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In situ direct single-cell visualization of 3D genome architecture in ER+ and 
HER2+ breast cancer cell lines using PaintScapeTM system
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PaintScape identifies and directly visualizes in situ, single cell structural and 
conformational changes across ER+ BC cell lines

PaintScape system identifies differential 3D genome amplification and conformation of oncogenic regions across ER+ breast cancer cells

Common and cell line specific chromosomal aberrations in regions containing 
hotspots of  increased clustered breakpoints across ER+ BC cells => higher genomic instability1-4

MCF7: Gain in Chr1q, Chr8q, Chr10q/SOX9, Chr17q/BRIP1, Chr20q;                      Loss in Chr9/CDKN2A
UCD12: Gain in Chr1q, Chr8p, Chr8q, Chr17q/SOX9, Chr20;                                      Loss in Chr9/CDKN2A
UCD65: Gain in Chr8p, CCND1, Chr17q/SOX9, Chr20q;                                               Loss in TOP2B, Chr13q, Chr17p

A

B PaintScape directly visualizes 3D genomic nature and location of focally amplified high copy targets in ER+ BC cells

C PaintScape identifies and directly visualizes single cell structural variations and multi-loci 3D genomic interactions in ER+ BC cells 

References

 PaintScape enables direct in situ visualization of 3D genome structural 
genotype in single BC cells revealing potential mechanism of dysregulation:

 Characterized and directly visualized in situ single cell genome-wide 
instability revealing intratumoral heterogeneity (ITH) across ER+ and HER2+ 
BC cells 

 Chr8p, Chr17q and Chr20q focal amplifications in ER+ BC cells

 Chr5p, Chr8q, Chr11q and Chr20q amplifications in HER2+ BC cells

 Frequent loss of CDKN2A in ER+ BC cells 

 Cell to cell variation in copy number of amplified targets causing ITH

 Identified and visualized heterogeneous spatial distribution of amplified 
targets in situ in single BC cells 

 Unique BRIP1 ecDNA amplifications in ER+ MCF7 cells 

 Chr8p11-p12 inside and outside of Chr8 Rg in UCD12 and UCD65

 CCND1 inside and outside of Chr11 Rg in UCD12 and UCD65

 Areas of amplification on Chr8p11-p12 and CCND1 target regions in 
UCD12 and UCD65 correlate with predicted amplicon structure via 
CoRAL2

 Identified and directly visualized unique inter-chromosomal interactions 
involving DEREs in sub-set of ER+ BC cells

 Chr17q-Chr20q interactions in sub-population of ER+ BC cells causing 
dysregulation in gene expression3

 Identified and directly visualized simultaneous 3D proximity of multi-loci 
interactions of breast cancer relevant genomic regions in situ in single BC 
cells 

 Directly visualized disruptions in TAD like structures in situ in single BC cells 
potentially driving dysregulated gene expression  

Conclusions

PaintScape enables in situ direct visualization of 3D genome changes 
across single breast cancer cells from different sub-types

Scan to download 
or  learn more

PaintScape identifies and directly visualizes in situ, single cell structural and 
conformational changes across HER2+ BC cell lines
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A PaintScape system identifies DNA amplification differences of oncogenic genes in HER2+ breast cancer cells

Distributions of chromosome counts per 
cell show copy gain in regions enriched for 

hotspots of clustered breakpoints3.4

Target Copy Number for 1050 DNA loci (arranged by chromosome location) 

HCC1954

Focal amplifications of key cell cycle and transcriptional regulation oncogenes observed in regions enriched for hotspots of clustered breakpoints3,4

HCC 1954: TERT(5p) , MYC (8q) and CCND1 (11q)  region                             SKBR3: MET (7p), MYC(8q) and SNAI1 region

SKBR3 population-level distance heatmap of a subset of chromosomes (Chr 8-11-17 and 20) 
shows interaction between MYC on Chr8 and STAT3 on Chr17, also MYC and SNAI1 on Chr20. 
Single cell visualization shows multi-loci proximity of MYC, STAT3 and SNAI1 which may 
facilitate enhanced inter-chromosomal trans-regulatory interactions11 causing dysregulation

