Introduction

Expression of 36 proteins evaluated using FFPE Human Breast Tissues of Normal, Metastatic Ductal Adenocarcinoma (Stage IIIB) and Ductal Adenocarcinoma (Stage IIB)

Highly multiplexed imaging has emerged as a critical tool in understanding
the complexities of the tumor microenvironment. This technology enables
detection of tens of markers within the same tissue specimen, thereby
allowing for key cell identification, quantification and spatial localization.
These measurements can in turn provide insights into disease
mechanisms and effective treatment modalities. In particular, with the high
incidence of breast cancer and the need for early diagnosis and precise
treatment regimens, highly multiplexed imaging could improve our
understanding of this disease and provide the necessary data for
improvements to patient health. Here, we demonstrate the development of
a breast cancer specific CODEX® panel for the measurement of more
than 30 specific markers. The CODEX® (CO-Detection by indEXing)
platform enables detection of tens of markers within the same tissue
specimen through a DNA-based tagging approach, whereby antibodies
are labeled with specific oligonucleotide tags (barcodes) and dyeoligonucleotides (reporters) are iteratively hybridized and dehybridized
across multiple cycles. This process is completely automated through the
CODEX® instrument in combination with existing fluorescent microscopes.

Biomarker comparison between Normal and Ductal Adenocarcinoma (Stage IIB)
To visualize the diversity of tumor and non-tumor cells, three sets of images with different sets of biomarkers are shown
below. The images show distinct cell populations by cell types for each biomarker. For example Basal cells, Luminal cells,
Endothelial cells, basement membrane and immune cells.
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The CODEX ® Solution
Individual images of 36 biomarkers on FFPE Human Ductal Adenocarcinoma (Stage IIB)

The CODEX ® Workflow
CODEX® Technology makes use of reversible hybridization between the
barcodes of CODEX® antibodies and their complementary oligos
conjugated to fluorescent dyes (Reporters) to reveal tens of CODEX®
antibodies sequentially.

The CODEX® technology allows tissues to be stained with an entire
antibody panel in a single step.

Deep multiparametric analysis of Ductal Adenocarcinoma (Stage IIB) was conducted with the CODEX ® Multiplex Analysis Viewer
A 36 plex antibody panel was designed to identify different subpopulations of cells in FFPE breast cancer tissue. A deep
phenotyping analysis was conducted for Ductal Adenocarcinoma (Stage IIB) to demonstrate the powerful functionality of
CODEX® Technology. Using a watershed segmentation algorithm, 63056 cells were identified, based on nuclear staining
and each biomarker signal was then quantified on a per-cell basis. Based on the signals of biomarkers, clusters were
defined identifying different types of cell. From these clusters, complex phenotypic information about each cell in an
imaged population was gathered. The t-SNE plots were generated as shown on the left and can be corelated with the
images above that for each biomarker. Phenotypic relationships were analyzed using t-SNE plots allowing the flexibility to
toggle back into the original morphological data and simultaneously examine spatial context and associations between
different types of cells. We were able to identify ten different subpopulations of the cells including a rare Luminal
Ker8+/Ker14+. These rare cells can be seen in the image above for the biomarkers Cytokeratin8 and Cytokeratin14.

CODEX® Cycles (Reveal-Image-Remove): the CODEX® instrument
performs imaging cycles. For each cycle, up to three CODEX® Reporters,
each with a spectrally-distinct dye, are applied to the stained tissue to
assay the corresponding Antibody Barcode. This process is repeated until
all antibodies have been imaged.

A heatmap of 36 biomarkers expression for 11 different cell populations and a t-SNE plot of cells colored by population
were generated as shown below.

The CODEX ® System
The CODEX® fluidics device integrates
into microscope stages through a
custom stage insert. The CODEX®
Driver Software is compatible with
multiple microscope brands/types,
including Keyence BZX710/800, Leica
DMi8, & Zeiss Axio-Observer.
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Conclusions
Using FFPE Human breast cancer tissues at different stages as well as normal FFPE Human breast tissue utilizing the CODEX® platform, data was
generated for 36 different biomarkers. Using this panel, we were able to detect cancer cells as well as non-malignant cells which are also part of
tumor microenvironment to enable a better understanding of communication between the cells.
As an example of CODEX® software’s capabilities, data was generated using CODEX® platform for the Ductal Adenocarcinoma (Stage IIB) tissue and
used to conduct deep phenotyping analysis using CODEX® Multiplex Analysis Viewer resulting in identification and classification of key cell types and
mapping the spatial localization of different cell types. The findings and results support the following statements:

•
•
•
•
•

The CODEX® technology capable of imaging up to 40 biomarkers on a single tissue.
CODEX® is compatible with FFPE tissues.
The CODEX® technology allows tissues to be stained with an entire antibody panel in
a single step, thus decreasing experiment time and preserving sample integrity.
CODEX® platform is flexible to seamlessly integrate with any compatible microscopes.
CODEX® technology allows generation of high quality images.

•
•

CODEX® Multiplex Analysis Viewer (MAV) software has sophisticated built-in analysis
tools that enable researchers to analyze their data sets.
CODEX® Technology allows to obtain high throughput single cell information coupled
with Virtually Unlimited Multiplexing and Spatial information.
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