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Precision medicine

Box 7. The GINA asthma treatment strategy

| Confirmation of diagnosis if necessery § 2.5~=
Symptom control & modifiable
Adults & adolescents 12+ years risk facors (including lug function) °
Comorbidities g
Inhaigr techmque & adherence 46
P Pationt goals = 1
Assess Adjust, Review g
Symploms o
Exacorbations x 0.0- —~
Side-elfects w .
Lung function )
S -
Padenl s sfeclo Treat modifiable NSk faciors -
rbicitios o™
Neth-pharmacological strategios (E.L)
i .
Asthma medication options: Y. gt st apndid
Adjust trestment up and down for o =254
individual patient needs £ L3
venssansarsanensesee) STER2 >
o I STEP1 O
LLER 3 Daily low dose inhaled corticosferoid (ICS),
to prevent exacerbetions : As-needed or o “‘E\" 1 ®
and control Symptoms : low do N L ' U 1 L |
3 s fonmansiol™ é‘ -5.0 -25 0.0 25 50 75
: PC1 (22.3% explained var.)
Other : ow dose ICS Leukotriens (LTRA), or
ORIV OpIoNS * taken whenever | low dose Icsmeamonmr SABA takon T
Eobl ¢ wAller 2018 Oct;73(10):2024-2032.
T ('; 4
e A - v dose IS . As-needed low dose ICS-formoterolt Nirwsy -r-mul«lh
Other (@) g
roliover option Cr As-neoded short-goling f5-agomst (SABA)

* Oft-labal; data only with bugesonide-formaterol (bud-form)
1 Off-label, separate or combination ICS and SABA inhalers

For children 6-11 years, the preferred Step 3 treatment ia low dosa ICS-LABA or medium dose ICS.

3 Low-dose ICS-form is the refiever for patients prescribed
bud-form or BDP-form mantenance and reliever therapy

# Consider adding HDM SUIT for sensitized patients with
alorgic fndss and FEV1 >70% prodiclod

6. ADVAIR DISKUS (fiuticasone propionate)
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Nature 520, 609-611
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Why Taiwan ?

Holo Taiwanese

Hakka Taiwanese
Mainianders

Taiwanese indigenous proples
Taiwanese new immigrants

Why Taiwan’s Health Care System
is the Best in the World

\ - [P * E Office of the President
0'8-_ ?\E .%ﬁ ﬁ Republic of China (Taiwan)

b www.president.gov.tw

Well-trained New equipment Diverse professions
medical personnels

s://ogme.edu.tw/lc/culturalGrou
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data and tubes
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Genotyping
.CEL%& 30 MB
NGS sequencing
GATK 5GB
lon Proton 500 MB

MET sequencing
AxtEdidatEHE
HLA typing
.csvEABAM#E
Metabolomics
FIDEASER%E
#5t (GB)
M5t (TB)

VCF

100 MB
400 MB

15 MB

Genotyping
PLINK

Imputation (TWB_1.0 - 2.0 + 1.0+2.0)

EREEHER

joint calling

REAB FERES

114601 3438.03

1496 7480
514 257

2474 2474
1102 440.8

869 13.035
11876.265

11.876265

P

2TB
3TB

500G

NGS sequencing
Fastq (.gz - Only lllumina )
VCF iISAAC
iISAAC
BAM GATK ( BWA )
[on Proton

#Et (GB)
st (TB)

80 GB
5GB
50 GB
150 GB
400 GB

BAIME : GB

80
5
50

BEAH

1496
996
996

1496
514

PR EE

119680
4980
49800
224400
205600
604460
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— BMI
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11.37 (10.69-12.09) N.D.b
35.83 56.96
8.17 (7.81-8.54) 3.70 (3.49-3.92)

mewe
mEowp |
T :: s (12.06-13.33) 5.86 (5.62-6.12) 24-27 35.25 22.58
mecr |
memwe |

19.17 (18.36-20.02) 9.14 (8.58-9.74) >27 (Obesity) 27.62 16.05
3.88 (3.61-4.16) =

1.04 (0.98-1.1) 4.63 (4.06-5.28) aist-Hip Ratio

20.51 (19.46-21.61) 10.2 (9.53-10.9) M=20.92; F20.88
8.38 (7.92-8.87) 8.71 (8.06-9.42)

