
Multiscale Model of 
Keloid Scar Expansion
ANGELIZ  VARGAS CASILLAS

PHD CANDIDATE

DEPARTMENT OF MATHEMATICS



Overview

BIOLOGY 
BACKGROUND

AGENT-BASED 
MODEL

RESULTS CODE



◔ Biology
○ ABM
○ Results
○ Code

Keloid Scars
• Tumor-like growth in genetically predisposed individuals 
that continues to grow past the initial wound region

• Itchy, painful, burning sensation during growth

• Overproduction of collagen

• Regression is rare 

• Surgery is not a good treatment option

• Current treatments:

• Steroid injections, cryotherapy, laser therapy, radiation 
therapy, or steroid creams

*https://www.nhs.uk/conditions/keloid-scars/
**https://www.mayoclinic.org/diseases-conditions/keloid-scar/symptoms-causes/syc-20520901.

U.S. Dermatology Partners



Why a Mathematical Model?

Exclusive to human 
skin

No valid animal 
models

Allows for virtual 
experiments without 

injuring or further 
scarring patients
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An Agent-Based Keloid Model

• Dermis layer cells and fibers in the model: 
• Collagen fibers

• CCL19+ and ASPN+ fibroblasts 

• Immune cells 

 

• Fibroblasts have 2 states:
• ON – may produce collagen fibers, may divide, and 

may interact with immune cells or other fibroblasts

• OFF – quiescent cell 
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An ABM Simulation – Successful Expansion

Imm Plan 2 – Fib Plan 4 – Demo 3
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An ABM Simulation – Failed Expansion

Imm Plan 2 – Fib Plan 2 – Demo 5
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Preliminary Results

• Collaborators can test these predictions

• If the model and biological experiments agree, then we can suggest potential keloid treatments
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Code Snippet
Mesh movement 

Interaction rules 
as comments at 
the beginning

Main

Some variables 
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HPCC parallel computingHPCC batch script



Launch Plan
• Repository for code and data: GitHub
• Will be included as supplementary material on 

published paper (Nature Communications)

• Multiple versions of code so I will include the cell 
interaction diagram

• README file indicating the adjustable parameters, 
their meaning, and acceptable range of values as 
well as instructions for how to run the code

• MATLAB code for visualizing data (movies or 
snapshots)
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Questions?

Thank you!
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