Xét nghiém di truyén phoi tién lam to:
hién tai va twong lai

BS NGUYEN VAN THONG
KHOA DI TRUYEN
BENH VIEN HUNG VUONG




NOI dung

m Cac xét nghiém di truyén chan doan bat
thwong cau trdc va vi mat doan NST trong
PGT

m Cac xét nghiém di truyén chan doan bat
thwong thé kham NST trong PGT

mKhi ndo chuyén phdi bat thuwdng
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(Preimplantation Genetic Testing)
Sinh thiét phoi
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Figure 1 PGD procedures for patients at high risk of transmitting genetic disorders to their baby.






¥ Thuat ngt PGT
(Preimplantation Genetic Testing)

PGD

m Chan doan léch boi (PGT-A), b6 . Chan doan bét thwong di truyén da
me khong co bat thuong di biét trwéc tir bb va/hodc me

truyén
m Chi dinh - Chi dinh:
m Tudi me - Béat thwdng NST can bang PGT-SR
= Sdy thai lién tiép . Dot bién gien PGT-M
m That bai lam t6 lién tiélp . PGT-HLA

m VO sinh do nam

m Tién cdn mang thai bat
thuwong
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Kha nang chan doan
cac xet nghiem PGT

Sang loc

1éch boi

Bat thuong  + Probe dic +/- + + +/++
ciu tric hiéu > BM >BM /> 1M
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mKét qua PGS: phdi khong I&ch boi

van say thai?

BAT THUONG CAU TRUC
KHONG CAN BANG

THE KHAM




Ty & cac bat thuwdng
trén phoi ngay 5

Y 16
Thé kham
6%

Bat thwdng cdu tric
7%

Bat thwong s6 lwong

28% Binh thwong

59%

N=1540 phéi
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Bat thwdng cau truc
NGS veriseq

2g25: 64Mb
-6; -15; +9 G/ENTIS



Bat thwong cau tric
NGS veriseq
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PGD: Chuyén doan
can bang G/ENTIS

NIEM TIN TRON VEN
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Giai phap chan doan
vi mat doan PGT

mArrayCGH phan giai cao

mNGS:
= D{¥ liéu hién tai: giai phap Bioinformatic
= Tang do phan giai:
m Tang do dai
m Tang dd phu, sé 1an doc



QUY TRINH PHAN TiCH MAU N
St dung quy trinh theo bo kit VeriSeq PGS - lllumina.

30 thuw vién va gan Poc trinh tu cac doan Phan tich két qua
Index cho cac mau ADN bang may MiSeq
Khuéch ADN tir 1 t& bao Céc mAu ADN dugc cat nhd C6 thé doc téi 24 mAu trong 1 Két qua trinh tw doc tir may
(Ngay 3) hodc nhiéu té bao va gan Index dé phan biét Ian chay. Mdi doan ADN dugc Miseq dugc dua va phan
(Ngay 5) bang b kit gitta cdc mau (24 mau). doc hang nghin [an. meém BlueFuse dé phan tich

SurePlex — WGA

»

G/ENTIS

NIEM TIN TRON VEN



Veriseqg PGS

m Giai trinh tw song song sé lwong I&én 25M reads

m 24 mau cho 1 |1an chay

m 800k-1M reads cho 1 mau

m DO dai 36 Nt

m C4c doan giai trinh tw dwoc sép giong hang trinh tw bd gen chuan
m Trinh tw gen dwoc chia bin véi kich thwéc 1M

m Dém sb lwong cho méi bin

m Thuat toan diéu chinh GC

m Binh héa trong mau, tinh trung vi cho cac bin trén toan bd 24 NST




Bat thuwdng vi mat
doan bang NGS

Copy Numbe -

Chromosomal Position

4.00




Tan xuat cac bat thuong
NST/sau sinh

N=10.323 bat thuong

Tri 13, 5% el
12%

Other, 17% st

Welleslly et al., Rare chromosome abnormalities, prevalence and prenatal diagnosis rates
from population-based congenital anomaly registers in Europe. EJHG, January 2012 20:
521-526



Bat thuwdng khac 17%

Table 2 Summary of cases, live births, prevalence, prenatal detection rate and maternal age for each rare chromosome group

