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Abstract

The albuminuria is the early evidence of glomerular fil-
tration membrane damaged and increased permeability. Slit 
diaphragm is a most important part of selective filtration in 
the glomerulus. CD2 Associated Protein (CD2AP) is one of slit 
diaphragm molecules, which is associated with proteinuria. 
Continuous proteinuria increases the risk of cardiovascular 
event rate and mortality. Hence, we reviewed the potential 
signaling pathway and the molecular mechanism of CD2AP 
associated with proteinuria in glomerular disease. 
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Introduction

Proteinuria is defined as 24-hour urinary protein quantita-
tion exceeding 150 mg or urinary protein/creatinine > 200mg/g, 
or urinary protein qualitative test positive. Proteinuria in glom-
erular disease, such as Focal Segmental Glomerulosclerosis 
(FSGS), IgA nephropathy, membranous nephropathy, and dia-
betic nephropathy, is detected by albuminuria/creatinine early, 
and shows to be closely related to podocyte injury [1]. The fis-
sure between two adjoining podocytes is called a split hole, and 
the surface is covered with a layer of zipper-like Slit Diaphragm 
(SD). SD plays a role of size selective filtration in the glomerulus, 
and decomposition of SD is considered as a common feature of 
proteinuria [2].

CD2 Associated Protein (CD2AP), a scaffold protein with a 
molecular weight of 80kD encoded by the CD2AP, is one of SD 
molecules [3-7]. Some studies showed that CD2AP deficiency 
was closely related to proteinuria. CD2AP-deficient mice died 
of renal failure at 6-7 weeks of age [8]. The podocytes of CD2AP 
Knockout (KO) mice were observed under electron microscope 
as defects of foot processes and extracellular abnormal mate-
rial deposition [9]. CD2AP mutation was found in a patient with 
primary FSGS [10]. Tsuji et al. [11] reported that the endothelial 
damage, endothelial integrity and disrupted podocyte were de-
tected in CD2AP-KO mice by high-resolution helium ion scan-
ning microscopy. 
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Continuous proteinuria can increase the risk of cardiovascu-
lar event rates and mortality [12]. For the reason that the sig-
nificance of CD2AP in the filtration barrier, renal function and 
relation with proteinuria, we performed this review to summa-
rize potential signaling pathway and molecular mechanism of 
CD2AP associated with proteinuria in glomerular disease.

Co-expressing molecules

Welsch et al. [13] suggested that CD2AP and p130Cas were 
colocalized with F-actin in mouse podocytes and possessed dif-
ferent functions, and p130Cas was found in focal adhesions, 
while CD2AP appeared to be involved in the regulation of F-actin 
structures in podocyte foot processes. Saito et al [14] showed 
that neurexin was colocalized with CD2AP at the SD area by du-
al-labeling analyses, and suggested that neurexin was the com-
ponent of SD and involved in maintaining its function.

Potential signaling pathways

Transforming Growth Factor-β (TGFβ) can induce cell pro-
liferation, cell differentiation and cellular morphogenesis that 
contribute to important characteristics of tissue homeostasis 
[15]. Schiffer et al. [16] performed studies in vivo and in vitro, 
and reported that CD2AP was a selective activation in survival 
and inhibited cell apoptosis signaling pathways mediated by 
TGFβ1 in mouse podocytes. Furthermore, TGF-β1 could induce 
podocyte apoptosis and dysfunction of CD2AP, which were the 
early pathological characteristics of FSGS. Furthermore, Woron-
iecki et al. [17] conducted an investigation in CD2AP-/- mice and 
found that, the expression of TGFβ1 was notably increased in 
CD2AP-/- mice when compared to control normal mice, which 
indicated that, when the expression CD2AP was inhibited, the 
TGFβ1 expression was increased and CD2AP-/- mice developed 
into FSGS.

The Phosphatidylinositol-3-kinase (PI3K) pathway can regu-
late various target proteins associated with cell proliferation, 
survival, and cell growth [18]. Huber et al. [19] performed a 
study in human embryonic kidney cells and mouse podocytes, 
demonstrated that CD2AP, nephrin and podocin stimulated the 
PI3K-dependent signaling pathways, and suggested PI3K/AKT 
worked as an essential signaling pathway to maintain podocytes 
functional integrity in vivo. Xavier et al. [20] detected the sig-
naling pathways in mouse podocytes and transgenic mice, and 
suggested that, CD2AP was required in the interaction between 
the TGF-β receptor type I and the P85 subunit of PI3K, and 
CD2AP/PI3K/AKT pathways mediated directly for the survival of 
podocyte. Via maintaining the expression of PI3K-AKT-GSK3β, 
dexamethasone stabilized the expression and subcellular distri-
bution of CD2AP, and it exerted the influence to sustain renal 
function [21]. Ha et al. [22] suggested that diabetic conditions 
induced the phenotypical changes of podocyte CD2AP via PI3K/
Akt signaling.

