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XET NGHIEM DI TRUYEN TIEN LAM TO
CHO CAC BENH LY DON GEN HIEM GAP



N o
NOi dung
* Gidi thiéu vé ki thuat thu tinh trong 6ng nghiém va xét nghiém di truyén
tién l[am té
* Bdo cdo ca lam sang ing dung xét nghiém di truyén tién lam to trong
chan dodn bénh ly don gen hiém gap

« Pé xuat md hinh phdi hop lién chuyén khoa trong chan dodn va xir tri

cac trwong hop co bénh ly don gen hiém gap
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KY THUAT THU TINH
TRONG ONG NGHIEM

No3n duoc lay ra khdi co thé
nguwoi phu nr va dugc thao
tac, thu tinh, tao phoi bén
ngoai co thé.

Dailu . Mail Bctish
And here she is...

THE, LOVELY
LOUISE

e Diéu tri hiEm muobn
 Tao phdila nguyén lieu cho PGT
 Tao phodila nguyén liéu cua

cong nghé té bao gbc
© QAP
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XET NGHIEM DI TRUYEN T
PHOI TIEN LAM TO

(Pre-implantation genetic testing — PGT) i
/ i
) ) /
e Sinh thiét phdi, két hop phan ¥ "
tich di truyén ;’3
* Chan dodn va dy phong cac e
A P . X > s . Thu tinh trong cly
bénh ly di truyén o tré sinh ra Gk 53'*
© GFAP
HOI NGHI SAN PHU KHOA
VIET - PHAP - CHAU A \ S/
§n1'l'll;~'\l BINH DUUONG gl'! } _



Chan doan va du phong nguy co bénh ly di truyén & tré

Giai doan GD thai nhi— mudn
Trudc co thai phoi L So sinh
Thai lén
Giai doan GD thai nhi - sém Ngay khi sinh Tré nho

, Chan dodan tién san
hop tw

3! HOI NGHI SAN PHU KHOA Thu tinh W4
VIET - PHAP - CHAU A P . n -
P 11'",-’\1 BiNH DUONG trong Ong nghiém )
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Thuat nglt - 2017

* Pre-implantation Genetic Diagnosis (PGD)
Chan doan di truyén tién lam to
* Pre-implantation Genetic Screening (PGS)

Tam sodt di truyén tién lam té

Hién nay thong nhat goi chung |a
* Pre-implantation Genetic Testing (PGT)

Xét nghiém di truyén tién lam to

© GFAP
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Thuat ngir (2017)
Preimplantation Genetic Testing (PGT)

La xét nghiém phdn tich DNA cla noén, phéi dé xdc dinh cdc bat

thuong di truyén cua phéi hodc nhém HLA cua phéi.
PGT bao gém:
* PGT chan dodn aneuploidies (PGT-A)

* PGT chan doan monogenic/single gene defects (PGT-M)

e PGT chan doan chromosomal structural rearrangements (PGT-SR)

1
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Lich st phat trién PGT
 1990: |an dau tién, chan doan gen bénh & phoi
* 1993: FISH (fluorescent in situ hybridisation) (VN-2010)

e 2001: CGH (comparative genomic hybridization)

e 2004: Array-CGH (VN-2018)
e 2013: NGS (Next Generation Sequencing) (VN-2015)

Sy phat trién nhanh cda céc k{ thuit chan dodn di truyén
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PGT: Ngudn DNA

—
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Polar Body biopsy Blastomere biopsy Blastocyst biopsy

"-

Day 1: Post fertilization Day 3: 6-8 cell stage Day 5: Trophectoderm biopsy

i l l
A @® N
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Sinh thiét phéi N3 giam ti 1& lam td so v3i phdi N5
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39% relative =
z Equivalent
reduction

E
0
Cleavage Blastocyst Y
Developmental Stage at Time of Biopsy -';*:3
ST 5 _Ri . . . ‘
@ @FAP B Non-Biopsied Control M Biopsied
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CASE REVIEW e PGD TEST PREPARATION