No. of Liveborn Total prevalence % Prenatally % Maternal age

Type of chromosome error cases (%) per 10000 births detected =35 years Other findings of interest
Triploidy 296 10 (3%) 1.26 92% 20%
Other trisomies (non-21,18,13) 202 0.86 82% 46% Of 63% full trisomies with chromosomal origin specified:
Full trisomies 58 0 21%=T22, 11%=T9, 11% =T16
Mosaic trisomies 141 58 (41%) Of 62% mosaic trisomies (MT) 25%=MT 8, 22%=MT 9
Markers 101 52 (52%) 043 77% 53% 53% chromosome 15 (Of 17 cases with chromosome specified)
Unbalanced translocations 221 138 (62%) 0.94 52% 12% 27% de novo, 73% ‘familial’ (Specified in 49 cases)
Deletions, not including 437 261 (60%) 1.86 43% 23%
microdeletions (see Table 3)
Microdeletions 299 269 (90%) (1.27)
22qll 227 197 0.96 38% 16%
7q11 (Williams) 26 26 3%

28 28 0%
15q11 (Prader-Willi) 0%

9 9 78%
15q11 (Angelman) 9 9
11pl5 (Beckwith-Wiedemann)
Duplications 165 101 (61%) 0.70 48% 28% Of the 73% with chromosome specified: 14%=chromosome 15,

6%=chromosome 12, rest <=5% (nil chromasome 21, Y)

Welleslly et al., Rare chromosome abnormalities, prevalence and prenatal diagnosis rates
from population-based congenital anomaly registers in Europe. EJHG, January 2012 20:

521-526



Bat thwdng cau truc

Table 2 Summary of cases, live births, prevalence, prenatal detection rate and maternal age for each rare chromosome group

No. of Liveborn Total prevalence % Prenatally % Maternal age
Type of chromosome error cases (%) per 10000 births detected =35years Other findings of interest
Triploidy
Other trisom ’ A secified:
Full trisomie T I ™Y 80/
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uplications 165 101 (61%) 0.70 48% 28% Of the 73% with chromosome specified: 14%=chromosome 15,

6%=chromosome 12, rest =5% (nil chromosome 21, Y)

Welleslly et al., Rare chromosome abnormalities, prevalence and prenatal diagnosis rates

from population-based congenital anomaly registers in Europe. EJHG, January 2012 20:
521-526



Bat thwdng vi mat doan

Table 2 Summary of cases, live births, prevalence, prenatal detection rate and maternal age for each rare chromosome group

Ty lé: 3% —

Triploidy
Other trisomie ied:

Sinh song: 90%

Unbalanced tr
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Cac kiéu chan do
kham & phdi

Mosaicism Possible Diagnoses
type TE biopsy accuracy
Ll () Euploid Misdiagnosis
@ G Mosaic Accurate
@ Aneuploid Misdiagnosis ICM/TE Mosaic Type |
ICM Mosaic Misdiagnosis
Misdiagnosis ) Euploid (Mosaicism never
) Euploid (Mosaicism never detectable)

detectable)

ICM/TE Mosaic Type I

TE Mosaic Euploid Misdiagnosis

Misdiagnosis
(Mosaicism never
detectable)

Aneuploid
Mosaic Accurate

00

Aneuploid )  Misdiagnosis




Khi nao chuyen phOl
bat thwong cau trdc

mKhi khdng con lwa chon thay thé
= Hy vong dwong gia -> thé kham
= Phoi tw stra chira

m Chi sau khi tw van di truyén
= Tw van cac kha nang xay ra
= Tw van céac giai phap chan doan truwdce sinh




Phéi tw stra chira

mTan xuat thé kham:
m 15-90% giai doan ph6i D3
m 15-30% giai doan ph6i D5
m 1-2% giai doan chan doan tién san (Taylor, 2014)

mCo6 co’ ché phdi tw stra chiva cac bat
thwong
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Qua trinh stra chira
(aneuploidy rescue)

Apoptosis

Cell arrest

Preferential allocation

m Tw stra chira
m Hoai tr, nglrng phan bao
m Chuyén nhirng té bao bat

thuworng phat trién nhiing
phan phu cua phdi

Mantilou 2012






Tién lwong thé kham

Table 2: The load of chromosomal mosaicism to human prenatal mortality and postnatal morbidity

Condition/disease Description References

Spontaneous abortions ~25% of all spontaneous abortions (~50% of [17]
spontaneous abortions with chromosome
abnormalities) exhibit chromosomal mosaicism

Chromosomal syndromes 3—18% (depending on chromosome) [4.5.7]
Mental retardation and/or multiple congenital ~3.5% in institutionalized children Vorsanova & Yurov, unpublished observations
malformation
Autism 16% in children with autism [rn
(~10% X chromosome aneuploidy in male
children)
Schizophrenia Mosaic aneuploidy of chromosomes |, 18 and X [7.8,12]

in cells of the schizophrenia brain; mosaic X
chromosome aneuploidy in blood lymphocytes

