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Non invasive prenatal diagnosis using cell free
fetal DNA and RNA in maternal circulation
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1Al 2= Al o} gljo}zte] ofHlaFo] = (bidirectional transfer)7} ©]F0]Z| 1 Qrh= Bl QA A o] Sol Yo
ZA 5= efjolo] A|3E (fetal cel)@} AJ3Z-G-2] Ejo} DNAQ} RNAE (cell free fetal DNA and RNA)o| &R Stc= AR
e gon olzeh il A AES shejehs ] EiRtol ek 2149 Hﬁ]‘g Z#fskaL Qltt (de la Cruz et al.
1998; Bianchi 1999; Bianchi et al. 2002; Lo et al. 1997). SFpHA ) §HUMGE AHEZy} ZHS 22 APA Zchof st
deko Abw Bolold BlOPMES Belshe ATk B AL AET ork, opEe] Aol
Aoz Aolo] EASHe 2o £5) oM - 2 2A Hol L ml 5 fife] AoMAIE - 2 lsfol Y
32 47 @7ol 2 ojralol B Yok

o] Hobo] A2 WS A Hol vho] 4lerel W kol elof DNAZE gk APolTh Lo 5 (19972
H22 0 B Ghew} 8 e ol dlof DNAS] ZAJS Melgom], 22 1go] ofs) A B el
DNA7} Z2J3tchs AbAlo] B H QI (Lo et al. 1997; Lo et al. 1998-a; Lo et al. 2000b). 1 6]3 T2 AATLZ}Eof| o3
A o] 7ol A A8 fIRt eElo] AlmEo] itk WA o] Ao TP 7] A1 HAIS Ao Folf o
ZA5)= &A%t go} DNAQ] male DNA2Q]9]| gender independent fetal DNA markerS 7J5}= A 1|, XL o]F9]
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1) =9 A2 2] DNA
19473 Mandel7} Metais7} AT} 4 oj|A] DNAS = éﬁ} a1, Strouni} Ankeri= A1E- ZE0Fof|A] o] A|3E-8-E] DNA
7} Aolof A3 Q= AMLS BT (Stroun e 1977; Stroun et al. 2000). 1977\d Leon 52 o} u|A||gt

FO| Alx 2] DNAZ} bAoA Aok AHdS EJ—OP t}. 1996 Chen 53} Nawroz %% AAte] A
HALol| A tumor specific DNA sequenceS BHASIGTE o] R1E5L 7] A& oA 92 4 o= A 2] DNA
o E% 4218 SIS 40 S718) 2} 5L Ak 5 A4S WA 55 DA
DNA2] E4, specific oncogene 2 tumor suppressor genel] ZA), ras -8-Z2}2] point mutationo]] ThafA] X115} ch
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2) 94l Abme] @4 9 @A) elo} DNA

Lo 52 0o Au2 Ast1 o] oL T4 =} w2 AAsls glofet guto] Rokul AZo] v|Zalm
4t o] ol ol = efjolt Rt} T DNAZF EAHA] RErh= A WAA e o] 2gh shdke] A3t

o]
2A9 AT Ao A] Ejol DNAZF 2R gHS- 1997d =22 R sH T Ejof DNAE of A9l Atktof &R 4=
8= Y-specific DNAZ} male fetusS QJAIGE AF o] ol oA HESEo2n =19

A &7 9 Aol EAh= feral DNAS dWHA o2 HESH | A2 AARE AT Sdaa 244 (real time
quantitative polymerase chain reaction)2] 7|2ko]] QJ3jA 71513t} (Fig. 1). A Q] &8ta A B AAHo| 33} 5° 2] primerE:
A zZ5}o] gelo]| A 9] electrophoresisS L Q & 3131, T3 2% =, DNALU RNAZ} £A5=X]E &0l5l= AANITHY,
real time PCR-S primero]] &2 I probeE H7}5lo] A5 9F2 24T 4~ 2 B o2} amplified product?] gel
transfer, radioactivity 2 phosphorimaging2- D Q 2 3}A] o= AA-L ZH=t} (Lo et al. 1997; 1998b).

wR|e] Wol o] ZASHE o} DNAS] ok B WAl wheh o7k chE XYk Table 19} 20 2, 2l4le] wet
Zobstul, @M @] o Fioka, AhAOER e We oolm, Myl Fol F2shA Albt (o e al
1998b; Lee et al. 2001; Lee et al. 2002; Lo et al. 1999¢c).

