Biological sample collection and study
design for stroke genetics studies
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Outline

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

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

» How to collect biological samples?
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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.

Table I. Information on 145 Candidate Genes Analyzed in This Study

Category

N

Genes®

Extracellular matrix
Hemostasis

Endothelium function

Renin—angiotensin system
Inflammation

Antioxidation
Glucose metabolism

Lipid metabolism

15
21

24

15
24

5
21

20

ANXAS, DCN, GJA4, LMNA, MGP, MMP1, MMP12, MMP2, MMP3, MMP9, TIMP1, TIMP2, TGFB1, TGFB2, TGFB3

CD36, GPB2, FGA, FGB, FGG, FGL2, FSBP, GP1BA, PDGFB, PLAT, PLAU, PLAUR, PLG, SERPINB2, SERPINC1, SERPINET,
THPO, HFE, VWF, THBS1, THBS4,

CD9, HABPZ, ICAM1, ITGA2, ITGA2B, ITGAS, ITGB3, SELE, SELL, SELP, SELPLG, VCAM1, CBS, DES, EDN1, MTHFR,
MTR, MTRR, NNMT, NOS1, NOS2A, NOS3, PDE4D, VEGF

ACE, ACE2, AGT, AGTR1, AGTR2, ADD1, CMAT1, NPPA, NPR1, NPY, REN, SCNN1A, SCNN1B, SCNN1G, TH

CCL2 CCR2, CEBPB, CKLF, CD14, CRP, CXCL12, IL1RN, IL70, IL1A, IL1B, IL6, IL6R, IL8, LTA, LTB, PTGS2, TFP1,
(TGFB1, TGFB2, TGFB37), TLR4, MHC2TA, THBD, TNF, TNFSF4, BDKRB2

CYBA, PON1, S0D2, 5003, XRCC1

ENPP1, GAD2, GCK, IGF1, IGF2, 1GF2AS, INS, INSR, IRS1, pck1, PPARA, PPARG, ADIPOQ, ADRATA, ADRA2A, ADRB1,
ADRB2, ADRB3, GNB3, LEP, LEPR

ABCA1, ALOX5, ALOX5AP, APOA5, APOB, APOE, CETP, LPL, CYP11B2, CYP7A1, ESR1, FABP2, LIPC, LIPE, LIPG, LRP1,
MTP, OLR1, PLTP, SCARB1

*Genes with pleiotropic effect are listed in multiple categories.



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




Mumber Mumber  Numberof Numberof Numberof Ancestry Study design Genotyping
ofcases ofCScases IWDcases SVDcases controls
Discovery cohorts
ARIC 385 93 31 63 8803 European Population-based  Affymetrix 6.0
ASGC 1162 240 421 310 1244 European Cross-sectional Mumina 610
BRAINS 361 29 120 97 444 European Cross-sectional Mumina 660
CHS 454 147 73 2817 European Population-based  llumina 370
deCODE 233 399 255 240 26570 European Cross-sectional Mumina 317/370
FHS 171 48 4164 European Population-based  Affymetrix 550
GEDS 443 90 7 G4 498 European Cross-sectional Nlumina HumanZmnil
HFs 578 468 European Cross-sectional Nlumina 610
HVH Ch6 a8 61 173 1250 European Cross-sectional Mumina 370
ISGS/SWISS 1070 247 229 2m 2329 Evropean  Cross-sectional llumina 550/610/660
MGH-GASROS 516 169 95 38 1202 European Cross-sectional Affymetrix 6.0
Milano 72 25 74 65 407 European Cross-sectional Mumina 610/660
Rotterdam 367 5396 European  Population-based  Illumina 550
WTCCC2-Munich 1174 330 346 106 797 European Cross-sectional MNumina 6&0
WTCCC2-UK 2374 460 498 474 5175 European Cross-sectional MNumina 6&0
Total (discovery) 12389 2365 2167 1894 62004
I
0.5-2.5 million SNPs genotyped
A Allischaemic stroke . . oua o
il — pesuac - imputation to 5-15 million SNPs
; ; p=5x10
6 | i Bonferroni correction
A - 1 million SNPs, 0.05 /10

