 5 H neuropilin-1
Al plexin-Al. SEMA3A 454 Z AR5 5 2K [ 14] [15] [16] [17]. SEMA3A it & S#aligit4: nephrin
N, 1 podocin Fik KPR AR, XK B nephrin FIA BN B T /2 4 K B8 nephrin KA
T RERRIR R SR, S EUE T S AN /INERGE T B B I8 I PR (23]

YA — A ThREVERT H 20k SEMA3A R4, Z ARG /M RIBC AR 5. 8 T SEMA3A
fE5 065 S LA T I T podocin, /> podocin 5 CD2AP 1 podocin 5 nephrin fIAHE AR, $R
SEMA3A TE4E BRI 1 ARSI E . O T e SEMASA 2248t i) Thag, Al 7 SEMA3A fig
T3 R 77T 4% B SR M B 11 R A MO A0S, Western 23 BT R o 2e U iE 45 27k, SEMASA 755 podocin 7l & <
BPETRE, FFRFRILE CD2 MSCEAM nephrin MIAHEAEA[11], RILEAMIA —AThRER E 2
SEMA3A R4, %R 52/ AECAAR R FH 2 1 3278 7 SEMA3A 55 5 2 4iie 8 12, "~ podocin,
%/L> podocin 5 CD2AP #1 podocin 5 nephrin FIAH EAEH, #2775 SEMA3A 1 5% [ IR M5 1 P9 A2 3 Hh Ee
F[11].

3. SEMA3A 1 MICAL-1 (BEBRREMEERE 1)%) B HAaRSHEE
MICAL-1 2 —FillahiE A4 & E, 722t /F SEMA3A (5 5[7]. SEMA3A FE/R N AR 7=
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S S 4 M R TR AN T RE[4] [5] [6] [8]- 255 T SEMAS3A 55 /2 41 e 4 A F-WL5h & A 91 $5[8] - MICAL-1
P E AR INER, CAE SEMASA 55 SNIBhE A4 E 3L Rk [18] [19] [20], HIETEE
g R LT ISR AR 2R . R0 MICAL-1 7] W SEMA3A %S 1) 2 4 i R 38 1k [21]

SRR R R AR F-a-UlEhE FUOR RN R, R R R MRS, BEIREDRe RS Stk
G, fE4it F R4 E S, MICAL-1 2 —Fns AR H¥ SEMA3A 55 580 E a2 R
R [7], ol o S A A AR AL 1 T 48 B R L T A0k [18] . SEMA3A Th e 1Y 5 N E
Kimmelstiel-Wilson (Ji& - BEFAIE)FEE /NERZE T iR 2R E A A IV R EFSE, J8id nephrin, avb3
B4 A MICAL-1 5 plexin-Al (#AH ELAE H 5 807k 14 2 240 2 R0 A0 F-IL3h 8 3506 - MICAL-1 2
Rl bR Al SEMA3A #i GE 2 7H FR SEMA3A 7532400 F-a L3I E ARG, XK M MICAL-1 v & T
SEMA3A 5 S 11 2 41 F-a WLz & FH RkGE[21] .

4. INK BT EES 5 SEMA3A B S8 B AR

INK (c-dun N-A I ) i 152 /2 MAPK (2234 53540 & R ISR M E B 5 S Rkt —, 1E2F
IS R R AR, AFEIEEE . b R TI[22]. FEIRIE, SEMASA BB AHEZ ST H I INK IE
#%[23]. Dox (Bi%52) 5] e K& 8 1 PRAE A0 AR T2 LA 2 4H i SEMASA RIS N, B ix e
it SEMA3A-1 (SEMA3A il 7)) 1697 3 2 24 - INK B FR A SEMASA 155 1 MiiF(INK 7E SEMA3A {55
MR RFEIER), TEFEST Dox M/ B4 B B0E, 171 SEMASA-I 16T # 4 BT T I0E . 1EMAR4),
SEMASA-I X} Dox 75 S SR IH T BHA R EH, EZ SEMA3A B s INK 5 5@ %175 5 2 40
P2 INK HIHIFI AT 6 SEMASA 5 SIS0 IE T, 378 INKEE A §ES 5 SEMA3A 75 3 1 2 41 i
HT[24]