Prospective parents speak with The PGD lab collects DNA samples
a genetic counselor and discuss if from the couple and appropriate
additional genetic testing of the couple family members and designs a test

Cal C Ch‘I) d-i n h or other family members is required. unique to each family.
PGT-M, PGT-SR

EMBRYO BIOPSY IVF
h R d- 4 d- JA b « A d— An embryologist carefully removes In vitro fertilization is
C a n Oa n Ot Ie n O’ﬂ ge n, a small cell sample from each performed and the resulting

A /.,\ « X bryo. Emb f hil b ) bortod
bt thudng cau truc nhiém ke e " enryrrincir

sac thé

—_—

— ’fi

PGD EMBRYO TRANSFER i

Samples are sent to the An unaffected embryo is transferred. \ ‘}
PGD laboratory, testing is Additional unaffected embryos can B
performed, and results are remain frozen for future use. A

r{f?j:\-;“ @FAP released to the IVF center.
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PGT-M —DOT BIEN DON GEN

EXAMPLE: PGD BY KARYOMAPPING FOR

OH AN AUTOSOMAL RECESSIVE CONDITION
UNAFFECTED
Q CARRIER CARRIER
CARRIER FATHER MOTHER
~ ~
- n > < > < ﬁ
HHAFFECTED ——
./ -/
| I | |
~ ~N ~ ~N

Chromosoms >< >4 Q >< > < m h h
anaheed {
Q/FAP rre U U UL J U J L

EMBRYO 1 EMBRYO 2 EMBRYO 3 EMBRYO 4
HOI NGHI SAN PHU KH( UNAFFECTED CARRIER CARRIER AFFECTED
VIET - PHAP - CHAU A
avw A THAI BINH DUONG

A =T
e %



PGT-M —DOT BIEN PON GEN

Autosomal dominant inheritance where one parent has the condition

Parents

Sperm or eggs

At conceptio/

Has the condition Has the condition Does not have
HOI NGHI| SAN PHU Kt the condition the condition
E 21 VIET - PHAP - CHAU A
A THAI BINH DUONG




PGT-M —HLA

* Twong hop HLA thi 25% co hdi cé wasre -0 s—

A Telomere A Tolomere
h N o h N D6S270 ;:: ;:| ‘ ::”132‘
MOG-CA 0
HBB gene Father Mother HBB gene
i ’ ( , D6S510 150 158 140 D6SS10
I C uyen D6S265 120 and markers and markers 122 M D6S265
HLA-BC 139 A Yelomere e 192 HLA-BC
. N D11SA146 162 160 orisess IR 1O TS,
~n Y - D11S98E 120 192 | DI189ss
Des7y 188 DI1S4181 100 116 Di1sarsy 38 '4 Demn
* Twong ho &t hop vai o ) o g B B =
- - DRA.CA 122 Brisizes B8 st m DRA-CA
s , g:’:‘:' :;: D1151338 130 ‘ D1151338 m g?&’;’:'
A 4 A HEAY ? D6s291 186 ¥ Centromere ¥ Contromere 065291
chan doan dot bien don gen O v v comomcs
L]

thé I3n thi 18,8% co hoi c6 phoi =M & © © 3 & & e

DI1S4146 102 160 162 10 160 ' ( 162 100 D11S4146
DI1SOSS 120 192 120 126 492 ‘ m 120 132  D11sImN
DI1S4181 108 116 109 104 418 16 100 118 D1184181
C u e n Hes A10 748 A0 NoOIVBILTAS N IVBI.745 410 743 HBB
D11S1760 111 103 11 107 403 107 1 07 408 111 103 D1181760
D1181398 140 138 130 134 198 134 134 1 1 130 136 D11s13%
MHLA STR Markers HLA STR Markers
~N /. DES276 104 208 A 0 208 19 200 1M 200 194 200 194 08276
(] MOG.CA 218 220 220 1820 2 220 210 2 m MOG-CA
D6SS10 158 158 ( 160 §58 156 158 150 150 150 19 156 068510
. . D6S265 120 122 1 114 10 822 A0 A 10 120 122 120 D68205
HLA-BC 148 192 100 432 A9 1M 10 M2 TR 199 HLA-BC
~ 4 N o e N Mg 103 187 14 (06 A6 103 182 103 102 R 100 1 Me
chan doan dot bien lieén quan = B EE ZN ORE AR BR R:iE
D6S273 140 130 02 144 (42 138 M0 13 140 A% TR 140 140 Des27Y
. DIA 208 214 ( 294 208 24 208 24 200 2 208 DIA