~kg.(p)

0 ’ ‘ it | Lancet Neurol 2012:11:ii1-62




Replication cohorts
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B55
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Susceptible genes identified by GWAS: meta-analysis

PITX2: paired-like homeodomain 2; ZFHX3: zinc finger homeobox 3; HDACO9: histone deacetylase 9
CDKNZ2A: cyclin-dependent kinase inhibitor 2A; COL4A1: collagen, type IV, alpha 1

Reference  Stroke Gene SNPwith strongest  Risk Risk allele Odds ratio P
subtype® association allele frequency (95% Cl)
(%)

Ischaemic stroket
9q34 10,58 Cardioembolicc  ABO rs505922 C 39% 113 (1-11-1.15); =0-0001;

large vessel 1.23(1.07-1.18) <0-0001
4q25 10,59-62 Cardicembolic | PITX2 Af rs6843082 G 21% 1.36(1.27-1.47) 2.8 x 107
16q22 10,63 Cardioembolic | ZFHX3 rs879324 A 19% 1.25(115-1-35) 2.3x 10
7p21 10,64 Large vessel HDACS rs2107595 A 16% 1.39{1.27-1.53) 2.0 10
6p21 10,65 Large vessel SUPT3H/CDCSL rs556621 A 33% 1.21(1-12-1.28) 47 =10
9pll 10 Large vessel CDENZA/CDENZE rs2383207 G L2% 115(1-08-1-23) 33=10°
Intracerebral haemorrhage CVD9 MI
1q22 66 Non-lobar ICH ~ PMF1/SLC25A44 rs2984613 C 2% 1.33(1.22-1.46) 2.2x107"
19q13 67 Lobar ICH APOE rs429358/rs7412 g 7% 1.82 (1.50-2-23) 6-6= 10"
19q13 67 Lobar ICH APOE rs429358/rs7412 £d 12% 2.20(1.85-2-63) 2-4= 10"
13q34 68 Lobar and COL4A1 1055C—=T:1612C=G T.G =1%

non-lobar ICH
13q34 69 Lobar and COL4A2 I448C—A; S068G—=A; A A =1%

non-lobar ICH 3368A—=G G




Polygenic risk score for disease prediction, personalized medicine

Patient
|
Clinical assessment Genotyping (100-200 SNPs)
Age, sex, BMI, smoking, blood pressure, blood tests*
Laboratory examination Genetic analysis
Stroke risk: traditional risk factors Stroke risk: genetic risk factors
Odds ratio Genotype  Odds ratio
Smoking 15 HDAC9 AA 1.78
Obesity 1.7 APOE E2 1-82
Hypertension 23 PITX2 AG 1-26
Hyperlipidaemia 21 ABO T 123
Diabetes mellitus 1-4 CDKN2A/B GG 1.32

:

Comprehensive stroke risk

Predicted risk of stroke
Ischaemic stroke 53%
Cardioembolic stroke 12%
Large-vessel stroke 45%

Intracerebral haemorrhage  21%

Figure 2: Example of personalised medicine in stroke Lancet Neurol 2014:13:405-18




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

WARFARINDOSING RO oce .01

Age: Sex: -Select- ¥ Ethnicity: -Select-
Race: -Svedect-

=Warfarin Dosing
Weight: Ibs or kgs

=Llinical Trial Height: | feet and inches) or { amis)
Smokes: -Select- v Liver Disaase: Salect-

= Dutcomes

Indication: -Select-
> Hemorrhage Risk

Baseline INR: Target INR: Randomize & BElind
- Patient Education Amiodarone/Cordarone Dose: mig/day

Statin/HMG CoA Reductase Inhibitor: -Sekeci-

>Contact Us
Any azaole (2g9. Fluconazode): -Select- ¥
> Refarences Sulfamethoxazole/Septra/Bactrim/ Cotrim /Sulfatrim: | -Select-  ~
= Glossary
VKORC1-1639/3673: Mot available/pending
= About Us

