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Xét nghiém di truyén (genetic testing)

Phan tich Panh gia
« DNA, RNA >  Kiéugen
« Chromosome > Kiéu NST

« Protein, metabolites > Kiéu hinh

> X&c dinh/loai trtr nguyén nhan di truyén ctia bénh
> Kha nang dién tién bénh va di truyén bénh cho thé
hé sau



Pham vi irng dung xét nghiém gen

= Phai thai, so sinh, trwd'ng thanh

= Bénh nhan, ngudi khde, ngudi chét.

= T4t ca cac chuyén khoa lam sang

(nhiéu nhat: ung thw, tién san, nhi, tim mach,
than kinh)



Pac diém xét nghiém gen

= Phurc tap vé ky thuat, chi phi cao

= Thong tin phong phu

= Nhiéu bién thé di truyén chwa ré y nghia
= Can thiét cia quy trinh tw van di truyén



Ky thuat giai trinh tw gen thé hé méi

Giai trinh tw Sanger Giai trinh tw thé hé méi

(Next-generation sequencing = Massive parallel sequencing)
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NextSeq (800 triéu DNA -120 Gb)
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Rehm et. al. ACMG clinical laboratory standards for NGS. Genet Med., 2013



Quy trinh rng dung: phan tich dir liéu
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Roy et al. Standards and guidelines for Validating NGS Bioinformatics pipelines. AMG-CAP, 2018



Vai tro quan trong cua thong tin lam sang
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Lwa chon xét nghiém gen phu hop

BO gen nguoi Gen HBB Gen PUFs

1 Exons 1

Whole Exome
(30 triéu Nuc)

~22000 gen . s
® -
Bénh beta- chuwa ro
thalas

— Exome: 1% genome, 22.000 gen
(85% lién quan bénh, strc khoe)
— WES dwoc &ng dung trong thwe hanh ngay cang nhiéu



Lwa chon xét nghiém gen phu hop

Toan b6
vung ma hoa
Gen panel: (WES):
ung thu, 22000 gen?
tim mach ~5000 gen?

‘ Whole

‘ Disease-

focused panel

‘ Several ?:e%irlzs
individual
genes hundreds)

® Single genes

1990s

exome

*+ 22,000 genes
* Coding regions

only

e Untranslated

regions

* No introns
* Only 1% of the

genome

* But ~ 85% of

disease-causing
mutations

Whole
genome

* The whole
thing!

* Requires
more cost for
sequencing
and analysis

Lwa chon xét nghiém nao???
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Bénh tim mach lién quan dén nhiéu gen
khac nhau o B

@ HE i .
,» . ABCCY cardiomyopathy TPM1 disease /[NOTCHA
s \
v Iy ( N >
m
e
,@;
EYA4

Neuromuscular
disorders

\\
O Genetic cardiac disorder | . ‘ y >
O Gene associated with one phenotype m m
O Gene associated with two phenotypes

] Gene associated with three phenotypes

Hershberger, R. E. et al. Nat. Rev. Cardiol. 10, 531-547 (2013) 12



AHA SCIENTIFICSTATEMENT

Establishment of Specialized Clinical
Cardiovascular Genetics Programs:
Recognizing the Need and Meeting Standards

A Scientific Statement From the American Heart Association
ABSTRACT: Cardiovascular genetics is a rapidly evolving subspecialty
within cardiovascular medicine, and its growth is attributed to advances
in genome sequencing and genetic testing and the expanding
understanding of the genetic basis of multiple cardiac conditions,
including arrhythmias (channelopathies), heart failure (cardiomyopathies),
lipid disorders, cardiac complications of neuromuscular conditions,

and vascular disease, including aortopathies.

. This scientific

statement outlines current best practices for delivering cardiovascular
genetic evaluation and care in both the pediatric and the adult settings,
with a focus on team member expertise and conditions that most benefit

from genetic evaluation.

Ahmad et al, 2019. Clinical Cardiovascular Genetics Program. A scientific statement from American Heart Association. 13



1.Bénh co’ tim (cardiomyopathy)

— Co tim phi dai (hypertrophic HCM), gian n&
(dilated DCM), ARV ..