CIN85 (a paralog of CD2AP) and CD2AP are the members of 
the adaptor proteins family, which primarily participate in endo-
cytosis and down regulate activity of receptor tyrosine kinase. 
In some tissues, CIN85 is likely to make up the loss of CD2AP, 
like the basal seminiferous tubule [23]. Tossidou et al. [24] in-
vestigated that impaired intracellular signaling pathways with 
subsequent podocyte damage were the reason for the delayed 
podocyte injury in CD2AP (-/-) mice, and reported that CD2AP/
CIN85 balance determined receptor tyrosine kinase signaling 
response in podocytes. They subsequently found out functional 
competition for nephrin and podocin between CIN85/RUK (L) 

and CD2AP [25]. Subsequently, they showed that CIN85 was up-
regulated in the absence of CD2AP, but was postranslationally 
modified by SUMOylation in the presence of CD2AP [26].

SV2B is presumed to contain twelve conserved transmem-
brane domains, and exists in the synaptic vesicles and neuroen-
docrine granules of vertebrates [27]. Miyauchi et al. [28] found 
that SV2B was also found in podocyte and may regulated the 
expression and proper localization of CD2AP. SV2B mRNA de-
creased before the risk of proteinuria in PAN nephropathy and 
CD2AP was decreased when small interfering SV2B RNA was 
used to inhibit the SV2B gene expression. Fukusumi et al. [29] 
displayed a interaction between SV2B and CD2AP, and the ex-
pression of PI3K pathway was not changed in SV2B KO mice.

Yaddanapudi et al. [3] found a possible molecular mecha-
nism that CD2AP regulated the expression of CatL to increase 
the sensitivity of apoptosis to TGF-β1, and meanwhile CD2AP 
itself was hydrolyze by CatL. Saurus et al. [30] suggested that 
inhibition of SHIP2 reduced the expression of CD2AP. Heidet 
et al. [31] conducted an investigation in nail-patella syndrome 
kidneys and suggested that heterozygous mutations of LMX1B 
was not associated with the expression of CD2AP in nail-patella 
syndrome. Tapia et al. [32] showed that excessive circulating 
semaphorin3a induced the down regulation of CD2AP, podocin 
and nephrin in acute proteinuria model.

Fukusumi et al. [33] showed some SD associated molecules 
in their review, and reported that SV2B, ephrin-B1 and neur-
exin were conceivable participating in the regulation of the bar-
rier function for nephrotic syndrome. Ha TS. [34] summarized 
three signal transduction in podocyte biology (Nephrin-Neck-
neuronal Wiskott-Aldrich syndrome protein complex, Nephrin-
CD2AP-phosphoinositide 3-kinase/Akt complex and P-Cadherin-
β-catenin-Wnt signaling), and found they were important in 
maintaining the normal function of podocyte. Kawachi et al. 
[35] explored that SV2B and Ephrin-B1 were the functional mol-
ecules by regulating the SD function and they were related to 
the expression of CD2AP. Lemley et al. [36] described that the 
transcription of several genes in podocytes (e.g. NPHS2, CD2AP) 
were possibly regulated by LMX1B.

Lu et al. [37] indicated that some siRNAs (Clic3, AOX1 and 
AIF1L) tended to upregulate the CD2AP expression, and knock-
down of genes (MYOM2, CYB5R4, ANXA4, IFT80, GPC1, NSF, 
ZNF277, MTSS1, ITGAV and CRYAB) would down regulate the 
expression of CD2AP.

Conclusion

We reviewed the potential signaling pathway and molecular 
mechanism between CD2AP and proteinuria in glomerular dis-
ease. In our review, TGFβ1-CD2AP, CD2AP/PI3K/AKT, and SV2B-
CD2AP were abnormal in kidney disease. However, there still 
need more studies to determine the relationship among them. 
Furthermore, there seemed to be a link between CD2AP and 
CIN85. At last, p130Cas and neurexin colocalized with CD2AP in 
podocyte, which needs more experiments to explore the links 
between them.

Acknowledgment

This study was supported by the Natural Science Foundation 
of the Guangdong Province (no. 2015A030310386), Guangdong 
Medical Science and Technology Research Fund Project (no. 
A2018336) and Guangzhou Medical Key Discipline Construction 
Project.



3Journal of Nephrology and Hypertension

MedDocs Publishers

References

1. Liu M, Liang K, Zhen J, Zhou M, Wang X, Wang Z, et al. Sirt6 
deficiency exacerbates podocyte injury and proteinuria through 
targeting Notch signaling. Nat Commun. 2017; 8: 413.

