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error-robust barcoded FISH

CosMx (Bruker) 
MERSCOPE (Vizgen) 
Xenium (10x Genomics)

gene 1 gene 2 gene 3 DNA

smFISH

(1998)

#channels * #rounds 
(10s of targets)

sparse & distant barcodes 
(1000s of targets)error-robust

(2016)

barcoded #channels ^ #rounds 
(100s of targets)

(2012)
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real-life research: colorectal cancer

19k-plex CosMx on 
colorectal cancer

1k-plex CosMx on 
human tonsil

6k-plex CosMx on 
TMA of lymphoma

imaging instead 
of sequencing

single-cell 
FACS 

scRNA-seq 
scATAC-seq 
snRNA-seq 

snPATHO-seq 
10x Multiome 

BCR- & TCR-seq 
Chromium Connect 

spatial 
CosMx & Xenium 

Visium & HDST 
Stereo-seq
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brief intro to colorectal cancer

REF TVA C
RC

DA
PI
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68

? REF → TVA → CRC ? 
healthy | pre- | malignant

reference

premalignant

reference

transformation

cancerization

invasion

metastasis

TVA = tubulovillous adenoma 
CRC = colorectal cancer
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histopathology: REF/TVA/CRC annotation
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histopathology: REF/TVA/CRC annotation

healthy reference mucosa (REF) 
pre- tubulovillous adenoma (TVA) 

malignant colorectal cancer (CRC)

27 regions across sections 
(1 REF, 0-3 TVA, 0-2 CRC each)
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histopathology: REF/TVA/CRC annotation

grading

staging

features

inflammation 
angiogenesis 
growth pattern 
lymphovascular invasion 
tertiary lymphoid structure 
…
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neighborhoods: epi. become dense & homogeneous

for each cell, get 50um 
radial neighborhood

number of cells by 
compartment/cluster

frequency of epi clusters

compare across 
regions & clusters

density

entropy

TLS

low/high H = more homo/heterogeneous 
(e.g., one cluster –> H = 0; all equal –> H = 1) 
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trajectory of malignant transformation through space

points = athletes, 
color = 100m time (s)

‘decathlon’ dataset

map PC1-3 to 0-255 
& color as RGB

epi imm str
epi imm str

PC1-3 capture compartments

crc tva ref

PC1-3 of epi capture malignant transformation
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dynamics of malignant transformation through space

Street et al. BMC Genomics 19, 477 (2018)

how do neighbors change? 
dynamics of composition

how does function change? 
dynamics of pathways & signaling
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transition crypts: zooming in on transformation

single colonic crypt w/ 
divided histopathogical 
& transcriptional makeup 
from rare crypt fusion, or an 
abrupt transformation event

TVA

CRC

DAPI PanCK CD45 CD68
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transition crypts: zooming in on transformation

42 transition crypts 
(24 RT, 6 RC, 9 TC, 3 TT)

selection + 50um expansion colored by (fltr) 
region, compartment, subpopulation, pseudotime
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transition crypts: zooming in on transformation

42 transition crypts 
(24 RT, 6 RC, 9 TC, 3 TT)

selection + 50um expansion colored by (fltr) 
region, compartment, subpopulation, pseudotime

RT

TC

RC

TT
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lymphovascular invasions: from growth to metastatic spread
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lymphovascular invasions: from growth to metastatic spread
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lymphovascular invasions: from growth to metastatic spread



transcripts != proteins
lymph node metastasis colorectal cancer

lymphovascular invasion
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transcripts != proteins

SMA (stromal)

CD3 (T)

PanCK (epithelial)

CD74 (B)
lymph node

metastasis

colorectal cancer

liver
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8TB images… over WIFI… from a café?

• standardized 
on-disk format 
& metadata 
specifications

• parallel & remote 
reading/writing

• chunked 
(read what you need, but 
as little more as possible)

• multi-scale 
(“pyramids”)
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nested directories provide different levels of abstraction
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from tissue section to biological insight

REF TVA CRC

H&E staining FOV placement

DAPI PanCK CD45 CD68

imaging

210 (N = 588,750)

PC1 PC2 PC3

analysis
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technical biases in imaging spatial transcriptomics