_ 12.86 (11.82-13.99) 34.7 (31.0-39.0) . odv Fat Rate (male) female)

2.22 (209'2.36) e 517% ’ Szo%
N.D.P N.D.
*Data from the urine samples of 2015-2016 for the U.S. population from the National Health and 17'23% ’ 20'27%

Nutrition Examination Survey. (NHANES, 2019) 23'25%, 27-30%
bN.D., the chemical was analyzed but the proportion of results below limit of detection was too high

to provide a valid result. >25% , >30%
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TWB - NHIRD

Diabetes Male 10.98 12.53
Female 7.25 8.84

. Male 29.12 26.7
Hypertension
Female 16.86 17.08
- . Male 26.69 26.09
Hyperlipidemia
Female 20.51 21.05
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GENETIC VARIANT "RS11591147” IN PCSK9

PSCK9 NONSYN; b=-0.57, p=1e-14; N=2099

e Carriers of T variant have
lower levels of LDL
cholesterol than carriers of
G variant

e LDL is a strong risk factor

for heart disease
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A HUMAN KNOCK-OUT OF PCSK9 (2006)

Individual I1.2 h ki ies of PCSK
| O O |] — gl;nlem ua as zero working copies o

LDL-C (mg/dL): 49 | poske-arer
—— : - \ e 1o circulating PCSK9 and an LDL-C of

I § ? | only 14 mg/dL.

: apparently healthy, fertile, normotensive,
i i college-educated woman with normal liver
' : : and renal function tests who works as an
aerobics instructor
Why is this very interesting observation?

Inhibiting PCSK9 might be a safe way to
reduce LDL

Zhao et al. AJHG 2006




PCSK9 inhibition with evolocumab (AMG 145) in heterozygous
familial hypercholesterolaemia (RUTHERFORD-2): a
randomised, double-blind, placebo-controlled trial

-@- Placebo every 2 weeks (n=54) Lancet Oct 2014
20 -4 Placebo monthly (n=55)

~4- 140 mg evolocumab every 2 weeks (n=110)
~#- 420 mg evolocumab monthly (n=110)

3
©
—
[
g
©
£
w
=
(o]
-
£
w
=
@
2
:
-
w
(=3
c
2]
£
(v

-80+- T T T T
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volocumab every 2 weeks .. T ; T
Evolocumab monthly .. . b T




N Engl ] Med 2017;376:1713-1722

ORIGINAL ARTICLE

Evolocumab and Clinical Outcomes in Patients with
Cardiovascular Disease

Marc S. Sabatine, M.D., M.P.H., Robert P. Giugliano, M.D., Anthony C. Keech, M.D., Narimon Honarpour, M.D., Ph.D., Stephen D. Wiviott, M.D.,
Sabina A. Murphy, M.P.H., Julia F. Kuder, M.A., Huei Wang, Ph.D., Thomas Liu, Ph.D., Scott M. Wasserman, M.D., Peter S. Sever, Ph.D., F.R.C.P,
and Terje R. Pedersen, M.D. for the FOURIER Steering Committee and Investigators™

FDA Approves Amgen's Repatha (evolocumab) to

Prevent Heart Attack and Stroke

Dec | 2017

In the Repatha cardiovascular outcomes study (FOURIER), Repatha reduced the risk of heart attack by
27%, the risk of stroke by 21% and the risk of coronary revascularization by 22%..
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Human cell

Most cells in the human
body have a complete
set of genes

Chromosomes

BNy
=N/

5%[

were analysed
Only the active genes
were looked at

Your genome is one whole set of all your
genes plus all the DNA between your genes.

There are around 20,000 genes in your genome

We know that the non-gene (non-coding) parts of
your genome may have a role to play so we look at
the whole thing, every single letter, and how the
different parts work together.

i

Your genome

with

3 Billion

pairs of letters in the
human genome

AAGTAATATGC
TTCTAGGCGTC
TCAAGATGCAT
CTAGCACAGC
GCCCTTTATTA
BCTCTATACTCA
ACTACTAGGGC
TATTTCATATCT
AAATACHECTCG
AGGCTACTGAC
TTATGCTATCG
ATCTCGAGCGC
TDCCGTAATTT
TCGCGAATCAG
AAGTAATATGC
TTCTAGGCGTC
TCAAGIYTGCAT
CTAGCACAGC

GCCCTTTATTA

959%

were unused

All the non-gene
sections that we
didn't understand
were disregarded as
useless
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cystic fibrosis (ZZ; k48 4% {l-) — transmembrane conductance
regulator (CFTR) gene on chromosome /.