CYP4FZ W433M; | Mot available/pending

User GGECX rel 1676382 | Mot available/pending
Fatient
CYP2C9*2: Mot available/pending
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CYP2Co*3: | Mot avallable/pending
CYP2C9*5: Mot available/pending
CYP2C9*g: Mot available/pending

» ESTIMATE WARFARIN DOSE

Acoppt Terms of Use




Clopidogrel

i CYP2C19*2 allele reduced clopidogrel
o] 27 L : conc. by 30%, increase risk of CVD
% 10 . _,_l '_Il_,_
f B'f—‘ 7 CES1 rs2244613 reduced dabigatran
1? 6 conc. by 15%, reduced bleeding risk by
I 33%
3

(=]
1

p=0-0064 across genotype

0

0 30 60 90 120 1to 180 210 240 270 300 330 360 300 430 4to

. Days from randomisation
Number at risk Y

TT 414 377 372 362 1 276 200
CC 330 314 310 304 275 233 166
CT 727 694 687 672 599 524 366

Lancet 2010:376:1312-9

Table 7. Summary of 3 Recent Meta-Analyses: CYP2c19 Variants and Events

Tor2vs0,
RR (95% ClI) for
Adverse Cardiovascular
Reference Population Outcome Studies, n Patients, n Events, n Events
Mega et alZ® Invasively managed CVD death, MI, stroke 9 9685 863 155 (1.11-2.17)
Bauer et al **® Established coronary Same 12 18529 1676 1.11(0.89-1.39)
disease

Holmes et al**® All Same+death 32 42016 3545 1.18 (1.09-1.28)

Cl Indicates confidence interval; CVD, cardiovascular disease; MI, myocardial infarction; and RR, relative risk.

Circulation 2013;128:2813-51




Depth ADASIL,
ELAS,
Common variant Rare variant Fabry’s Diz
=
al
;‘ Single gene or variant study
3
s
E Targeted gene sequencing
L
= -
g 0.5-2.5 million SNPs
W Genome-wide association study Exome array
E Whole exome sequencing 30 million bp| 1% of genome
g Whole genome sequencing

Figure 1: Genotyping strategies

Lancet Neurol 2014;13:405-18




Epigenetic studies: methylation, histone
modification, microRNA

EPIGENETIC MECHANISMS HEALTH ENDPOINTS
are affected by these factors and processes: « Cancer

» Development (in utero, childhood) « Autoimmune disease

* Environmental chemicals « Mental disorders

* Drugs/Pharmaceuticals « Diabetes

* Aging

* Diet EPIGENETIC

Methyl group (an epigenetic factor found
| in some dietary sources) can tag DNA
| and activate or repress genes.

HISTONE TAIL

HISTONE TAIL

DNA accessible, gene active
Histone modification
The binding of epigenetic facters to histone “tails”
Histones are proteins around which alters the extent to which DNA is wrapped around
DNA can wind for compaction and DNA inaccessible, gene inactive histones and the availability of genes in the DNA
gene regulation. to be activated.




The Nobel Prize in
Physiology or I\/Iedicine/2006
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Let-7g improved multiple endothelial functions
through targeting TGF-b and SIRT-1 signaling

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

=
m' Y

W Cell adhesion, inflammation, pro-thrombosis
EC migration and angiogenesis

KY
cytoplasm

Schematic Shows Pleotropic Effects of Let-7g
on Endothelial Functions

Abbreviations as in Figures 1 and 3.
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Let-7g
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Apo E KO mice HF diet Apo E KO mice HF diet

inject lentivirus inject lentivirus
empty vector Let-7g over-exp empty vector Let-7g sponge
plasmids plasmids

per week x 12 weeks ' per week x 9 weeks

sacrifice mice and collect carotid arteries

IR rRE AL, B/ NE, MREEE/INE, /(S S oL BN ETT



Let-7g inhibited PAI-1 expression in vivo:
IHC (=4 & L2 2uta)stain in carotid artery of APOE-KO mice
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HF 12 wk, empty vector HF 12 wk, let-7g exp plasmids HF 9 wk, empty vector HF 9 wk, let-7g sponge



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

Coagulatlop/ Vasodilatation
Thrombosis

Plasma \/ Plasma ADMA levels
PAI-1 levels (eNOS inhibitor)
Correlated to serum Let-7g level ?

