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Discovering Cancer Heterogeneity by  

Image Analysis-linked Genomics  

using Phenotype-based High-throughput  

Laser-aided Isolation and Sequencing (PHLI-seq) 



Subjectivity problem in histopathology 



Limitations in conventional histopathological diagnostics 
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12/22 samples could not be diagnosed  

 Ambiguous histological features 



Vision in cancer genomics through IT-BT Convergence 
ICT-BT 

 

Quantitative and Qualitative  Diagnosis 
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Single cell sequencing for Tumor heterogeneity 

- 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 

Bulk Sequencing Single Cell Seq 



DNA or RNA extraction of bulk tissue 

• mixed population of cancer/normal 

cells  

• Requires deep sequencing for finding 

abnormalities 

Isolation of single cancer cell 

• Zero-percent normal cell content 

• Low depth sequencing is enough 

• Cost↓ 

• Accuracy↑ 

Anaplastic astrocytoma - Ki67 stain 



 PHLI-seq 

Advanced Technologies for Cancer Heterogeneity 

Morphology & Phenotpye  
Information 

Throughput 

Laser 

Microdissection 

https://www.biw.kuleuven.be/ 
http://www.zeiss.de/microscopy/ 

High-

throughput 

Single-cell 

isolation 

technologies 



Phenotype-based High-throughput Laser-aided Isolation and 
Sequencing  (PHLI-seq) 



Phenotype-based High-throughput Laser-aided Isolation and 
Sequencing  (PHLI-seq) 
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(In-house design & Instrumentation)  



Single Cell Isolation from Blood Smear 



~10-cell Isolation from Breast Cancer Tissue Section 

Sample: prof. Won Shik Han (SNUH) 

Cancer is a collection of 

heterogeneous cell 

population 



q ~10-cell Isolation from Breast Cancer Tissue Section 

Sample: prof. Won Shik Han (SNUH) 



Single-cell Isolation from Breast Cancer Tissue Section 

Sample: prof. Won Shik Han (SNUH) 



Single-cell Isolation from Breast Cancer Tissue Section 

Sample: prof. Won Shik Han (SNUH) 



Phenotype-based High-throughput Laser-aided Isolation and 
Sequencing  (PHLI-seq) 
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Patient 

Normal blood Tumor 

WES WES  Target-seq Sniper-seq 

TCAdel 

Chr8 

FGFR1 

Exon3 
30x, 0% 100x, 0% 

1200x, 0.5% 

50x, 15% 

Target sequencing: Prof. Woong-yang Park (SGI) 



Cooperative Procedure with Hospital 

Sample 

Slide image & SW 

Target cell 

 information 

Seqencing data 



PHLI-seq in Action 



Performance comparison with Laser Microdissection 



Collaborators 



PHLI-seq for Studying  

Genetic Heterogeneity  

in Breast Cancer 



H&E CK5/6

FISH	(Her2) Calponine

Sample: Prof. Won Shik Han (SNUH) 

• 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) 

Application of PHLI-seq to a Her2+ Breast Cancer 



Whole genome sequencing (0.03x) & CNV analysis (N=54) 
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Based on copy number variations, 

Three subclones were identified 

Her2 FISH 



Whole Exome Sequencing Analysis 

Potential cancer driving genes  

in each group 



Inferring evolution of the tumor using WES result 

Potential cancer driving genes  

in each group 



Inferring evolution of the tumor using WES result 

Potential cancer driving genes  

in each group 



Inferring evolution of the tumor using WES result 

Potential cancer driving genes  

in each group 



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  





PHLI-seq for Studying  

Circulating Tumor Cells 



Application to Circulating Tumor Cell (CTC) Analysis 



CTC capture and isolation by PHLI-seq method 



Whole genome sequencing results of isolated CTCs 



PHLI-seq for Studying  

Individual Tumor Spheroids in a 

Malignant Ascites of Ovarian Cancer 



Isolating Ascites Spheroids 

10 Ascites spheroids  

from a ovarian cancer patient 

were analyzed  



WES Analysis of Primary tumors and Ascites Spheroids 

- 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 Ascites clone 1 



Phylogenetic tree analysis based on WES data 

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 



Potential Research Topics of Sniper cell sorting 

Cancer heterogeneity Cancer metastasis 

Rare cell sequencing  

(cancer stem cells) 
Sinlge-cell genotyping 
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Long Term Plan of Spatially Resolved Seqencing 

 

 

 



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 

Vandewoestyne et al., Analytical Biochemistry (2013)  

Disadvantage 

- UV laser generates damages to cells 

- Sometimes, isolation failure occurs 



UV damages cells 

(https://www.thermofisher.com)  



Infrared Laser Capture Microdissection Has Limited Applicability 
Depending on the Condition of Samples 

Espina et al., Nature Protocols (2006) 

Cell capture mechanism 

Physical forces involved in LCM 

LCM from Thermo Fisher Scientific 



Competing Technology: Infrared Laser Capture Microdissection (LCM) 

LCM from Thermo Fisher Scientific 

Espina et al., Nature Protocols (2006) 

Vandewoestyne et al., Analytical Biochemistry (2013)  

Disadvantage: 

- imited throughput and scalability 

- debris or non-selected cell adhesion 

- applicability depending on the condition of 

samples (next page)  



Laser Microdissection Companies and Markets 
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microscope 

Sample preparation/ 

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. M
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MarketsandMarkets Research 
 Globally 500 대 판매/년 

 Genomics 분야의 성장과 함께 동반 성장하는 시장 



Leica 

Gravity-assisted UV cutting 



Leica (movie) 



Carl Zeiss 

Cutting and lift-off transfer by UV laser 



Thermo Fisher Scientific 



Thermo Fisher Scientific (movie) 


