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Introduction
Triple negative breast cancer (TNBC) comprises 10-15% of breast cancer (BC) cases. 
TNBC is characterized by absence of the key treatment targets: estrogen receptor, 
progesterone receptor and HER2 amplification. Biologically, TNBC encompasses a range 
of BC subtypes, including Basal-like breast cancer (BLBC), Luminal Androgen Receptor 
positive breast cancer (LAR), and some rare histological subtypes. There is a need for 
clinically applicable biomarkers that could identify patients who are most likely to 
respond to targeted treatments. In particular, immunotherapies lack accurate 
companion diagnostics for patient selection.

Development of Data Independent Acquisition – Mass Spectrometry (DIA-MS) based 
proteomic methods that are applicable to Formalin Fixed Paraffin Embedded (FFPE) 
cancer tissue samples offers a new field of discovery for TNBC predictive biomarkers.

Aims
The aim of this study was to examine the TNBC proteome derived from MS-
based analysis of FFPE tissues to identify features that could form useful 
indicators of therapeutic vulnerability.

Methods
Proteomic profiles of 312 TNBCs were obtained from DIA-MS based analysis of 
FFPE tissue sections. Gene expression profiles were also obtained for a subset of 
97 cases using the Nanostring Breast Cancer 360TM Panel. Integrated analysis of 
proteomics, gene expression and clinical data was performed.
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Results

Conclusions
Given the robust ability of proteomic profiling to detect features of immune activation known to predict immunotherapy response, and the correlation of proteomic immune signature with 
patient outcome, our data suggests a promising role for the use of this approach in guiding treatment selection for patients with TNBC.
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The global proteomic landscape of TNBC is dominated by the distinction between BLBC 
and non-BLBC

BLBC and non-BLBC demonstrate differing patterns of functional association

The tumour immune microenvironment is associated with immune activation and 
mesenchymal protein signatures

Immune activation is associated with immune checkpoint expression and survival in TNBC

Acknowledgements

Prediction Analysis of Microarray 50 (PAM50) 
subtypes classification based on gene expression 
profiles. One of four breast cancer molecular subtypes 
was assigned to 97 TNBC cases based on RNA profiles. 
There were 308 proteins differentially expressed 
between BLBC and non-BLBC cases, allowing 175/312 
(56%) cases to be classified as BLBC from co-clustering 
with confirmed cases.

The global proteomic landscape of TNBC 
showed distinct partitioning into two 
clusters based on consensus clustering. 
These two clusters significantly associated 
with BLBC and non-BLBC classification 
(p=2.2E-16)

Hierarchically clustered heatmap of 455 proteins 
differentially expressed (p <0.05, at least 2 folds 
changed) between the two consensus clusters at 
k=2. Abbreviations for protein cassettes 
distinguishing the proteomic landscape of TNBC: IA 
= Immune Activation. ONCO = Oncogenic, growth 
and proliferation. LAR = Luminal Androgen Receptor. 
MES1 = Mesenchymal cassette 1. MES2 = 
Mesenchymal cassette 2. IIR = Innate Immune 
Response.

Hierarchically clustered heatmap of single 
sample gene enrichment analysis (ssGSEA)  
scores for the protein cassettes 
distinguishing the proteomic landscape of 
TNBC and the top 5 correlated mSigDB 
Hallmark genesets for each, demonstrated 
functional distinctions in the TNBC 
proteomic landscape. 

MYC drives cellular growth and proliferation in BLBC

A ssGSEA score summarising expression of the Oncogenic, growth and proliferation protein cassette was 
significantly higher in BLBC compared with non-BLBC (A), and strongly correlated with a Hallmark MYC 
target protein score (B,C). This is consistent with the effect of MYC activation, that has been repeatedly 
demonstrated in BLBC. 

Highest immune activation scores were observed in Fully Inflamed cancers and low scores in the 
Margin Restricted and Immune Desert categories. The MES1 mesenchymal score, reflecting an 
influence of TGFβ signaling, was highest in Margin Restricted and in Immune Desert TNBC.
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Immune Activation Score

Immune activation was associated with improved survival in TNBC. (A) Scatter plot showing 
correlation of ESTIMATE IMMUNE Score calculated based on RNA expression (Yoshihara Nat Comm 
2013) against the Immune Activation Score calculated based on protein expression (B) Kaplan Meier 
analysis in which samples are categorized based on the Immune Activation Score (Low/Blue, score <= -
0.1; Medium/Gray, score between -0.1 and 0.1; High/Pink, score >= 0.1). Although PDL1 protein was not 
included in the proteomic data, expression of the immune checkpoint PDL1 mRNA was positively 
correlated with the proteomic Immune Activation Score (C).
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Classification of tumour microenvironment (TIME) based 
on evaluation of localization of lymphocytic infiltrate in 
H&E stained sections. Cases were assigned into 4 subtypes: 
Fully Inflamed (FI), stroma restricted (SR), margin restricted 
(MR) and immune desert (ID). 
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BLBC was characterized by high level expression of 
proteins involved in growth and proliferation that 
appears to be driven by MYC activation. In contrast, 
non-BLBC showed high expression of mesenchymal 
element proteins. A subset of cases displayed a 
proteomic signature reflecting immune activation.
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