Study Design:

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

0.000 0.005 0.010 0015 0.020 0.02¢




Higher PAI-1 expressions levels in lacunar stroke patients

with low-let-7g levels

Subjects with
low let-7g levels

Subjects with high

Student’s
t test

Serum let-7g ratio (2 “2ACt)*

0.48+0.27 ‘

let-7g levels

p <0.001

Plasma PAI-1 levels (ng/ml)

5.6113.24 *

2.7311.36
3.70 £ 1.85 ‘

p = 0.04

Plasma ADMA (umol/L)

0.60£0.19

0.5810.21

p=0.78




What you can get

v DNA - for SNP, GWAS, DNA methylation/histone
acetylation

v RNA (extracted from lymphocyte) = for gene expression
levels, lymphocyte # brain

v Lymphocyte - for culture or immortalization

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



How to collect

(1) BT (EE=EDTA.K3 @ o] AIHI& AEEE - EDTA ]I
DNasesf;E1E: » B 1F DNASZDNasesHIE F)

- fiibuffy coat 1% A]fifDNA

-2 e OMe DB SIS (plasma), 2@ I1E BRG], 77 B NE R AT
£ (250-500 ul or 1 ml Z%)

(2) 4T BEE
2> B Mg FER RS (serum), gk & B EFHIEIR, 4750/ NE TR 1T
£ (250-500 ul or 1 ml Z%)

TS BRI, R AR K b, IR E-80 C {R{F
Hhifm ey H BA3E204% (disease acute stage or not)

IRB




1. fHlymphocyte & #H buffy coat/plasma FEEFE

sttt blood 2. Bl DNA fr1F Bl buffy coat JEHRTF?

Buffy Coat
leukocyles & platelets
{<1% of tolal blood)

Erythrocytles 3 :
{45% of total blood) Heparin vacutainers ~10mL Ficoll + 15mL WB/PBS(1:1)

79 mL x 3 (50mL tubes)

1200 rpm ii Ficoll lwldjty/v i Ficoll isolation @ 1340rpm, 30 min

15 min

/ GRBC \Lymphocytes
Bully | DNA isolation by
< Coat Qiagen Midi

2 or 3 final aliquots,

stored a-80°C
otocol
protoco 5

= PBS wash @ @ @
\ i_/ \_.l_ stored at -80°C \200 ot

\
e g ||
m@@\@\ v

» Blood Smears. RNA isolation
~18mlx2 AE  ddH,0 stored at -20°C, N, | by Qiagen protocol

store at -80°C  2qy) pl-1mlx2
stored at 4°C










Adult height Crohn'sdisease  Schizophrenia Ischaemic stroke
(nof loci (n of loci per (n of loci per (n of loci per
per 5000 1000 cases and 3000 cases and 2000 cases and
individuals) 1000 controls) 3000 controls) 10 000 controls)
1x 0 2 1 1
2x 2 4 2 2
3Ix 7 5 6 [§]
9x 68 51 62 NA
18 x 180 MNA NA MA

Increasing the total size of the sample (1 x, 2%, etc) in genome-wide association studies yields consistently more
susceptibility loci with genome-wide significance. The initial sample size for every trait differs, reflecting the fact that
different sample sizes were needed to uncover the first genome-wide association locus. Data are measured values.
MA=data not available (studies not done).

Table 1: Loci with genome-wide significance for complex traits, as a function of sample size

Lancet Neurol 2014;13:405-18




