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Multiplex digital spatial profiling of proteins and RNA
infixed tissue

Christaopher R. Merritt , Giang T. Ong, Sarah E. Church, Kristi Barker, Patrick Danaher, Gary Geiss,

Margaret Hoang, Jaemyeong Jung, Yan Liang, Jill McKay-Fleisch, Karen Nguyen, Zach Norgaard, Kristina

Sorg, Isaac Sprague, Charles Warren, Sarah Warren, Philippa J. Webster, Zoey Zhou, Daniel R. Zollinger,

Dwayne L. Dunaway, Gordon B. Mills & Joseph M. Beechem
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Abstract

Digital Spatial Profiling (DSP) is a method for highly multiplex spatial profiling of proteins or
RNAs suitable for use on formalin-fixed, paraffin-embedded (FFPE) samples. The approach
relies on (1) multiplexed readout of proteins or RNAs using oligonucleotide tags; (2)
oligonucleotide tags attached to affinity reagents (antibodies or RNA probes) through a
photocleavable (PC) linker; and (3) photocleaving light projected onto the tissue sample to
release PC oligonucleotides in any spatial pattern across a region of interest (ROI) covering 1
to -5,000 cells. DSP is capable of single-cell sensitivity within an ROl using the antibody
readout, with RNA detection feasible down to -600 individual mRNA transcripts. We show
spatial profiling of up to 44 proteins and 96 genes (928 RNA probes) in lymphoid, colorectal
tumor and autoimmune tissues by using the nCounter system and 1,412 genes (4,998 RNA
probes) by using next-generation sequencing (NGS). DSP may be used to profile not only
proteins and RNAs in biobanked samples but also immune markers in patient samples, with

potential prognostic and predictive potential for clinical decision-making.
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1. Mg:Profiler web server F&iGene Ontology(GO)RIEMZF IS 20>k B Reactome IR ERI o FEBEEEIE.
2. ICGC-TCGA PCAWG projectiIeERENE, SEERRRBFY, B, EeFFHEEmEXEE.

3. BAMEEERRE: COSMIC Cancer Gene Census (CGC) database

4. METABRIC #UERFRIARILEYAPEEREARRIMRNASRIAFIFE WA FEUE.

5. GTEx v7 data portal AJRNA-seq#iiE,

6. KEGG SR RIBIEE miEXEEFIREA.

7. ENCODE projectfaREFLES AR (TFBS) XINEEChIP-seq#HE.
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Tool Type Method Cell types Code availability CellMix
TIminer M PrerankedGSEA Different gene sets with 31 htp: ffichi.i-med.ac. atsoftw
[10], 28 [11]. and 64 cell are/timiner/timiner.shtml
types [12] (Docker image)
xCell M ssGSEA 64 immune and non-immune  http:{fixcell ucsf.edw/ (R 231
e s EFCIBERSORTT RIS Hrifetz
MCP-counter M Geometric mean of expres- & immune cells, fibroblasts,  hitpe/github.com/ebecht/
sion of marker genes and endothelial cells MCPcounter (R script) = =
RFEEMRNAZREHE
- P Linear least squares regres- 17 immune cell types Isfit THEETCCARRBHIE =
sion BHTHIE, ERESE
- P Constrained least square - gprog
regression FIFREMMATE, HmRNAFEIAEIFELA
DeconRNASeq P Constrained least square - DeconRNASeq package 228 AR S
regression available on Bioconductor y 1 -
R packa [ it P-0.05 AIER
PERT PN ti i 5 [ i‘r g:i terial B 4 FFICIBERSORTEAL S R IRHARETE g
on-negative max mum upplementary material in - ] ] Q - 1/ LE
likelihood the original publication RRARSEHEXER _ DuERmAmESt L
(Octave) ﬁ*ﬁ- N\ HE
CIBERSORT P Nu suppart vector regression 22 immune cell types hitps:#fcibersort stanford.edu/ \ iERiE
(R script, java executable, \ - -
web tool) \_AEEE
TIMER P Linear least square regression 6 immune cell types hittps:/fcistrome shinyapps.io/
timery (web tool) e EEFGIT
EPIC P Constrained least square 6 immune cell types. fibro- https:/gfellerlabshinyapps. PR ERE SRR SR
regression blasts, endothelial cells. and  io/EPIC_1-1 (R script, web- IEFRAS R AT HT
uncharacterized cells interface)
quanTlseq P Constrained least square 10 immune cell types, unchar- http:/ficbi.i-med.ac. at/softw
regression acterized cells are/quantiseq/doc/index
html (Docker image)
deconf [ Non-negative matrix factori- - Supplementary material in deconf
zation the original publication (R
package)
ssKL [ Non-negative matrix factori-  — ssKL

ssFrobenius C

DSA C

MMAD C

zation

Non-negative matrix factori-
zation

Quadratic programming

Maximum likelihood over the
residual sum of squares

ssFrobenius

https:/fgithub com/zhandong/ dsa
DSA (R package)

hitp: #sourceforge.net/proje
cts/mmad/ (Matlab)
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