Amplification - EL -12-05-00(2)
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r——Threshold Cycle Calculation
Threshold
Use Thrashold:[_oos ] Ct Std Dev |
Mult. = Stadev:[ 100 ][ o007 1] FAM - B1 =1.488 o.001
Omit Thrashola:[_ 20 ] LoFAM =BS 24.019 0.001
Baseline FAM - B3 26.310 ©.001
I Srarc: | 3 ] step:] 18 | I FAM - B4 29.468 0.001
FAM - B6 3G.a38 0.001

Fig. 1. Real time PCR is efficient because product amplication and detection steps are combined with optical system.
Table 1. The amount of fetal DNA in maternal plasma

mean concentration of fetal DNA

serum plasma
early pregnancy (11—17 weeks) 0.13% 3.4%
late pregnancy (37—43 weeks) 1.0% 6.2%

(Lo et al. Am J Hum Genetics 1998)
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3) Elo} DNAE o|T23E 2&7]?

Lo -5~ Taq polymerase©] 5°-3* exonuclease ZHJ=E o]-§dhe HARE A Tohas B4Rl 23 Hof DNAS
;Pojl J < 2A @43 godof o} DNAYF thaf EAehS HLAlslltt Feral DNAS] of2 dAlx7|ol=

Y
OF 34%, QAIF7Iol OF 2% WL o] ZABAI, B vls) Bl o WS ol Ugiek YA F A
oo ﬁ}o}— dobHIESE OF 1 mio] mAE o 1ok ke uf g g oFe] elol DNAZH 4TS &
% olek. Hgol =AWl o Sl et HZ7} ot DNAS] 719l Gource)ol ek AYzislsich A BAH2]

DNA= A|SZAL (cell death) ] marker2}al A= 217] wiizoll, B2 A7ARS0] KA Follof| =esh= Bjot Al27} &A)
of WeiAo] olaf shul7} =3, o] F thol DNAZH WEEch A2stelrh. QAZEEZolL} Bot Ao 4T} e
QA oI 2] Bolhel Hfot K} tlo} DNAZ B Z71517] WHEo), Zhong 58 WobE QAT A4 4t
w2} ofe] 71A] HIAF Ake] HOLE ol Hlof ME] -9} tlo} DNA Qo] AEIAS ZASIAC elot Alze)
4= X9} Y E9] probeE 7}X| 21 FISH (fluorescent in situ hybridization) & ©]-25}o] &3¢t =2 Aa} A eAlo|A
Ejot A|222] 4=ef Bfjo} DNAS| F7hof| AiA7E filen, dAS=Zolu 271365 7 Ak o) Ak A=
o DNA 7]l AR} G150tk B8], 27120 TBoA thol AlES] Z7H= §liAlah eol DNAY] oFe 23]
Z7Vsto] glo} Al Q] =9} o} DNA= ARGaA7F A g%t} (Zhong et al. 2000a; 2000b). XL Guibert 52 ART
(Assisted Reproductive Technology)o]] ]3] JAlo] = AL O] &HalofA] Hljo}o]A] (embryo transfer) &= 18UHE E|o}<Q]
DNAZ} ¥ ES HAlsklal, oA A7 4.2 Bjof DNAZF ZE WA 242 ThE BjopA| 25 H = gyl A
Frefet o AAIEY} IHES Holg= Aolqltk R, Bjof DNAE & B|3sto] Bianchi et al. 2001), AF
0] oyl 420 2, A20) SOOI WSO, Sfoh AAEE 2 OIS TP mof e
(Botezatu et al. 2000). TSR, A1l T A SN EA5H= Bfjor DNAE HiF BiRte 25 7|dshglal, it
Hoz ool ZHRAE 52| aporosist} Hfolite] 47 olFol eJa 71Uet % Ak

4) YA} AL (Clinical Application)

w21 HA ST 4= o= Bol DNAE Egh 561 EAstER Qro 2 v|354 AP ziche] uf9- §-851
AHEE 4= QlTH(Farina et al. 2002).

4—1) EHOFAZHH (Gender detection)of| 2sh AZIAL
oM, WO ALY BAIY Dol ot 22 X QA A4 Aol A linkage
XA Hote B8 @ BFHE O|8T 4 2tk AN AT FURANEUE o185 YA 50l Ae)

=
100%) 4 A& ZAASE 2> QJr} (Honda et al. 2002).

