Icahn School
of Medicine at
Mount

DOWNSTATE Sinal

Madhavi Jere!?, Samin Hassan?, Nagapoornima Tumuluri!, Grace Selecky?, Shrishtee Kandoi!, Margaret 1 Department of Pathology, Icahn School of Medicine at Mount Sinai HEALTH SCIENCES UNIVERSITY

2 Department of Pathology, SUNY Downstate Health Sciences University

Functional and Cytoarchitectural Characterization of a hiPSC-Derived m
Midbrain Organoid Model of Sporadic Tauopathy

Krassner!, Kristen Whitney?!, Kurt Farrell!, Jenny Libien?, John F. Crary?

BACKGROUND

CALCIUM IMAGING CAPTURES SINGLE CELL EVENTS

MORPHOLOGICAL DIFFERENCES BASED ON DISEASE STATUS

Background: Progressive supranuclear palsy (PSP) is a primary
tauopathy characterized by abnormal tau accumulation in neurons
and glia. Although most PSP cases are sporadic, previous studies
have identified several genetic risk associations. Human induced
pluripotent stem cell (hiPSC)-derived organoids are powerful tools
to model patient-specific genetic contributions and capture early
changes preceding disease progression. Molecular mechanisms
that drive PSP pathology remain poorly understood and organoids
represent a patient-relevant model system to validate candidate
disease mechanisms. Calcium imaging allows for rapid functional
characterization, and 3D microscopy allows for complete
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visualization of organoid cytoarchitecture. T (=)
Methods: Fibroblasts grown from sporadic PSP patient or control
skin cells (n = 10 independent cell lines) were reprogrammed into [ &
hiPSCs. HIPSC-derived midbrain organoids were generated in
spinner flasks through pharmacological directed differentiation and m |
grown for up to ten months. For calcium imaging, organoids were ” |
incubated with 10uM cell-permeant calcium dye Fluo-4-AM for 3
hours and imaged in antibiotic-free base media. FIJI was used for
manual ROl extraction, and a custom code was used for event
detection and analysis. For tissue clearing, fixed organoids were
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Step1(1week): Step 2 (2 weeks): o Step3 (3+weeks) control PSP control PSP organoid. Red markings highlight manually selected ROls for fluorescence extraction. Arrowheads represent representative
e LAl e + > Figure 2: PSP organoids demonstrate morphological dystrophy. (A) and (C) 3D views of surface of D300 control and PSP organoid ROlIs selected for signal extraction with corresponding traces in right panel. Images were acquired on an Andor DragonFly
o - — . respectively. (B) and (D) Cross-sections of (A) and (C) respectively demonstrating rich network of TH and MAP2 positivity. Images were acquired spinning disk confocal microscope every 122.95 ms. Mean fluorescence at each slice was measured using FlJI. Following
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microscopy (EM). (I) Non-compact early myelin surrounds an axonal cross-section in a control organoid and dysplastic myelin in PSP organoid Pearson’s correlation at 0.8 threshold and manual visualization of raw traces (D) Scatter plot of all ROIs used for analysis in

indicates myelin abnormalities. (J) Control organoid contains abundant organelles including mitochondria. PSP organoids show organelle (C) demonstrating that cells in PSP and control have a wide range of firing rates with comparable mean event amplitudes.
ORGANOI D DEVE LOPM ENT abnormalities such as swollen mitochondria and lamellar bodies (arrowheads). (K-L) Quantification of EM showing abnormal mitochondrial

morphology (K) and increased lamellar bodies (L) in PSP organoids.
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