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MIBI Workflow For Tissue-based Single Cell 
Analysis
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The overall process of MIBI is shown here4 micron thick FFPE NSCLC biopsy samples were sectioned onto slides and stained similarly to standard IHC procedures. Following antigen retrieval the slides are then stained overnight simultaneously with a panel of 22 metal-labeled antibodies. Each antibody has a unique metal tag and using these labels it is possible to multiplex with up to 40 targets. The MIBIscope uses Time of flight secondary ion mass spectrometry to detect the metal-labeled antibodies. The primary ion beam rasters across the tissue, sputtering away the top layer of the tissue resulting in secondary ions that contain the metal ions specific to the antibodies that were bound to their target at a specific pixel location. The raw data is then converted into a MIBItiff which captures the signal of each target in the tissue. Shown in the upper right is an example of an overlay of several targets.  The bottom half of this slide shows the type of post-image analysis that can be performed. First, the images were segmented using four ubiquoutously expressed markers, a maskRCNN or convulational neural network and watershed segmentation. With the boundaries determined we used a generalizable set of rules based on the expression of phenotypic markers to assign cell classes. Importantly, the location of each cell instance is known enabling additional spatial analysis.



Differences Observed in Immune and Checkpoint 
Expression Across Two NSCLC Samples

NSCLC-1 NSCLC-4

 10 FFPE NSCLC samples were stained with a panel of 22 antibodies
and 5 fields of view were imaged for each sample
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Here we see 2 of the 10 NSCLC samples. To better capture the heterogeneity 5 fields of views were imaged for each sample. Three example overlays are shown. The top row provides a general sense of the tissue structure. In the middle row are several phenotypic markers. Keratin is expressed by epithelial cells including the tumors cells of these NSCLC samples. Ki-67, a nuclear marker of proliferation, shown in teal is abundant in the sample on the left and also observed in the 2nd sample.  Both samples also show expression of CD68, a macrophage marker. The T cell markers CD4 and CD8 are present in the first sample and much more sparse in the sample on the right. The panel also measured the expression of several key regulatory proteins such as PD-1 and PD-L1.  IDO-1 is a tryptophan catabolic enzyme that is linked to an immunosuppressive environment. Here we see the presence of IDO-1 in NSCLC-1. FOXP3, PD-1, and PD-L1 is also present. The sample on the right has detectable expression of PD-L1 that appears to overlap with the keratin+ tumor cells shown in the middle row.



Samples Show Substantial Variation In The 
Amount And Composition Of Immune Infiltrate

 Cell classification and quantification derived from segmented images

100 
𝜇𝜇m

NSCLC-4NSCLC-1

Presenter
Presentation Notes
Following cell segmentation we applied rules to assign classes to each cell. On the last slide we saw expression of CD4, CD8, and CD68 and in the segmented image here many of the cells have been classed as a cytotoxic T cell (shown in red) or helper T cells (shown in orange). Interestingly, NSCLC-1 had cytotoxic T cells present within the tumor as well as outside. Two classes of macrophages were identified based on the expression of the pan-macrophage marker CD68 and CD163, a marker we use here to identify M2 macrophages, a class of cells that support the progression of cancer. NSCLC-4 had few T cells present but did have many tumor associated macrophages that fit the M2-like classification used. Now looking at the stacked bar chart, when we look at all 10 NSCLC samples and the 5 FOVs that were segmented and the resultant cell classification data we see the variability that exists in immune infiltrates across samples. Many samples had a sizeable macrophage population with NSCLC-2 having the least. NSCLC-2 had fewer immune infiltrates in general. NSCLC-1 had the most infiltrates, followed by NSCLC-10. 



Quantification of Checkpoint Markers Across 
Cell Populations Reveals Differences

 Violin plots show the distribution of marker expression across cell
populations

 NSCLC-1 shows PD-1 and PD-L1 expression on immune populations
 NSCLC-4 has high PD-L1 expression on tumor cells
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Now returning to the expression of immune checkpoint markers it is possible to examine the distribution of these markers across each cell population, and between samples. These violin plots show the expression of TIM-3, LAG3, PD-1, and PD-L1 of the cells from all 5 FOVs for NSCLC-1 and NSCLC-4. NSCLC-1 shows PD-1 expression on T cells but not on tumor cells. PD-L1 is also present on DCs and M2 macrophages. In contrast, NSCLC-4, while having similar numbers of M2 macrophages, has lower expression of PD-L1 on M2 macrophages. NSCLC-4, as observed on an earlier slide, has higher levels of PD-L1 on tumor cells. PD-1 and LAG-3 shows weak to none expression across populations of NSCLC-4. 



Spatial Analysis Characterizes The 
Organization of the TME

TIM-3+ Cell
Immune Cell
Tumor Cell

 NSCLC-1 TIM-3+ cells are closer to immune cells than tumor cells
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Last, as a brief example of the spatial information achieved from MIBI, we mapped the distances of TIM-3+ cells to both the nearest immune cell and nearest tumor cell. The expression of TIM-3 is shown on the left in green. The middle image has classified cells as either immune (red dot) or a tumor cell (purple dot). The TIM-3+ cells are marked by blue dots. The nearest neighbor for the two classes are mapped with either red lines or purple lines for immune cells and tumor cells, respectively. Quantifying these distances, the histogram on the right shows the distribution of both classes. 



Conclusions

 MIBI has the sensitivity, dynamic range, and spatial resolution to
determine phenotype and checkpoint expression of individual cells
within the tissue environment

 10 NSCLC samples, imaged at sub-cellular resolution, varied in the
T cell and macrophage infiltrates present in the TME

 LAG3, PD-1, PD-L1, and TIM-3 expression were measured across
cell populations and the distances between positive cells and the
nearest tumor and immune cells were quantified

 This study evaluating multiple ROIs from tumor samples shows the
possibilities of MIBI for patient stratification and immune profiling of
tumor samples under therapeutic forces
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