HCC1954 SKBR3

B PaintScape system reveals 3D genomic structure and differences in breast cancer cells 

HCC1954 population-level distance heatmap of a subset of chromosomes (Chr 8-11-
17 and 20) shows interaction between MYC on Chr8 and CCND1 on Chr11. Single cell 
visualization shows multi-loci proximity of MYC which may facilitate enhanced inter-
chromosomal trans-regulatory interactions11 causing dysregulation
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HCC1954 SKBR3

SNAI1MYCMETMYC CCND1

HCC1954 population-level distance heatmap shows
close proximity of amplified MYC8 and CCND1 gene
regions with the rest of the genome. These genes
has been shown to form ecDNA in many cancers9-11
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SKBR3 population-level distance heatmap shows close 
proximity of amplified MET, MYC and SNAI1 gene 
regions with the rest of the genome. These genes has 
been shown to form ecDNA in many cancers9-11
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PaintScape identifies single cell sub-populations with different DNA copy numbers of 
key oncogenes, suggesting intra-tumoral heterogeneity of cancer cells 

SKBR3

Gene DNA locus trace
HCC1954                  SKBR3

HCC1954 has well defined TAD-like structure13 in 
SOX9 region. SKBR3 has a disorganized structure, 

consistent with poor regulatory interactions and 
lower expression

Deletion of Chr16q region in SKBR312 results in 
CDH1 gene copy loss and 3D structure alteration of 

neighboring regulatory region, causing reduced 
gene expression
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PaintScape directly visualizes cells with a range of target amplifications , GATA3, SNAI1 and BRIP1. 
Note that GATA3 shows interaction with HOXA9 locus. Note  that BRIP1 shows ecDNA like amplification relative to Chr175

PaintScape visualizes Chr 17q-20q 
interactions between DERE elements known 

to cause dysregulated expression6
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t_525, t_526 
(Chr8p11) are 

amplified2. 
Amplifications 
appear to be 
located near 

one allele

t_526 
(Chr8p11) is 
amplified2, 

and adjacent 
to Chr8

In UCD12 – CCND1 is amplified at low 
level, adjacent to & distant from Chr 11

In UCD65 - CCND11 and SOX9 are highly amplified adjacent to and distant from 
Chr 11 or Chr17.
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PaintScape visualizes LOH of 
Chr13 causing loss in tumor-

suppressor gene RB1 in single 
cells and sub-population and 

translocation of truncated Chr3 
to the remaining Chr13 
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Amplified CCND1 regions show sporadic 
interaction with Chr8p11-p12 targets t525-526 in 
sub-population of cells. Both targets are reported 

to be amplified as ecDNA in UCD65 cell line1,2
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PaintScape visualizes Chr 
17q-20q interactions 

between DERE elements 
known to exhibit promoter-

enhancer hijacking and 
dysregulate expression6
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PaintScape directly 
visualizes Chr3-Chr8 
inter-chromosomal 

interactions involving 
breast cancer relevant 

oncogenic regions 
Chr8p111,2 and MYC
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PaintScape directly visualizes 
proximity of Chr8p11 amplified 
targets1,2 with SOX9 both distal 

and proximal to Chr17
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PaintScape directly visualizes 
proximity of SMAD4 (Chr18) 

with HOXA loci (Chr7), 
enriched with breast cancer 

relevant ER responsive 
ERE/DERE elements6,7
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In UCD12 – SOX9 is amplified adjacent 
to and distant from Chr 17

MCF7 UCD12 UCD65
Cell sub-populations with 

different chromosome 
ploidy suggesting cancer 

cell heterogeneity. Largest 
variation in MCF7

Introduction
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UCD12 population level distance heatmap 
shows amplification of 8p11, CCND1 and SOX9 

and proximity to many targets genome wide
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UCD65 population level distance heatmap shows 
amplification of 8p11-p12, CCND1 and SOX9 and 

proximity to many targets genome wide

Selected interactions in the MCF7 population level 
distance heatmap are highlighted for further 

investigation

Selected interactions in the UCD12 population 
level distance heatmap are highlighted for 

further investigation

Selected interactions in the UCD65 population 
level distance heatmap are highlighted for 

further investigation

 Here we present the PaintScape system enabling simultaneous in situ
visualization of the 3D genome structure in single breast cancer (BC) cells.
Over 1,000 targets relevant in several important cancer pathways including
Cell Cycle and Apoptosis, Transcriptional Regulation and Chromatin Structure
are visualized across all chromosomes using the OncoPaint Cancer
Pathways Panels across different BC cell lines.

