
Instrument Improvements Result in Increased Speed, Signal, and Sensitivity

• Improvements to the primary ion gun have led to 
increased instrument stability and throughput

• 25-plex images acquired from serial sections of 
NSCLC samples on both instruments show similar 
staining patterns for all markers

• Markers are concordant (R2 = 0.85) across 
instruments with a bias of increased signal 
measured with the MIBIscope as expected based on 
the improvements in hardware

Two Methods For Cell Population Quantification Verify Similar Performance For Both Instruments

Background: Multiplexed ion beam imaging (MIBI) combines time-of-flight secondary ion mass spectrometry (ToF-SIMS)
with metal labeled antibodies to image 40+ proteins in a single scan at subcellular spatial resolution. Here, we show that
the recently released MIBIscope provides improved sensitivity for detecting immune checkpoint markers and offers
greater throughput at higher resolution than the alpha instrument.
Results: Replicate regions of interest (ROIs) were collected on both instruments with similarly sized ROIs acquired in 17
minutes with the MIBIscope compared to 280 minutes with the alpha instrument. Fourier Ring Correlation (FRC) showed
the resolution to be greater on the MIBIscope as compared to the alpha instrument with FRC also demonstrating uniform
resolution across an ROI 2.5X greater in size. Even with the 16X greater speed of the MIBIscope, the signal of the 25
markers across replicate ROIs was increased (y=x1.07) and showed similar expression patterns to those observed on the
alpha instrument. This resulted in greater sensitivity to markers with low expression, such as checkpoint markers. Eleven
cell populations were classified across the ROIs utilizing two methods, with both methods showing a similar frequency of
tumor cells and B, T, and myeloid cell subsets between instruments. Segmentation enabled the number of cells within a
population to be calculated, but defining boundaries is laborious and signal from neighboring cells can result in
misclassification. Performing classification at the pixel level, without segmentation, enabled the fraction of the tissue that
is tumor or any other cell type to be rapidly determined.
Conclusions: The MIBIscope enables the phenotypic characterization of tumor and non-tumor microenvironments. Co-
expression of markers can be used to classify tumor and immune populations and to quantify the expression of markers
associated with immune suppression. The increased sensitivity and throughput of the MIBIscope, in combination with the
40-parameter capability and subcellular resolution, provides a platform uniquely suited to understanding the complex
tumor immune landscape.
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Abstract

Traditional imaging platforms are limited in their ability to identify both the cell types present in the tumor 
microenvironment and the spatial relationship between immune and cancerous cells. To address this, MIBI has been 
developed to image up to 40 markers at single cell resolution.

Methods: Multiplexed Ion Beam Imaging (MIBI) Technology
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Target Clone Label
Arginase EPR6672(B) 150Nd
beta-tubulin D3U1W 113In
CD3 D7A6E 159Tb
CD4 EPR6855 143Nd
CD8 C8/144B 158Gd
CD11c EP1347Y 144Nd
CD20 L26 167Er
CD31 EP3095 152Sm
CD45 2B11 & PD7/26 175Lu
CD56 MRQ-42 151Eu
CD68 D4B9C 156Gd
CD163 EPR14643-36 142Nd
dsDNA 35I9 DNA 89Y
FOXP3 236A/E7 146Nd
HLA class 1 A, B, and C EMR8-5 176Yb
HLA DR EPR3692 172Yb
IDO-1 EPR20374 171Yb
Keratin AE1/AE3 165Ho
Ki-67 D2H10 153Eu
Na-K-ATPase alpha1 D4Y7E 176Yb
PD-1 D4W2J 148Nd
PD-L1 E1L3N 149Sm
Podoplanin D2-40 170Er
TIM-3 EPR22241 162Dy
Vimentin D21H3 163Dy

Staining Panel For Comprehensive Immune Profiling of the TME

• The MIBIscope has improved throughput, sensitivity, and resolution to enumerate immune cells 
within complex tissue environments including the tumor microenvironment

• Comparison of NSCLC samples across instruments shows similarities in marker quantification and 
resultant cell classification

• The increased sensitivity of the MIBIscope aids in detecting immunoregulatory proteins expressed 
at low levels in some samples

• The resolution of the MIBIscope enables determination of cell populations expressing these 
markers of interest, either through cell segmentation or by High Definition Pixel Phenotyping

• Fourier Ring Correlation (FRC), a method of measuring effective resolution using spatial frequencies, was used to assess the resolution of 
images at various settings across instruments

MIBIscope Has Greater Resolution Than Alpha Instrument Conclusions

MIBIscope

Alpha Instrument
• Segmentation of the images was performed to enable single cell analysis including cell classification 

• Both instruments show similar composition of cell populations in NSCLC-2 and NSCLC-3

• NSCLC-1 shows similar frequencies of T cells and macrophages but differences in DCs and tumor cells, likely due to 
differences in serial sections

• A second method for cell classification, High Definition Pixel Phenotyping, classifies groups of pixels as belonging to a 
cell type using the same cell classification logic but without needing to segment images into individual cells

• The advantage is that this can remove differences in cell classification between datasets that may arise from 
differences in segmentation and cell boundary determination in complex tissue
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Alpha Instrument MIBIscope

Population Frequencies
Segmentation-based Cell Type Analysis

Tonsil 800 µm FOV Thymus 800 µm FOV Placenta 400 µm FOV

• Control tissue was stained in parallel with the NSCLC samples with 25 metal-
labeled antibodies simultaneously

• Markers showed expected staining patterns in all control images

Ki-67
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Alpha Instrument = 570 nm MIBIscope = 390 nm at Fine Resolution MIBIscope Resolution Across Imaging Modes

Imaging 
Mode

Mean FRC 
Frequency (μm)

Coarse 0.534
Fine 0.399

Super Fine 0.313
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