— Tilé mac: 1:250-1:5000 (chuing tdc)

— 50% c0 yéu td gen, gia dinh

— Di truyén trdi, o tham trung binh - thap

— Hon 1500 dét bién gen da dwoc xac dinh

Guideline 4

Genetic testing is recommended for patients with
cardiomyopathy.

4a. Genetic testing is recommended for the most clearly af-
fected family member.

4b. Cascade genetic testing of at-risk family members is rec-
ommended for pathogenic and likely pathogenic variants.

4c. In addition to routine newborn screening tests, special-
ized evaluation of infants with cardiomyopathy is
recommended, and genetic testing should be considered.

Hershberger, 2018. Genetic evaluation of Cardiomyopathy - A Heart Failure Society of American Practice guideline.
Journal of Cardiac Failurel, Vol 24.



1.Bénh co tim (cardiomyopathy)
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1.Bénh co’ tim (cardiomyopathy)
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1.Bénh co’ tim (cardiomyopathy)

Mau Gen Dot bién Thé DB
G0081 MYH7 c.2348G>A p.Arg783His Di hop
G0082 TGFBR2 C.944C>T p.Thr315Met Di hgp
G0083 MYH7 c.3341G>A p.Argl114His Di hop
G0084 -
G0085 MYBPC3 c.2308G>A p.Asp770Asn Di hop
G0086 TNNT2 C.822-2A>G Splicing Di hop
DSC2 c.2368 2370delGGA p.Gly790del Di hop
SH3PXD2B  ¢.970C>T p.Arg324Trp Di hop
G0087 SH3PXD2B  ¢.970C>T p.Arg324Trp Di hgp

Nghién ctru yéu té di truyén bénh co’ tim phi dai (MGI-DHYHN)



2.Bénh |y vé kénh (channelopathies)

— ROi loan nhip di truyén (arrhythmias), QT dai
(LQTS), HC Brugada (BrS), CPVT, SCD..

— Tilé mac: 1:2500 (LQTS); 1:5000 (Brugada)

— Di truyén troi (BrS, LQTS), dd tham thay dbi tuy
bénh (LQTS~75-85%, BrS~30-35%)

— Hon 450 d6t bién trén 24 gen da dwoc xac dinh:
kénh Kali, Natri, Canxi va protein lién quan

AHA/ACC/HRS GUIDELINE

2017 AHA/ACC/HRS Guideline for Management
of Patients With Ventricular Arrhythmias and
the Prevention of Sudden Cardiac Death

A Report of the American College of Cardiology/American Heart Association
Task Force on Clinical Practice Guidelines and the Heart Rhythm Society




2.Bénh Iy vé kénh (channelopathies)

Brugada and Campuzano, 2017. Cardiac Channelopathies and Sudden Death: Recent Clinical and Genetic Advances.

19



2.Bénh |y vé kénh (channelopathies)

Mau Gen Pot bién Thé DB
BrSO7 SCN1B c.412G>A p.Vall38Phe Di hop
BrsS09 KCND3 c.1370C>T p.Thr457Met Di hop
BrS10 SCN5A c.1975C>T pP.Arg659Trp Di hop
Brsi1 SCN5A C.2893C>T p.Arg965Cys Di hop
BrS13 SCN5A c.980G>A p.Gly327Glu Di hop
BrS14 SCN5A c.325 327del p.Asn109del Di hop
BrsS15 SCN1B c.412G>A p.Val138Phe Di hop
BrS17 SCN1B Cc.560G>A p.Argl87His Di hop
BrS18 SCN5A C.551A>G p.His184Arg Di hop
BrS20 SCN10A C.365C>T p.Thrl22Met Di hop
BrS33 SCN10A Cc.41G>A p.Argl4His Di hop
BrS36 SCN1B c.566G>A p.Thri89Met Di hop
BrS38 SCN5A c.4531C>T p.Argl511Trp Di hop
BrS41 HCN4 C.2716G>A p.Gly906Arg Di hop
BrS45 KCNH2 c.3094C>T p.Arg1032Trp Di hop

Nghién ctru yéu t6 di truyén bénh Brugada (MGI-BPHYHN)



3.Roi loan lipid di truyén (Heritable lipid
disorders)

— Tang cholesterol gia dinh (FH), tang triglycerin gia
dinh, HC Chylomicronemia gia dinh..

