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NIPT: noninvasive prenatal testing
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RBC (Walknowska et al, Lancet)
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(Lo et al, Lancet)
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Non—Invasive Prenatal Genetic Testing: NIPT

BrmigPcell-free DNAZRW T, BFP’ KL VWEEFZPCRE*THEEL T
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- BEAIPICYREFERRMBEFERE >HRIEBR

- RhDES{E3FR M (= RhDIEIET % FI%E = f&'2 IERhD 54

. BEHFMHICRPARCRARENEREETERAE >RRE—EETR
PCRiE*IC & % H & RIZ M

1. Ba'RERIZZHET
v 19974, YZREMFSFENLRIEDNADVEFmMIEFRICH S Z & 2 (Lo et al. Lancet 1997)

v 2001%F., HFIRT:EBLE,. SEEICHEHRZEATE S (Sekizawa et al. Clin Chem, 2001)
2. RhDFEMMEFDREIRRhD G E 221 (Lo et al. NEJM, 1998)

3. RRRE—BEFROZHE
v de novo THRIE L f-E—&{=F®wAchondroplasia® HE R 2l Z RS
(Sekizawa et al. Lancet, 2000)
* PCRI&E(FR ) X 7 —¥ & KIG: polymerase chain reaction) : RAXLGDNAGFDOHFH S EDDNAKE (HEH»SHTIEEX) 7213 %2 BRNICHEIET 2 4%
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Non-Invasive Prenatal Genetic Testing: NIPT
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Noninvasive prenatal diagnosis of fetal chromosomal

aneuploidy by massively parallel genomic sequencing
of DNA in maternal plasma
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Cell-free DNA fragments
TCCGCCCAGGCCATGAGGGACCTGGAAATGGCTGAT
GGCCCTGGGGACAGTCTCCAATCCACTGAGTCATCT
GACACGGTGGAGCTCGGCCACACCAGGCCCAGCTGG
GGCCCTGGGGACAGTCTCCAATCCACTGAGTCATCT
ACAGTGGTGGGGCCCATCCCTGGGTGAGGCTCAGTT
GGCCCTGGGGACAGTCTCCAATCCACTGAGTCATCT
GGCCCTGGGGACAGTCTCCAATCCACTGAGTCATCT
GGCCCTGGGGACAGTCTCCAATCCACTGAGTCATCT
TCCGCCCAGGCCATGAGGGACCTGGAAATGGCTGAT
GACACGGTGGAGCTCGGCCACACCAGGCCCAGCTGG
GGCCCTGGGGACAGTCTCCAATCCACTGAGTCATCT
ACAGTGGTGGGGCCCATCCCTGGGTGAGGCTCAGTT
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Bk dcell-free DNA% UL =50 5 i HA
RE1822q11. 288/ RETE(REE D K

iﬂd‘ﬁ@ ) 7522(]11 ZTJ%Q/J\)\%T—ﬂi W Low-risk female
%it Lﬁé *Lf; 2 J—-—,T@ t - / I\ 0 — L B 22q11.2 microdeletion
1445 % & AT

« Cell-free DNA®Y— 2 TV X T, &
NTHT R #8072 4= (2 L 7=

« 22ql11.2>3MbtaE D DNAKTR
= . Z-score -5L{F

Chromosome 22q11.2 deletion syndrome has
heterozygous deletion of approximately 3 X106 bp
on chromosome 22.

Chromosome 22q11.2 deletion syndrome affects
approximately 1 in 4000 live births and is characterized
by frequent heart defects, cleft palate, developmental
delays, and learning disabilities.

