Figure Legends

Figure 1.   Electron micrographs of kidney biopsies from patients with ACTN4 mutations, and biopsies exhibiting features of primary  and postadaptive FSGS.A,D) Patients with ACTN4 mutations (“ACTN4”).  There is extensive podocyte injury, including segmental but extensive foot process effacement and morphologic irregularity, microvillous degeneration and cytoplasmic vacuolization, and intracytoplasmic cytoskeletal condensation adjacent to the GBM. Large aggregates of electron-dense material are present in the podocyte cytoplasm (arrows), associated with the cell membrane of the podocyte cell bodies and major processes, occasionally extending into major processes from areas of foot process effacement and cytoskeletal matting.  The GBM is segmentally thickened and shows segmental subendothelial redundancy (double contours), associated with loss of endothelial fenestrations. An electron dense lysosome and an occluded capillary loop are also noted in D.  B,E) Patients with primary FSGS (“1º FSGS”).  There is severe podocyte injury, including diffuse foot process effacement with intracytoplasmic cytoskeletal condensation adjacent to the GBM, an increase in cytoplasmic organelles, and microvillous degeneration.  Segmental areas of endothelial swelling are noted.  The mesangium is mildly expanded, without electron dense deposits.  Although the basal cytoskeletal filament condensation in podocytes is prominent, electron-dense cytoplasmic aggregated material is not seen elsewhere in the podocyte cytoplasm.  C,F) Patients with postadaptive  FSGS (“2º FSGS”).  There are few segmental areas of podocyte foot process effacement and irregularity. The GBM shows segmental areas of wrinkling and redundancy (double contours).  No electron-dense cytoplasmic aggregated material is noted in podocyte cytoplasm. A-C: x1,600, D-F: x2,400.  G-I) High magnification electron micrographs from ACTN4 mutant biopsies showing intracytoplasmic electron-dense aggregated material within podocytes (arrows), including podocyte cell bodies (G,H), and major processes (G-I). In one case, short filamentous substructure is apparent in the material associated with the cell body (H, inset).  In another case, the aggregated material exhibits a fine granular substructure with intervening accumulations of loosely-aggregated coarse granular material (I).  G: x4,000, H: x7,200 (inset x14,400), I: x12,000.

Figure 2.  Epifluorescence microscopy of kidney biopsies from patients with ACTN4 mutations, and from patients with other glomerular diseases affecting the podocyte, treated with antibodies against a conserved epitope of -actinin-4 protein, and FITC-conjugated secondary antibody.  Biopsies from patients with mutations in ACTN4 (left column) show segmental weak linear and irregular granular staining in the glomerular peripheral capillary wall.  Biopsies from patients with other diseases affecting the podocyte (right column) show uniform linear staining in the glomerular peripheral capillary wall.  1º FSGS:  primary FSGS; MCD: minimal change disease; CG: collapsing glomerulopathy; 2º FSGS: postadaptive FSGS.  All images x300.

Supplemental Figure S1.  Histopathologic spectrum of chronic parenchymal changes in kidney biopsies from patients with ACTN4 mutations.  A)  Biopsy from patient FSA-1622.  There is focal segmental glomerulosclerosis and hyalinosis.  The parenchyma is otherwise generally well-preserved.  B) Biopsy from patient FSX-17.  There are mild chronic changes, including focal global and segmental glomerulosclerosis and hyalinosis, focal tubular atrophy and interstitial fibrosis, focal chronic inflammation confined to areas of atrophy, and moderate sclerosis of the wall of a small artery. C) Biopsy from patient FGCI-111.  There are advanced chronic changes, including global and segmental glomerulosclerosis, extensive tubular atrophy and interstitial fibrosis, and focal microcystic tubular distension with PAS-positive hyaline casts.  There are also features of focal tubular injury including focal tubular epithelial flattening and luminal distension.  Prominent protein reabsorption granules are noted in glomerular and tubular epithelial cells.  All images PAS stain, x75.

Supplemental Figure S2.  Spectrum of glomerular lesions in kidney biopsies from patients with ACTN4 mutations.  A,B) Perihilar segmental sclerosing lesions in biopsies from patients FSA-1622 (A) and FSX-17 (B).  The lesions are characterized by segmental sclerosis extending from the vascular pole (note afferent arteriole extending into the area of sclerosis in both cases), adhesion of the tuft to Bowman's capsule, and deposition of hyalin in capillary loops (hyalinosis). C) Combined tip and perihilar segmental sclerosis in biopsy from patient FGCI-1111.  There is epithelial proliferation and adhesion to Bowman's capsule involving the tubular pole of the tuft, as well as hyalinosis near the vascular pole.  D) Cellular lesion in biopsy from patient FSX-233.  There is segmental mesangial expansion and hypercellularity with loss of capillary lumina, and adhesion to Bowman's capsule.  E) Glomerular hypertrophy and segmental sclerosis in biopsy from patient FGCI-111, also showing tuft adhesion to Bowman’s capsule, segmental epithelial cell capping, and prominent protein reabsorption by visceral epithelial cells.  F) Advanced glomerular lesion in biopsy from patient FGCI-1112, showing segmental to near global sclerosis, extensive capillary collapse, adhesion of the tuft to Bowman's capsule, and epithelial cell capping.   All images PAS stain, x300, except E, H&E stain, x300.
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