5. Vegf (IMBEARAEKETF)F SEMA3A Z BFE—LEIgE =S

Vegf-A (ML N Rz A K 7 A) & —Ff 2 40 A7 B 7, 10 SEMASA 153 2 4B M8 1 AR HE A 5T UE I,
T {8 /N B 4 By S MR SEMASA W] 51 i S AV BT R B A R . R AN E 2T O P B 4t e 4
i &R MRS A0 T E LSS Vegf R2 (Vegf-A 524Kk 2)I T i, 1X46n] DUBIL S B SEMA3A Fl
Vegf-A KIH[12]. BFFEHR NS5 BE R FIE K SEMA3A F1 Vegfl65 & 1] LA SEMA3A 512 )& ([ R A
B NERE S BB 4 45, B N A% RR R IR (AT VegfR2. Vegf165 Xf neuropolin-1 ({45 & 5 4+ M BH 1L
7 SEMA3A 5 5 1L F[12]. iX$&7 Vegf165 Ll 1 SEMA3A XI'E IE 4515, #2777 SEMA3A 5 Vegf165
P25 TNk BER B 05275 o neuropolin i/t A Tl B 45 K38 ZR 1D SEMA3A I Vegfl65 45 &4 4.,
KA R FUEARAR, AR UL 456 X BA 45 G319 T 7 51 [25], R T SEMASA Fil Vegfl65
Z RIS R (1) — e Th g 4+[12] [26] [27].

SR Vegfl64 (5w 1 Vegfa EAY) PR R /IS BRASEAY rp ()3 5 20k 5 S0 H i DR ' /N BR AR
HAFE S Kimmelstiel-Wilson FEEE TV S /NERTEAL . USRI . RIBEVARE . B /NERER G . 2 40 v
SRR B A SR FE B [28] . R AHE Vegf164 i B2 ik 50 R B 2 i SEMA3A i 2R E F8UH
NERIEAZ JLT 8, HAFFCUERH 2 4 Vegfled i B RIA 15 T SEMA3A . Vegfled il SEMA3A 2
6] T REAEAE — RO FIME . 38 S50 Vegf R2 F1 SEMA3A 7KF 7, LLK nephrin F1 MMP-2 (35 4 )&
HERG-2) /N, AR T Vegf-A 7K 5% REZHBE SR /N BRARAL . 1 OB PR /> BRASERY b 2 40 Vegfies
(143 21k 5 S50™ IR 451 M /N ERBE A [28]

SEMAB3A & T 41| Py Bz 4T AE T2 . SEMA3A 5 Vegf 354 N 24001 neuropolins-1 454
(neuropolins-1 & A I T T 6 75 110) . H1F Vegf it Flk-1 (Vegf 324K)% S W At #, 1
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neuropolins-1 {E AFEAZ AN 38 T IX RPN, Ktk SEMA3A A fEilid W2 A 2 &4 B #e Vegf SkAmil A
AL R2[5]. SEMA3A Al sema3F #s#E i T Vegf-A FRikiBAz, i SEMA3A 224k neuropolins-1.
neuropolins-2 JEL7 T VegfR2 FiAH AL, BIELHM. M AN MEES/NE . T Vegfled 1 SEMA3A 3%
4+ neuropolins-1 £54r, $7R {5 5 M T BEAH IR AR R SR & 1.

6. /&5

SEMAZA 7K1 F 15505 - 4E 47 B /N ERJE I 5 e 1) 45 A4 R Dl g e 5 L2 . SEMAA 1T /2 4 i () TR
it % ) SEMA3A {552 SEUNE E IR . Wl L, &1 SEMA3A TE/RN S B K. MMP-9 fil avh3
BEREMRM, SEMAIA E2 AN AR, SEMA3A Fil MICAL-1 X} 4 RIEESH —E M
WFEAEH INK @B TR 2 5 SEMA3A 15 S 12 IJH 12 . Vegf Al SEMA3A Z [BIF1E— L D e 1 56 4
BERANTE SEMA3A X EAIIIEA K Dh Rt il il 75 2k — P 1t 5t . SEMA3A Tl RER Bwias T+
O s S TWATIOE Y=

