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미즈메디병원 가정의학과

• What’s Personalized Medicine? 
 - Significance 
 - Clinical application 
 - Quick review : Basis of Genomics   
 
• Whole genome sequencing  연구의 발전 및 DTC 

 
• Cancer Genomics의 사례  

Procrustes (Προκρούστης) Tailored medicine 

vs 

What’s Personalized Medicine 

Personalized medicine is a medical model that proposes the customization of healthcare, 
with all decisions and practices being tailored to the individual patient by use of genetic or 
other information.  
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This transformation is being accelerated by a combination of  
revolutionary technologies and evolutionary practices 

Personalized Health Care 
 

Translational  
Medicine 
 

Health Care  
Today Digital Imaging 

Episodic Treatment Electronic Health Records Artificial Expert Systems 

Clinical Genomics 

Genetic Predisposition Testing 

Molecular Medicine 

CA Diagnosis 

Pre-symptomatic Treatment 

Lifetime Treatment 

Evolutionary Practices 
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Data and Systems Integration 

4P 
Personalized 
Predictive 
Preventive 
Participatory 

 

Genotype of CYP2D6 in 130 cases and 170 control cases 

Smoking vs Gene of Lung Cancer 

GSTM1) Polymorphisms and Lung Cancer 
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  Application of Clinical Genomics 

  

Polygenic Determinants of Drug Response 

 

Erbitux (Cetuximab) 
 
Developed by Merck, under license 
from Imclone 
  
The First Targeted Drug For Colorectal 
Cancer  
 

The Effectiveness Of Erbitux Is Determined By The Genetic Makeup Of  A Colorectal 
Tumor. 
 
Erbitux and Vectibix, A Similarly-Designed Targeted Drug, Have Been Found To Be 
Effective Only In The Treatment Of Colorectal Tumors That Contain Normal K-RAS 
And BRAF Genes. 
 
Tumors With Defective K-RAS Genes Did Not Respond To Erbitux.(The New England 
Journal of Medicine In October, 2008) 
 
That Colorectal Tumors With Abnormal BRAF Genes Were Resistant To Both Erbitux 
And Vectibix. (Journal Of Clinical Oncology In 2008 ) 
  

허셉틴 – HER2 
글리벡 – philadelpia 
chromosome 
이레사 – EGFR 

 

각막이영양증(Corneal dystrophy)과 아벨리노 유전자 

정상형 돌연변이형 

각막 이영양증은 인간염색체 5q에 위치하

는 TGFBI 유전자의 돌연변이가 주 원인으로 

알려져 있는 상염색체  

우성 유전질환. 

 

한국인은 1300명당 1명에서 발병. 

아벨리노(Avellino) 각막이영양증은 라식수

술을 시행한 경우 각막 혼탁이 증가되는 것

으로 보고되고 있습니다. 따라서 아벨리노

(Avellino) 각막이영양증 돌연변이를 갖는 

경우, 라식수술은 금기 
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DNA Layers and AlloMap Gene Expression 
Profiling for Organ Transplant 

• Reduce the immune response leading to organ rejection 

 

Diet and Genes 
 

Green tea helps silence genes that fuel 
breast cancer in some women.  
Name of gene: HER-2  
Function of gene: Triggers growth signals 
in cells 
Long-term effect: Slows HER-2 signaling 
in aggressive breast tumors  

Broccoli boosts genes that protect 
against heart disease. 
Name of gene: GST  
Function of gene: Produces the body’s 
master antioxidant, glutathione  
Long-term effect: The additional 
glutathione helps keep arteries healthy 

Soybeans affect 123 genes involved in 
prostate cancer. 
Name of gene: p53  
Function of gene: Kills mutant cells  
Long-term effect: A compound in soy 
increases activity of the p53 gene, helping 
to block tumor formation  

Turmeric suppresses genes that ratchet 
up inflammation. 
Name of gene: Cox-2  
Function of gene: Makes inflammatory 
compounds  
Long-term effect: Could help ward off 
colon cancer and Alzheimer’s  

Jan 17 2005 

It isn't just what you eat that can 
kill you, and it isn't just your DNA 
that  can save you—it's how they 
interact 

 

God created us in diversity with his purpose.  

 

Diet and Genes 
 

Jan 17 2005 

It isn't just what you eat that can 
kill you, and it isn't just your 
DNA that  can save you—it's how 
they interact 
 

10회 심포지움 2005. 인터콘티네탈 호텔 

Jose Ordovas PhD, HNRCA, Tufts University 

 

The figures coloured black represent the proportion of each group expected to go on to develop the 
disease. 