z Score for Chr22:19000000-22000000

Jensen T, et al. Clin Chem 2012
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: EREEF DB
Sequencing Wild: TGCAGTTATCCGGATGGGAATTTGCTAGCCCTAAATTTCCGCGTGCAATTGCTACATCA
Mutant: AGTTATCCGGATGGGAATTTGCAAGCCCTAAATTTCCGCGTGCAATTGCTACATCA
DNAT: ATCCGGATGGGAATTTGCTAGCCCTAAATTTCCGCGTGCAA
£ BIETHEE % sequence DNA2:  GTTATCCGGATGGGAATTTGCCTAGCCCTAAA
L TWEDT. BWEIE D DNA3: GGAATTTGCTAGCCCTAAATTTCCGCGTGCAATTGCTAC
DNA4: TGCTAGCCCTAAATTTCCGCGTGCAATTGCTACATCG
1E?MH' FHEzRDHS DNAS: TCCGGATGGGAATTTGCTAGCCCTAAATTTC
EHTES DNA6:  GTTATCCGGATGGGAATTTGCAAGCCCTAAATTTCCGCGTG
DNAT: GGGAATTTGCTAGCCCTAAATTTCCGCGTGCAATTGCTACA
DNAS: TGGGAATTTGCTAGCCCTAAATTTCCGCGTGCA
DNAO: TCCGGATGGGAATTTGCTAGCCCTAAATTTC
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achondroplasia
Alagille syndrome
Antley Bixler synd.

Apert syndrome

Cardiofacioutaneous
synd.1,3,4

CATSHL synd.

CHARGE synd.

Cornelia de Lange synd.
1,2,3,4,5

Costello synd.

Crouzon synd.

Ehlers-Danlos synd. Type
VIIA, VIIB

Epileptic encephalopathy
early infantile, 2

FGFR3
JAGI
FGFR2

FGFR2

BRAF, MAP2K1,2

FGFR3

CHD7

NIPBL, SMCIA,
SMC3, RADZ1,
HDACS

HRAS

FGFR2, 3

COL1AL 2

CDKL5

80%

50-70%

majority

unknown

majority

99%

majority

50%

majority

13'?@ U\H/Iiﬁa)ij.% JRX

2018%F)

L\fé@%?ﬁ EHEWER (NATERATE 25% %

>96%

>79%

>96%

>96%

>96%

>96%

>91%

>43-96%

>92%

>96%

>92%

>84%

&EH

hypochondroplasia
Intellectual disability

Jackson Weiss synd.

Juvenile myelomonocytic
leukemia

LEOPARD synd. 1,2
Muenke synd.

Noonan synd. 1,3,4,5,6,8

Osteogenesis imperfecta,
Type I, II, 1,1V

Pfeiffer synd.1,2,3

Rett Synd.

Sotos synd.1
Thanatophoric dysplasia I,ll

Tuberous sclerosis 1,2

BILF
FGFR3

SYNGAPI

FGFR2
PTPN11
PTPN11, RAFI

FGFR3

PTPN11, SOSI etc.

COL1ALZ2

FGFR2
MECPZ
NSD1
FGFR3

1SC1,2

>80%

>99%

unknown
unknown

unknown

25-70%

>99%
>95%
majority

66%

>96%

>89%

>96%

>96%

>96%

>96%

>86-96%

>92%

>92%

>78%

>87%

>96%

>82-96%
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YWWREEBDLETE Sex chromosome

Microdeletions:
22q, 15q,5p,1p36
_ Trisomy 22
Trlsomy 21 Trlsomy 16

Trisomy 18 Microdeletions:
Trisomy 13 11q, 8q,4p
Fetal Sex

Multiple gestation
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NIPTDOEIGRI TORERESR
2013548 - 20194 38 (64ER9)
O NIPTSEHEREER K © 86HEE%

ORET — X HEREFE : 72,526
ORREOER : FIIFi# 38.4 & - 1TikERL 13.1:8

REEID RE i IE F’a‘ =R
- %

= EIER 68,361 94.26 1,041+ 1.52 %
i EBLE 1,832 2.53 4 34 1.86 %
BEEY—h— 1,345 1.85 115 67 16 198 14.72 %
BHAIM;E~— 5 — 344 0.47 10 3 1 14 4.07 %
T fts (REHIREL L) 644 0.89 7 4 1 12 1.86 %
A%t 12,526 182 396 119 1,299* 1.79 %
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388 0.54 %
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SREASHBRET —2&ERT72,526060 DB EFOEST (2019438 F TEHES)
| Trisomy21 | Trisomy 18 | Trisomy 13 | TOTAL

