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i o I 4 Synbindin downregulation participates in slit diaphragm dysfunction.
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Background: The glomerular visceral epithelial cell (podocyte) is a highly differentiated cell,
characterized by multiple interdigitating foot processes, covering the outer side of the
glomerular basement membrane (GBM). The neighboring foot processes are connected by a slit
diaphragm, which is a key structure regulating the barrier function of the glomerular capillary
wall. It is now accepted that the dysfunction of the slit diaphragm is involved in the development
of proteinuria in several glomerular diseases. However, the precise molecular composition
involved in the interaction between foot processes and GBM, and the molecular structure of the
slit diaphragm are not well understood yet. Synbindin, originally identified as a neuronal
cytoplasmic molecule, which plays a role in spine formation in nerve cells, was found in
glomeruli. cDNA subtractive hybridization technique showed the mRNA expression of synbindin in
glomeruli was down—regulated in puromycin aminonucleoside (PAN) nephropathy, a mimic of minimal—
change nephrotic syndrome. These observations prompted the applicant to investigate synbindin
function in podocyte.

Methods: The expression of synbindin in podocyte was analyzed in normal rats and two types of
rat nephrotic models, anti—nephrin antibody (ANA)—induced nephropathy a pure slit diaphragm
injury model, and PAN nephropathy by immunohistochemical analysis with an antibody designed and
produced in rabbits immunized against 16 amino acid of rat synbindin sequence and real—time RT-
PCR techniques. Developmental expression of synbindin was analyzed in neonatal rat kidney by
immunohistochemical analysis. To elucidate the function of synbindin, a gene silencing study
with human cultured podocytes was performed. Real-time RT-PCR and rhodamine phalloidin staining
was performed with synbindin knockdown cells.

Results: Synbindin was mainly expressed at slit diaphragm area of podocytes. Synbindin appears

together with nephrin, a key molecule of slit diaphragm, in presumptive podocyte and generally




was colocalized with nephrin in maturing podocyte. In both nephrotic models, decreased mRNA
expression and the altered staining of synbindin were already detected at the early phase when
proteinuria and the altered staining of nephrin were not detected yet. Synbindin staining was
clearly reduced when severe proteinuria was observed. The remained synbindin and nephrin signal
were clearly dissociated in ANA nephropathy. In PAN nephropathy, remained nephrin was colocalized
with synbindin. When the cultured podocytes were treated with siRNA for synbindin, the cell
changed to be round—-shape, and filamentous actin structure was clearly altered. The expression
of ephrin—Bl, a transmembrane protein at slit diaphragm, was clearly lowered, and synaptic
vesicle—associated protein 2B (SV2B), a glycosylated synaptic vesicle membrane protein involved
in the formation and maintenance of the slit diaphragm, was upregulated in the synbindin
knockdown cells

Discussion and conclusions: Synbindin expression in normal glomerular podocyte and its
colocalization with nephrin and ephrin—Bl, as well as developmental expression pattern implied
that synbindin is associated with slit diaphragm. Alterations of synbindin expression in ANA
nephropathy model, that resulted from the rearrangement of slit diaphragm molecules caused by
stimulation to nephrin, and PAN nephropathy were detected before the onset of proteinuria

suggesting that synbindin has an etiological role in the initiation event of podocyte injury,

which leads to proteinuria. Cytoskeletal alteration of synbindin siRNA treated human cultured
podocytes implied that synbindin participates in the formation and/or the maintenance of
processes with dense F-actin structure. Altered mRNA expression of Ephrin—Bl and SV2B suggests
that these molecules are associated with synbindin. Based on previous reports and the findings
obtained in this study, the applicant proposes that synbindin may participate in proper ephrin—
Bl expression and upregulation of SV2B is a negative feedback mechanism compensating the function
of synbindin. In conclusion, synbindin participates in maintaining foot processes and slit
diaphragm as a downstream molecule of SV2B-mediated vesicle transport. Synbindin downregulation
participates in slit diaphragm dysfunction. Synbindin could be an early marker to detect podocyte

injury.
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