Nature vs Nurture 

What’s DNA, Chromosome, Genes, Base 

• Gene : A part of the DNA 
that codes for a protein. 
• 30,000 genes in the 
human genome. 
 

 

Whole books :       
22 Chromosomes 

One page :                          
Chr. region (Chr 8p24) 

SNP is a single base 
variation in DNA 
sequence that has a 
frequency >=1% in a 
population…… 

SNP is a single vase 
variation in DNA 
sequence that has a 
frequemcy >=1% in a 
population…… 

One sentence : 
Gene (TNFrsf11b) 

One book : 
Chromosomes (Chr 8) 

One misspelling : 
SNP (rs2073618) 

Chromosome, Gene, SNPs 

SNP (rs9594782) Bold represents exons 

Remember there is another set of encyclopedia in parallel : allele 
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Start codon : ATG 

Stop codon : TGA 

TNF Chromosomal Location: 6p21.3 

GTACCGCGGCGC
GTACCACGGCGC

HIS 

ARG 

SNP? :  DNA sequence variations  
That occure when a single ucleotide  
(A,T,C,or G) in the genome   
sequence is altered  with  frequency  
>1% in a population. 

 

• SNPs are the most common             
sequence variations  in the human  
genome (1 SNP per 300 bases on    
average  total 10 million SNPs) 

SNPs: 
Single 

 Nucleotide 
Polymorphisms

 

What’s SNP 
SNP :  DNA sequence variations That occure when a single nucleotide (A,T,C,or G)  in the 

genome  sequence is altered  with  frequency >1% in a population. 

GTACCGCGGCGC 
GTACCACGGCGC 

HIS 

ARG 

SNPs:  
Single 

 Nucleotide  
Polymorphisms 

Human ApoE gene segment, rs11542035 SNP 

Allele 1 (M) 

Allele 2 (.F.) 

Three Genotypes  
 
• Homozygous wild type  : GG 
 
• Heterozygous mutant type :  GA 
 
• Homozygous mutant type : AA 
 
 
 
 
 
 
 
 
 
 
 
 

 

Central dogma 

 

Non-synonymous SNPs 

Example 
 
TTT → TTA/G 
Phe  →  Leu 
 
ACT → ATT 
Thr   →  Ile 
 
GTC → TTC 
Val   →  Phe 
 
“Non-
synonymous” 

Genome wide association (GWA) study 

• The first major GWAS was published in Nature in February 2007 by Robert Sladek et al. in 
a study searching for type II diabetes variants 
 
• Numerous genome-wide association studies for the diseases coronary heart disease,      
type 1 diabetes, type 2 diabetes, rheumatoid arthritis, Crohn's disease, bipolar disorder,   
and hypertension has studied. 
 
•One of the challenges for a successful GWAS in the future will be to apply the findings in 
a way that accelerates drug and diagnostics development 
 
 

A WTCC study in coronary artery disease (Samani ,NEJM 2007) 

 

2012년 June 
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Human Genome Project Timeline 

 

Whole genome sequencing history 
연도 주체 기술 소요시간 비용 

2000 Human Genome Project Sanger sequencing 10년 30억 달러 

2000 Celera Genomics Sanger sequencing 4년 3억 달러 

2007 Craig Venter Institute Sanger sequencing 4년 7,000만 달러 

2007 
Baylor College of 

Medicine 
Roche 454 

(제임스왓슨) 
수개월 100만달러 

2007 Beijing Genome Institute 
Illumina 
Solexa 

수개월 50만 달러 

2009 Stanford University 
Helicos 

Heliscope 
수개월 48,000달러 

2009 
서울 의대 유전체의학연구

소 
Illumina, Solexa 

Macrogen 
수개월 30,000달러 

2010  Complete Genomics Complete Genomics  수개월 4,400달러 

2011 Life Technology(ABI) SOLID5500, NGS(2세대) 48시간 3,000달러 

2012~2013 The Ion PGM™ Next-NGS (3세대) 8시간 2,000달러 

2013 ~ Oxford Nanopore(TBD) Nanopore,(4세대) 15분 1,000달러 

1,000달러 게놈 시장의 시작!! 

 

 

 

RFLP TaqMan Sequenom Illumina 

Reaction steps 2 1 3 2-3 

Multiplex no yes yes yes 

Bioinformatics no yes yes yes 

DNA cost 25ng 5ng 1ng <1ng 

Cost per SNP $1.50 60c <50c <10c 

Overhead Very low modest high ~$200,00 

Comparison of Methods 

Whole genome sequencing  
Direct to Customer (DTC) Service 

• 23 & Me 
 

• Navigenics 
 

•deCODEme    

 

TIME's Best Inventions of 2008 

1,000,000 SNPs scattered across 
the 23 pairs of chromosomes  
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