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1. AMD: Overview 
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Photo from Care_SMC

Age-Related Macular Degeneration (AMD)

JAMA Ophthalmol. 2022;140(12):1202-1208.

❏ What is AMD? It is a common, progressive eye condition (usually) in people over 50 that damages the 
macula, causing blurry central vision or blind spots, but rarely total blindness;

❏ Global patient burden continues to rise: 288 million AMD patients worldwide by 2040.
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Dry AMD & Wet AMD

❏ Dry: gradual loss
❏ Wet: rapid, severe leakage
❏ Treatments are available for both to slow progression, but there is 

no cure for late-stage

Image from:https://insighteyespecialists.com/7-ways-to-protect-your-eyes-from-age-related-macular-degeneration/ (and AI modified)

https://insighteyespecialists.com/7-ways-to-protect-your-eyes-from-age-related-macular-degeneration/
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Early AMD pathogenesis begins at the outer blood-retinal barrier

Cell Genom, 2023. 3(6)
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Age-related macular degeneration; PRE: Retinal pigment epithelium; EC: endothelial cells; OCT: Optical coherence tomography

❏ AMD progresses through distinct clinical stages with different hallmarks.
❏ Intermediate AMD precedes both GA and neovascular AMD.
❏ Drusen accumulation is a clinical hallmark.
❏ Key pathologies emerge at the outer blood-retinal barrier (oBRB).

Dry WetDry
Drusen  are yellow deposits under the retina that are made up of lipid 
and proteins, which are located between the RPE and choroid interface.

Optical coherence tomography (OCT) images
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How to diagnose AMD?
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Why modeling the oBRB?

oBRB  is a key tissue site, where 
early AMD pathology emerges.
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Linking clinical biomarkers to disease pathways using the oBRB model

Clinical 
biomarkers

In vitro
system

Human
disease

❏ Clinical biomarkers serve as translational anchors  to connect human disease with in vitro 
phenotype.

❏ Aim to identify disease-inducing pathways  that are linked to clinically relevant phenotypes in the 
oBRB in vitro model.

Disease pathway identification

Identify pathways that drive disease-relevant phenotypes 
in the oBRB model

Age-related macular degeneration; PRE: Retinal pigment epithelium; EC: endothelial cells; oBRB: outer blood retinal barrier

Disease modeling
with clinically anchored phenotypes

Build a patient-informed chemogenomic library to model 
clinically anchored phenotypes

Model development

Reconstruct the human  oBRB interface where early 
AMD-associated biomarkers emerge

oBRB-on-plate
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2. Image Analysis 
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Pre-processing
A bit of AI and Classic techniques

Steps:

● 3D Reconstruction: Initial z-stack layer 
distribution mapped across well field.

● DAPI Channel & CellPose: running CellPose on 
each image to identify the nuclei.
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Pre-processing
A bit of AI and Classic techniques

Steps:

● Classification & Plane Fitting: GMM model to classify cells and surface 
fitting to separate the two layers

● Projection: ending with two separate projection for above and below 
layers
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Pipeline
Our steps

- Can we extract a health score from a selected patch in a oBRB image? 
- Can the health score tell us something beyond what we look in the image?

/PCA
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Step B: Quality Check
● Intensity Outliers: Keep patch if mean intensity is within 

±3σ per well.
● Variance of Laplacian: Drop worst 2% tail (blur/focus 

quality).

Steps A & B - Vasculature Removal & Quality Check
Data exploration & preprocessing

Step A: Vasculature Removal
Removed patches (224x224) centered on vasculature to eliminate 
scattering artifacts using a skeletonized mask.

- Possible correction with Monte Carlo Simulation (?)
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Step C - Batch Effect
Shift corrected
Corrected Image Pipeline & Intensity Distribution:

Key Summary

● Pre-normalization Check: Evaluated 
intensity response prior to ImageNet 
normalization.

● Intensity Focus: Primary target is 
intensity accuracy.

● Error Correction: Model requires 
normalization, but shift errors must be 
corrected beforehand.
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3. Health Score 
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Step D&E - MLR/PCA
Sub-selecting features

We then fine-tuned DinoV2 and DinoV3 on our images. But we ended up with too many features. We can subselect 
them. The idea is to train a simple classifier (Multinomial Logistic Regression) to classify the different compounds. By 
applying an L1 Norm with a C small enough to remove more features while keeping performance high enough.

We used different plates of the 16 plates to train the classifier and to 
obtain a good subsample of features.
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Step F - Health Score → Diffusion Distance

Baseline: Mahalanobis

More advances: Diffusion



17

Phenotypic Analysis & Results
Morphological changes across experimental treatment conditions

• Baseline phenotype: 
Predominantly green tissue 
signal as expected for negative 
control.

• Artifacts: Isolated red foci 
coincide with cell aggregates, 
edge effects, or background 
artifacts rather than true 
biological activity.

• Intermediate phenotype: 
Intermediate response showing 
localized tissue remodeling and 
moderate disruption.

• Extreme phenotype: 
Strongest and most uniform 
response across the monolayer.

• Remodeling: Consistent with 
widespread disruption 
(junctional integrity, cell shape, 
tension, or density).
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4. Future Developments 
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Summary & Future Developments
Next steps

Summary:
- We built an end-to-end pipeline to extract quantitative information from oBRB microscopy images (3D 

reconstruction, CellPose-based nuclei detection, GMM-based layer classification and projection) 
- We built a health score based on the distance from the control distribution, which led to a consistent ranking 

of phenotypes — intermediate (localized remodeling) vs. extreme (uniform, monolayer-wide disruption) — while 
separating genuine biological responses from imaging artifacts
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Thank you!
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Stay connected with us!
@IHB_Research | #TeamIHB | www.institutehumanbiology.com

Connect with the Institute of Human Biology on
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Doing now what patients need next


