Discovering Cancer Heterogeneity by
Image Analysis-linked Genomics

- using Phenotype-based High-throughput aa

Laser-aided Isolation and Sequencing (PHLI-seq)

Dr. Sunghoon Kwon
Professor, Seoul National University

July 12, 2018




Subjectivity problem in histopathology




Limitations in conventional histopathological diagnostics
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‘. with FISH and correlation with clinical
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Vision in cancer genomics through IT-BT Convergence
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Single cell sequencing for Tumor heterogeneity
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- Minor mutations are ignored

- Inaccurate genetic information,
inaccurate diagnosis

- Ignored information can induce
relapse of cancer

- Minor mutation information
Preserved

- Accurate genetic information,
accurate diagnosis

- Clonal structure of cacner
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Low tumor burden requires high depth sequencmg
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& « mixed population of cancer/normal
cells
» Requires deep sequencing for f|nd|ng
e abnormalities
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Isolation of single cancer cell

-« Zero-percent normal cell content

» Low depth sequencing is enough
« Cost|
« Accuracy t



Advanced Technologies for Cancer Heterogeneity

Throughput
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Microdissection Morphology & Phenotpye
> Information

https://www.biw.kuleuven.be/
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Phenotype—based High—throughput Laser—aided Isolation and
Sequencing (PHLI-seq)
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Phenotype—based High—throughput Laser—aided Isolation and
Sequencing (PHLI-seq)
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~10-cell Isolation from Breast Cancer Tissue Section
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Sample: prof. Won Shik Han (SNUH)



~10-cell Isolation from Breast Cancer Tissue Section

prof. Won Shik Han (SNUH)
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Single-cell Isolation from Breast Cancer Tissue Section
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Single-cell Isolation from Breast Cancer Tissue Section
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Phenotype—based High—throughput Laser—aided Isolation and
Sequencing (PHLI-seq)
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Detection of Rare Variant by Low-depth Sequencing
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Cooperative Procedure with Hospital
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PHLI-seq in Action
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Performance comparison with Laser Microdissection
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PHLI-seq for Studying

Genetic Heterogeneity
In Breast Cancer




Application of PHLI-seq to a Her2+ Breast Cancer
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 Cells from 54 regions were isolated by Sniper Cell Sorting
» About 20 cells (similar genetic information) were isolated from each region
* Multiple displacement amplification and NGS (0.03x WGS , 200x targeted sequening)
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Whole genome sequencing (0.03x) & CNV analysis (N=54)

Z auojaogns

Based on copy number variations,
Three subclones were identified

50
-

Her2 Amplification
10 20
-
|._ i
-

30 40

—
[QVIE, Sy S A ——
, 5 & ¢

(/] <& &

& N Q N S W

C}O éo O O «‘OQ\

1 6 s WEM 0 12 JEEN 14 BN il S EEl W |
é _l_l_
) N\
S
« ,00\' y\ hn—_x@
(}000 J“ I.I
NS
N "ﬁ!a
9 il 'lii
&q,
\O
~
cj)
|
o | e
& | gE—
\500 | o
g I -y
> - =2
\
O
= Genetic
subclones

Subclone 1

Her2 FISH

Subclone 2

Subclone 3



. . % L Bz g s2z 9 go
Potential cancer driving genes o Er22% % 852 &3
in each group e k\\ ; \¢

BRI,
| |||| " |||||

‘HII JI I‘I i

CENPW (amp)
EPHA3 (mut)
(62)

Subclone1 T
. 1 |

VHL(mut)
PIK3CA(mut)
(26)

NSD1 (mut)
USPOX (mut)
MTOR (mut)
NF1 (mut)

ERBB2 (amp)
(44)

Subclone 3 Subclone 2

I‘I

|\|

GATA3 (mut)

CASP3 (mut)

ATR (mut)

NCORT (mut) 3 BT ||I||HI|II!|I|||||I|| || |||| [ I TR Y

(142)

Subc|ona| o i 1 JTJ ]
mutat|ons [ I I | W |
Shared in Shared in aW Subclone 3
subclones 1,3

Subclone 1 Subclone 2

Subclone 1

Amp Del SNV

1q 8p POT1
KMT2A

HER2 GPHN

COL1A1

Subclone 3

Subclone 2




Inferring evolution of the tumor us

ng WES result
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Inferring evolution of the tumor using WES result
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Inferring evolution of the tumor using WES result
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PHLI-seq for Studying

Cancer Heterogeneity
In 3D Tissue Space




The 3—dimensional tumour mass was investigated

using PHLI-seq

Breast cancer

Sections were prepared fron
seven locations
At each location, three H&E
section (10um)

Each location has 0.65 mm
interval.