Cystic fibrosis

Person
one




complex diseases (polygenic disease)

Coronary artery disease
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People with condition

6OD... THE DAMN
HUMAN GENOME HACKERS!! -3
NOW, T HAVE SRl iy
TO CHANGE THE R
PASSWORD <&l

People without condition

1 Genomic information
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the power of sample size - schizophrenia | psychiatric genomics consortium

9,394 cases, 12,462 controls ‘

5 genome wide significant sites

Genome-wide association study identifies five new
schizophrenia loci

More than 100 distinct regions of
associated to schizophrenia!!!

Biological insights from 108
schizophrenia-associated genetic loci

= July 22,2014

IS

i 25,785 cases, 28,441 controls

62 genome wide significant sites
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linear regression (linearMod <- Im(glucose ~ bmi, data=twb))

Qutliers removed

With Outliers A much better fit!




EFFECT, MAF, AND REGION OF POWER

(©) CFTR AF308 (Cystic Fibrosis)
&
g

Highly Penetrant
Mendelian Common Variants

Mutations with Large Effects

L () APOE4 (Alzheimers)
5

N
CFH (AMD)()
&

5.0 S
| Less Common

Moderate ~ Variants with
: Moderate Effects

(0) NOD2 (Crohn’s Disease)

O TNFRSF1A (Multiple Sclerosis)

() TCF7L2 (Type 2 Diabetes) 5
s Common Variants

Rare Variants with "~ ) with Small Effects
Small Effects Identified by
R GWAS

LMTK2 (Prostate Cancer) ()
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“Mutations” Rare Low Frequency Common

Allele Frequency
https://doi.org/10.1371/journal.pcbi.1002822







Published Ahead of Print on December 2, 2019 as 10.1212/WNL.0000000000008700

NOTCHS3 cysteine-altering variant is an
important risk factor for stroke in the Taiwanese

population

Yi-Chung Lee, MD, PhD, Chih-Ping Chung, MD, PhD, Ming-Hong Chang, MD, Shuu-Jiun Wang, MD, PhD, and Correspondence
Yi-Chu Liao, MD, PhD Dr. Liao

& ycliao5@vghtpe.gov.tw
Neurology™ 2020;94:1-10. doi: 10.1212/WNL.0000000000008700




NOTCH3 cysteine-altering variant is an important risk factor for
stroke in the Taiwanese population

We queried the Taiwan Biobank database for cysteine-altering mutations in exons
2—24 of NOTCH3 within these genomes. The reference coding sequence of NOTCH3,
NM_000435.3, was used for annotating the variants. (p.R544C (c.1630G>A), p.C853Y
(c.2558G>A), and p.C884Y (c.2651G>A))

The cysteine-altering NOTCH3 variants identified from the Taiwan Biobank database
were_genotyped in the control participants and patients with stroke using the
TagMan genotyping assay




Only the NOTCH3 p.R944C variant was found in 4 individuals (TP-
VGH (n =550))

Controls

Patients with stroke

Taiwan biobank (n =

6,488)

TP-VGH (n =
550)

Biobank + TP-VGH (n =

7,038)

TP-VGH (n =
350)

TC-VGH (n =
450)

TP-VGH + TC-VGH (n

= 800)

2,293 (35.3)

230 (41.8)

2,523 (35.8)

248 (70.9)

327 (72.7)

575 (71.9)

48.4 £10.9

56.7+15.0

491 £11.5

64.4+13.6

67.5+13.2

66.2 * 13.5

Hypertension

682 (10.6)

186 (33.8)

868 (12.4)

248 (70.9)

329(73.1)

S7TE({F2.1)

Diabetes

300 (4.6)

72 (13.1)

372(5.3)

130 (37.1)

168 (37.3)

298 (37.3)

Hyperlipidemia

388 (6.0)

138 (25.1)

526 (7.5)

129 (36.9)

181 (40.2)

310 (38.8)

Smoking habit

1,228 (18.9)

98 (17.8)

1,326 (18.8)

122 (34.9)

136 (30.4)

258 (32.4)

Alcohol consumption

387 (6.0)

108 (19.6)

495 (7.0)

56 (16.0)

87 (23.2)