2. Akilesh S, Koziell A, Shaw AS. Basic science meets clinical medi-
cine: identification of a CD2AP-deficient patient. Kidney Int. 
2007; 72: 1181-1183.

3. Yaddanapudi S, Altintas MM, Kistler AD, Fernandez I, Möller CC, 
Wei C, et al. CD2AP in mouse and human podocytes controls 
a proteolytic program that regulates cytoskeletal structure and 
cellular survival. J Clin Invest. 2011; 121: 3965-3980.

4. Schwarz K, Simons M, Reiser J, Saleem MA, Faul C, Kriz W, et al. 
Podocin, a raft-associated component of the glomerular slit dia-
phragm, interacts with CD2AP and nephrin. J Clin Invest. 2001; 
108: 1621-1629.

5. Palmen T, Lehtonen S, Ora A, Kerjaschki D, Antignac C, Lehtonen 
E, et al. Interaction of endogenous nephrin and CD2-associat-
ed protein in mouse epithelial M-1 cell line. J Am Soc Nephrol. 
2002; 13: 1766-1772.

6. Xu HL, Ou C, Rong L, Zhou TB. The potential signal pathway be-
tween PAX2 and CD2AP in the renal interstitial fibrosis disease. J 
Recept Signal Transduct Res. 2014; 34: 290-298.

7. Ren Q, Yu YS. CD2-associated protein participates in podocyte 
apoptosis via PI3K/Akt signaling pathway. J Recept Signal Trans-
duct Res. 2016; 36: 288-291.

8. Shih NY, Li J, Karpitskii V, Nguyen A, Dustin ML, Kanagawa O, et 
al. Congenital nephrotic syndrome in mice lacking CD2-associat-
ed protein. Science. 1999; 286: 312-315.

9. Kim JM, Wu H, Green G, Winkler CA, Kopp JB, Miner JH, et al. 
CD2-associated protein haploinsufficiency is linked to glomeru-
lar disease susceptibility. Science. 2003; 300: 1298-1300.

10. Tsvetkov D, Hohmann M, Anistan YM, Mannaa M, Harteneck 
C, Rudolph B, et al. A CD2AP Mutation Associated with Focal 
Segmental Glomerulosclerosis in Young Adulthood. Clin Med 
Insights Case Rep. 2016; 9: 15-19.

11. Tsuji K, Păunescu TG, Suleiman H, Xie D, Mamuya FA, Miner JH, 
et al. Re-characterization of the Glomerulopathy in CD2AP Defi-
cient Mice by High-Resolution Helium Ion Scanning Microscopy. 
Sci Rep. 2017; 7: 8321.

12. Ying T, Clayton P, Naresh C, Chadban S. Predictive value of spot 
versus 24-hour measures of proteinuria for death, end-stage 
kidney disease or chronic kidney disease progression. BMC 
Nephrol. 2018; 19: 55.

13. Welsch T, Endlich N, Kriz W, Endlich K. CD2AP and p130Cas lo-
calize to different F-actin structures in podocytes. Am J Physiol 
Renal Physiol. 2001; 281: 769-777.

14. Saito A, Miyauchi N, Hashimoto T, Karasawa T, Han GD, Kayaba 
M, et al. Neurexin-1, a presynaptic adhesion molecule, localizes 
at the slit diaphragm of the glomerular podocytes in kidneys. 
Am J Physiol Regul Integr Comp Physiol. 2011; 300: 340-348.

15. Lachapelle P, Li M, Douglass J, Stewart A. Safer approaches to 
therapeutic modulation of TGF-beta signaling for respiratory 
disease. Pharmacol Ther. 2018; 187: 98-113.

16. Schiffer M, Mundel P, Shaw AS, Böttinger EP. A novel role for 
the adaptor molecule CD2-associated protein in transforming 
growth factor-beta-induced apoptosis. J Biol Chem. 2004; 279: 
37004-37012.

17. Woroniecki RP, Schiffer M, Shaw AS, Kaskel FJ, Bottinger EP. 
Glomerular expression of transforming growth factor-beta (TGF-

beta) isoforms in mice lacking CD2-associated protein. Pediatr 
Nephrol. 2006; 21: 333-338.

18. Méndez-Pertuz M, Martínez P, Blanco-Aparicio C, Elena Gómez-
Casero, Ana Belen García, Jorge Martínez-Torrecuadrada, et al. 
Modulation of telomere protection by the PI3K/AKT pathway. 
Nat Commun. 2017; 8: 1278.

19. Huber TB, Hartleben B, Kim J, Schmidts M, Schermer B, Keil A, 
et al. Nephrin and CD2AP associate with phosphoinositide 3-OH 
kinase and stimulate AKT-dependent signaling. Mol Cell Biol. 
2003; 23: 4917-4928.