The 3—dimensional tumour mass was investigated

using PHLI-seq
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PHLI-seq for Studying

Circulating Tumor Cells




Application to Circulating Tumor Cell (CTC) Analysis

Cancer Patient Immuno-affinity based CTC Pulsed laser-induced Next Generation
separation single CTC isolation Sequencing (NGS)
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\ ( Infrared pulse laser (1064 nm) \
]

Glass slide Energy absorbance

Indium Tin Oxide layer Vaporization

. | / . . .
S

N AN P

Before microstructure isolation After microstructure isolation




Anti-CKg ¢ Anti-CD45 o | & A 1

Locus Position PCR size (bp)
CSF1PO Chr$ 345
D13S317 Chrl3 181,185
CSF1PO D16S539 D75820 e Sty 2l
D5S818 Chr5 127
D75820 Chr7 227,239
THO1 Chrl1 191,195
TPOX Chr2 232,244

D138317 D55818 VWA Chrl2 150



Whole genome sequencing results of isolated CTCs
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PHLI-seq for Studying

Individual Tumor Spheroids in a
Malignant Ascites of Ovarian Cancer




|Isolating Ascites Spheroids
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WES Analysis of Primary tumors and Ascites Spheroids

Single nucleotide variants
[ Mutated | | Not mutated | | Not confident
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- Primary tumors and ascites spheroids have distinct variant profiles

- Analysis of variant allele frequency support that tumor spheroids included in
Ascites clone 2 had large portion of normal cells, which can explain the lower
variant detection rate than



Phylogenetic tree analysis based on WES data

Hamming distance

100

120
1

Normal

RO2 !
RO1

B Primary tumor

Ascites spheroid

The result supports that Ascites
spheroids were created
by an ascestral tumor cells,
not by the analyzed primary tumors



Inferring the tumor evolution process
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Cancer heterogeneity Cancer metastasis

Rare cell sequencing

(cancer stem cells) Sinlge-cell genotyping




Cancer Normal
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Conclusion

« Heterogeneous genetic information can be explored by
analyzing single-cells or relatively homogeneous small
number of cells

« Technological advance, such as PHLI-seq, will enable
researchers to find out new biological phenomena in
heterogeneous cell population

* High-throughput and high-resolution genetic analysis of
histological specimen will provide detail story of cancer
development
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Competing Technology: Ultraviolet Laser Capture Microdissection (LCM)

LCM from Zeiss

ejection of cells

cap filled with i
-ﬁ- of interest
ﬁ_icdl lysis buffer against gravity
B

$ ’ .
cell of interest
no contact captured in
-ﬁ-/ between cap lysis buffer

and cells

Disadvantage
- UV laser generates damages to cells
- Sometimes, isolation failure occurs

Vandewoestyne et al., Analytical Biochemistry (2013)



All other microdissection systems use only a UV laser for
microdissection, without the advantage of the gentle IR
laser. The UV cutting technique uses a higher power to
burn through connective tissue during dissection. It has
been proven through independent studies and internal
research that UV dissection can damage DNA, RNA, and
proteins in dissected cells smaller than 30 pm in
diameter, making UV cutting a better tool for isolating
larger structures or whole tumors from tissue sections,
but not individual cells.

(https://www.thermofisher.com)

Journal of Pathology
J Pathol 2017; 241: 208-218
Published online 27 November 2016 in Wiley Online Library

(wileyonlinelibrary.com) DOI: 10.1002/path.4840

in combination with SCS methods. Technical issues
such as UV lasers damaging DNA and RNA prior to
amplification or cells being cut in half during tissue




Infrared Laser Capture Microdissection Has Limited Applicability

Depending on the Condition of Samples

LCM from Thermo Fisher Scientific

Thermolabile polymer
on bottom surface of cap

Infrared laser melts
thermolabile polymer

Cells of interest bound
in polymer-cell composite
o . o

o |=
[ - - ]

A - Capture
force
.‘-’ B Sheer
< N force
v
C /7 Substratum

force

Cell capture mechanism

Physical forces involved in LCM

Espina et al., Nature Protocols (2006)




cap with thermo- transfer of cells

plastic film @ of interest to

thermoplastic

contact between cell of interest
film and cells captured on
thermoplastic
film
'_-_-—-_-ﬁ
N4

Disadvantage:

- imited throughput and scalability

- debris or non-selected cell adhesion

- applicability depending on the condition of
samples (next page)

Espina et al., Nature Protocols (2006)
Vandewoestyne et al., Analytical Biochemistry (2013)



Laser Microdissection Companies and Markets

Market strength

portion

Market

size

ThermoFisher
SCIENTIFIC

L
MICROSYSTEMS

Instrument/ Instrument/ Sample preparation/
microscope microscope Post LCM biochemistry
40% 40% 15%

USD 124.97 Million by 2020 from USD 72.45 Million in 2015
at a CAGR of 11.52% between 2015 and 2020.
Majority of the market is instruments.

9 Globally 500 L‘_H ]1|-DH/[_=| MarketsandMarkets Research
— —
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Leica

Jeica

MICROSYSTEMS

Gravity-assisted UV cutting
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Carl Zeiss

Cutting and lift-off transfer by UV laser

Transfer




ThermoFisher
SCIENTIFIC

Infrared laser capture Lift cap from slide Cap with captured cells




Thermo Fisher Scientific (movie)