Autoimmune diseases Monosomy of chromosome X in systemic [10]
sclerosis (6.2% of cells) and autoimmune thyroid
disease (4.3% of cells)

Alzheimer disease over [0% in brain cells; increase of aneuploidy of [25,26]
chromosome 21 in mitotic cells
(skin fibroblasts or blood lymphocytes)

Meiotic aneuploidy Chromosomal mosaicism confined to fetal [15]
ovarian tissues has potential to result into
meiotic aneuploidy in conceptions

Ilvan, 2008



Phan loai thé kham

m Hau hét cac thé kham & ICM
déu lwu sdm trong 3 thang dau
thai ky, hoac thai bat thwong
hinh thai

= Ty lé thé khdm

= Phan bd thé kham
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Cac kiéu chan doan thé
phol ngay 5

kham

Mosaicism Possible Diagnoses
type TE biopsy accuracy
Rl e ) Euploid Misdiagnosis
@ {’ Mo;D Accurate
O —
. Aneuploid Misdiagnosis
ICM Mosaic
Misdiagnosis
) Euploid (Mosaicism never

detectable)

Misdiagnosis

Accurate

Misdiagnosis

é
&

ICM/TE Mosaic Type |

&

Euploid

Misdiagnosis
(Mosaicism never
detectable)

ICM/TE Mosaic Type I

Misdiagnosis
(Mosaicism never
detectable)

Sinh thiét TE phéi ngay 5: dai dién cho toan bd phdi, cac TE khong sinh thiét, ICM?




Twong quan sinh thiét
thé kham TE v&i ICM

Human Reproduction, Vol.28, No.8 pp. 2298-2307, 2013
Advanced Access publication on June 5,2013  doi:10.1093/humrep/det245

huma
Ireuproc?u ction ORIGINAL ARTICLE Reproductive genetics

FISH reanalysis of inner cell mass and
trophectoderm samples of previously

i Sinh thiét TE tvong quan 95-100% véi ICM

W <nONg dong nhat 3-4% e
-> Sinh thiét TE la phwong phap tét dé chan

R dOén thé khém phél ngé'y 5

I Sinh thiét > 2 diém

Antonio Capalbo ""*
Filippo Maria Ubald

o2 . z y I ’ Y =ITicC ’
M. Hill!, A. Ryan', D. Smotrich?, M. Rab I, and M.). Murray?
'Gene Security Network, Inc., 2686 Middlefield Road, Suite C, Redwood City, CA 94063, USA %LaJolla IVF, 9850 Genesee Avenue #610, La

Jolla, CA 92037, USA *Northern California Fertility Medical Center, 1130 Conroy Lane, Suite 100, Roseville, CA 95661, USA
“Present address: GigaGen Inc., 409 lllinois St, San Francisco, CA 94158, USA

inowitz

*Correspondence address. E-mail: seasquirtdoctor@gmail.com

Submitted on March 23, 2010; resubmitted on July 6, 2010; accepted on July 12, 2010



Ty lé thé, kham TE co tién
lwong két cuc thai ky?

Euploid

0 10 20 30 40 50 60 70 80 90 10
| | | | | | | | | | |

Khéng nén chuyén

% Chromosomal

Ty lé thap Ty 1é cao
PGDIS 2016 Uu tién chuyén it wu tien
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Ty 1& thé kham TE ¢ tién
lwong két cuc thai ky?

Y
i

- :2\. .

Kushnir et al. Reproductive Biology and Endocrinology (2018) 16:6
DOI 10.1186/512958-018-0322-5

Reproductive Biology
and Endocrinology

143 phdi thé kham vs 1045 phdi binh thwong PGS NGS
Ty 1& mang thai dién tien: 39,2% vs 63,3%

LTy & say thai: 24 3% vs 10%

does not predlct pregnancy potential: a
corrected analysis of pregnancy outcomes
following transfer of mosaic embryos

Vitaly A. Kushnir'~, Sarah K Darmon', David H. Barad' and Norbert Gleicher' ="



Ty |& thé kham TE co tién
lwong két cuc thai ky?
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Phoi binh thuwong vs phoi kham Thay d6i nguwdng phdi kham tir 20-80%