DRA.CA 1 W 1 1w 122 W m W 122 DRA-CA

° ° > QCARN 114 1 132 § "1 "e 1 " 1" QCAR Il
X thi 12,5% co hdi co phoi chuyén e MW EE M MM M B W oo
Fiorentino et al (2005) Eur J Hum Genet 13, 953
© GFAP
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PGT-SR — BAT THUONG CAU TRUC NST

214 a%a

GYFAP
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Chuyén doan nhiém sac thé

Segregation of translocated chromosomes into gametes

1IN

L

Normal or balanced gametes Unbalanced gametes

)

oD & }%IFAP Either combination has all Either combination is missing some
@' ibe chromosomal material present material and has extra of other
. This can lead to miscarriage
HOI NGHI SAN PHU KHOA or an abnormal child
ﬁn VIET - PHAP - CHAU A
PA THAI BINH DUONG
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PGT-A

Sang loc léch
boi cua phoi

© QAP
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IVF
In vitro fertilization is
performed and the resulting
embryos are incubated.

g

EMBRYO TRANSFER
A chromosomally normal
embryo is selected for transfer.
Additional euploid embryos can
remain frozen for future use.

§

/

S~

EMBRYO BIOPSY
An embryologist carefully
removes a small cell sample
from each embryo.

PGS
Samples are sent to the
PGS laboratory, testing is
performed, and results are
released to the IVF center.

o .y



Co ché gy |&ch bdi NST (Aneuploidy)

»
2
Q
[
O]

" " "
CHINET TS

| Zygotes

GVFAP
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Aneuploidy va sinh san

Rate of Spontaneous Abortions (%)

500- Fertility -100
T 450+ -90
:
400 -80

>

B 350- -70
t

£ 300- -60
§ 250+ ~-50
-~

& 200- 40
8 150- 30
> Spontaneous

:_E 100+ abortions 20
&£ 50- -10

0 T T T T T T 0
20-24 25-29 30-34 35-39 4044 =45
Maternal Age (yr)

Figure. Fertility and Miscarriage Rates as a Function
of Maternal Age.
Adapted from Menken et al.* and Anderson et al.?
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PGS RESULTS DISTRIBUTION

80% 7
70%
60%
50% A
40% -
30% A
20% -
10%

0

M Euploid
B Mosaic
B Aneuploid

54.2%
50.0%

42.8%

- BN
o o
= o

Egg Donors <35 35-37 38-40 41-42
(N=7304) (N=17329) (N=11541) (N=11328) (N=5325)

MATERNAL AGE

Internal CooperGenomics data of blastocyst biopsies tested via Next Generation Sequencir

Franasiak et al., Fertility & Sterility 2014
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Ti 18 phdi bat thudng sb lvong NST ting theo tudi phu nit
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Percent of Embryos Which are Aneuploid
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Age (yrs)

Franasiak et al., Fertility & Sterility 2014
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1

PGT-A dé chon lua phdi trong IVF

Noan choc hut

Pho6i nang (PGT-A)

Nodn trudng thanh

Phoi nang (N5-6)

-—

L

Thu tinh

l

Phbi N3

Yo
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Bénh Iy don gen hiém gip
Pinh nghia

» Theo t6 chirc Orphan Drug Act (1983): dinh nghta bénh ly di truyén

don gen hiém gap 1a bénh c6 tan suat mac bénh < 1 /200 000
nguoi.