143 (19.7)

Family history of
stroke

1,146 (17.8)

40 (14.1)

14 (4.0)

54 (8.5)

NOTCH3 p.R544C
mutation (+)

56 (0.9)

60 (0.9)

8 (2.3)

9 (2.0)

17:4(2.7)




Physical examination revealed that they were free of neurologic deficits.
Three of them received brain MRI scans, and all had a variable degree of
eukoencephalopathy < ===




To clarify the role of these cysteine-altering NOTCH3 mutations
in ischemic stroke

genotyped 800 patients with ischemic stroke ([ 14:f5 5
J&). No single patient was found to carry NOTCH3

p-C853Y or p.C884Y.




after that...
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Gene

Drug

frequency distribution of pharmacogenetic phenotypes predicted by genotypes of TWB cohort

Rx®/year

ADRP carrier rate

CYP2B6
CYP2C19
CYP2C9
CYP3AS
IL28

NAT2
SLCO1B1
TPMT
UGT1A1
VKORC1
HLA-A*3101
HLA-B*1502
HLA-B*5701
HLA-B*5801
MT-RNR1

*Rx = prescriptions.

Efavirenz
Clopidogrel
Celecoxib
Tacrolimus
Peginterferon
Isoniazid
Simvastatin
Azathioprine
Atazanavir
Warfarin
Carbamazepine
Carbamazepine
Abacavir
Allopurinol

Amikacin

®4DR = adverse dru g reactions.

NPJ Genom Med. 2021 Feb 11;6(1):10.

1,662,525
63,664,076
65,058,810
10,272,406
40,941
7,885,251
50,695,934
7,435,217
719,793
16,121,944
17,078,849
17,078,849
3,049,217
23,888,472
321,561




polygenic risk score

Discovery GWAS
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disease risk prediction
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“...itis time to contemplate the inclusion of polygenic risk prediction in clinical care,
and dISCUSS re,evant Issues. Khera et al. Nature Genetics 50, 1219-1224 (2018)




For most health conditions (like diabetes or cancers), each person
has some risk of developing the condition during their life. This
diagram represents this as a bucket — a person experiences the
condition when their bucket gets full up.

Most health conditions arise due to a combination of genetic and
other risk factors.

@ Genetic factors W Other factors

Everyone starts life with some genetic risk
factors for the condition. Some people have
very few, some people have a lot. You are
born with this risk and you can’t change it.
® Direct-to-consumer genetic tests aim to
Y ) measure this risk (though their measurement
is often far from perfect).

— Qver the course of life, people
are exposed to other factors that
increase the chance of them
experiencing the condition.

Direct to consumer genetic testing (DTG)

eg smoking

XQSHHUMB

Welcome to you

If you had more genetic risk factors in your
bucket to begin with, it takes fewer other
risk factors to fill the bucket and result in
the health condition.

(#90-C120 116400

Some of the other factors, you can’t change,
like your age. Some factors, you might be able
to work on, like smoking, or alcohol intake.

Evenif you have a 'high genetic risk’ of a
particular condition, for most health conditions,
having a high genetic risk does not mean you'll

getit.

By working on the factors you can change,
you might be able to reduce the chance of
developing a health condition, even if you

have a high genetic risk.




Taiwan Biobank PheWeb

Browse GWAS results using SAIGE
| GSTH

GSTP (alias for GSTP1)
GSTP1

GSTP1

Phenotypes with the most-significant associations for this locus:
Top p-value in gene Phenotype
7.9e-6 predicted forced expiratory volume in 1 second
1.5e-5 Body-+height

1.6e-5 coronary artery disease

64300 samples

Category: Pulmonary function measurements
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Taiwan Biobank Phe\Web [jAsthma

3260 cases, 91123 controls
Category: Lung and respiratory diseases|

Browse GWAS results using SAIGE Manhattan  QQ

d

Apoplexia () HLA-DRB1
Arrhythmia () TSLP !

Arthritis ()
Asthma ()

Download summary statistios

Average+personal+income ()

-log(p-value)

Drug-+allergy ()
WHR+adjusted+for+BMI (Waist-to-hip ratio adjusted for BMI)

Asthma

3260 cases, 91123 controls.
TOp Loci: Category: Lung and respiratory diseases
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He is the oldest known representation of a being that does not
exist in physical form but symbolises ideas about the supernatural.




