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The Retinal Pigment Epithelium (RPE)

* The Retinal Pigment Epithelium is a
monolayer of cells in the back of the eye

e Plays crucial roles in maintaining the
normal retinal function and homeostasis.

- Photoreceptors

- RPE

't Choroid vessels




Regional Retinal Degenerative Diseases

Normal Vision AMD Vision RP Vision

Normal Vision

Retinitis Pigmentosa

National Eye Institute photo

National Eye Institute photo

* Macular RPE degeneration leads to Age-related Macular Degeneration (AMD)

* Peripheral RPE defects leads to Retinitis Pigmentosa (RP) (RPE65 mutations)

There are regional RPE differences that underlie different types of regional retinal
degeneration.




Regional Differences in Retinal Pigment Epithelium (RPE)

Macular RPE cells are smaller than peripheral (Bhatia et al., 2016)
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A complete morphometric map of the human RPE monolayer is not currently available



Project Design

Entire human
RPE flatmount

l

1) Stain and imaging
of cell borders

2) Segmentation using = @

Convolutional
Neural Network

3) Morphometric
analysis with
REShAPE
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Scanning: ~ 200,000 images
~ 17 hours
Img size: 4-7 GB (compressed)
Compare human
Manual correction RPE morphometry
from 11 students

Peripheral

r 4 millions cells

4-5 hours for 3- ‘ I



Segmentation Using Convolutional Neural Network (CNN)

RPE Flatmount CN Segmented RPE
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Morphometric Analysis with REShAPE

e Retinal Epithelium Shape And
Pigment Evaluator

e 30 distinct shape metrics
toicgibo ¥ N * Creates a graphical

HexadlSigiia@gesteell metrics

* Schaub and Hotaling at al, Deep learning predicts function of live retinal pigment epithelium

from quantitative microscopy, Journal of Clinical Investigation, 2020

* Ortolan, D. et al. Single-cell-resolution map of human retinal pigment epithelium helps discover .
subpopulations with differential disease sensitivity. PNAS, 2022 Nathan Hotali ng



Morphometric Analysis of Human RPE
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Low magnification map of whole
human RPE flatmount

3-4 millions cells per flatmount
Every cell is color-coded according
to their cell area

Dark blue = Small area

Yellow/Red = Big area

Ortolan, D. et al. Single-cell-resolution map of human retinal pigment epithelium helps discover
subpopulations with differential disease sensitivity. PNAS, 2022



Enhancements and Improvements to REShAPE processing from Strides

Initiative

Previous process:

* Required switching between different external applications

* Some parts were painfully slow
e Limited image size (~30,000 x 30,000 pixels max)

* Did not support Carl Zeiss microscope images (CZI) directly

Updated process:

* Has a unified Ul (pictured), no need for switching
between external applications along the way

* Slow parts were optimized, now it takes
minutes/hours instead of days/weeks

» Supports extra large images, the size is only
limited by the amount of available RAM

* Supports CZI

* Can be deployed to other systems, including
Cloud VMs

74 REShAPE Controller version 1.0.4 (2020-04-08)
Directories

Input directory: |C:/RPE_Data/Z01_suite/REShAPE

Output directory: |C:/RPE_Data/Z01_suite/REShAPE/Processed

NN Segmentation Options Tiled Image Options CZl options
Batch Size: |15 Pad Tiles By: [100 [~ Save TIFF Suffix
UseGPU? & Yes " No ¥ Plane1 |DAP
Internal Scale: None — W Plane2 |AF4g8
¥ Plane3 |AF594
Arti Filter: None —
" Plane4
Progress
-> C:\RPE_Data\Z0l_suite\REShAPE\Processed\P1-W2-ZOl_D05_F002_z01l ]
E.json

P1-W3-ZOl1_D02_FO006_Z0l_ REShAPE.tif (already done)
-> C:\RPE_Data\Zz0l
E.json

P1-W4-ZOl1_D04_F002_Z0l1 REShARPE.tif (already done)

-> C:\RPE_Data\Z0l_suite\REShAPE\Processed\P1-W4-ZOl_D04_F002_Z0l_}

E.json
Found 0 image(s) in direct C:/RPE_Data/Z0l_suite/REShAPE
Matlab exited(0) in 0:00:26.025000

Fiji started.

_suite\REShAPE\Processed\P1-W3-Z01_D02_F006_201_|

= a X
J Output Graphics Options
J Reconstruct Tiled Images? & Yes ( No
Create Colored Images: All — |
Main Coloring: Thermal — I
& Image Format: PNG Separate Images — I

&
- Use Manual Limits? " Yes @ No Set Limit
P

REShAP _‘_I Cell Size Restrictions for Analysis

Lower Cell Size: |1 Sq.Microns
BieeaD Upper Cell Size: {1000 Sq.Microns
REShAP Automated Unit Conversion
Convert pixels to real units? & Yes " No
Length of scale bar: |1.0 Pixels

Length of scale bar: |0.216666667 Microns

Go For It Close




REShAPE Visualizations

74 REShAPE Visualization version 1.0.2 (2020-01-21) = [} %
Visualizations Group Manager I
Output Directory ~Plate1_1x_D55-Area-density.png
[C:/ReshapeData/Plots I ‘ 2021-03-14 04:43:29 (density) — Cell Area - | < | > | Save | Save All |
o —
~Data File Group g o
Plate_1x_DS5 | e i S <
~Cell Feature——————————————————Plot Opti
TR = o
e — | I ]| I
Cell Bounding Box Height
Cell Bounding Box Width Coane Drug — |J
Cell Centroid XCoord 2
Cell Centroid YCoord Column 2 Category =1 |J E
Cell Circularity §
Cell Compactness V' Log2 [ Black Outline
Cell Extent .
Cell Neighbors X Axis Label: |Category 9
Cell Perimeter Y Axis Label: |~Avea ~(mu~m~{2}) i
Cell Solidity o
Ferets Aspect Ratio Ylem'nts: [ = ‘
Ferets Max Diameter Size (in): ‘ 12.0 x ‘&0 =
Ferets Min Diameter Dot Size: |0.001 %
Hexagonality Area Ratio -
Hexagonality Score — Dot Alpha: [0.01 = o = —
Hexagonality Side Ratio Box Alpha: (0.4 Area (um?)
Major Cell Axis ) "
Minor Cell Axis LI I~ Draw Annotations v [ ouso,0,1¢ [l om0
select All | Deselect Al |  Defautts | Plot

Automatically generates most common types of charts to visualize statistical distributions of cells by different
geometrical parameters computed by REShAPE.



Relevance to NEI (and outside)

REShAPE is ready to be used by any lab which works on epithelia or cells with similar
shape. Implementation on cloud will be very useful for making the software available.

REShAPE can be extended/adapted for use on any other cell type

What’s left to do?

REShAPE is still dependent on MATLAB (and MATLAB licenses).
We are currently converting all REShAPE code to Python to match the need of

efficient cloud use and to optimize it for native cloud infrastructure.



