Small Molecule Inhibitors of APOL1 Reverse Dysfunctional Signaling Mediated by APOL1 Risk Variants in

Introduction

High-risk (HR) variants in the APOL1 gene (G1 and G2) are strongly associated with increased risk of chronic kidney disease (CKD),
particularly focal segmental glomerulosclerosis (FSGS) and HIV-associated nephropathy. Podocytes, highly specialized cells critical
for glomerular filtration, are the primary site of APOL1 toxicity in CKD. The mechanism of APOL1-mediated podocyte injury remains
poorly understood, limiting therapeutic progress. In this study, we profiled transcriptional and morphological changes associated with
APOL1 HR variant induction in immortalized human podocytes. We also tested whether structurally distinct small-molecule APOL1
inhibitors, MZ-302 (a structural analog of MZE829) or MZ-303 (independently synthesized inaxaplin), could reverse transcriptional
and morphological changes associated with APOL1 HR variant induction. Finally, we compared transcriptional effects of APOL1 HR
variants with APOL1-G0 and APOL1-G2-N264K to understand HR variant-specific effects.

APOL1 HR Variant Overexpression Induces Dose-Dependent Cell

Toxicity that can be Rescued by APOL1 Inhibitors
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Figure 1: (A) Schematic of the experimental design: Differentiated immortalized human podocytes 2100 }—E{L -3 gmn-
expressing doxycycline (dox)-inducible HiBiT-tagged APOL1 variants. Podocytes were treated under six = !ir & 3 =
conditions: A. No Dox, B. Dox only, C. No Dox + MZ-302, D. Dox + MZ-302, E. No Dox + MZ-303, and F. ; 50 - E 50-
Dox + MZ-303. Treatments were applied for 6, 24, and 48 hours. Bulk RNA sequencing was performed for SN E 32 o
all conditions and time points, while Cell Painting assays were conducted for selected treatments (A, B, D, 0 E/!/
F) at 48 hours following APOL1 induction. (B) HiBIiT luminescence assay confirms doxycycline-dependent -50 . . . : . .50 | | | | :
induction of APOL1 expression. (C) Cell viability assay demonstrates that elevated expression of APOL1 -5 -4 -3 -2 -1 0 5 4 3 2 4 0
reduces podocyte viability in a dose- and time-dependent manner. (D) APOL1 inhibitors MZ-302 and MZ- Log,,[MZ-302], uM Log,,[MZ-303], uM

303 restore cell viability, reversing the toxic effects of APOL1 induction.

Cell Painting Reveals APOL1-Mediated Morphological Disruption and

Rescue by Inhibitors
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Figure 2: Cell Painting analysis shows morphological disruption caused by APOL1 HR variant induction and reversal
by inhibitors. (A) Representative Cell Painting images demonstrates that induction of APOL1 HR variant G2 for 48
hours alters morphology of nuclei (DNA; Hoechst), plasma membrane and Golgi (WGA), and endoplasmic reticulum
APOL1 + (Concanavalin A), and that treatment with inhibitor MZ-302 restores morphology toward baseline. (B) Principal
MZ-302 Component Analysis (PCA) of Cell Painting features shows that APOL1 HR variant induction alters cell morphology,

[inhibitor], uM.

while treatment with MZ-302 or MZ-303 reverses morphological changes in a dose-dependent manner. Scale =
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Bulk RNA-seq Shows APOL1 HR Variant Drives Widespread
Transcriptional Reprogramming that is Normalized by Inhibitors

Figure 3: Bulk RNA-sequencing in
iImmortalized human podocytes reveals
widespread transcriptional
reprogramming induced by APOL1 HR
variant G2 and its reversal by
inhibitors. (A) Principal Component
Analysis (PCA) of RNA-seq data. PCA
shows APOL1 induction causes strong
transcriptional divergence at 24hr and
48hr time points, which is reversed by
inhibitors toward baseline levels. (B)
Volcano plot comparing no dox and dox
conditions highlights significantly up-
and downregulated genes (red and
blue, respectively) upon APOL1 HR
variant induction. (C) Plots comparing
fold-change expression of each gene
significantly differentially expressed
upon APOL1 HR variant induction at 24
hours (x axis) vs the effect of inhibitor
treatment (y axis), demonstrating
strong reversal of HR variant-driven
gene expression by APOL1 inhibitors.
(D) Gene set enrichment analysis
demonstrates upregulation of
inflammation, apoptosis, and
metabolism signaling pathways by
APOL1 HR variant. APOL1 inhibitor
treatment reduced the upregulation of
these pathways. In all panels, MZ302 =
0.05 uM and MZ-303 = 0.1 uM.
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APOL1 Variant Comparison Reveals HR Variants in Podocytes Drive
Toxicity-Associated Gene Expression

(A)

Figure 4: APOL1 HR variants induce
expression of genes relevant to podocyte
toxicity and CKD. (A) HiBiT assay
confirms comparable expression of GO,
G1, G2, and G2-N264K variants following
doxycycline induction. (B) Cell viability
assay demonstrates that APOL1 G1 and
G2, but not GO or G2-N264K, induce
dose-dependent cellular toxicity. (C)
Heatmap of gPCR analysis of selected
genes with increased expression upon
APOL1 HR variant induction (see Figure
3D). These genes were upregulated upon
induction of APOL1 G1 and G2 but not
APOL1 GO or G2-N264K. Scale = fold
change (fc) normalized to no dox
condition.
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* In immortalized human podocytes, doxycycline-mediated induction of APOL1 HR variant G2 drove dose- and time-dependent
cytotoxicity that was reversed by small molecule APOL1 inhibitors

 APOL1 HR variant induction caused morphological and transcriptional changes in podocytes that were reversed by APOL1 inhibitors

* Transcriptional changes associated with APOL1 HR variant induction included CKD-relevant transcriptional programs such as
inflammation, apoptosis, and metabolic changes

* Transcripts were identified that were uniquely induced by APOL1 |

R variants but not APOL1-G0 or APOL1-G2-N264K

* Together, these findings identify potential pathways mediating APOL1 toxicity in podocytes and support the ability of APOL1 inhibitors

to restore podocyte health
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