4—2) Fetal aneuploidy

GeERTE VIR QU oL 27lo] NEE 4 Y WES o WAl T2 Lo 53} HAEo
Bianchi 52> YAI57]0l| the-g9wS FAIRE AR} B4 Eiols dAIRE AR o] Aol EAsH= Efjol DNAS] F=
ZA3sto] sttt Lo 52 k& 6.0 genome equivalents (GE)/ml, A} gjjo}of| 4] 23.3 GE/ml, Bianchi =&
48.2 GE/ml2} 16,3 GE/ml-S B 115}0] Tho-=5 o] 4] o] DNAZF Abwo] Bt Al of 2u) 7}k o] o] ZEAjshe:

12af

o|N ﬂlO
o

o M
=2
X
"N
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w5tk

E3, Banchi 52 9413710 TeF L ARUARR AW Qudnple et 51 B APH B AT o
o DNAS ol 1199 EETE AolS AU URE ez s %L% el oes
oflafe} Abwe] QAaIFSot B A A1 5L
DNAS) 942 Z4ejo] HImT) 5) cHF e B2 412 GRlmlolsh, B B 20 GE/mlm TheEE

TILEOIA PEEo] 0.005 o3k 2]Q]9lA F7IE S BT o]F AR Al F7lo] Atre] Aol A Aldeh=
&=t AHAARR] quadruple test (AFP, uE3, hCG, inhibin A)2} o] Z Aol AL & X ol A Efo} DNA_—] oFS A7}
5198 1) 2bztol A Aehes Hol SeE T 27 AREE vl AEsic swel APIES TANZS 1,
oF 5%2] Zehgo] S5k KA th81%olA 86%=). ko2 diqt A5 Fal 9o9ls As dg 4 Hot

Td

AARA| oA 7] A A AALZEA] o} DNAZF £Q31F 932 3 4= 9] A o|t} (Bianchi et al. 2002; Bianchi
et al 1997; Chen et al. 2000; Frendo et al; 2000; Lo et al. 1999a; Ohashi et al. 2001; Zhong et al. 2001). 71 2]o]| trisomy
183} 139f tfjgt B il% It} (Wataganara et al. 2003).

W2 A GAEET] S 7R AT A Aol Bis) oF Sull g2 Ejol DNAS 7 3L Qa5 HaTsed
TK381 GE/ml, 76 GE/ml). T3}, Lo 5= Bjo} DNAZ} YAlIS55-2] S| Y] Hof| oju] S7hE o] Qlg2 Hil
skof, Bjol DNAE o]&3t dils=5 =71 T 7FeAd= AAEE BF v 2| Levined} Bianchi 52 NICHD
(National Institute of Child Health and Human Development)2] X< 3}of tt IS X351t Al 225 Hof 2 of
% e, 3903 25 ofF Al AE 5ol ofel DNAS| o4 Ssiaiek 2 2k 9l el 2212 o
Fm0) S4o] Uehlr] 35780l A4 A Sl w3 JAIFEFS 71 Akm el vlo} DNAZ} ole] gl F7Fohe
A Ak & T =F *JEOMW 2 Aol A Hjo} DNAZE F71shH, o] & o83t dAle=%
Z7] AHES Qs AEHAAE e = ¢logg; A= tiAllarire et al. 2000; Diesch et al. 2006; Holzgreve et al.
1998; Holzgreve et al. 1999; Lo et al. 1999b).

», o
_mIOJ

N

4-4) CtE2 UM SHHZE (other complication of pregnancy)

o] 2o o} DNAS] 92 %7| X=(Bauer et al. 2006; Farina et al. 2005; Leung et al. 1998), ZAX|eljdt & Al & %
AHEO|A I 019] Q= S HAAT olHdt Aibe Ak @ 9l dAo EA5h= Bjof DNAZE Efjitofl A H]
g Zoleke e AR ofulsiy, o] & YAl F Ak TS 7)ol Adtshe dl -85k ARgE =
7).

