5.EAEYOEPO EMBPYIKO DNA XTH KE®. 7/ XTOIXEIATIPOTENNHTIKOY EAEI'XOY 49
MHTPIKH KYKAOPOPIA

Eppovind hepdoritraga, eQuigoritraga not x0T-  yvoon ynolc eneppatizés texvines (Jibodu 2004,
TOQO TNG TEOGOPAACTNG VITAQYOVV OTN] LTOLXY) Torricelli & Pescucci 2001
rurhodopia rar 1 GVAAOYY) TOovg, BemwonTrd, Oa
LITOQOVOE VO EEACPAAICEL TNV TTQOYEVVINTLXY] OLA-

MEQPIMOZ IATPAKHZ

@ ZEBEAEKAKHZ

Ewkoéva 7.5. Neoyvo pe 6. Down.



KvzAho@ogia Tov eufouizmv
AUTTO0MV UEGO 0TI U1TOLK)
ZUZAOPOOL0. CVUPAIVEL OE OLES TIS
AU OCELS, 0AAA ELVOL OVVI0mC
ehdyrotn, oniaon <0,1 mL
ovvolxov oy»ov (Iatpaxng 2011).
Eumoowo otnv epaouoyn mg
uedooov VINEEE 1] TOVTOYOOVY)
OVAAOYY] EUPOVIROV 2oL UNTOLRDY
AUTTAQMV, TOV 00 progovoe vo
001 Y1) 0€L 0€ AavOaouevn oLayvmon,.
Emiong, ot untewxn »vxziodooia,
0o umogovoe vo vagyovv eupouizd
ZUTTOO00 OLTTO TTROTYOUUEVY] LU OT).

Prenatal screening
for common

aneuploidies using
cell-free DNA

Low fetal fraction
may be responsible
for up to S0 percent of
all tailures, depending
on methodology.



Fetal cells enter i the
maternal blood stream
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With non-nvasive maternal blood dra
fota cell can be analyzed for aneuploidies dete

Maternal blood vessel

Trophoblast

Maternal red blood cell

Cell-free fetal DNA (cffDNA)




KvzAho@ogia Tov eufouizmv
AUTTO0MV UEGO 0TI U1TOLK)
ZUZAOPOOL0. CVUPAIVEL OE OLES TIS
AU OCELS, 0AAA ELVOL OVVI0mC
ehdyrotn, oniaon <0,1 mL
ovvolxov oy»ov (Iatpaxng 2011).
Eumoowo otnv epaouoyn mg
uedooov VINEEE 1] TOVTOYOOVY)
OVAAOYY] EUPOVIROV 2oL UNTOLRDY
AUTTAQMV, TOV 00 progovoe vo
001 Y1) 0€L 0€ AavOaouevn oLayvmon,.
Emiong, ot untewxn »vxziodooia,
0o umogovoe vo vagyovv eupouizd
ZUTTOO00 OLTTO TTROTYOUUEVY] LU OT).

Avtifeta, T0 ehevlego
eupovizo DNA (cell free
DNA-cfDNA) uéoa oty
UNTOLA] XVXA0POQIN
OLTTOTELEL MLO. LOALVLXY)
Ty (enpouizov)
VEVETLXOU VALXOU VL0 U
EMEUPATIXY] TOOYEVVITLXN]
oLAYVMO1).



KvzAho@ogia Tov eufouizmv
AUTTO0MV UEGO 0TI U1TOLK)
ZUZAOPOOL0. CVUPAIVEL OE OLES TIS
AU OCELS, 0AAA ELVOL OVVI0mC
ehdyrotn, oniaon <0,1 mL
ovvolxov oy»ov (Iatpaxng 2011).
Eumoowo otnv epaouoyn mg
uedooov VINEEE 1] TOVTOYOOVY)
OVAAOYY] EUPOVIROV 2oL UNTOLRDY
AUTTAQMV, TOV 00 progovoe vo
001 Y1) 0€L 0€ AavOaouevn oLayvmon,.
Eniong, otn untowxn xvxziopogioa,
0o nmogovoe v vrdeyovv eufouind
ZUTTOO00 OLTTO TTROTYOUUEVY] LU OT).