&5k

[1] Reidy, K. and Tufro, A. (2011) Semaphorins in Kidney Development and Disease: Modulators of Ureteric Bud
Branching, Vascular Morphogenesis, and Podocyte-Endothelial Crosstalk. Pediatric Nephrology, 26, 1407-1412.
https://doi.org/10.1007/s00467-011-1769-1

[2] Mohamed, R., Ranganathan, P., Jayakumar, C., Nauta, F.L., Gansevoort, R.T., Weintraub, N.L., Brands, M. and Ra-
mesh, G. (2014) Urinary Semaphorin 3A Correlates with Diabetic Proteinuria and Mediates Diabetic Nephropathy and
Associated Inflammation in Mice. Journal of Molecular Medicine, 92, 1245-1256.
https://doi.org/10.1007/s00109-014-1209-3

[3] Bamberg, J.A., Baumgartner, S., Betz, H., Plschel, A.W. and Raper, J.A. (1999) Unified Nomenclature for the Sema-
phorins/Collapsins. Cell, 97, 551-552. https://doi.org/10.1016/S0092-8674(00)80766-7

[4] Reidy, KJ., Villegas, G., Teichman, J., Veron, D., Shen, W., Jimenez, J., et al. (2009) Semaphorin3A Regulates En-
dothelial Cell Number and Podocyte Differentiation during Glomerular Development. Development, 136, 3979-3789.
https://doi.org/10.1242/dev.037267

[5] Villegas, G. and Tufro, A. (2002) RETRACTED: Ontogeny of Semaphorins 3A and 3F and Their Receptors Neuropi-
lins 1 and 2 in the Kidney. Gene Expression Patterns, 2, 151-155. https://doi.org/10.1016/S0925-4773(02)00305-2

[6] Tufro, A., Teichman, J., Woda, C. and Villegas, G. (2008) Semaphorin3a Inhibits Ureteric Bud Branching Morphoge-
nesis. Mechanisms of Development, 125, 558-568. https://doi.org/10.1016/j.mod.2007.12.003

[71 Tufro, A. (2017) Podocyte Shape Regulation by Semaphorin 3A and MICAL-1. In: Terman, J., Ed., Semaphorin Sig-
naling, Vol. 1493, Humana Press, New York, 393-399. https://doi.org/10.1007/978-1-4939-6448-2_28

[8] Reidy, K.J., Aggarwal, P.K., Jimenez, J.J., Thomas, D.B., Veron, D. and Tufro, A. (2013) Excess Podocyte Semapho-
rin-3A Leads to Glomerular Disease Involving PlexinAl-Nephrin Interaction. The American Journal of Pathology, 183,
1156-1168. https://doi.org/10.1016/j.ajpath.2013.06.022

[9] Inoue-Torii, A., Kitamura, S., Wada, J., Tsuji, K. and Makino, H. (2017) The Level of Urinary Semaphorin3A Is As-
sociated with Disease Activity in Patients with Minimal Change Nephrotic Syndrome. International Journal of Neph-
rology and Renovascular Disease, 10, 167-174. https://doi.org/10.2147/IJINRD.S132980

[10] Yebra, M., Montgomery, A.M.P., Diaferia, G.R., Kaido, T., Silletti, S., Perez, B., Just, M.L., Hildbrand, S., Hurford, R.,
Florkiewicz, E., et al (2003) Recognition of the Neural Chemoattractant Netrin-1 by Integrins a6p4 and o331 Regu-
lates Epithelial Cell Adhesion and Migration. Developmental Cell, 5, 695-707.
https://doi.org/10.1016/S1534-5807(03)00330-7

[11] Guan, F., Villegas, G., Teichman, J., Mundel, P. and Tufro, A. (2006) Autocrine Class 3 Semaphorin System Regulates
Slit Diaphragm Proteins and Podocyte Survival. Kidney International, 69, 1564-1569.
https://doi.org/10.1038/sj.ki.5000313

[12] Tapia, R., Guan, F., Gershin, I., Teichman, J., Villegas, G. and Tufro, A. (2008) Semaphorin3a Disrupts Podocyte Foot
Processes Causing Acute Proteinuria. Kidney International, 73, 733-740. https://doi.org/10.1038/sj.ki.5002726

