
Dr. Armando Orlandi 
Dh di Oncologia Medica 

Heterogeneity:  
TNBC and other subtypes  

Session 1 
HOW TO BETTER KNOW  

THE “SOUL” OF BREAST CANCER  



DISCLOSURE 

I love molecular biology, but I'm just a clinician. 
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N.E. Navin, SABCS 2018 

Heterogeneity: Background 

How does a single cell evolve into a complex 
mass of milignant tissue so heterogeneus? 

What is the role of clonal diversity in: 

• Tumor initiation and invasion? 
 
• Metastasis? 
 
• Therapy resistence? 
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Heterogeneity: Background 

Linear evolution model 

Branched evolution model 

I. Dagogo-Jack et al, Nat Rev Clin Onc 2018 
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A. Davis et al, Bio. et Bio. Acta 2017 

Heterogeneity: Background 



D. A. Lawson et al, Nat Cell Bio 2018 
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I. Dagogo-Jack et al, Nat Rev Clin Onc 2018 

Heterogeneity: Background 

Spatial heterogeneity Temporal heterogeneity 
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N. E. Navil, Genome Research 2015 

Heterogeneity: Background 
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A. Davis et al, Bio. et Bio. Acta 2017 

Heterogeneity: Background 

NGS method for resolving intratumor heterogeneity 
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Heterogeneity in TNBC and other: SABCS 2018 

A. K. Casasent et al, Cell 2018 N.E. Navin, SABCS 2018 

C. Kim et al, Cell 2018 
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A. K. Casasent et al, Cell 2018 
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Heterogeneity in TNBC and other: SABCS 2018 

N.E. Navin, SABCS 2018 

Background 
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Heterogeneity in TNBC and other: SABCS 2018 

Methods and Results 

N.E. Navin, SABCS 2018 
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Heterogeneity in TNBC and other: SABCS 2018 

A. K. Casasent et al, Cell 2018 

N.E. Navin, SABCS 2018 

Methods and Results 

10 patients examined: 
 4 monoclonal 
 6 were polyclonal  
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Heterogeneity in TNBC and other: SABCS 2018 

A. K. Casasent et al, Cell 2018 

Methods and Results 

N.E. Navin, SABCS 2018 
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Heterogeneity in TNBC and other: SABCS 2018 

A. K. Casasent et al, Cell 2018 

 
• CNA clones derived from a common ancestor. 

 
• CNA subclones detected before invasion through duct. 

 
• The evolutionary model is: Multiclonal invasion model. 

 

Take home Results 
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Heterogeneity in TNBC and other: SABCS 2018 

C. Kim et al, Cell 2018 
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Heterogeneity in TNBC and other: SABCS 2018 

Background 

N.E. Navin, SABCS 2018 
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Heterogeneity in TNBC and other: SABCS 2018 

C. Kim et al, Cell 2018 

Methods and Results 

N.E. Navin, SABCS 2018 
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Heterogeneity in TNBC and other: SABCS 2018 

C. Kim et al, Cell 2018 
N.E. Navin, SABCS 2018 

Methods and Results 

Single Cell Sequenting Deep-sequencing  
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Heterogeneity in TNBC and other: SABCS 2018 

N.E. Navin, SABCS 2018 

Methods and Results 

Deep-sequencing of pre-, mid- and post- treatment samples 
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Heterogeneity in TNBC and other: SABCS 2018 

C. Kim et al, Cell 2018 
N.E. Navin, SABCS 2018 

Single cell Analysis of 8 TNBC patients 

Methods and Results 
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Heterogeneity in TNBC and other: SABCS 2018 

• 50% patients examined, clones of aneuploid/mutated cells 
were extingued post treatment. 
 

• In the other 50%, pre-existing clones persisted post therapy, 
adaptive rather than acquired. 
 

• Transcriptional reprogramming leads to «acquired» 
resistance to therapy (AKT signalling, EMT, hypoxia signature 
NOT found generally in the pre-therapy nuclei RNA seq). 
 

• Several patients (3) with pCR had residual mutations detected 
suggesting that single cell DNA or deep-exome sequencing 
may provide more sensitive methods for detecting residual 
disease. 