To cfDNA eivol toloitego
AOTOXEQUATIOUEVO KO ROOE
TUNUO TOV QTTOTEAEITOL OLTTO
50-200 Cevyn Paoemv (To
OUVOAMZO UN%0S TOV
avlommvov yovioLouoatog
eivar >3.000.000.000 Cevyn
Paocenmv). Ta
AOTOKEQUATIOUEVO TUN T
DNA mov mpoégyovial oo
UNTEQQ ELVOLL EAOLPOA
UEYOAVTEQU OLTTO EXLELVOL TTOV
TOOEOYOVTUL OLTTO TO £UPEUo
%ol oUTO Ponbdel oTov
OLAYMOLOUO TOVG.



KvzAho@ogia Tov eufouizmv
AUTTO0MV UEGO 0TI U1TOLK)
ZUZAOPOOL0. CVUPAIVEL OE OLES TIS
AU OCELS, 0AAA ELVOL OVVI0mC
ehdyrotn, oniaon <0,1 mL
ovvolxov oy»ov (Iatpaxng 2011).
Eumoowo otnv epaouoyn mg
uedooov VINEEE 1] TOVTOYOOVY)
OVALOYY] EUPOVIROV %L NN TOLXOV
AUTTAQMV, TV 00 progovoe vo
001 Y1) 0€L 0€ AavOaouevn oLayvmon,.
Emiong, ot untewxn »vxziodooia,
0o umogovoe vo vagyovv eupouizd
ZUTTOO00 OLTTO TTROTYOUUEVY] LU OT).

Y€ EVTTAOELOLKES U1 EYHVES
yuvaires, 1o 1,3% megimov
Tov Bpavondtoyv (OM) Tou
cfDNA mpoégyovror oo tTo
yoouocouo (XM) 21 (apov
avTo mepLeEyeL 1o 1,3%
nepimov Tov avlpommvou
YOVIOLOUOTOS). XTIV VN 01,
O€ EVTTAOELOLO TS LN TEQOS
%Ol TOV Eufovov, To
OVOUEVOUEVO TTOCOGTO TOV
OM tov XM 21 mopouéver
o710 1,3%.



Kvzhopogia Tov euovinmv
AUTTO0MV UEGO 0TI U1TOLK)
ZUZAOPOOL0. CVUPAIVEL OE OLES TIS
AU OCELS, 0AAA ELVOL OVVI0mC
ehdyrotn, oniaon <0,1 mL
ovvolxov oy»ov (Iatpaxng 2011).
Eumoowo otnv epaouoyn mg
uedooov VINEEE 1] TOVTOYOOVY)
oVAAOYY] ENPOVIXOV XAl UNTOLAOY
AVTTAQMV, TOL O progovoe vo
001 Y1) 0€L 0€ AavOaouevn oLayvmon,.
Eniong, otn untowxn xvxziopogioa,
0o umogovoe vo vagyovv eupouizd
ZUTTOO00 OLTTO TTROTYOUUEVY] LU OT).

Av 1o éufpovo &er 3 XM 21,
T0 T006007T0 TV OM Tov XM
21 Oa eival ehapoa
UEYOUAVTEQO, XATL TTOV
£E0LOTATOL OLTTO TO EUPOVIXO
»hoono. Etou, yio
TOOAOELY ., OV TO £UPOVO
£xeL toroouio 21 xon to
»haouo tov fcfDNA eivou
10% , T0 vOREVONEVO
m0000T0 Tov OM tov XM Oa
givor 1,365 % .