[13] Tufro, A. (2014) Semaphorin3a Signaling, Podocyte Shape, and Glomerular Disease. Pediatric Nephrology, 29,
751-755. https://doi.org/10.1007/s00467-013-2743-x

DOI: 10.12677/acm.2022.124415 2891 e R 2= 273k e


https://doi.org/10.12677/acm.2022.124415
https://doi.org/10.1007/s00467-011-1769-1
https://doi.org/10.1007/s00109-014-1209-3
https://doi.org/10.1016/S0092-8674(00)80766-7
https://doi.org/10.1242/dev.037267
https://doi.org/10.1016/S0925-4773(02)00305-2
https://doi.org/10.1016/j.mod.2007.12.003
https://doi.org/10.1007/978-1-4939-6448-2_28
https://doi.org/10.1016/j.ajpath.2013.06.022
https://doi.org/10.2147/IJNRD.S132980
https://doi.org/10.1016/S1534-5807(03)00330-7
https://doi.org/10.1038/sj.ki.5000313
https://doi.org/10.1038/sj.ki.5002726
https://doi.org/10.1007/s00467-013-2743-x

T, P

[14]
[15]

[16]

[17]

[18]

[19]

[20]

[21]
[22]

[23]

[24]

[25]

[26]

[27]

[28]

Tran, T.S., Kolodkin, A.L. and Bharadwaj, R. (2007) Semaphorin Regulation of Cellular Morphology. Annual Review
of Cell and Developmental Biology, 23, 263-292. https://doi.org/10.1146/annurev.cellbio.22.010605.093554

Kolodkin, A.L., Levengood, D.V., Rowe, E.G., Tai, Y.T., Giger, R.J. and Ginty, D.D. (1997) Neuropilin Is a Sema-
phorin 111 Receptor. Cell, 90, 753-762. https://doi.org/10.1016/S0092-8674(00)80535-8

Takahashi, T., Fournier, A., Nakamura, F., Wang, L.H., Murakami, Y., Fujisawa, H. and Strittmatter, S.M. (1999)
Plexin-Neuropilin-1 Complexes form Functional Semaphorin-3A Receptors. Cell, 99, 59-69.
https://doi.org/10.1016/S0092-8674(00)80062-8

Tamagnone, L., Artigiani, S., Chen, H., He, Z., Ming, G.I., Song, H., Chedotal, A., Winberg, M.L., Goodman, C.S.,
Poo, M., Tessier-Lavigne, M. and Comoglio, P.M. (1999) Plexins Are a Large Family of Receptors for Transmem-
brane, Secreted, and GPI-Anchored Semaphorins in Vertebrates. Cell, 99, 71-80.
https://doi.org/10.1016/S0092-8674(00)80063-X

Terman, J.R., Mao, T., Pasterkamp, R.J., Yu, H.H. and Kolodkin, A.L. (2002) MICALs, a Family of Conserved fl
Avoprotein Oxidoreductases, Function in Plexinmediated Axonal Repulsion. Cell, 109, 887-900.
https://d0i.org/10.1016/S0092-8674(02)00794-8

Hung, R.J., Yazdani, U., Yoon, J., Wu, H., Yang, T., Gupta, N., et al. (2010) Mical Links Semaphorins to F-Actin
Disassembly. Nature, 463, 823-827. https://doi.org/10.1038/nature08724

Zhou, Y., Adolfs, Y., Pijnappel, W.W., Fuller, S.J., Van der Schors, R.C., Li, KW., et al. (2011) MICAL-1 Is a Nega-
tive Regulator of MST-NDR Kinase Signaling and Apoptosis. Molecular and Cellular Biology, 31, 3603-3615.
https://doi.org/10.1128/MCB.01389-10

Aggarwal, P.K., Veron, D., Thomas, D.B., Siegel, D., Moeckel, G., Kashgarian, M., et al. (2015) Semaphorin3a Pro-
motes Advanced Diabetic Nephropathy. Diabetes, 64, 1743-1759. https://doi.org/10.2337/db14-0719