C. Kim et al, Cell 2018 

Take home Results 
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Heterogeneity in TNBC and other: SABCS 2018 

A. Costa et al, Cancer Cell 2018 

• Expression of CD29, FAP, alpha-SMA, PDGFR-beta, FSP1 and 
CAVI identifield four Cancer Associated Fibroblast (CAF) 
subsets (CAF-S1-S4). 
 

• CAF subsets show different distribution across breast 
cancer subtypes. 
 

• CAF-S1 is associated with immunosuppression. 
 

• CAF-1 enriched TNBC had increased recruitment of T cells, 
survival of CD4+CD25+ T cells that differentiate into 
FOXP3+ T cells and reduced CD8+ R cells. 
 

• CAF-S1 enhance the ability of Tregs to inhibit effector T cell 
proliferation. 

Take home results 



OUTLINE 

• Heterogeneity: Background 
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• N. Navin : DCIS  
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H. G. Russnes et al, JCI 2011 

Heterogeneity: Food for thought 

A. Davis et al, Bio. et Bio. Acta 2017 
C. Kim et al, 2018 Cell 2018 



Post San Antonio 2018 
Heterogeneity: TNBC and other subtypes  

Roma, 28 gennaio 2019                                                                                           Dr. Armando Orlandi 

Heterogeneity: Food for thought 

Death 

T
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Time 

Drug 

PFS benefit 

PFS benefit 

New Drug 

No OS benefit 

OS benefit 
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A. Davis et al, Bio. et Bio. Acta 2017 
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Heterogeneity: Food for thought 

Death 
T

u
m
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r 
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Time PFS benefit OS benefit 

Drug strategy 
Hetrogeneity-based 
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GRAZIE DELL’ATTENZIONE 
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N. McGranahan et al, Cell 2018 

Heterogeneity: Background 
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D. A. Lawson et al, Nat Cell Bio 2018 

Heterogeneity: Background 
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A. Davis et al, Bio. et Bio. Acta 2017 

Heterogeneity: Background 
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Heterogeneity: Background 

D. A. Lawson et al, Nat Cell Bio 2018 
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I. Dagogo-Jack et al, Nat Rev Clin Onc 2018 

Heterogeneity: Background 

Evolutionary pathway  of therapy resistance 
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Heterogeneity in TNBC and other: SABCS 2018 

N.E. Navin, SABCS 2018 

Background 
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N. E. Navil, Genome Research 2015 
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I. Dagogo-Jack et al, Nat Rev Clin Onc 2018 

Heterogeneity: Background 

Spatial heterogeneity Temporal heterogeneity 
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Background 

N.E. Navin, SABCS 2018 
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N. E. Navil, Genome Biology 2014 

Heterogeneity: Background 

From rare cellular populations (CTC, DTC) 

From abundant cellular populations 

Single Cell Sequencing 
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Heterogeneity: Background 
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A. K. Casasent et al, Cell 2018 
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Heterogeneity in TNBC and other: SABCS 2018 

A. K. Casasent et al, Cell 2018 

• 10 patients examined, 6 were polyclonal, 4 monoclonal  
 

• CNA clones derived froma a common ancestor 
 

• CNA subclones detected before invasion thru duct 
 

• Even in CNA monoclonals, diversification at mutational level 
seen befor invasion 

Take home results 
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Heterogeneity in TNBC and other: SABCS 2018 
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Heterogeneity in TNBC and other: SABCS 2018 

C. Kim et al, Cell 2018 
N.E. Navin, SABCS 2018 

Methods and Results 
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Heterogeneity in TNBC and other: SABCS 2018 

M. Karaayvaz et al, Natu Comm 2018 

• Single cell RNA sequencing of 1189 cells from 6 primary TNBC 
patients  
 

• Identified a subpopulation of malignant cells shared between 
tumors, cluster 2 
 

• Malignant subpopulation was associated with metabolism and 
immunity 
 

• The glycosphingolipid metabolic pathway collelated with 
outcome: mediates GF signalling, EMT, stem-like behavior 
 