Kvzhopogia Tov euovinmv
AUTTO0MV UEGO 0TI U1TOLK)
ZUZAOPOOL0. CVUPAIVEL OE OLES TIS
AU OCELS, 0AAA ELVOL OVVI0mC
ehdyrotn, oniaon <0,1 mL
ovvolxov oy»ov (Iatpaxng 2011).
Eumoowo otnv epaouoyn mg
uedooov VINEEE 1] TOVTOYOOVY)
oVAAOYY] ENPOVIXOV XAl UNTOLAOY
AVTTAQMV, TOL O progovoe vo
001 Y1) 0€L 0€ AavOaouevn oLayvmon,.
Eniong, otn untowxn xvxziopogioa,
0o umogovoe vo vagyovv eupouizd
ZUTTOO00 OLTTO TTROTYOUUEVY] LU OT).

Pvona, v T0 2AaoUa TOV
fcfDNA eivan peyoltego, 1
avEnon tov OM tov XM 21
Oa eivon peyoivteon, o 1
oyETIXY) aviyvevon 0o eivol
gV®0AOTEQY. AvTiOeTO, OV TO
»haouo tov fcfDNA givou
WIXQOTEQO, 1] AVEN O TOV
OM tov XM 21 Oa eivor

WX QOTEQT], KO 1] GYETLAT)
aviyvevon 0o etvon
OVOXOAOTEQT).



Since the fetus and the
placenta originate from a
single fertilized egg, they are
usually genetically identical,
but differences between the
placenta and fetus are
important sources of
discordant cfDNA test results
(eg, confined placental
mosaicism).

Me deoouévo 0tL 10 Eufovo
2Ol O TAOXOVVTOGS
TOOEQYOVTUL OLTTO TO (01O
YOVILOTOLUEVO MA.OL0,
ovvi0me, eivan yeveTiIng
TOVTOONUOL. XTIS OTNAVIES
MEQUTTMOELS, TOV TO EuPovo
Z0L O TAOXOUVVTOS OLULPEQOVV
VEVETIXA, TOL EVOT|UOTO OLTTO
TOV TAO%OUVVTO OEV O
AVTOTTOXOLVOVIOL OE ELELVA
TOV guffovov.



H u£0odoc £xer t dvvatotnra «aiiniotvyione» tov DNA zow
20T’ EMEXTOON] CLTTOXMOLLOTO 0TS TOV 0.VOQMmTVOU
YOVIOLOUOTOS, ONA. TNS WAAMAOVYIOS TOV YOVIOI®MV (CAANAOUYLON
emouevns yvevide/Next Generation Sequencing — NGS)

> Transfus Med Hemother. 2020 Feb;47(1):45-53. doi: 10.1159/000505464. Epub 2020 Jan 16.

Next Generation Sequencing-Based Fetal ABO Blood
Group Prediction by Analysis of Cell-Free DNA from
Maternal Plasma

Klaus Rieneck !, Christoffer Egeberg Hother 1, Frederik Banch Clausen ',



Prenatal
screening for
common
aneuploidies
using cell-free
DNA (Palomaki
et al. UpToDate
2022)

H ué0oooc, axoua zou
oNUEQ., OEcmPEEITAUL OGS
ue0000g screening ALOY®
TOV GTTAVIMYV
TMEQLATMOEMYV YEVOMS
Octinov ®oL YPEVOMG
ALOVI|TIXMV
OTTOTEAECUATMY
(Palomaki et al 2018).



'Eto1, o€ OL0mioTmon avevhosidiag oo To
fcfDNA, moemeL va. axoAov01oeL oerypotoiyio
YOOLAXMV AXYVOV 1] CUVIOTUOAXEVTI0T] LAL

%0 0VoTVos. Evvoeital 0t 1 ovotaon avt)
LOYVEL LOLAUTEQX VIO TIS YUVAIXES TOV O
EMEAEYOLY TEQUATLONO TIS ®KV1GNS UETA OLTTO
ePEPALIMON TNS AVEVTAOELOLOS UE T1)
oLyvmotix uédooo.



On transvaginal
ultrasonography, urine is
observed at Y weeks in the
fetal bladder, and on
transabdominal sonography,
urine is seen at 11 weeks of
gestation. During this period.
the major component of the
amniotic fluid is fetal urine. It
is hypotonic, and as the fetal
kidneys mature, they contain
increased concentrations of
urea and creatinine.

