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Abstract Results

To demonstrate the capability of the IMC and single-cell analysis A

workflow for assessing mouse tissue microenvironment, we selected
lung, an immune and vascular cell-rimuscle-rich tissue, for in-depth
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analysis. Our analysis identified the expression pattern of cellular
markers as well as the localization of immune, epithelial, and stromal
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cell subpopulations. We demonstrate the broad applicability of our
catalog antibodies on a variety of distinct mouse tissues such as
bladder, kidney, salivary gland, small intestine, and testes. Furthermore,
we classified the activation state of lymphoid and myeloid cell
populations in the spleen, adhesion state of epithelial cells in the
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prostate, and molecular composition of the extracellular matrix in
prostate, uterus, and kidney.
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Introduction

Understanding cellular and structural composition of tissues can be
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highly composition through quantitative evaluation of selected
cellular and structural tissue markers facilitates prediction of disease
progression. Specifically, in preclinical models, changes in immune
cell infiltration, adhesion state of epithelial cells, and composition

of extracellular matrix in response to drug treatments are regularly
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(IMC™) is a vital state-of-the-art tool to deeply characterize the
complexity and diversity of any tissue without disrupting spatial
context. The Hyperion™ Imaging System utilizes IMC, based on
CyTOF"® technology, to simultaneously assess up to 40 individual
structural and functional markers in tissues on a single slide,
providing unprecedented insight into the organization and function
of the tissue microenvironment. We and others have previously
demonstrated the application of IMC in combination with Maxpar®

panel kits to highlight cellular composition of human tissues. Here, e e
. : : Regulatory T cells Smooth muscle-lined Smooth muscle cells Epithelial cells with high adherens
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. . .o . Figure 2. Composition of the normal mouse lung tissue microenvironment. (A) Representative multiplex and corresponding Figure 3. Composition of the normal mouse prostate tissue microenvironment. (A) Representative multiplex and
meth Od |Ca||y Cu I’ated bloma rkerS tO our eX|St| ng Mmouse a ntl bOdy single-channel images demonstrate the localization of vascular cells, proliferating immune cells, and T cell subpopulations. corresponding single-channel images demonstrate the localization of epithelial, smooth muscle, and stromal cells, as well as
s . . . . . (B) Single-cell analysis coupled with cell clustering identified 14 distinct clusters representing lung tissue microenvironment. myeloid cells, INOS-expressing epithelial cells, and the extracellular matrix components Col-l and FN. (B) Single-cell analysis
cata |Og, prOVId INg the basis for the use of h g h-multi plex ImMaging Specific cellular populations such as capillary endothelial cells, smooth muscle-lined endothelial cells, and regulatory T cells coupled with cell clustering identified 14 distinct clusters representing prostate tissue microenvironment. Specific cellular
. L. . . . were accurately identified. Full cluster list can be obtained in the supplementary material (QR code). Scale bar is 100 um and populations such as subsets of epithelial cells and smooth muscle cells were accurately identified. Full cluster list can be
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To highlight the composition of the mouse tissue microenvironment,

DNA

we applied IMC using a combination of Maxpar OnDemand and Maxpar
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catalog antibodies on normal mouse tissue microarrays (TMAS)
containing a variety of normal FFPE tissues from major mouse organs
such as lung, prostate, spleen, kidney, and more. Tissues were stained
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with a 20-marker panel designed to highlight tissue architecture
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and major immune lineage markers combined with our IMC Cell
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Segmentation Kit* (ICSK). The workflow summarized in Figure 1 was
utilized to conduct staining, ablation, and downstream single-cell
analysis to spatially resolve cellular and structural composition of
normal mouse tissues.

Imaging Mass Cytometry workflow

Figure 4. Localization of selected cellular markers in normal mouse tissue. (A) In the bladder, localization of CD45+ immune cells can be observed next to a CD31+ blood vessel. (B) In the kidney, ensheathment of a CD31+ blood vessel with
aSMA+ smooth muscle cells and Col-l containing extracellular matrix can be observed. In addition, distal tubules are identified by high expression of EpCAM. (C) In the salivary gland, aSMA+ cells can be observed within the EpCAM + epithelium.
Additionally, large blood vessels embedded within Col-I rich extracellular matrix can be distinguished by the presence of CD31+ signal. (D) In the small intestine, localization of CD45+ immune cells and CD3+ T cells can be noticed in the lamina
propria. E-cad+ epithelium with high or low expression of adapter protein B-cat can be observed. (E) In the testes, Ki67+ spermatogonia and Vim+ Sertoli cells can be identified in the aSMA+ outlined seminiferous tubules. INOS+ leydig cells are
present surrounding the seminiferous tubules. Scale bar is 100 um and applies to all images except the insets.

\\(/ I Js A A Js
[ '

1 2 3 4
_________________________________________| _________________________________________| _________________________________________|
Design Stain Image Analyze
Design panels using Stain FFPE tissues Image protein markers Analyze images in
Maxpar and Maxpar using familiar at subcellular resolution minutes using MCD™ ° ° ° ® o o
OnDemand antibodies immunohistochemistry using the Hyperion Viewer and easily export A t t f m m I I E t I I I m t m p t
conjugated to metal tags. (IHC) protocols. Imaging System. for secondary analysis. C Iva Io n o I u n e Ce X ra Ce u a r a rIX Co OSI Io n
A A FN mColl FN N Col-l ™
g < o
Singl ] lysi kfl ; o
- 0 il
iIngle-cell analysis workflow 2 o :
2 © N
>
N
S ~o N 2
) N N
>3 @©
] 0 I - S
) o
5 <
C ; Prostate Uterus Kidney
. Figure 7. Extracellular matrix composition
@ in normal mouse prostate, uterus and
f:_: kidney. (A) Multicolor, binarized single-
2340 5 channel image and image representing
FN - Col-l

overlap of extracellular matrix components
FN and Col-I are shown. (B) Quantification
of extracellular matrix containing FN, Col-l,

T — Figure 5. Activation of immune cells in normal and their overlap. In prostate and uterus,
Generate probability me!ps using DNA §enerate single-c-ell masks through Perform single cell phenotyping mouse spleen tissue. (A) Multicolor images of FN and Col-I containing extracellular matrix
and IMC cell segmentation channels image segmentation | i o normal mouse spleen demonstrating lymphoid occupies largely distinct areas of the
Custom MATLAB scripts generated CellProfiler” generated single-cell histoCAT .perfc')rmed round-trip single- and mveloid cell pobulations in the tissue. Scale tissue. In kidney, extracellular matrix area
probability maps for nuclei (red), masks using nuclear probability map cell analysis using t-SNE, phenograph . y p. P . . ' containing both FN and Col-l can be readil
membrane (green), and background as seeds (left) and membrane clustering, and cell gating for specific bar is 100 um and is applicable to §|| Images _ - 9 ' _ y
(blue). orobability map for cell boundary phenotypic cellular classification. shown. (B) t-SNE heat map of pan-immune 'denj“f'ed- Scale .bar is 100 pm and is
determination (right). cell marker CD45 categorizes the expression applicable to all images shown.
levels of single cells in the tissue. (C) t-SNE heat
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