» Pinh nghia nay cling dwoc dung b&i Vién Y Té Qubc Gia Hoa Ky
(NIH)

 Dén nay co khoang hon 7000 bénh ly dwoc bdo cao

D Ld
© G/FAP |
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Ca lam sang 1. Bénh Teo co tuy
(Spinal Muscular Atrophy — SMA)

* Vo TTBY, sinh ndm 1992; Chdng LTD, sinh nam 1988
* PARA: 0200

* 2016: bé trai 1200g, MLT ldc 36 tuan, theo ddi & so sinh 2 tuan, sau dd
vé nha. Dén thang th( 3, bé kho thd, nhap vién. Bé suy hd hap dan
dan, thd may, t& vong sau 1 thang.

* 2018: bé trai 1900g, MLT IUc 35.5 tuan. Hau phau 6n. Dén thang thi 2
bé bat dau kho thd, triéu chirng gidng bé dau tién, duoc dua vao BV
NDTP thé may kéo dai 2 ndm, bé mat 2020.

© G/FAP
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Ca lam sang 1. Bénh Teo co tuy
(Spinal Muscular Atrophy — SMA)

* SMA: R&i loan di truyén. Ngu®di mac bénh khong thé kiém sodat sy van dong
clia cac co do mat cac té bao than kinh trong tiy song va than ndo. Day [a mot
bénh ly than kinh va mét loai bénh ly ca neuron than kinh van dong.

e Anh hudng dén 8.000-10.000 ngudi trén toan thé gidi.
* Triéu chirng:
* C6 4 loai SMA, tuy theo loai ma thoi diém xuat hién, biéu hién cuda triéu
chirng va thoi gian sdng cla ca thé mac bénh khac nhau
Yéu va run giat co
Khé thd, khd nubt
Bién dang chi, c6t song, 16ng nguc do yéu co
Khé dirng, di, ngoi

© GFAP
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Cac dang SMA

Table 1 Types of spinal muscular atrophy in humans (modified from [55])

SMA type Inheritance Gene/location Phenotype/symptoms Age at onset
SMA-1 AR SMN1/5q11.2-13.3 Proximal muscle weakness, never sit unaided, Usually <9 months
death usually <2 years
SMA-2 AR SMN1/5q11.2-13.3 Proximal muscle weakness, sit unaided but 6—18 months
wheelchair bound, most survive to
2nd or 3rd decade
SMA-3 AR SMNi/5q11.2-13.3 Proximal muscle weakness, walk unaided, Usually >48 months
slow progression with normal lifespan
Distal SMA AR 11gl3 Distal muscle weakness, involvement of diaphragm 2 months—20 years
SMARD AR IGHRBRP2/11q13.2 Distal lower limb and diaphragmatic weakness, 1—6 months
sensory and autonomic neurons also affected
X-linked infantile X-linked Xpll.3-gl1.2 Arthrogryposis, respiratory insufficiency, scoliosis, At birth
SMA chest deformities, LMN loss
Spino-bulbar SMA X-linked Androgen Proximal muscle weakness, LMN loss, loss of neurons  30-50 years
(Kennedy disease) receptor/Xgl1.2-12 in dorsal root ganglia, bulbar involvement
Distal SMA-4 AD Tpl5 Distal muscle weakness of thenar and peroneal muscles 12-36 years
Congenital SMA AD 12q23-24 Arthrogryposis, non-progressive weakness of At birth
distal muscles of lower limbs
SMA associated with  Mitochondrial Cytochrome-c Hypotonia, lactic acidosis, respiratory distress, At birth
mitochondrial oxidase (COX) cardiomyopathia, COX deficiency
mutation

Simic, G. (2008). Pathogenesis of proximal autosomal recessive spinal muscular atrophy. Acta
Neuropathologica, 116(3), 223-234.



