
BACKGROUND
Understanding cellular and molecular drivers of cancer cell aggression in tumors is essential to targeted therapy development and deployment to patients. Multiplex immunofluorescence and digital pathology analysis 
have become the standard protocol in research facilities to probe and understand these biological relationships. Antibody-based multiplex immunofluorescence can quantify hundreds of proteins in tumor cells to 
study how protein localization changes in pathogenic cells, while AI-based analysis methods deliver unprecedented insight into biological processes, both in fundamental cell biology and translational research. These 
technological advances have become important in tumor microenvironment (TME) immune profiling. Here we identified heterogeneity in exhausted T cells and used this finding to explore the association between 
these cells and checkpoint-blockade therapies. Identifying biomarkers that predict response to checkpoint blockade may be an important predictor of the response to immunotherapies.
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HALO® and HALO AI IMAGE ANALYSIS WORKFLOW of CELL DIVE IMAGES

CONCLUSIONS

PROXIMITY ANALYSIS INFILTRATION ANALYSIS

Figure 4. Tissue Biomarker Summary Analysis. %Positive Biomarkers of interest within the Normal and Carcinoma regions of Lung, 

Liver, and Intestine.

Figure 7. Proximity Phenotype analysis. The number of all the different cell phenotypes 

within a specified radius of a tumour cell (in this case 250 μm) is calculated. Full core image (A) and 
zoom-in into tumour border area (B)

Figure 8. Histogram of the number of the different phenotypes within 

a 250 μm radius from any tumour cell.

Figure 9. Example of infiltration analysis 

within the TMA core on the tumor interface. 
Infiltration analysis is done 150 μm on either side 
of the tumor boundary at 30 μm bins.

Figure10. Histogram of the density (per mm^2) of the immune phenotypes 

within a 150μm range from the tumour interface of intestinal carcinoma cores.

A combined workflow using CST antibodies, the Cell DIVE platform for highly multiplex staining and immunofluorescence imaging combined with HALO quantitative image analysis delivers a comprehensive 

solution for exploring the immune landscape of tumor tissue. Here, we find differential expression of markers of cancer aggression and immune cell responsiveness in a variety of cancer types. Using this critical 

information could help guide immunotherapy development and clinical trial stratification.

Figure 5. Normal vs Carcinoma Tissue Biomarkers of Interest. %Positive SOX9, VIM, CD31, TIM3, LAG3, CD3, KI67, & SURV Biomarkers with 

noticeable discordance between Normal and Carcinoma groups. 

Figure 6. Detection and definition of Phenotypes. (A) Immune phenotypes were created from individual biomarkers for analysis, (B) Tumour phenotypes 

were created from individual biomarkers for analysis. All phenotypes were then analysed within the normal and carcinoma samples. (C) Spatial Dot Plot of immune 
phenotype positive cells and tumour regions (green).
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Figure 1. TMA Core Segmentation, Tissue Core Annotation, & Identification. (A) The cores are automatically detected and

cropped into square boxes with the tissue core centred (red). Cores can be marked as valid/invalid. (B) The individual tissue cores can be automatically
annotated using the flood tool. Manual edits as well as additional exclusion annotations can be made. (C) Manifest data information can be added to
the TMA block/core and will be exported with TMA results.
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Figure 2. Tumor/Stroma Tissue Classification and Highplex FL Analysis. (A) Whole core immunofluorescence image (B) 

multiplex immunofluorescence Cell DIVE image, nuclei in blue and pancytokeratin positive cells (tumour) in yellow, additional biomarkers displayed, (C) 
tumour segmentation using HALO AI Classifier (tumour in green and stroma in red).  (D) Cell DIVE immunofluorescence image cell 
classification/analysis mark-up (colocalization) using the Highplex FL module.
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Figure 3. TMA Density Heatmap Generation for Biomarkers of Interest. TMA Heatmaps (Hot vs Cold) for the density 

of each biomarker of interest in intestine, liver and lung. Each square represents a TMA core.
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METHODS
A tissue micro array (TMA) containing 40 tumor tissues from 27 different anatomic sites was stained using 30 antibodies from Cell Signaling Technology (CST) and imaged using the Cell DIVE Multiplex Imaging 
Solution from Leica Microsystems. The cores were then analyzed using HALO® image analysis platform from Indica Labs to better understand the TME.

CELL DIVE MULTIPLEXED IMAGING WORKFLOW

TMA MAP for SELECTED CORESCST® ANTIBODY SELECTION

RESULTS

We found that most tumors had an increase in expression of vimentin, alpha-SMA, survivin, and Ki67 with respect to non-tumor tissues. These markers are often upregulated in aggressive tumors and are 
responsible for increased cell survival, angiogenesis, and invasiveness. These tissues also expressed PD-1 and PD-L1 checkpoint signaling biomarkers at lower levels suggesting a potentially reduced response to 
immunotherapy. We found that some cancer types, such as esophageal cancer, squamous cell carcinoma, breast, adenocarcinoma and head-and-neck tended to have higher levels of LAG-3 and TIM-3 expression 
than normal tissue. Higher levels of LAG-3 and TIM-3 expression in T cells has been associated with poor prognosis and could inhibit the immune response to cancer. Anti-cancer treatment targeting TIM-3 and 
LAG3 could benefit patients undergoing immunotherapy. Further in-depth analysis such as proximity of specific cell types to tumor cells as well as the infiltration of cell types such as immune cells into the tumor 
regions can help lead to better detection of valuable biomarkers.  Novel combinations of these inhibitors with the current standard of care might be a promising approach to increase progression-free survival. 
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