4-5) HHAFMX} 2=t (Single gene disorders)

Rh ) £ oh4o] Rh () 94 WA} Q1415 .90l 4kmo) Ao 743 sofe] Bh ) $888 A A&
T Utk oS E01, Rh (D) 0] A D (sequence)e A| 25t Ao PHofl o] HHE| {75 Eelsto] Rh (D) F-312t
7} ¢ithd glo}rF Rh (D) SA40|BE ¢ o]Ake] AHAAF a7 A E= Ao]t} (Faas et al. 1998; Bischoff FZ et al.
1999; Finning et al. 2002). S-2ojA= A Am o] Ao ZA51= ejo} DNAS o]&35}o] v|2|<&5Z| 0] v o2 glo}
Rh D)9] F4% & HEshe] A" o]-stal Qlrk o] £fof FAlle| G5 (DMD), 9155 (myotonic dystrophy),
achondroplasia, congenital adrenal hyperplasia 5 TrL-Q- A2} 2 Stof| Al o] dolof| £A) 3= gjo} DNAS 0|83t AHA
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ek WHo| B 1131 Q)T} (Amicucci et al. 2000; Chiu et al. 2002; Lajic et al. 1998; Li et al. 2007; New et al. 2001; Rijnders
et al. 2001; Saito et al. 2000).

5) o} DNAS] 3HAA (Limitation of clinical application using fetal DNA)

BRSO chh A4 A g0l 7R3 elol DNAL vh$ -85} o 3 e A 1S 71 Aoltk
T, @AHA) oI Gl eo DNAS] okg ZASH: He Y AMAle] Sold AdE olgstu glons

o] efolh Holal 290l 48 ZFselohe BARS AT ek ol F efobe] Aol Fakat mukere] Aol
& A|Fsick A A DNA tha]A] (autosomal DNA polymorphism), DNA W] 213} (fetal epigenetic marker), “12] 31 Ejgt
of EAsh= FARbollA HEE mRNAS) F2 o] g3t A57F AR Y Fol

5—1) Epigenetic marker

A 2] Y-specific 74 b= male ferusof| ATE #]-8-%= DNAS|7| ool 2= Bjolof 28 7Fsqt markero] ko]
A5 o] Itk 2L, epigenetic markerZ50] HA1E|31 1=, EfHto]A|= hypomethylation®|o] Q111, = Effo}2] DNA=
hypomethylation=] 6] Q] 31, AFRLO] Af|3E= hypermethylationE]©] )= maspin (SERPINBS)¢|| T3t H 117} Q19 o, 2174 5]
Hit o] RASSF1A tumor suppressor gene2 73-9= Euly} efo} DNAO| A= hypermethylationE]o] Q)31, AFHQ] A|Z =
hypomethylation=]o] Qloj A o]& 0|85t Ato| o]-8&]3l @t} (Bianchi 2006; Chan et al. 2006; Chim et al. 2005; Chiu
et al. 2007; Lo et al. 2007; Lun et al. 2007; Tong et al. 2006; Tong et al. 2006a).

5—-2) EHO} RNA

2000 Chen 58§11} 1] 2o o] AZ52] RNAZ} 2453 18l 71 o thet Wi Se] ol
B 315t} (Chen et al. 2000; Dasi et al. 2001; Kopreski et al. 1999; Silva et al. 2001). RNA= DNA9]| H|3}| Z-& 223
287 Heh Bjol DNAE= A 02 WA|eF jofr} 152 genomic DNA A A FojlA 1/28 373kl RUth= FollA]
HAE 2=tk S Y ANA S ol FARTE FAE ot ATt EAsh= DNAE o|-8a wjvto] 7hssitk 21
2L}, Bjot RNA= o] 23t Effo} DNAS] HAIE =52 4= Qlth 20001 Poon -2 |22 Efjo} mRNAZ] Akut o] H7to]
TARS B 5kl 20021 Tsui 52 BfjOoF mRNAZE vl Q17 & 7] (stable) EAHZITIAL g3}t 20031 Ng 52
Ejdlol| ZR3= Eo| §7 R}, hCG (human chorionic gonadotropin)@} hPL (human placental lactogen)@] mRNAZS Ak o] &
o 2RE FESIN, EJF T2 §f Ng 5= AHLS] oA FAluA FH| T = (corticotropin releasing hormone)
locus ] mRNAS FE3fe] 414 T Amo] 4K Albho] o] §3te] Abm BAo] ZASHE Ho} RNAZ olAlol
Agatels ARE STk o] T, Bolo] Solah A el 2L el e (plcenral pacholgy) & 27]0] kel
g Qojix & TS T Ao|th (Gross et al. 2002; Halicka et al. 2000; Hasselmann et al. 2000; Ng et al. 2002; Poon
et al. 2000; Rainen et al. 2002; Reider et al. 2001; Tsui et al. 2002). Z|ZL Tsui 5 (2004)-2 microarray S ©]-2-5}09 placental
specific mRNA trascripts S @31 50] YAl 5o 50]3t mRNA sequenceS ©]-§3H 4l 5o 27] Ad2 Al
Sl= trial S A|A|SFRTE (Fig. 2, Tsui et al. 2004). 2007 Lo 52 Nature in medicine®]] G| aneuploidy 2] AFH Zho|
9014 Abwo| Baol] ZASHE Hlot RNAS] HlelB Hl 8-S o] 85 RNASNPS o 85+ Aek WS 1 u5heirkrg
3, Lo et al. 2007).
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Placental fissues | | Maternal whole blood ‘
I Il
Oligonucleotide microarray
[