Calamsang 1. TTBY (1992) — LTD (1988)

Con chan dodan mac bénh SMA

(Carrier) Carrier)

IGHMBP2 (c.1328G>A) M°ther4 r 'ﬁathef IGHMBP2 (c.1327G>A)

Chlldren

i

Affected
IGHMBP2 (c.1327G>A)/ IGHMBP2 (c.1328G>A)| PQT-M

TTTON — choc hut noan ngay 31/05/2020
S6 phdi tao dwoc: 05 phdi ngay 5
PGT-A + PGT-M: 04 phoi khéng mang gen bénh



Ca lam sang 2.

H (1982) —

e Con lan 1 nghi hdi chirng Joubert.

* Thai lan hai nghi ngd twong ty vdi: thi€u san thuy nhdng, than da nang

 Para: 1011

»>2009, 1 bé c6 dot bién gen gay Joubert Syndrome

(1978)

Chwa néi dwoc, gian hd ndo sau, di dwgc nhung khéng chay duoc

»>8/2019, 1 |an bo thai do thai Joubert Syndrome

p2

© G/FAP
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Caldamsang 2. TTH (1982) —DTT (1978)

* HOi chirng Joubert

TMEMG67 (c.313_3T>G) Momer —r Ncgyggg TMEMG67 (c.725A>G)
Children
I
Affected

TMEMG67 (c.313 3T>G)/ TMEMG67 (c.725A>G)

Chuyén 01 phéi nang khéng mang di hop t&r kép TMEM67 (c.313 3T>G)/TMEM67 (c.725A>G) ngay 22/09/2020

M6 4y thai ngay 02/06/2021 luc thai 38 5/7 tuan

Bé gai, can nang 2850gram, Apgar 8/9.
Xét nghiém di truyén G4500 trén con sinh ra: khéng mang di hop t&¢ kép TMEM67 (c.313_3T>G)/TMEM67
(c.725A>G), chi c6 di hgp gen TMEMG67 (c.725A>G)



Ca lam sang 3. PTLC (1988) — PND (1988)

Con mat vi réi loan chuyén hoa

 PARA 1000
* 01 ngay sau sinh bé duwogc chuyén BV Nhi Dong 1, va mat vao ngay tiép
theo.

* BV Nhi Dong 1 nghi ngo rdi loan chuyén hod = Xét nghiém C16 cao
hon binh thuwong.

© AP
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1

Ca lam sang 3. PTLC (1988) — PND (1988)

Con mat vi rdi loan chuyén hod

PARA 1000. Sau sinh 1 ngay, bé co giat, tim, dwgc chuyén BV Nhi Déng 1, va mat vao ngay tiép theo,

nghi ngd rdi loan chuyén hod = Xét nghiém C16 cao hon binh thuwdng.

SLC25A20 (c.185_197del)
GJB2

HOI NGHI SAN PHU KHOA
VIET - PHAP - CHAU A
THAI BINH DUONG

Két qua di truyén lan dau

Mother

Affected

(Carrier) * Carrier)
CPS1

Children
I

Father POLG

BTD

ASS1

SMN1

SLC25A20 (c.185_197del)
SLC25A20 (c.646G>A )
CPT2 (c.1055T>G)




Ca lam sang 3. PTLC (1988) — PND (1988)

Con mat vi réi loan chuyén hoa

Con bi co giat, mat, nghi ngo rdi loan chuyén héa

SLC25A20 (c.185_197del)
GJB2

SLC25A20 (c.185_197del)
GJB2
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Mother 4 i Father
(Carrier) ‘ (Carrier)
G4500

Mother

(Carrier)

Father

-

POLG

CPS1

POLG

cPs1
SLC25A20 (c.646G>A )
CPT2 (c.1055T>G)



Ca lam sang 3. PTLC (1988) — PND (1988)

Con mat vi rdi loan chuyén hoa

Con bi co giat, mat, nghi ngd rdi loan chuyén héa

SLC25A20 (c.185_197del)
Mother
GJB2 (Carrier)

P12 (c.11026>AD>

* Chuyén 1 phdi binh thuong

* MLT ngay 26/07/2021, bé trai
can nang 3100g, Apgar 8/9.