It E 2 182 396 119 1,299°
EERE R 696 291 103 1,092
HB ISR 673 257 54 984
i R R 96.7% 88.3% 52.4% 90.1%
BRATES 23 34 49 108*
HEEREIEEMERY 86 105 16 207
IUFD 55 86 15 156
ikl 14 28 8 50
RN 41 58 7 106
E AR 9 6 0 15
AP 22 13 1 36
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ERESHURET — 4HER72,52665h DfFEF DOEF (2019538 £ TEES)

— TOTAL

P 14 2 2 1,299
1SR5 152X 23 34 49 108™
ST YRR IR AN 24 21 3 48
IUFD™2 67 119 19 205
SE 4 T 643 209 47 899
YR RS 87.6% 59.9% 68.1% 78.0%
L A 8 2574 13 1 39
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¥2 IRBERETRLIUFDICL LB ERE

%3 SEARCRIASE = SEARCP MY /(PB4 — AR I 3 — TAOCARE)
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58,1824 DIRE TR TH - F-EFID—EF47,432F| D EFFHERZR
(2013548 ~2018FE3A DSEDIRE YD)

ﬁﬁﬁ 0 01 % EEREOAR (n=1,262)
Trisomy 18 1§ BB GRN e
Trisomy 21 3{4: BIRIBEESRRINE 243
\ OFO=R -FAER 68
RS TSR
1,262 s 74
- e E7r 2 66
N\ ——_IUFD 401 e i
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& Y2 7K BA i - MK SRR AE 13 F= et - piERRE K ‘; 35
FE AR FIRIRE K 16 MRREEE 9
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NAYRI7EFICHEITANIPTOREBHEERHEE,
NIPTaY Y =7 LOWERRERAZEETELIN34,6911FTORE

R | (asm | BEemE
Trisomy 21 99.7% >99.9% 1.01% 96.3% 1/17346
Trisomy 18 99.6% >99.9% 0.49% 36.9% 1/34691
Trisomy 13 100% >99.9% 0.08% 53.1% 0/34691

Suzumori N, et al. submitted

2& 7 — A& . systematic review (Taylor-Phillips S, et al. BMJ Open 2016)

: R N A% ik -
et Ghio | aww | omens

Trisomy 21 97.0% 99.7% 3.33% 91% 1/1,054
Trisomy 18 93.0% 99.7% 1.50% 34% 1/ 930
Trisomy 13 95.0% 99.9% 0. 50% 81% 1/4,265



NIPTO A% EREFEE: Systematic review (2016)
N ) X130 vs —figiEhE

o R - BRE f5 Ry R =R e ok s

Trisomy 21 97.0% 99.7% 3.33% 91% 1/1,054
Trisomy 18 93.0% 99.7% 1.50% 84% 1/930
Trisomy 13 95.0% 99.9% 0. 50% 387% 1/4,265
Trisomy 21 95.9% 99.9% 0.43% 82 % 1/5,570
Trisomy 18 36.5% 99.8% 0.10% 37% 1/7,194
Trisomy 13 17.5% >99.9% 0.05% 49% 1/8,506

Taylor-Phillips S, et al. BMJ Open 2016
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P51 =R Positive Predictive Value (PPV)
BRECHELHEINT-ADPERYICEKEESE

FORER >BERNBRRIIETT S
BEDfGM True Positive (TP) ('F'Efﬁgb“ﬁh\ﬁ\ 151:'3-6)
A1 False Positive (FP)

BEEHITERST S
PPV=TP/(TP+FP) =>|3§'|_&LE"J':|:'%‘1J:;E-|'-'3'5
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REDORE - FEE - BIERNPREEF?

2011 F DFFXREDREFEZ D L ICHE B [:99.1% (95%Cl 96.6-99.9%)
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