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Science: While only a minority of individuals develop 
active tuberculosis (TB) after being in contact with 
someone with active TB, most people successfully control 
the infection and are asymptomatic. This is known as 
latent tuberculosis infection (LTBI) and a range of clinical 
outcomes are associated with this state. Therefore, 
understanding the mechanisms of immune control may 
provide insight into understanding how active TB is 
prevented. Researchers set out to better understand the role 
of T cells in LTBI and used a rhesus macaque model to study 
antigen-specific T cells in lung compartments infected with 
M. tuberculosis by sampling bronchoalveolar lavage and 
blood samples post infection. They identified more memory 
CD4+ and CD8+ T cells producing IFN-γ in the airways compared to blood and most of the M. tuberculosis specific 
CD4+ cells expressed CXCR3 and CCR6. They found that CXCR3+ CD4+ cells were found in granulomatous and 
nongranulomatous regions of the lung and were inversely correlated with M. tuberculosis burden.

Technology: The HALO Tissue Classifier Add-on was used to identify tissue on slides and output annotations. 
The annotations were then analysed by the VGG network of HALO AI to identify granulomas. Results were 
confirmed by a board-certified veterinary pathologist and the percentage of granuloma area was calculated by 
dividing the granuloma area by the area of the annotated region. In the image above, CD163, CD68, CD4, and 
CXCR3 are shown in representative LTBI cases and granulomatous and non-granulomatous areas of lung tissue.

HALO AI, the Deep Learning Classifier Add-on to the HALO® image analysis platform continues 
to advance research areas as diverse as infectious disease, metabolism, gastric pathology, 
neuroscience, myology, and oncology and immuno-oncology. Here we list recent HALO AI 
publications according to research area and highlight which HALO AI network was used. 

Although many publications could have been placed into several categories, they are only listed 
once. Check any related categories for additional publications in your research area.
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Science: Alzheimer’s disease (AD) and chronic traumatic 
encephalopathy (CTE) are both neurodegenerative diseases 
characterized by depositions of the tau protein. Jonathan 
Cherry and colleagues set out to understand how these 
two diseases impact the hippocampus by investigating the 
localization and abundance of the 3R and 4R tau isoforms. 
In CTE, they found a higher abundance of tau in the CA2 and 
CA3 subfields of the hippocampus, as compared to CA1. In 
AD, they found the opposite result. In both CTE and AD they 
found that early-stage disease was characterized by higher 
levels of the 4R isoform while later stage disease had more 
3R. This study advances our understanding of tauopathies 
and provides a mechanism to differentiate CTE from AD.

Technology: Biomarkers including 3R Tau, 4R Tau, and 
AT8 were selected for an immunofluorescence study using the Vectra Polaris™ system from Akoya Bioscience 
to analyse tissue from the posterior hippocampus. Following spectral unmixing, images were opened in HALO 
and two HALO AI Nuclear Phenotyper algorithms were trained. The first recognized 3R+ AT8+ cells and the 
second identified 4R+ AT8+ cells. Over 500 annotations were used to train each algorithm for greater than 
50,000 iterations. The HALO AI results were validated by neuropathologists. HALO AI was also used in nuclear 
segmentation in this experiment. In the image shown above, the 3R, 4R, and AT8 biomarkers are visualized across 
stages of CTE.
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Science: CD8+ tumor-infiltrating T 
cells are increasingly acknowledged 
as an important predictive biomarker 
for immunotherapy stratification in 
malignant melanoma. Nevertheless, 
it is difficult to achieve a quantitative 
and reproducible approach to 
examining their prevalence within tumors, and it has remained challenging to translate these results into clinically 
actionable immune phenotypes. As part of the Tumor Profiler Study, researchers at the University Hospital Zürich 
led by Dr. Bettina Sobottka and Prof. Viktor Koelzer developed a computational diagnostic algorithm prototype 
using HALO and HALO AI to a) quantitatively measure spatial densities of tumor-infiltrating CD8+ T cells as 
the key anti-tumoral effector population b) localize the immune cell infiltrates to specific microenvironment 
compartments and c) derive spatially resolved infiltration maps in metastatic melanoma implemented on a 
standardized, clinical grade platform. This approach thus efficiently classifies metastatic melanoma into the 
clinically relevant immune diagnostic categories “inflamed”, “excluded” and “desert” and has great potential for 
clinical translation.

Technology: The DenseNet deep learning network of HALO AI was trained on pathologist-defined annotations 
to differentiate the following tissue classes: cancer tissue, desmoplastic stroma, immune-infiltrated stroma, 
glass, pigment deposition, as well as haemorrhage and necrosis. Classifier training was an iterative process 
where expert pathologists reviewed classifier mark-up results and provided corrections. Performance of the final 
classifier was tested on images and annotations not included in the training and validation dataset.  In the image 
shown above, the left panels show the IHC, the middle panels show the HALO AI classifier mark-up image, and 
the right panels show the cell segmentation and markup in HALO.

Establishing standardized immune phenotyping of metastatic melanoma by digital pathology
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To learn more about HALO AI applications including 
tissue segmentation, nuclear segmentation, and 
nuclear phenotyping, read our HALO AI white paper. 

Also, visit the HALO AI webpage to download 
application notes, eBooks, and case studies.

Indica Labs is the world’s leading provider of 
computational pathology software and image 
analysis services. Our flagship HALO® and HALO AI 
platform facilitates quantitative evaluation of digital 
pathology images. HALO Link facilitates research-
focused image management and collaboration while 
HALO AP® enables collaborative clinical case review. 

Through a combination of precision, performance, 
scalability, and usability, our software solutions 
enable pharmaceutical companies, diagnostic labs, 
research organizations, and Indica’s own contract 
pharma services team to advance tissue-based 
research, clinical trials, and diagnostics.
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