• Glycosphingolipids also module innate and adaptive immunity 
 

• Minor subpopilations shared between patients can determine 
patient outcomes 

Take home results 



Post San Antonio 2018 
Heterogeneity: TNBC and other subtypes  

Roma, 28 gennaio 2019                                                                                           Dr. Armando Orlandi 

Heterogeneity in TNBC and other: SABCS 2018 

• Single cell RNA sequencing of 1189 cells from 6 primary 
TNBC patients  
 

• Identified a subpopulation of malignant cells shared 
between tumors, cluster 2 
 

• Malignant subpopulation was associated with metabolism 
and immunity 
 

• The glycosphingolipid metabolic pathway collelated with 
outcome: mediates GF signalling, EMT, stem-like behavior 
 

• Glycosphingolipids also module innate and adaptive 
immunity 
 

• Minor subpopilations shared between patients can 
determine patient outcomes 

Take home results 

M. Karaayvaz et al, Natu Comm 2018 



Post San Antonio 2018 
Heterogeneity: TNBC and other subtypes  

Roma, 28 gennaio 2019                                                                                           Dr. Armando Orlandi 

Heterogeneity in TNBC and other: SABCS 2018 

• Epcam+ to Epcam – yielded higher stemness 
 

• CD106, CD51 and CD61+ define EMT transition states 
 

• Triple positive (TP) preferential yields TPs 
 

• Itermediate states show grater plasticity 
 

• Higher EMT states more invasive 

Take home results 

I. Pastushenko et al, Nature 2018 
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• Expression of CD29, FAP, alpha-SMA, PDGFR-beta, FSP1 and 
CAVI identifield four Cancer Associated Fibroblast (CAF) 
subsets (CAF-S1-S4) 
 

• CAF subsets show different distribution across breast 
cancer subtypes 
 

• CAF-S1 is associated with immnosuppression 
 

• CAF-1 enriched TNBC had increased recruitment of T cells, 
survivall of CD4+CD25+ T cells that differentiate into 
FOXP3+ T cells and reduced CD8+ R cells 
 

• CAF-S1 enhance the ability of Tregs to inhibit effector T cell 
proliferation 

Take home results 

A. Costa et al, Cancer Cell 2018 
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Heterogeneity in TNBC and other: SABCS 2018 

• Screening of a library of secreted proteins in tumor microenviroment. 
 

• Fibroblast growth factor 2 mediates drug resistances to drug in ER+ BC. 
 

• RNA sequencing in ER+ BC cell lines revealed a FGF2 response signature that correlates with shorter recurrence free survival.  
 

Take home results 
K. Shee et al, JEM 2018 
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Heterogeneity in TNBC and other: SABCS 2018 

S. Donzelli et al, BCR 2018 

• ID4 expression in TBC cells correlates with macrophage 
recruitment and predicts poor survival in tumors highly 
infiltrated by macrophages 
 

• TAMs express pro-angiogenic genes and downregulate anti-
angiogenic miRNAs in response to ID4 expression in BC 
cells and this interaction is mediated by secreted VEGFA. 
 

Take home results 



• It’s importante to integrate the lesson learned from patients and preclinical model to 
better predict the evolutionary trajectory of cancer evolution to allow to design more 
effective anticancer therapy 
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Food for Thought 
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R. Gao et al, Nature Genetics 2016 

Heterogeneity: Background 
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H. G. Russnes et al., JCI 2011 

Heterogeneity: Background 
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microenviroment. 
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I. Pastushenko et al, Nature 2018 

• Epcam+ to Epcam – yielded higher stemness 
 

• CD106, CD51 and CD61+ define EMT transition states 
 

• Triple positive (TP) preferential yields TPs 
 

• Itermediate states show grater plasticity 
 

• Higher EMT states more invasive 

Take home results 
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N. E. Navil, Genome Biology 2014 

Heterogeneity: Background 
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Heterogeneity in TNBC and other: SABCS 2018 

A. K. Casasent et al, Cell 2018 
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A. K. Casasent et al, Cell 2018 


