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廖翊筑

Biological sample collection and study 
design for stroke genetics studies



Outline

 Stroke genetic studies
-- SNP association study
-- GWAS
-- Pharmaco-genetic studies
-- Epigenetics study (DNA methylation, microRNAs)

 What kinds of biological samples to be collected?
-- DNA, plasma/serum, lymphocyte

 How to collect biological samples?



改變基因密碼
(DNA)



SNP (single nucleotide 
polymorphism)

(1) 1 SNP every 100-300 bp
(2) As of  October 2014, dbSNP
listed 112,736,879 SNPs 
(3) < 1% mutation

> 1% SNP

Genetic association study 

ApoE e2/e3/e4 vs. AD risks



145 genes in 8 functional domains
average 4.8 SNPs per gene (range 3-15)

Liao et al. Stroke. 2008 Dec;39(12):3159-65.



 GWAS (genome-wide association study)  :
Step 1: Identifies novel genes
Step 2: validates its biological impact on  diseases 



Lancet Neurol 2012:11:951-62

0.5-2.5 million SNPs genotyped
 imputation to 5-15 million SNPs

Bonferroni correction 
 1 million SNPs, 0.05 /10-6





Lancet Neurol 2014;13:405-18

Susceptible genes identified by GWAS: meta-analysis

Af

CVD, MI

PITX2: paired-like homeodomain 2; ZFHX3: zinc finger homeobox 3; HDAC9: histone deacetylase 9
CDKN2A: cyclin-dependent kinase inhibitor 2A; COL4A1: collagen, type IV, alpha 1



Lancet Neurol 2014;13:405-18

Polygenic risk score for disease prediction, personalized medicine



Warfarin dosing according to CYP2C9/VKORC1 
(Vit K epoxide reductase complex 1) polymorphism

35% of variability in response to warfarin is related to VKORC1 & CYP2C9



Lancet  2010:376:1312-9

CYP2C19*2 allele reduced clopidogrel
conc. by 30%, increase risk of CVD

CES1 rs2244613 reduced dabigatran
conc. by 15%, reduced bleeding risk by 
33%

Circulation 2013;128:2813-51



Lancet Neurol 2014;13:405-18

CADASIL,
MELAS, 
Fabry’s Diz

30 million bp, 1% of genome

0.5-2.5 million SNPs



Epigenetic studies: methylation, histone 
modification, microRNA



miR, microRNA                   siRNA, small interfering RNA
(微小RNA)                             (小干擾RNA)
抑制基因轉譯 銷毀mRNA基因沉默Craig C. Mello

Andrew Z. Fire

The Nobel Prize in 

Physiology or Medicine 2006



Liao et al. JACC 2014:63:1685-94

Let-7g  improved multiple endothelial functions 
through targeting  TGF-b and SIRT-1 signaling



Coagulation/
Thrombosis

Let-7g

Thrombosis

THBS1

TGF-BR1

SMAD2/
SMAD3

PAI-1

Liao et al. JACC 2014:63:1685-94



Apo E KO mice HF diet Apo E KO mice HF diet

inject lentivirus 
empty vector      Let-7g over-exp

plasmids
per week x 12 weeks

inject lentivirus
empty vector           Let-7g sponge 

plasmids
per week x 9 weeks

sacrifice mice and  collect carotid arteries

動物實驗部分謹謝王永松博士, 鄭欣芸小姐, 林紋璉小姐, 蘇信吉先生協助進行



Let-7g inhibited PAI-1 expression in vivo:
IHC (免疫組織化學染色)stain in carotid artery of APOE-KO mice



Validate Let-7g’s effect on lacunar stroke patients

Vasodilatation

Plasma 
PAI-1 levels

Plasma ADMA levels
(eNOS inhibitor)

Coagulation/
Thrombosis

Study Design: 
60 stroke patients (lacunar infarction)
 Upper tertile or lower tertile of let-7g levels
measure their plasma levels of PAI-1 & ADMA 

Correlated to serum Let-7g level ?



Subjects with 
low let-7g levels 

Subjects with high 
let-7g levels 

Student’s 
t test 

Serum let-7g ratio (2 –ΔΔCt)* 0.48 ± 0.27 2.73 ± 1.36 p < 0.001

Plasma PAI-1 levels (ng/ml) 5.61 ± 3.24 3.70 ± 1.85 p = 0.04

Plasma ADMA (umol/L) 0.60 ± 0.19 0.58 ± 0.21 p = 0.78

Higher PAI-1 expressions levels in lacunar stroke patients 
with low-let-7g levels 



What you can get

 DNA  for SNP, GWAS, DNA methylation/histone 
acetylation

 RNA (extracted from lymphocyte)  for gene expression 
levels, lymphocyte ≠ brain

 Lymphocyte  for culture or immortalization

 Plasma, Serum  cytokine (biomarkers, MCP-1, CRP, 
ICAM-1, VCAM-1, IL-6), microRNA



How to collect

 (1) 紫頭採血管 (含微量EDTA.K3，可以抑制血液凝集，EDTA可抑制
DNases的活性，防止DNA受到DNases的作用) 
抽buffy coat 後可抽DNA
離心後上清液是血漿 (plasma),建議加蛋白酶抑制劑, 分成小管保存
為佳 (250-500 ul or 1 ml 裝)

 (2) 紅頭核醫管
離心後上清液是血清 (serum),建議加蛋白酶抑制劑, 分成小管保存
為佳 (250-500 ul or 1 ml 裝)

 抽了血馬上處理, 過程都在冰上, 處理好後放-80 C 保存

 抽血的日期要記錄(disease acute stage or not)

 IRB



1. 抽lymphocyte &  抽 buffy coat/plasma 不能兩全

2. 要先抽成DNA保存或以buffy coat 形式保存? 



論文/升等/研究

長官交辦 合作實力

財力/研究經費

人力 時間 倉儲



THANKS FOR 
ATTENTION !!



Lancet Neurol 2014;13:405-18


