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In situ single cell spatial multiomic profiling of 3D genome
organization in fresh frozen (FF) colorectal carcinoma tissue in
spatially resolved tissue micro-environments
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Introduction PaintScape™ directly visualizes and characterizes in situ, single cell 3D genome structural genotype and conformational changes of

normal and cancerous epithelial cells in 30 pm thick FF CRC tissue section

Avg. target copy counts per cell by chromosome in 419-plex panel in situ on CRC tissue Distribution of Chr counts per cell in tissue sample population
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These genomic abnormalities are well documented in H'e miRNA mir-1825 and
the literature as a hallmark of more aggressive 2 . . oncogene TPD52L2 which 0pm
phenotype of CRC with strong potential to develop promotes tumor cell
distant metastasis causing poor patient survival'-® proliferation and
PaintScape characterizes and directly visualizes different forms of Chr20q amplification in metastasis’8
single cancerous epithelial cells in the CRC tissue

Chr13qg-Chr20q
translocation in
cancer cells brings
relevant colon cancer
related oncogenes
(e.g. CDK8 on 13q,
h TPD52L2 on 20q) to

A- Chr13-Chr20q 1 A- Chr13-Chr20q * close proximity

B- Chr8-Chr17 i A i B- Chr8-Chr17 .
C- Chr7-Chr15 e [8 C-chi7-chrs L i) e

D- Chr6-Chr11 ey, i D- Chr6-Chr11 . . gene expression®?

Cancerous epithelial cells show unique inter-chromosomal interactions that are absent in normal ) ) o S
epithelial cells PaintScape directly visualizes Chr13-Chr20q translocation in single
Off-diagonal interactions for cancer cells are larger distance than normal cell suggesting more open cancerous epithelial cells in CRC tissue sections

3D genome structure in cancer cells

PaintScape characterizes distinct 3D genome profiles across
= Here, we present a novel multiomic jebFISH™ protocol on the different cell types in tumor immune microenvironment (TIME)

PaintScape™ platform that can be used to characterize intratumoral
heterogeneity of 3D chromatin architecture of fresh frozen human colon
tissue from colorectal cancer (CRC) patient samples in different tissue
microenvironments across different cell types at single cell, sub-
population and population level.

PaintScape multiomics and GeoMx WTA correlated
chromosomal aberration with cancer cell proliferation
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= CRC is one of the most common cancers worldwide and a second
leading cause of cancer mortality.

. . . . . 6- , Copy number of MYC
= Tumor evolution and intra-tumor heterogeneity in CRC is fueled by i  Soncerous
C h romosoma | |n sta b| | |ty (C | N)’ 3 D g enome rev\” rl n g an d e p|g en eUC 2 V||||||||II|||||||I|||I|III||l||l||||||"|"l"|h A |Hd|I|.|Iﬂn|||IIL:I|||||IH|III|I|‘I||II I|||||IH||||||||h|||I|I|II|il|||||I|I|I|I|||I|I\I||III|III |||||||‘||| |HL||I.II"| ly % g ?:) i
dys r egulation, i J ‘ d ' : : ll : | ootz lF:alintISca"pe m:ltiomiczshdemong:'rasted higher Ki-67hpo:itivity amorfn;ljVI (;(agcerous 2 E 2
| fmmune cells ithelial cells in Patient 2 having Chr8q gain causing higher copies o oncogene, ¥
) ] ) ) ] o- ||II\||I||||I|I||\|I||||||||I|II||I|I|H|||||||H| [PTTNR F| WY | AT e |||||Ilu|||||II|i|I||In|||i||||IlluIJ||||||III|\.||||||||I il bl P! - - - o g-91 I
= Many colon cancer cells show high CIN including gains in Chr8q, Chr . S R known to cause higher proliferation of cancer cells o B IS
H 1-6 « Cancerous epithelial cells and immune cells show epithelial cells immune cells ithelial cells in the q q i 5 : A o n q a q
1 3q f Chr 20q a nd |OSS€S Iﬂ C hr 8p f C h I’T 7 p ) C h I’T 4q . iistinct geno':ni: ?blerraltlions f - : pithelial cell : Il ik E% £e£:£i§%i;:"{h;:’ I::Iai;r:ltaslci:zaepsec%r;;o;ai:ln: ;r;:\'!](s:c;:r::;near:eRizgsl;::til:r; il;;tllgv;:n:;‘ngla:iiler::tzly GeoMx WT: an:ji:::ngeci :;ietrezr;t;:iltﬁ?; ne:g:r:::n;:nl;e"t‘::ze:al;atnent1 and
) ) . « Cancerous epithelial cell specific gains: Chr20q, : ?°"f°"'“a"°"‘h°" .
= Such selective copy gain/losses and rearrangement of those genomic e : : i 16 [ Y s tin,_ WY s Goes  gmer s genes Mmoo s
regions cause dysregulation of oncogenic signaling pathways in a cell cwaa o | H 2t ol shonnite, P IRVIE
. . . . +  Immune cell specific gains: Target 65 on Chr3, targe 1 - absent inimmune cells 35 ! M\ A £ 200
type dependent manner in the tumor microenvironment and increases T o iy gt 194 h et 264 on G A i iz 1A e oot of 5 I
. . .. .. . arge on Chr16 and targe on Chr; GG . AT 2% st change. | 1 o |8 100
cancer cell proliferation providing positive selection for cancer . Cancer cel specic aberatons e.g.chr2oq gainis [ h i 5 Eorsoonin & e = ¢, 1 1
progression. g e el r—