Fetal-placental cfDNA
can be detected in
maternal blood as early
as five weeks of
gestation and almost
always by 9 weeks of
gestation




H mocotnto Tovu
fcfDNA avEaveron ne
TV TR0000 TG

#®UN 01 (UTOOEL VX
VLY VEVTEL OLTTO TNV 51)
gpoonaon TNS ®UMNONG
[EK] »on oye00v
TavTo oo TV 9
EK).

Fetal-placental
cfDNA can be
detected in maternal
blood as early as five
weeks of gestation
and almost always by
9 weeks of gestation




"ET01, T0. TEQLOCOTEQQ
E0YUOTIOLO, ZAVOUY
TV EEETOON OF
r»unoes =10 EK yio
VO EENOPAMOTEL OTL
VITOLOYEL LOLETO
vhdona fcfDNA (m.y.
TovAayLotov 3 emec 4%

TOU OUVOALAOU
cfDNA).

Verifi and Verifi Plus
Prenatal Tests safely
and noninvasively
screen for the most
common
chromosomal
aneuploidies as early
as 10 weeks gestation
using a single
maternal blood
draw.



'Etol, T0 TEQLOGOTEQQ.
E0YUOTIOLO, ZALVOUY
TNV EEETOLON OF
r»unoes =210 EK vio
VO, EENOPOUALOTEL OTL
VITOLOYEL LOLETO
rvhdono fcfDNA (7.
TOVAQYLOTOV 3 £0¢ 4%

TOU GUVOAMAOU
cfDNA).

An adequate amount of
fetal-placental cfDNA
must be present to
obtain a reliable cfDNA
screening result. In
general, a minimum of
3 to 4 percent of the
total circulating cfDNA
should be derived from
the fetal-placental unit
for successful testing.



H oyetizn ovyxrévipmon (XX)
tov fcfDNA avEdveron oyetind.
a0ya oo T 10 émg Ty 201
EK (ue efoonaotaio avEnom
0,1%) »ou yo1Nyooo. neETa TNV
20 EK ugyot o tehog s

®UN oS (e efoouaoraio
avEnon 1%). Xe vvnoeig 10-20
EK ue evmhoeowro eupovo, 1
ueon Tut tov rocootov (MTII)
tov fcfDNA givon megitov 13%,
OV UTOPEL VO PpTaoEL 0To S50 %
0710 T€A0S TS (PLOoLOAOYLXIG)

®UN 016,

Verifi and Verifi Plus

Prenatal Tests safely
and noninvasively
screen for the most
common
chromosomal
aneuploidies as early
as 10 weeks gestation
using a single
maternal blood
draw.



H oyetinn ovyréviomon  The relative
(222) Tov fcfDNA concentration of fetal
avEaverol oxetra a0yo  cfDNA increases
oo ™) 10n éog v 20 modestly (0.1 percent
EK (ue efoonaoraio per week) with
avénon 0,1%) now gestational age from
vONYooo UETA Ty 20m 10 to approximately
EK néeyou to téhog s 20 weeks and then
»ononc (ue epooncotaior  increases rapidly (1
avénon 1%). percent per week)
until term



To 100600710 AVTO EivoLl
ULXOOTEQO GE KV OELS
UETA OLTTO EEMOMUATIAT)
YOVILULOTTO101] #0LL NETA
LT YO CLUOTTOLN o)
NTARIVIS L OUNAOV
LOOLOXOV PAOOVES TOLY
oo tig 20 EK.

increasing data show that
the fetal fraction is lower
and the test failure rate is
approximately two or three
times higher for IVF
pregnancies compared with
naturally conceived
pregnancies



To 10060070 AVTO €ivoLl
ULXQOTEQO GE KV OGELS
UETA OLTTO EEMOMUATIAN)
YOVIUOTTO01] 0L NETA
LT YO CLUOTTOLN o)
NTAOLVIS Y OUTAOU
LOOLUXOV PAOOVS TTOLY
oo Tig 20 EK.