— Tilé mac: 1:250 (FH)

— Di truyén phu thudc gen dét bién

— SO lwong gen nhd: LDLR, APOB, PCSK9 (FH),
LIPA, LPL, ABCG5, ABCGS.

variants in LCAT.> Early identification of patients with
lipid disorders is of great public health importance,
because treatment can significantly lower the absolute
lifetime cardiovascular risk, and screening can detect
affected relatives before the onset of adverse cardio-
vascular events.>



3.Roi loan lipid di truyén (Heritable lipid

d I S O r d e r S) Impact of Familial Hypercholesterolemia Mutation Status on Coronary
Artery Disease According to LDL Cholesterol Level

25.8

Odds Ratio for Coronary Artery Disease
(95% CI)

<130 >130-160  2160-190 2190-220 >220
LDL Cholesterol Category (mg/dl)
Familial Hypercholesterolemia Mutation
= No W Yes

Sturm, 2018. Clinical genetic testing for Familial Hypercholesterolemia. Jour. The American College of Cardiology.

22



3.Roi loan lipid di truyén (Heritable lipid
disorders)

Patient at risk due to family history of FH Patient with FH phenotype
Cascade genetic testing LDLR, APOB, PCSK9 genetic testing
l Consider alternative molecular etiologies:
» Polygenic
Positive Negative == High Lp(a)
APOE

As yet undiscovered FH genes

Autosomal recessive FH (biallelic LDLRAP1

pathogenic variants)

» Phenocopies

 Sitosterolemia (autosomal recessive
pathogenic variants in ABCG5 or

ABCGS8)
Genotype + Genotype + Genotype - * Lysosomal acid lipase deficiency
Phenotype - Phenotype + Phenotype + (autosomal recessive pathogenic

variants in LIPA)

Monitor LDL-C Treat LDL-C Treat LDL-C and/or phenocopy condlt_lon with specific treatment
recommendations

Sturm, 2018. Clinical genetic testing for Familial Hypercholesterolemia. Jour. The American College of Cardiology.
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Xét nghiém gen dwa trén hwéng dan [am
sang

| Exercise-Induced Syncope I

ECG _
1 1
LV BrS QTc 2
Voltage pattern 460ms
Criteria ' l
BrS LQTS Treadmill
I ECHO Genetic Genetic Stress Test
Testing Testing d
@HICM (HExercise-Induced
HCM Ventrlculalir Ectopy
Genetic CPVT
Testing Genetic
Testing

Tester and Ackerman, 2011. Genetic testing for potentially lethal, highly treatable cardiomyopathies/channelopathies
in clinical practice. Circulation AHA.



Tinh hiru dung cua XN gen

Chan doan  Tién lwong Diéu tri
HCM/DCM + +
LOTS + + +
CPVT +
BrS + +/-
FH + + +

Genetic sequencing in cardiovascular
diseases can benefit families.

Tester and Ackerman, 2011. Genetic testing for potentially lethal, highly treatable cardiomyopathies/channelopathies
in clinical practice. Circulation AHA.



Két luan

= Bé&nh tim mach la bénh phtrc tap da yéu to

= Xét nghi@m gen c6 vai trd hé trog chan doan,
tien lwong va dw phong cho BN

= Phuc vu diéu tri theo hwéng cé thé hoa

= Y nghia duw phong cho gia dinh

— lam cho y hoc tré nén chinh xac (precision

medicine)



Chan thanh cam on!



