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“Worldwide Cancer Data: World Cancer Research Fund International.” WCRF 
International, 2022, www.wcrf.org/cancer-trends/worldwide-cancer-data/.  
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Universal Macrophage Polarization Gene Signature: SMaRT 
Model

SMaRT Model
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Goal: 
Refine the universal macrophage gene signature (SMaRT signature) to capture 

the polarization dynamics of tumor-associated macrophages in colorectal cancer 
patients.  

AI-Assisted Investigation of TAM Polarization in Colorectal Cancer
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Annotated Data Collection: Macrophage Cell 
Extraction:

Gene Signature 
Refinement:NCBI GEO 

Database
TYROBP & FCER1G 
Expression

T-Test Dependent 
Differential Gene 

Expression Analysis

Primary Analytical Tools: 
Data Collection, Macrophage Extraction, Refinement
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Immuno-Reactive Composite 
Score

Immuno-Tolerant Composite 
Score

StepMiner 
Threshold

Composite Score: 
Quantifying Gene Signatures
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Healthy Colon 
TissueCRC Colon Tissue

SMaRT Model Application: 
Immuno-Reactivity & Tumorous Macrophages
GSE132465 
(Human)

Immuno-
Reactive

Immuno-
Tolerant
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GSE20916 
(Human)

SMaRT Signature on Non-Macrophage Dataset: 
Lack of Healthy/CRC Separation    

Immuno-Reactive Immuno-Tolerant

Healthy Colon (34)

Colorectal Cancer Colon (36)

Healthy Colorectal Cancer

AUC-ROC: 0.66
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GSE132465 (Human, Training 
Dataset)

Refinement of SMaRT Signature: 
Healthy/CRC Separation 

SMaRT Signature Noisy Signature Refined Signature

AUC-ROC: 0.12 AUC-ROC: 0.00 AUC-ROC: 0.92
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Immuno-
Reactive

Immuno-
Tolerant



Validation of Refined TAMs Signature on Non-Macrophage Dataset: 
Healthy/CRC Separation 

GSE20916 
(Human)

SMaRT Signature (338 
Genes)

Immuno-Reactive Immuno-Tolerant

AUC-ROC: 0.66

GSE20916 
(Human)

Refined Signature (24 
Genes)

Immuno-Reactive Immuno-Tolerant

AUC-ROC: 0.96
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The Cancer Genome Atlas (TCGA) 
[2017]

Translational Potential of Refined TAMs Signature:
MSI Pathway

AUC-ROC: 0.78
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SMaRT Model Development
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Asymmetric Boolean Relationships Symmetric Boolean Relationships 
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Macrophage Extraction
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Differential Gene Expression
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Immuno-Reactive Genes
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Immuno-Tolerant Genes
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SMaRT Application



Using C13-C14-C3 Composite 
Scores
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Signature Performance
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Refinement Training
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Signature Validation
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MSS/MSI & CIMP+/CIMP- Status
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