Maternal plasma must
contain an adequate amount
of fetal cfDNA to obtain a
reliable test result. Several
factors can reduce the fetal
fraction, which can lead to
an assay failure (a report of
"mo result"): screening
before 10 weeks of
gestation, ...as well as
maternal use of low
molecular weight
heparin.,...



Paiveror 0T o€ Eupova It appears that the

ue ovvogono Turner xox fetal fractions in both
O€ EXELVO NE TOLOONIW trisomy 13 and

13,m HECT Tl TOV Turner syndrome are
T0000TOV TOV fcfDNA .
also lower than in

ELVUL YOUNAOTEQY OLTTO :
EXEIVI] TOV RV GEMV 1E euploid fetuses.
EVTAOELOLXA Eufpoua.



2€ TOUTAOELOLRA
gupova,
TOLQOTNOELTL
ECULOETLROL

YOuNA) néon
TLUT] TOV

TOO0O0O0TOV TOV

fcfDNA.

Triploid fetuses have
extremely low fetal
fractions



KE®.1/MOPIAKH & KYTTAPIKH BIOAOT'IA ZTH 'YNAIKOAOTI'TA & MAIEYTIKH 3

... VEVTTAOELOLES (OTTOV O
a0LOUog TOV YOMUOTOUATOY
0€V elval axopés
TOALOTTAQ.GLO TOV QLTTAOELOOVG),
LLE Y OLQOLXTTQOLOTIRAL
TO.QAOEYLATOL, TLC TOLOWULES

(. 21, 18, 13) 1) Lovoowuieg
(7t.y. X0/00vopouo Turner).

5n €xdoon)

ISBN: 978-618-84118-3-8
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Aneuploidy — The state of having an abnormal
number of chromosomes (axolBEgy* [PAEme
emouevny otagdveia]). An euploid human
karyotype has 46 chromosomes. Aneuploidy can
affect the entire somatic cell population, as in
trisomy 21, or it can affect a subset of cells, as in a

tumor. UpToDate 2022
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*ALALPOQETIRES EVVOLES

KE®.1/MOPIAKH & KYTTAPIKH BIOAOT'IA ZTH 'YNAIKOAOTI'TA & MAIEYTIKH

... VEVLTTAOELOLES (OTTOV 0 0 ELOUOG
TOV JOOUOCOUATMV OV EIVOL
axopéc moALaTAAGLO TOV
ATAOELO0VGS), UE Y AUQAURTNOLOTIRA
TOQOOElYLOTA, TLS TOLOWWES (TT.Y.
21,18, 13) ) povoowpieg (s.y.
X0/00vvopouo Turner).
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Polyploidy 1s a condition in which the cells
of an organism have more than one pair of
(homologous) chromosomes.

Haploid (N)

d

d 3

-

Triploid (3N)
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Diploid (2N)

Il/‘—\/‘—\

BT
-_—y >
Tetraploid (4N)
S & 4 & & & & D




0Oco avEdveron To fdoog e

U TEQOS, TOOO EANTTMVETHL TO
zhaouo Tov gupovirov cfDNA
(fetal cfDNA-fcfDNA). Avti
AVTLOTOOPMS AVAAOYY] OYECT EXEL
amo000ei ot OLdAvoNn Mo
OYETLXA 0T0.0EQNS TOGOTNTOS
fcfDNA otov ueyolvtego 0y»o

UM TOLX OV TAAGUOTOS TMV
TOYVOUOAMV YUVELXOV KO,
EMONG, 0€ AVENON TNG
OUYZEVIOMOIS TOU UTTOLXOU
cfDNA %0.0m¢ To faoos g
UNTEQUS CVEAVETOL (EVOELOUEVMIG,
AOYO YOOVIUS PAEYHOVIG

Patients weighing over 81
kg can be informed that
their chance of having an
initial cfDNA test failure is
three or four times higher
than lower weight patients.
Even if the test is successful,
the chance of a false-
negative result is also
higher. Both of these
limitations are due to lower
fetal fraction. UpToDate
2022