 We have used 5 breast cancer cell lines spanning ER+ (MCF7, UCD65 and
UCD12)1-6 and HER2+ (HCC1954 and SKBR3)1-4 sub-types.

 ER+ and HER2+ cell lines contain hotspots of clustered breakpoints on
specific chromosomal DNA and often exhibit complex focal amplifications,
some of which are predicted to be extra chromosomal DNA (ecDNA),
contributing to genomic instability1,2,7-11.

 Selective copy gain and rearrangement of those regions cause dysregulation
of oncogenic signaling pathways and increased cancer cell proliferation
providing positive selection for cancer progression in a sub-type dependent
manner.

 In situ single cell capabilities of the PaintScape system helps to unravel intra-
tumoral heterogeneity (ITH) and capture the full spectrum of structural and
functional interactions within individual cells and sub-populations.

Technology and Methods

B

C

OncoPaint Panel Modules Used: Transcriptional 
Regulation, Cell Cycle and Apoptosis, Chromatin 

Structure and A/B ploidy panels 

PaintScape tracing of 1050 
target loci  in SKBR3. Each 
chromosome is painted as 
described in methods, 
section  B

OncoPaint HuCL Cancer Pathways Kit 1

p-arm
q-arm

Cell Cycle and Apoptosis
DNA Repair
Transcriptional Regulation
Chromatin Modification
Chromatin Structure

Each gene region is 
painted with 15 
loci.
The MDM2 gene 
region shown as an 
example.

>1000 plex jebFISH painting
of SKBR3 cell

What is the PaintScape System?
 An instrument platform that combines state-of-the-art 

optics, sophisticated bioinformatics, and a reagent 
system  based on powerful jebFISH chemistry for direct 
in situ visualization of the 3D genome in individual cells

What is jebFISH?
 High-plex, efficient chemistry for in situ visualization of 

the 3D genome in single cells (in cell lines and fresh frozen 
tissue) using a proprietary multiplex optical barcoded
chemistry 

 Proprietary jebSmart (smart barcode) method to allow 
precision loci identification and localization

The PaintScape System powered with jebFISH technology to visualize in situ 3D genome organization in situ in single cells

Kit 1 Panel Modules

Visualize and analyze the 3D genome 
in situ at single-cell resolution with 
jebFISH technology

Aggregate data to form sub-
and whole population analyses 
for different cell types

CHROMOSOME KEY

A Copy number variation, amplicon structure reconstruction and profiling 

PaintScape characterizes nuclear location of amplified 
Chr8p11-p12 targets inside and outside of Chr8 radius 

of gyration (Rg) suggesting heterogeneous spatial 
distribution of ecDNA like structures
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2 2 2Predicted ecDNA structure via CoRAL for CCND1 in UCD652Predicted ecDNA structure via CoRAL for 8p11 region in UCD12 and UCD652

PaintScape identified cancer cell sub-populations with different copy numbers of 
amplified targets reflecting cancer cell heterogeneity
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PaintScape characterizes nuclear location of amplified 
CCND1 region in UCD12 and UCD65 cells showing 

CCND1 targets located inside and outside of Chr11 Rg
suggesting heterogeneous spatial distribution 

We used CNVkit (v0.9.10) to identify focal amplifications.  Amplified regions (copy number >4) were 
trimmed and analyzed using CoRAL (v1.0.0) to reconstruct amplicon structures in UCD65 and UCD12. 
ecDNA architectures were visualized using CycleViz, and single cell spatial genomic features were 
profiled using Bruker PaintScape platform with ChromoPaint and OncoPaint panels.