20. Xavier S, Niranjan T, Krick S, Zhang T, Ju W, Shaw AS, et al. TbetaRI 
independently activates Smad- and CD2AP-dependent pathways 
in podocytes. J Am Soc Nephrol. 2009; 20: 2127-2137.

21. Yu S, Li Y. Dexamethasone inhibits podocyte apoptosis by stabiliz-
ing the PI3K/Akt signal pathway. Biomed Res Int. 2013; 326986.

22. Ha TS, Hong EJ, Han GD. Diabetic conditions downregulate the 
expression of CD2AP in podocytes via PI3-K/Akt signalling. Dia-
betes Metab Res Rev. 2015; 31: 50-60.

23. Grunkemeyer JA, Kwoh C, Huber TB, Shaw AS. CD2-associated 
protein (CD2AP) expression in podocytes rescues lethality of 
CD2AP deficiency. J Biol Chem. 2005; 280: 29677-29681.

24. Tossidou I, Kardinal C, Peters I, Kriz W, Shaw A, Dikic I, et al. 
CD2AP/CIN85 balance determines receptor tyrosine kinase 
signaling response in podocytes. J Biol Chem. 2007; 282: 7457-
7464.

25. Tossidou I, Teng B, Drobot L, Meyer-Schwesinger C, Worthmann 
K, Haller H, et al. CIN85/RukL is a novel binding partner of neph-
rin and podocin and mediates slit diaphragm turnover in podo-
cytes. J Biol Chem. 2010; 285: 25285-25295.

26. Tossidou I, Niedenthal R, Klaus M, Teng B, Worthmann K, King 
BL, et al. CD2AP regulates SUMOylation of CIN85 in podocytes. 
Mol Cell Biol. 2012; 32: 1068-1079.

27. Weisemann J, Stern D, Mahrhold S, Dorner BG, Rummel A. Bot-
ulinum Neurotoxin Serotype A Recognizes Its Protein Receptor 
SV2 by a Different Mechanism than Botulinum Neurotoxin B 
Synaptotagmin. Toxins (Basel). 2016; 8: E154.

28. Miyauchi N, Saito A, Karasawa T, Harita Y, Suzuki K, Koike H, et 
al. Synaptic vesicle protein 2B is expressed in podocyte, and its 
expression is altered in proteinuric glomeruli. J Am Soc Nephrol. 
2006; 17: 2748-2759.

29. Fukusumi Y, Wakamatsu A, Takashima N, Hasegawa E, Miyauchi 
N, Tomita M, et al. SV2B is essential for the integrity of the glom-
erular filtration barrier. Lab Invest. 2015; 95: 534-545.

30. Saurus P, Tolvanen TA, Lindfors S, Sara Kuusela, Harry Holthöfer, 
Eero Lehtonen, et al. Inhibition of SHIP2 in CD2AP-deficient 
podocytes ameliorates reactive oxygen species generation but 
aggravates apoptosis. Sci Rep. 2017; 7: 10731.

31. Heidet L, Bongers EM, Sich M, Zhang SY, Loirat C, Meyrier A, et 
al. In vivo expression of putative LMX1B targets in nail-patella 
syndrome kidneys. Am J Pathol. 2003; 163: 145-155.

32. Tapia R, Guan F, Gershin I, Teichman J, Villegas G, Tufro A. Sema-
phorin3a disrupts podocyte foot processes causing acute protei-
nuria. Kidney Int. 2008; 73: 733-740.

33. Fukusumi Y, Miyauchi N, Hashimoto T, Akira Saito, Hiroshi Kawa-
chi. Therapeutic target for nephrotic syndrome: Identification 
of novel slit diaphragm associated molecules. World J Nephrol. 
2014; 3: 77-84.

34. Ha TS. Roles of adaptor proteins in podocyte biology. World J 



Nephrol. 2013; 2: 1-10.

35. Kawachi H, Suzuki K, Miyauchi N, Hashimoto T, Otaki Y, Shimizu 
F. Slit diaphragm dysfunction in proteinuric states: identification 
of novel therapeutic targets for nephrotic syndrome. Clin Exp 
Nephrol. 2009; 13: 275-280.

36. Lemley KV. Kidney disease in nail-patella syndrome. Pediatr 
Nephrol. 2009; 24: 2345-2354.

37. Lu Y, Ye Y, Bao W, Yang Q, Wang J, Liu Z, et al. Genome-wide iden-
tification of genes essential for podocyte cytoskeletons based on 
single-cell RNA sequencing. Kidney Int. 2017; 92: 1119-1129.

4Journal of Nephrology and Hypertension

MedDocs Publishers