Thay I&i két

- PRESENT -
=3

Evidence-based Precision
Medicine Medicine

Signs and e . .
Symptoms Clinical Trials Algorithms

Gustavo Rosa Gameiro et. al. (2018)



Thay I&i ket

The genomics revolution is already here
— be prepared

29



3.Roi loan lipid di truyén (Heritable lipid
disorders)

LDL-C mg/dl Clinical phenotypes Molecular etiology Genetic background CAD risk
' 1,000 A
HoFH Homozygous LDLR null
500 © Homozygous LDLR defective Additibnal
Compound heterozygous pathogenic
variatitn
250 Heterozygous pathogenic variant
LDLR null
190 LDLR defective Prokective
HeFH PCSK9 gerletic
APOB variation
160 Common
hypercholesterolemia POlygenIC (mult|ple LDL-C raISIng SNPS)
High Lp(a) Y
130
0]

Sturm, 2018. Clinical genetic testing for Familial Hypercholesterolemia. Jour. The American College of Cardiology. 30



1. Aortopathy panel

(17 genes)
ACTAZ; CBS; COL1A1; COL3A1; COL5A1;
FBN1; FBN2; FLNA; MED12; MYH11;

MYLK; SKI; SLC2A10; SMAD3; TGFB2;
TGFBR1; TGFBR2.



2. Arrhythmia full panel

(33 genes)

AKAP9; ANK2; CACNA1C; CACNA2D1;
CACNBZ2; CALM1; CALM2Z; CALM3; CASQ?Z2;
CAV3; GJAS; GPDI1L; HCN4; KCNAS;
KCND3; KCNE1L; KCNEI1L; KCNEZ2; KCNES;
KCNH2; KCNJ2; KCNJ5S; KCNJ8; KCNQ1;
NPPA; RYR2; SCN10A; SCN1B; SCN3B;
SCN4B; SCN5A; SNTAL; TRDN.



3. Congenital cardiac disorders panel

(18 genes)

GATA4; GATAS; GATA6; HAND1; HANDZ2;
IRX4; JAG1; MEF2C; MYOCD; NKX2-5;

NR2F2; SALL4; TBX1; TBX20; TBX3; TBX5;
TFAP2B; ZIC3.



4. Cardiomyopathy full panel

(62 genes)

ABCC9; ACTC1; ACTNZ2; ANKRD1; ANO5; BAGS;
CALR3; CAV3; CRYAB; CSRP3; DES; DMD; DSC2;
DSG2; DSP; DTNA; EMD; EYA4; FKTN; FXN: GAA;
GLA; ILK; JPH2; JUP; LAMP2; LDB3 (ZASP); LMNA,;
MYBPC3; MYH6; MYH7; MYL2; MYL3; MYLK2;
MYOM1; MYOZ2; MYPN; NEBL; NEXN; PDLIM3; PKP2;
PLN; PRKAG2; PTPN11; RAF1; RBM20; RYR2; SCNb5A;
SGCD; SLC25A4; TAZ;TCAP; TGFB3; TMEMA43; TMPO;
TNNC1; TNNI3; TNNT2; TPM1; TTN; TTR; VCL.



5. Comprehensive cardiac panel

(109 genes)

ABCC9; ACTA2; ACTC1; ACTN2; AKAP9; ANK2; ANKRD1; ANO5; BAG3;
CACNA1C; CACNA2D1; CACNB2; CALM1; CALM2; CALM3; CALR3;
CASQ2; CAV3; CBS; COL1A1; COL3A1; COL5A1; CRYAB; CSRP3; DES;
DMD; DSC2; DSG2; DSP; DTNA; EMD; EYA4; FBN1; FBN2; FKTN; FLNA;
FXN; GAA; GJAS5; GLA; GPD1L; HCN4; ILK; JPH2; JUP; KCNAS5; KCND3;
KCNE1; KCNE1L; KCNE2; KCNE3; KCNH2; KCNJ2; KCNJ5; KCNJS;
KCNQ1; LAMP2; LDB3; LMNA; MED12; MYBPC3; MYH11; MYH6
MYH7; MYL2; MYL3; MYLK; MYLK2; MYOM1; MYOZ2; MYPN; NEBL;
NEXN; NPPA; PDLIM3; PKP2; PLN; PRKAG2; PTPN11; RAF1; RBM20;
RYR2; SCN10A; SCN1B; SCN3B; SCN4B; SCN5A; SGCD; SKI; SLC25A4;
SLC2A10; SMAD3; SNTA1; TAZ; TCAP; TGFB2; TGFB3; TGFBR1;
TGFBR2; TMEMA43; TMPO; TNNC1; TNNI3; TNNT2; TPM1; TRDN; TTN;
TTR; VCL.
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