000 ovEdveron To faoog e
UNTEQUS, TOGO EAATTMVETUL TO
zAhdoua Tov gufouirov cfDNA
(fetal cfDNA-fcfDNA). Avtn n
AVTLOTOOPMS AVAAOYY] OYECT EXEL
a0000¢&l 0tn dLdAvon g
OYETIXA 0T0.OEQNS TOGOTN TS
fcfDNA otov nueyolvtego 0y»o

UM TOLX OV TAAGUOTOS TMV
TOYVOAOROV YUVAELXOV KL,
EMONG, O AVENON TG
CUYXEVIQMOIS TOU U TOLXOV
cfDNA »a0mg to pagog tne
UNTEQUS QVEAVETOL (EVOEYOUEVMG,
AOY® YOOVLOS PAEYHOVI]S)

The increase in
maternally derived
cfDNA 1n patients
with obesity may also
be due to chronic

inflammation. UpToDate
2022



Xa0arTNOLOTLAA, YOUNAN
OYETLXT] CVYZEVTIOMOT) (XX)
PoEOnxe uovo oto 0,2% TV
Yuvoixov pagovs <60 kg evo
o€ yvvaixres paoovs >110 kg,
younin XX foednxe oc
>10% TV TE- QUTTMOEDY
(Canick et al 2013). [Tpoc To
OOV, OV ExEL EMTEVYOEL 1)
axoLp1c nadnuotixn
0L000mon Tov
ATTOTEAEOUATOS AVAAOYO NE
10 PAEOS TS UNTEQULS.

...the laboratory is not
able to mathematically
adjust the result to
correct for maternal
weight. UpToDate 2022



Y& ®00e meQiTTMON), TOETTEL
VO YIVEL 0OOTI] GVALOYT] #OuL
GUAAEN TOV OEIYMOTOS NE

20 TdAAnAN otabepomoinon
tov DNA. Mnropetl va
yonoLnoTot0sei £vag eEL0Lr0g
ocmAnvag oviioyns DNA via
™ o6T0.0€00T0IN 0N TOV
OEIYNOTOS YLOL UEYOL S5
Nnuépes o epuoxgaoio
OMUOTIOV (YWEis vo YuyOel
1 vo oToPuy0el nexol tnv
egeroon). I 2 B

A special 2
c¢fDNA %ﬁ

collection tube e
that stabilizes
the sample for
up to five days
at room
temperature
can be used.
These tubes
should not be
refrigerated or
frozen.
UpToDate
2022
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Evalloxtiznd, 1o Oeiyuo
WTOQEL VO GUALEYEL OE
COMVO HE NOP EmMrAAvun,
(EDTA) #ou vo
Quyoxrevion0ei uéoa otis
gmoneves 6 mpes. To mhdouna
OV TPOHLVTTTEL UE CVTOV TOV
TOOTTO WITOPEL VL OLCL-
™on0el otalepo o¢
Oeouorpaoia -80°C
(Palomaki et al 2018).

The sample could be
collected in a purple top
(EDTA) tube and
centrifuged within six
hours; the resulting
plasma is stable with -
380°C freezer storage.
/V/p’

...-.- _
oy
y\ |
A K St N

J
oi'R
Non-Irxasive Prenatal Testi

////




LNUELOVETOL OTL OXOUA KOLL
EVOS MXO0S 0 otOuog
eEXOUMOOEVTOY AsvroY
CLULOCPULOIMYV ATTO TO aipo
™S UNteEQOs Oa mporaieoer
UEYOAM] «0OALMG]» TOV
OElynatog.

