FOCUSED ISSUE OF THIS MONTH

pISSN 1975-8456 / elSSN 2093-5951

J Korean Med Assoc 2015 November; 58(11): 995-1002

HH| e W 7| DNAS O|8¢t

21 A

[—= B

| BEog32H

{0

http://dx.doi.org/10.5124/jkma.2015.58.11.995

RS

AAHAL

| B B |

Non-invasive prenatal test using cell free DNA

Kunwoo Kim, MD
Hamchoon Women'’s Clinic, Seoul, Korea

Although conventional prenatal screening tests for Down syndrome have been developed over the past 20 years,
the positive predictive value of these tests is around 5%. Through these tests, many pregnant women have taken
invasive tests including chorionic villi sampling and amniocentesis for confirming Down syndrome. Invasive test carries
the risk of fetal loss at a low but significant rate. There is a large amount of evidence that non-invasive prenatal test
(NIPT) using cell free DNA in maternal serum is more sensitive and specific than conventional maternal serum and/or
ultrasound screening. Therefore implementing NIPT will increase aneuploidy detection rate and concurrently decrease
fetal loss rate accompanying invasive test. More than 1,000,000 NIPT were performed globally since 2011. The uptake
rate of NIPT is expected to increase more rapidly in the future. Moreover, as a molecular genetic technique advances,
NIPT can be used for not only common aneuploidy screening but single gene disorder, microdeletion, and whole fetal
genome sequencing. In this review, | will focus on the NIPT for common aneuploidies such as trisomy 13, 18, and 21.
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NIPT using cfDNA

Sequenom Ariosa Natera
(MaterniT21) (Harmony) (Panorama)
lllumina
(Verifi)

BGI (China)

(NIFTY)

Figure 1. Classification of non-invasive prenatal test (NIPT). cfDNA, cell free DNA;
S-MPS, shotgun massively parallel sequencing; T-MPS, targeted massively parallel
sequencing; SNP, single nucleotide polymorphism; BGI, Beijing Genomics institute.
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1. Classification of non—invasive prenatal test
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2. Principle of counting method
1) Shotgun massively parallel sequencing
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2) Targeted massively parallel sequencing
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3. Principle of single nucleotide polymorphism
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Figure 2. Principle of single nucleotide polymorphism method. SD, standard deviation; cfDNA, cell free DNA.
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Figure 3. Simplified principle of single nucleotide polymorphism (SNP) based non-invasive prenatal test. Each
dot is one SNP and is the sum of both the maternal and fetal contribution. SNPs are biallelic and thus have only
1 of 2 DNA bases possible (which we reference as A and B). The SNPs are only 1 per location going left to right
(like the chromosome was lying on its side), total about 3,000 SNPs per chromosome (you could see this if it

were spread out more). Top of profile is 100% A

0% B. Continuing to go down the profile, A decreases and B
increases until the bottom is 100% B and 0% A. RED SNPs are where mom is AA. The top line is where baby
is also AA (thus 100% A). The second has 75% A and 25% B
Again increasing B% from the 1st to third line. Blue SNPs are where mom is BB. Again increasing B% until the

(baby AB). Green SNPs are where mom is AB.

Limitation of Non—invasive
Prenatal Test

final line where baby and mom are 100% B. When the mother’s SNP is heterozygous (Green SNP), an extra
band appears when the fetus is trisomic. However, the band positions are dependent on allele frequency and

fetal fraction. When the mother’s SNP is homozygous (red and Blue SNP), one band is shifted when the fetus
is trisomic. Amount of shift is dependent on allele frequency and fetal fraction. Not all SNP profile results are

visually conclusive and thus why the algorithm is needed [20].

_T_TEI._E/\]"]‘U—X

o=

& mejsto] efofe] §FS F45

rr

tll, A4, trisomy, monosomy % 7 7Fs/do] =2 /JEl
2 923t 2] AEslth(Figure 3) (21,22,

Performance of Non—invasive Prenatal

Test

20084l o] 3= NIPT¢]

jﬂ:

7k SAgie, 2ol

et 28ukE o] 83k A1
Ko} (Table 1) [22,23], F

997 cistelAEsx|

OJAFA] juig

= o

HEREA

a84

re

_!Zi
:12 Mo 12

r
rlo

of thet &
A H 7] BA)
AH AT FA ol A4
At} HFto] it

@
o

1. False positive

A o= EAI7E YIAIRE NIPT 2

= AL s AR e
o cheat 2,
1) Confined placental mosaicism

ghote] AL Aol g estelet v e 7
A AIZZF Qs 7Bpolch, R Avte] E4& 2
oF 1-9%0]1A] k7o) FIcH24,25), NIPT:= el el
trophoblast2] cfDNAS|2& confined placental mosaicism
o] Q= % NIPT Zk= )40 2 118 4= Siek

2) Vanishing twin

%]

5 Yole

LA G A A W

[lo

[e)
=

-

.Q_

Al 271 e Aalolgl ot gt o) Hjolgt &= 7
52 YA AP 2ZaF A PR A s A, 47 olEe
74971 Qi g Hatof w2 NIPT AAfA] $lofdo]
& 73 F 15%= vanishing twin T&-0]cH26).

2| 2 U R2| DNAS 0l83t



J Korean Med Assoc 2015 November; 58(11): 995-1002

Table 1. Comparison of NIPT vs. standard screening test

NIPT [21] Standard screening test” [22]

Sensitivity FPR Sensitivity FPR
Trisomy 21 99.2 0.09 789 54
Trisomy 18 96.3 0.12 80.0 0.31
Trisomy 13 91.7 0.11 50.0 0.25
Monosomy X 90.3 0.23 NA NA

Values are presented as %.

NIPT, non-invasive prenatal test; FPR, false positive rate; NA, not available.
Standard screening test: maternal serum pregnancy associated plasma protein-A,
beta human chorionic gonadotropin, and nuchal translucency.
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Table 2. Positive predictive value of non-invasive prenatal test according to
maternal age [42]

Age 25 years Age 40 years
Trisomy 21 33 87
Trisomy 18 13 68
Trisomy 13 9 57

Values are presented as %.
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