Grynberg, K., Ma, F.Y. and Nikolic-Paterson, D.J. (2017) The JNK Signaling Pathway in Renal Fibrosis. Frontiers in
Physiology, 8, Article No. 829. https://doi.org/10.3389/fphys.2017.00829

Ben-Zvi, A., Yagil, Z., Hagalili, Y., Klein, H., Lerman, O. and Behar, O. (2006) Semaphorin 3A and Neurotrophins: A
Balance between Apoptosis and Survival Signaling in Embryonic DRG Neurons. Journal of Neurochemistry, 96,
585-597. https://doi.org/10.1111/].1471-4159.2005.03580.x

Sang, Y., Tsuji, K., Inoue-Torii, A., Fukushima, K., Kitamura, S. and Wada, J. (2020) Semaphorin3A-Inhibitor Ameli-
orates Doxorubicin-Induced Podocyte Injury. International Journal of Molecular Sciences, 21, Article No. 4099.
https://doi.org/10.3390/ijms21114099

Geretti, E., Shimizu, A. and Klagsbrun, M. (2008) Neuropilin Structure Governs VEGF and Semaphorin Binding and
Regulates Angiogenesis. Angiogenesis, 11, 31-39. https://doi.org/10.1007/s10456-008-9097-1

Miao, H.Q., Soker, S., Feiner, L., Alonso, J.L., Raper, J.A. and Klagsbrun, M. (1999) Neuropilin-1 Mediates Collap-
sin-1/Semaphorin 111 Inhibition of Endothelial Cell Motility: Functional Competition of Collapsin-1 and Vascular En-
dothelial Growth Factor-165. Journal of Cell Biology, 146, 233-242. https://doi.org/10.1083/jcb.146.999.233

Tufro, A., Teichman, J., Banu, N. and Villegas, G. (2007) Crosstalk between VEGF-A/VEGFR2 and GDNF/RET Sig-
naling Pathways. Biochemical and Biophysical Research Communications, 358, 410-416.
https://doi.org/10.1016/j.bbrc.2007.04.146

Veron, D., Bertuccio, C.A., Marlier, A., Reidy, K., Garcia, A.M., Jimenez, J., Velazquez, H., Kashgarian, M., Moeckel,
G.W. and Tufro, A. (2011) Podocyte Vascular Endothelial Growth Factor (Vegfis;) Overexpression Causes Severe
Nodular Glomerulosclerosis in a Mouse Model of Type 1 Diabetes. Diabetologia, 54, 1227-1241.
https://doi.org/10.1007/s00125-010-2034-z.

DOI: 10.12677/acm.2022.124415 2892 e R 2= 273k e


https://doi.org/10.12677/acm.2022.124415
https://doi.org/10.1146/annurev.cellbio.22.010605.093554
https://doi.org/10.1016/S0092-8674(00)80535-8
https://doi.org/10.1016/S0092-8674(00)80062-8
https://doi.org/10.1016/S0092-8674(00)80063-X
https://doi.org/10.1016/S0092-8674(02)00794-8
https://doi.org/10.1038/nature08724
https://doi.org/10.1128/MCB.01389-10
https://doi.org/10.2337/db14-0719
https://doi.org/10.3389/fphys.2017.00829
https://doi.org/10.1111/j.1471-4159.2005.03580.x
https://doi.org/10.3390/ijms21114099
https://doi.org/10.1007/s10456-008-9097-1
https://doi.org/10.1083/jcb.146.999.233
https://doi.org/10.1016/j.bbrc.2007.04.146
https://doi.org/10.1007/s00125-010-2034-z

	Semaphorin 3A及相关分子对足细胞损伤的机制的研究进展
	摘  要
	关键词
	Research Progress on the Mechanism of Semaphorin 3A and Related Molecules on Podocytes Injury
	Abstract
	Keywords
	1. 引言
	2. 过量足细胞信号素-3A导致肾小球疾病，涉及肾素等相关因子相互作用
	3. SEMA3A和MICAL-1 (蛋白质单加氧酶1)对足细胞形态的调控
	4. JNK通路可能参与SEMA3A诱导的足细胞凋亡
	5. Vegf (血管内皮生长因子)和SEMA3A之间存在一些功能性竞争
	6. 小结
	参考文献