...a small number of
degraded white
blood cells from the
mother's blood will
greatly reduce the
fetal fraction.
UpToDate 2022



O cwAnveg TOETEL VO, EYOVY
ETOLORT] TOGOTNTA YL
£EETOLON OLOTL, OE OvTiOETY
MEQLTTMON), WTOOEL VA UV
elvan OvvaTi] 1 ATAVTINoN
TOV E0Y0.0TIOI0V AOY®
AVETOLOXOVS TTOGOTITOS
fcfDNA. Evosixtird, To
£0YUOTIOLO WITOQEL VO UN)
OEYTEL «<ULOOYENATOVS>
coives. I 9

An incomplete
sample draw (eg,
half-filled tubes)
may be rejected by
the laboratory or
may result in a 3
higher likelihood of
test failure due to
insufficient plasma
volume for testing
of fetal cIDNA.
UpToDate 2022




. Dr. Fritz Fuchs
% was an
" obstetrician and

gynecologist
who, along with
his colleague,
Povl Riis, was
the first to use
amniocentesis

. for detecting the
sex of a fetus in
" Demark in
1955.

Since the 1960s, there
have been numerous
attempts to use fetal
nucleated cells that
have entered 1nto
maternal blood for
prenatal testing.
However, the rarity of
such cells has impeded
this approach from
becoming a clinical
reality.



Dr. Fritz Fuchs
was an

i{ © obstetrician and

gynecologist
who, along with
his colleague,
Povl Riis, was
the first to use
amniocentesis

. for detecting the
. sex of a fetus in

Y I Demark in

1955.

Screen for:

Fetal sex aneuploidies
Available Optional Add-On
Offerings Include:

Sex chromosome
aneuploidies

-Monosomy X (Turner syndrome)
-XXX (Triple X)
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Dr. Fritz Fuchs
was an
obstetrician and
gynecologist
who, along with
his colleague,
Povl Riis, was
the first to use
amniocentesis

. for detecting the

| sex of a fetus in

Demark in
1955.

Screen for:

Fetal sex aneuploidies

Available Optional Add-On
Offerings Include:

Sex chromosome

aneuploidies

-Monosomy X (Turner syndrome)
-XXX (Triple X)

-XXY (Klinefelter syndrome)
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Dr. Fritz Fuchs

., was an
% obstetrician and
" gynecologist

who, along with
his colleague,
Povl Riis, was
the first to use
amniocentesis
for detecting the
' sex of a fetus in
' Demark in

I 1955

Screen for:

Fetal sex aneuploidies

Available Optional Add-On
Offerings Include:

Sex chromosome aneuploidies
-Monosomy X (Turner syndrome)
-XXX (Triple X)

-XXY (Klinefelter syndrome)
-XYY
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Dr. Fritz Fuchs

« Was an

- obstetrician and

1" gynecologist

who, along with
his colleague,
Povl Riis, was
the first to use
amniocentesis
for detecting the
|| sex of a fetus in
' Demark in

{IF 1955.

cfDNA

For disorders where
definitive diagnosis 1s
unlikely to affect
continuation of pregnancy
Or pregnancy management
(eg, sex chromosome
aneuploidy), the parental
choice to delay diagnostic
testing until after delivery,
or even later, 1s also
reasonable.




NATURE  February 18, 1956

Antenatal Sex Determination

For thousands of years people have had a desire

to know the sex of an expected child, Many methods
have been fried for antenafal sex determination ;

but even modern ones, based upon scientific hypo-
theses, have failed to receive sufficient confirmation
for general acceptance.

Although transabdominal puncture of the uterus
has heen carried out often for therapeutic and experi-
mental reasons without accidents, mere curiosity
does not justify the procedure, and its practical value
i probably limited in the human, If the results are
confirmed in animals, however, it might become of
great significance in veterinary practice,

Friz Fuoms Povy Rus

Because cell-free tumor DNA
has been detected in the
plasma of patients with
cancer, and because there are
similarities between a tumor
and the placenta implanted and
growing inside the uterus, our
research group found cell-free
fetal DNA in the plasma and

serum of pregnant women

Discovery of Cell-Free Fetal DNA in Mater-
nal Blood and Development of Noninvasive
Prenatal Testing