In Pan-CK+ cancerous epithelial cells, GeoMx WTA data shows down-regulation of
Chr8p genes and up-regulation of Chr8q genes including MYC oncogene in Patient 2
consistent with PaintScape in situ 3D genomics data

by recruiting proinflammatory M2 macrophages®1'° inter- mal interactions that are absent in CD163+ immune cells
suggesting cell type sp Vs in tumor microenvironment

Combination of PaintScape and GeoMx data reveals patient specific dysregulation in
gene expression fueled by patient specific chromosomal instability

PaintScape characterizes chromosomal instability (CIN) of
cancerous epithelial cells in CRC tissue from different patients

Technology and Methods

Conclusions

“ Multiomic jebFISHTM workflow on PaintScapeTM platform in 30 pm thick FF tissue sections “ PalntScape demonstrates differences in target count, pIOIdy variation and SVs between CRC patients PaintScape™ enables identification, characterization and direct For patient 2: Chr2-Chr4, Chr4-Chr10, Chr6-Chr10 and
Pan-CK + CDH1 + Lamin staini . . - 6- = : ; iq situ visualization.of single cell 3D genome features of Chr15-Chr18 interactions.
an amin staining Pan-CK + CDH1 + Lamin staining " different cell types in FF Colorectal Cancer tissue across
; Patient different patients. Distinct structural genotypes are revealed: ecDNA copy number, nuclear locations and in situ
0- ||||||||||II|||||||II|.|||IIlIIIII"I]HI“l"I 00t ottt it II|I||||Il|I|||I||I||||||||Il\|.||||||I|IIIII||||IH.|||||||“ I|II|I|‘| i interactions in single cells
6- | ; ; 0 ; ; i T = Copy number variation including amplification and deletions . Unique cancer cell sub-population having a fraction of
Cell type il in situ in single cells and sub-populations amplified targets of Chr20q and Chr8q regions further
identification using | Patient 2 . Identified cancer vs normal cell sub-populations with from Chr20 or Chr8 territory, suggesting possible
jebFISH spatial 0- il|||l|.h|i"|||l|||hJ"'Iﬁhlﬂ"ll |-||I|II||II| .i"ll'll’h"""“"“.l - pop ) ecDNA nature of those amglifie?jgtargetgsp
proteomics . gain in Chr 8q, Chr 13g and Chr 20q in cancer _‘ ) ;
——) « Common CIN features between + Patient 1 specific CIN features: + Patient 2 specific CIN features: cells *  Amplified Chr20q targets interact genomewide
A . . with all other targets with specific short-
patients: Gain in Chr2q35-236.3 Gain in Chr8q, Loss in Chr 8p loss in Chlfl 8p, Chr 14q, Chr 17p and Chr 20p in distance interaction with Chr13q
Gain in Chr 20q ploidy Loss in Chr 14q ploidy Gain in Chr7 ploidy cancer cels R . .
Ve[ e . - . These CIN patterns are suggestive of more aggressive Cell type specific differences in 3D genome structure in situ
oss in Chr 4 ploidy Loss in Chr 17p and Chr 20p Gain in Chr13 ploidy phenotype of CRC with metastatic potential in single cells in tissue immune microenvironment
L] Identified and visualized unique 3D genome aberration
“| Patient 1 ] ) Chr8p @ In situ single cell ploidy variation of whole chromosomes and of individual chromosomes in Pan-CK+ epithelial cells
H&E stain of sequential section PaintScape image of normal region PaintScape image of cancer region i e 1 Chr 8q sub-chromosomal regions and CD45+CD163+ immune cells
? . . - Hig‘her variation in sub—po}pul.ation of cells with Immune cells show relatively more compact 3D
i, . . variable chromosome ploidy in cancer cells compared genome structure than cancerous epithelial cells
300umx300um FOV Single cell chromosome traces Pan-CK saining Pan-CK + epithelial cells x 2 ’0, I" lelieaiees ; Cancer cells show sub-populations with unique sets of
: . f ) ole - Chrg, Ch13q and Chr20 show much higher inter-chromosomal interactions that are absent in
N R E R chromosome ploidy in cancer cell sub-populations e GEls
] N . LOH of Chr14q and Chr4 in cancer cell sub-
breefonm? | | Patient 2 populations = Multiomic correlations of cancer cell states between patients
marker intensity H . Patient 2 with Chr8q gain shows much higher Ki-67
—) 5 ‘ . Inter-chromosomal interactions, potential translocations and positivity rate for cancerous epithelial cell sub-
N - - : . — . . . . — simultaneous proximity of multi-loci interactions in situ in populations compared to Patient 1 lacking Chr8q gain
hAkd BERiHid: BREY et e v v R e o
B S e e 1 TN e i YN PR ) e — — - Zg(rj?l'?rzn(t:rlr1c1r:rg§g§t?()rﬁgq Chré-Chr17, Chr7-Chr15 MYC which upregulates Ki-67 leading to higher
proliferation and greater genome wide instability
L] Chr13g-Chr20q translocation in cancer cells
PaintScape identified unique inter-chromosomal interactions in cancerous epithelial cells in CRC tissue brings relevant CRC related oncogenes (e.g.
PaintScape enabled chromosome tracing in single 3D PaintScape demonstrates aut d cell type identification from different patients CDK8 on 13q, TPD52L2 on 20q) to close
segmented cells in 30 pm thick CRC tissue section in situ in 30 pm thic tissue section A: Chr13-Chr20q B: _Chr17 D: -Chr1 proximity causing dysregulated gene

T ’ expression
Patient 1

PaintScape™ enables in situ direct visualization of 3D
genome in FF Colorectal Cancer tissue in spatially
resolved tumor microenvironments
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