Transcripts expressed \/
in placentadl tissues

Transcripts expressed
in maternal whole blood

Real time quantitative RT-PCR
Fetal specific markers
n r‘nofemcli pIOSmG

d Mormal tetus Fetus with trisony 21

Transcribed SNP

locus on A ARG ABA BG
chromosome 21
{} T ipti Il T ipt
b ranscription v ranscription
RMA O, Ao~
axprassed Ao~ m
T pleaenia e~ B~
A~ Ao
M
Deviation in
ANA-SNP
allelic ratio

{/L. Release into I Release into
maternal circulation v maternal circulation

c

Circulating A

placental ANA in o~ B~

maternal plasma

M/
A~

Deviation in
RNA-SNP
allelic ratio

Fig. 2. Outline of the strategy used for the systematic
identification of pregnancy specific placental expressed
mRBNA markers in maternal plasma. Paired p; acental
tissues and maternal whole blood samples are collected
and subjected to oligonucleotide micro—array analysis.
Transcripts with increased expression in the placental
tissues relative to whole blood are selected and their
detectability in maternal plasma and pregnancy specificity
are evaluated by QRT—PCR on maternal plasma (Tsui
et al. J Med Genet. 2004).

Fig. 3. Schematic of the RNA—SNP allelic ration strategy
for noninvasive detection of fetal trisomy 21 through
maternal plasma analysis by the relative quantification
of alleles of placenta—expressed transcripts lo ated on
chromosome 21. a) Normal and trisomy 21 fetuses
heterozygous at the transcribed SNP locus of PLAC4. The
fetus with trisomy 21 has an extra copy of the gene. “A”
and “G” denote the respective alleles of the transcribed
SNP. b) The gene is expressed in placental tissues and the
resultant transcripts are allelic with respect to the SNP. The
ratio of the two RNA alleles in a trisomy 21 placenta is
expected to deviate from that of a normal placenta, as a
result of the expression of an extra copy of the gene. c¢)
The RNA transcripts are released into maternal blood and
their relative abundance is reflective of that in the placenta.
Thus, the plasma ratio of the two RNA alleles in a trisomy
21 pregnancy is expected to deviate from that of a normal
pregnancy.
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a8 E

H) 93 5L B vjol EASHE A 2l efof DNA ) RNAS 0} 83 A 421 skel 9 2180
PR3t B3], QAFES 7] A5, 7] P vt 28 PHFoIt theETR 2 MR oL 2]
G 8 RS AT ket RIS Al o188 Aol olele AYS RALOD A S
A, Bok DNAS] gfo] AA| 2 A4 RuIeh Abwe] Aokt §5S /b Alme] Yool a] thEx), Telw
o QAIA7IRE TEA el AE EHFORA F 1F I Xl Mot dio} DNAL| gk} MoM
B4, 0] Kapln-Meier A2 B4 Fate] 2 Q41 Amo] JAFEZ 9 27| 4% JPEE Fok Amst

o]0l AoF T,

A2, HZ /o] = epigenic DNA marker?} mass spectrometry (Chow et al. 2007; Ding et al. 2006; Huang et
al. 2006; Li et al. 2000)& o]&3 HE] gt tjif 2 A1} HQs5ty, o] St marker 53 YAl SS9
Fego] Fslofor aik

MRz, o] Al TS ks vRe Aot efobe] B4 fd Hlo)7h Belwof
o, 53] @ A BlolRthe ohefet fARF wol7h o] fdo] Bl ol Sl AL
ot Ak WolE SAlel EUEE = Q= microarray WS A ME -GS i
ol FolXl okt candidate FHREE] WS S-S dAl FUIEE SAs] 27] Ako| o] & o 3lo]

shul, ol el melBo] Ameloj#of deh

i
2 o e &

#il=d
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