AUC tién lugng ti 1¢ thai dién tién trong khoang 0.50 - 0.59,

thai say trong khoang 0.50 - 0.66 d6i v6i ca phoi nguyén bdi va kham



Chéan doan thé kham phoi

mPhoi ngay 5

m> 1 trong 5 té€ bao sinh thiét bat thwdng (20-
80%)

mCac ky thuat chan doan
= FISH
= Bobs karyolyte
= Array
- NGS Euploid

% Chromosomal



Thé kham 10,7% NGS vs 3,9% aCGH
Bat thuong cau truc: 10,7% NGS vs 6,7% aCGH

|der 6‘5 3C-NGS: se_gmental anéuploidy of ch.9q12-g34.3
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Thé kham NST 2

Copy Numbe - | Chromosomal Position -

.00
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3200 1

2.80 1
240
2.00 ]
160
1.200

080
0.0

Abnormal: -2

Chromosome1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 X Y
Imbalances L
Confidence 1.000.991.001.001.001.001.001.001.001.001.001.001.001.001.001.001.001.001.001.001.001.001.001.00



Thé kham NST 8

Copy Numbe = | Chromosomal Position

400 1
360
320 A

280 A
240
200
160 A
1.20 A

020
040

N % o ™ & I U - T T N - T . B I TR Vi e

Abnormal: -8

Chromosome1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 X Y
Imbalances L
Confidence 1.001.000.811.001.001.000.990.531.001.001.001.001.001.001.001.001.001.001.001.001.001.001.001.00



Thé khdm NST 5,10,18

Copy Numbe « | Chromosomal Position

.00
260
3.20
2.80

2.40
2.00
1.60
1.20

o.20
0.40

Abnormal; -5, -10, -18

Chromosome1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 X Y
Imbalances L L L
Confidence 0.990.970.990.990.500.990.990.970.990.730.990.990.980.940.990.980.980.750.980.950.950.990.990)|




Cac khuyén cao khi
chan doan thé kham

mLy twdng nhat sinh thiét > 5 té bao

mCang it ton thwong té bao cang tot (chd y khi
str dung laser lam ton thwong DNA té bao)

mLab NSG dat chuan
mNgudng cat 20-80%

PGDIS 2016



Tién lwong chuyén
phéi thé kham

Table 1. Clinical Outcomes of Single Mosaic Blastocysts Transferred.*
Patient No. Chromosomal Constitution Mosaicismj Karyotype:: Clinical Outcome
percent

1 arr(4)x1,(10)x1 40 46,XX Baby healthy at birth
2 arr(6)x1,(15)x1 50 46,XX Baby healthy at birth
3 arr(2)x1 40 46,XX Baby healthy at birth
4 arr(2)x1 35 46,XY Baby healthy at birth
5 arr(5)x1 50 46,XX Baby healthy at birth
6 arr(5)x1, (7)x1 40 46,XX Baby healthy at birth
7 arr(11)x1,(20)x3,(21)x3 30 NA No pregnancy
8 arr(1)x1,(6)x3,(10)x3,(12)x3,(13)x3,(14)x3,(21)x3 50 NA No pregnancy
9 arr(3)x1,(10)x3,(21)x3 35 NA No pregnancy
10 arr(1)x3 50 NA Biochemical pregnancyf§
11 arr 9p21.2q34.3(26,609,645-140,499,771)x3 45 NA Biochemical pregnancyf§
12 arr(15)x3 30 NA No pregnancy
13 arr(18)x1 50 NA No pregnancy
14 arr(18)x1 50 NA No pregnancy
15 arr(18)x1 40 NA No pregnancy
16 arr(4)x1 50 NA No pregnancy
17 arr(5)x3 40 NA No pregnancy
18 arr 10q21.3q26.3(67,216,644-134,326,648)x3 50 NA No pregnancy

Francesco Fiorentio, 2015



Tién lwong chuyén
phéi thé kham

THE DEVELOPD.lEN TAL POTEN TIAL OF MOSAIC EN[BR-
YOS. E. L : ° N, Tamzm ® A. Borini.”
D. Wells.“ ® Chuyen 109 pho| thé kham ym: "Tecnobios Procrea-

zione, Bologl532197) khong lam td (vs 30%)

OBJEC 12% Say thal early human develop-
ment, affec AU RIgET dién tién yos. The developmental
fate of such embryos is unclear. Can mosaic diploid-aneuploid blastocysts
implant and lead to ongoing pregnancies and chromosomally normal births?