e Két qua ditruyén bé gidng vadi
két qua di truyén phoi, hién bé
khoé manh

HOI NGHI SAN PHU KHOA
1 VIET - PHAP - CHAU A
avw A_THAI BINH DUONG

= Carrier)
‘ $ CPS

Chlldren

Affected

POLG
Father

SLC25A20 (c.646G>A
CPT2 (c.1055T>G)

BTD
ASS1
SMIN1

SLC25A20 (c.185_197del)
SLC25A20 (c.646G>A )
CPT2 (c.1055T>G)




Calam sang 4. HTT (1992) — CXS (1990)

Thai lwu lién tiép 8 [an
PARA: 0080 (8 lan thai lvu tir 5 -9 tuan trong 3 nam)
XN mo nhau thai cta lan say thai thr 6 IUc thai 8 tuan: dot bién gene KMT2D, EVC2

EVC2 (c.3413C>T)  Yother —‘— isigt?gg EVC2 (c.1543G>A)

Chlldren

Affected
FVC2 (c.3413C>T)/ EVC2 (c.1543G>A) PGT-M

HOI NGHI SAN PHU KHOA

\ 1,;;{{;[ _PHAP - CHAUA TTTON — PGT-M (2020): 2 ph6i khéng mang gen benh-k‘ " 



Calamsang 5. PTHA (1985) — BTD (1986)
Phu thai 3 l1an

* Para: 0180
e 11an PTNK
2 lan thai luru
2 lan tui thai trong
3 lan phu thai
1 [an sanh thuong, bé DTBS T chirng Fallot, mat luc 8 thang

© OFAP
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Calam sang 5. PTHA (1985) — BTD (1986)

Phu thai 3 lan

46XX, 15ps+, 16gh+, 22ps+ -
CYP21A2 (c.1179C>Q) (Carrier)
TTN (c.68471C>A)

del(16)(q24.2) : JPH3, CA5A

__________________________________

__________________________________

TTN (c.68471C>A)
TTN (c.26231A>G)

CYP21A2 (c.1179C>G)
Father

— ‘ carriery TTN (c.26231A>G)
r TTN (c.21589T>G)

Chlldren

Affected

‘TTN (c.21589T>G)

PGT-M

TSC2 (c.4256A>G)
TSC2 (c.4256A>G)
GIB2 (c.109G>A)/GIB2 (c.109G>A)

OCRL (c.265G>C)/OCRL (c.265G>C)
IGSF1 (c.1141A>C)/IGSF1 (c.1141A>C)

Chuyén 1 phdi binh thwdong. MLT 8/2/2021, bé gai 2800g, binh thudng. CNVs va G4500 mau cudng rén, té

bao niém mac ma phu hop két qua PGT-M



Nhan xét
chung

© P

HOI NGHI SAN PHU KHOA
\.*||?,"|' - ‘PII--'\P - CHAU A
THAI BINH DUONG

Bénh canh da dang, co thé d3 duoc xac dinh loai bénh ly di truyén,
hodc bénh nhan dén vi van dé 1am sang lap lai.
Vat pham tir ca thé biéu hién bénh: rat quan trong
Chan dodan kiéu gen gay bénh: phéi hgp nhiéu céng cu, cang khao
sat nhiéu gen, kha nang phat hién bat thudng cang cao
Xét nghiém di truyén tién l[am t6
* Qua 2 budc: PGT-A, PGT-M
e San pham DNA dau vao dé chan doan: quan trong
e Tuw van wu tién chon phodi dé chuyén
Thai ky sau chuyén phoi c6 PGT-A + PGT-M
* Van thuc hién xét nghiém chan dodn tién san ..
* Hién twong Allele drop out (ADO), bién thé de novo L 2

* Xét nghiém di truyén bé sinh ra & 7



M6 hinh phdi hop lién chuyén khoa trong chan doan va
XU tri bénh ly don gen hiém gap

A s Bé khoe manh
Lam sang

(SPK, Nhi)
Cai thién chat
2 . lro'ng noi
doan sinh san

tién san

© QAP

HOI NGHI SAN PHU KHOA
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