Polycystins regulate ezrin function and cleavage to control renal cell and tubular morphology
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Background: Renal cyst formation in ADPKD requires altered cell and tubular morphology. Previously, we used inducible inactivation of Pkd2 in a 3D-tubuloid model to
measure acute changes in tubuloid shape after Pkd2 loss and observed alterations in tubule morphology before changes in overall volume, arguing that morphological
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changes are among the first consequences of polycystin loss. We hypothesized a direct role for the polycystin complex in regulating the apical cytoskeleton protein, ezrin HumanADFEKD Kigney tssue ' EZR
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Results: We observed a strong correlation between the loss of Pkd1/2 and increased apical cell area, as defined by ZO1, in 2D Pkd1/2-iKO cells. The acute loss of Pkd1/2 3 g - R ® oceuring at the post
also resulted in decreased ezrin abundance and altered localization. Although Pkd1/2 deletion resulted in decreased ezrin we found upregulation of Ezr mRNA in both the LT S S E . ICA- l
DOX treated Pkd2-IKO cells and in human ADPKD cystic tissue, leading us to hypothesize that PC1/2 regulates ezrin protein more directly. Immunoprecipitation NHK ADPKD cysts _ K A IcB- 1
experiments of HEK293 cells transfected with ezrin, Myc-PC2 or Flag-PC1 showed both PC1 and PC2 successfully pulled down ezrin suggesting a protein interaction. 75kDa g 5gv'roduct | | 0- PODO:- n
Interestingly, the pull down efficiency was greater with the full length PC1 than the CTF- PC1 fragment. To confirm an endogenous interaction between ezrin and PC1 we -_ = - -— N - | Contro! Lynte Hpe” ‘
Isolated primary renal epithelial cells from a transgenic Pkd1-HA mouse and found again HA-PC1 successfully pulled down ezrin. Mechanistically, ezrin activity is regulated ca e aim BB bW G087 164 155 154 L;'j

by cystine proteases calpain 1 and 2. We observed a substantial increase in the N-terminal 55KDa ezrin cleavage product after acute Pkd2 loss in the DOX treated Pkd2-
IKO cells as well in human APDKD cystic tissue. Chemical inhibition of either calpain 1 or calpain 2 led to increased ezrin cleavage in control cells mimicking Pkd2 loss.
However, inhibition of both calpain 1 and 2 reduced ezrin cleavage in DOX treated Pkd2-iIKO cells to levels comparable to control cells.
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Figure 2: (A) Human ADPKD tissue displays altered ezrin localization. Ezrin is localized to the apical membrane in normal human kidney (NHK). In cystic tissue ezrin
localization extended to the lateral membrane (arrows) and co-localized with the basolateral membrane marker Na+/K+ ATPase indicated in white. Ezrin protein
abundance is significantly decrease in ADPKD cysts compared to NHK. ADPKD cysts also have increased ezrin cleavage product (orange arrow) indicative of ezrin

Conclusion: The polycystin proteins regulate ezrin function and cleavage to control renal cell and tubular morphology.
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(A): A similar observation occurs when Pkd2 or Pkd1 is knocked out with DOX treatment in 2D cell culture where Pkd2 or Pkd1 loss results in a significant increase in cell

apical area. Increased apical area is also observed In primary ADPKD. cells co_mpqred to contrpl. (B) Kldngy tubuloid 3D structures tracked over 14_da_y_s trea}ted with [ 4) Calpain 1 and 2 Mediate Ezrin Cleavage in ADPKD J
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Figure 1: Pkd2-IKO cells treated with/without DOX (10ug/ml) to induce Pkd2 or Pkdl loss in 2D and 3D. (A) Loss of Pkd2 or Pkdl in 2D causes decreased protein
abundance and nuclear translocation of ezrin. (B) Tubule fragments from Pkd2 fl/fl;Pax8rtTA;TetOCre;mTmG mice were used to generate 3D tubuloids.
Immunofluorescent images of the mTmG reporter (Pkd2 + red; Pkd2 - green) following DOX treatment and stained with ezrin 3145 (purple). Ezrin is completely absent in
cells lacking Pkd2 but present in Pkd2+ cells. Western blot analysis of 3D tubuloids reveal a significant decrease in Pkd2 and ezrin protein abundance in Pkd2 -/- cells.
(C) Tubule fragments from Pkd1 fl/fl;Pax8rtTA;TetOCre;mTmG mice were used to generate 3D tubuloids. Immunofluorescent images of the mTmG reporter (Pkd1l + red,;
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Pkdl - green) following treatment of DOX and stained with ezrin 3145 (purple). Ezrin is completely absent in cells lacking Pkd1 but present in Pkd1+ cells. J m)
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