DESIGN: Retrospective data and ﬂample analyﬂlq

M A A™MT"THT AT @M A RTT= R ATV T'T T T i ™ " 1 ar 11




Khuyén céo cho BS
hiEm muon

m Bénh nhan can duoc tw van ve PGS khéng thé chinh xac 100% do
cac yéu to ky thuat va sinh hoc bao gdbm thé kham

m B&nh nhan can duwoc tw van va ky bang dong thuan
m U'u tién chuyén phéi binh thuwdng truwde

m Trwée khi can nhac chuyén phdi thé kham can tw van bénh nhan:
= Thuc hién IVF +PGS nhirng lan sau dé cé co hdi c6 phdi binh thuwong
= Chi sau khi tw van di truyén

m Tw van cac kha nang xay ra
m Tw van céc gidi phap chan doan trwéc sinh

PGDIS 2016



Nhirng loai thé kham
nao duwoc lwa chon?

m Ty [& thé kham: co gié tri tién doan kém
mNén chuyén 1 bat thwérng hon nhiéu bat thwdng

m Thé khdm monosomy wu tién hon trisomy Vi
cac phoi monosomy thwdng khdong sbng duoc
trr monosomy X



Nhirng NST nao
dwoc wu tién tredoc?

m Thé kham trisomy cac nhiém sac thé sau day dwoc wu tién
chuyén hon 1, 3, 4,5, 6, 8, 9, 10, 11, 12, 17, 19, 20, 22, X, Y do
khdng c6 cac nguy co bén dwoi

m Thé kham trisomy thwdng kém véi cac bat thwédng uniparental
disomy (NST 14,15) it wu tién hon (Russell-Silver, Temple,
Kagami-Ogata, Prader-Willi, and Angelman syndromes)

m Thé kham trisomy thwdng kém véi thai cham phat trién trong tor
cung (CPM: NST 2, 7, 16) it dwgc wu tién hon

m Thé kham trisomy phdi cé kha nang séng dwoc (NST 13,18,21)
it dwoc wu tién nhat

PGDIS 2016



Lwa chon phéi thé kham

Fig. 1. Recommendations on the order of prioritization of mosaic embryos by Fio.2) Droriti ) b . " )
Preimplantation Genetic Diagnosis International Society (PGDIS, 2016). 182 S mose.nc e ryos.usmg B SOTDOSIE SCOENE
system devised by Grati et al. (2018).

Euploid / Aneuploid
Mosaic Embryo Euploid / Aneuploid Mosaic Embryo
I
’ Monosogyx High Autosomal Trisomies = Autosomal Monosomies ‘ High
(except 45,X) Priority I Priority
Tr involvi Trisomies of chromosomes 1, 3, 10, 12, 19
.nsomy involving a *Very low risk of any adverse outcome
single chromosome T
[
. Trisomies of chromosomes 4, 5, and 47,XYY
Level of mosal.CIsm and * Low risk of miscarriage or a viable aneuploidy (47,XYY)
Chromosome involved
Trisomy of chromosomes 1, 3, 4, 5, Trisomies of chromosomes 2, 7, 11, 17, 22

* Low risk of miscarriage or low risk of UPD (chr. 7, 11)

6,8,9,10, 11712, 17,19,120;22, X, Y

Trisomy of chromosomes 14, 15

Trisomies of chromosomes 6, 9, 15
(associated with uniparental disomy)

* Medium risk of miscarriage, UPD, or viable aneuploidy

Trisomy of chromosomes 2, 7, 16

Trisomies of chromosomes 8, 20, 47,XXX and 47,XXY

(associated with intrauterine growth * High risk of fetal involvement; low to medium risk of miscarriage and viable aneuploidy

Low
Priority Low

Priority

Trisomy of chromosomes 13, 18, 21

Trisomies of chromosomes 13, 14, 16, 18, 21, and 45,X
(capable of viable affected birth)

* Best avoided




Théng tin mang vé

m Ty & bat thworng phdi ngay 5
= Ty |& bat thworng NST: 28%
= Ty |é bat thworng cau trac: 7%
= Ty I& bat thwong thé kham 12 6%

nTylé thé kham TE c6 tién Iwong két cuc thai dién
tién va say thai kém

m Phdi binh thwdng dwoc wu tién chuyén truwdce

m Khi chuyén phéi bat thuwong

= Tw van di truyén
= Thao luan cac phwong an chan doan trwdc sinh



Théng tin mang vé

m 1 bat thwdng wu tién hon nhiéu bat thwéng

m Thi tw kém wu tién chuyén phéi thé kham:
= C6 kha nang song
= Kha nang IUGR
= Kha nang UPD
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CHAN THANH CAM ON