2022 Lasker-DeBakey Clinical Medical Re-
search Award

Y. M. Dennis Lo, DM, DPhil!
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H eméuPoaon yivetal
UETOED TN 151¢ ot 17m¢
epoouaoac Tne #Lnone,
®OL O€ QUTT TNV NALKLOL
®UNONG, TO AUVIOKO VYQO
TOLQEYEL TO HATAAANAO
VALKO YL
KUTTAQOYEVETIREC,
Broymuxéeg »al

VOV UATINES EEETAOELG
TOV EUPLOov.
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 ctDNA

DI1SES

approximately 11 to
13 percent of the total
cfDNA 1n the
maternal circulation
in the late first and
early second
trimesters when
prenatal screening 1s
typically performed



the amniotic fluid
contains more

than 200,000
cells/mL at 16
weeks of
gestation

The relative
concentration of fetal
cfDNA 1ncreases
modestly (0.1 percent
per week) with
gestational age from 10
to approximately 20
weeks and then
increases rapidly (1
percent per week) until
term



H AK otnv mpd&En yivetow nal o€
UeYOADTEQES MALriES RUMNONC (EWC TIG
20 efoouadoeg, N arouc.
UETOYEVEOTEQA!). ZNUELVETOL OTL 1)
AK etval ety amo tig 11
gfoouaoes T xvnons, aAAA M
emEUPoon cvotnvetTon otig 15-17
efoonadec. Etot, av ot givon
TEYVIAA OVVATO 1
CLUVLIOTILOUXEVTN 1] VO YIVEL OE
ULXQOTEQES NMKIES ®UN OGS, AVTO
VEVIAQ OLTTOPEVYETUL OLOTL OYETICETOU
UE UEYOAAVTEQT] OLYVOTITO AITTOTUYIOS
TS ZUTTOOLXNG XAAMEQYELOS KO
UeYaATEQN OVYVOTNTA ALTTOPOAMV
ROL VEOYVIRNG OLVOTTVEVOTIRTG
ovoyepeltag (Baker 2006).

The fetal fraction is
substantially lower
prior to 10 weeks of
gestation, so most
laboratories require
that patients wait until
at least 10 weeks of

gestation to help ensure
an adequate fetal fraction
for testing.



Only a small number of
the floating cells
(average 4 cells/mL of
fluid) are capable of
attaching to a culture
substrate and yielding
colonies. Cells derived
from amniotic fluid
before 15 weeks and at
24 to 32 weeks show a
significant decline in
cloning efficiency

Appropriate sample
collection and
fragmented ctDNA
stabilization are
important to preserve the
fetal fraction since a
small number of
degraded white blood
cells from the mother's
blood will greatly
reduce the fetal
fraction.



2707o¢ TN AK elvow n Anym
EUPOVIRMV HVTTAQWV TTOU
ATTOPOALOMVOVTUL OLTTO T
OLAPOOU CUOTINATO TOU
gupovov (ovpoToTIXO,
VO.OTQEVIEQLXO,
ALVOTIVEVOTLXO), TO OEOUA TOV
1AL TO AUVIO (EUPOVIANG
TTPOEAEVONG).

Circulating
ctDNA 1s
derived from
both the
mother and
the fetal-
placental unit



Testing

Indications:

-Advanced maternal
age (> 35 years)
-Positive serum screen
-Abnormal ultrasound
-History suggestive of
increased risk for the
specified chromosome
aneuploidies

-Low risk/maternal
anxtety-(?)

2022 Illumina

Testing Indications:
-Advanced maternal
age (> 35 years)
-Positive serum screen
-Abnormal ultrasound
-History suggestive of
increased risk for the
specified chromosome
aneuploidies

-Low risk/maternal
anxiety



To apviano vypo WToEl va
YONOLUOTTOLNOEL YLOL fLoynuno 1
evCuuoTiro Eleyyo Tov eupovov. Ta
eUPOVINA HVTTOQO TOU OLUVLOKOU
VYQOU ROAMEQYOVVTOL O€ RATAAANAO
VAKO now 0XOMOVOEL O YO WUOCWULROG
ELEYYOC TV EUPQUIRMV HUTTAQWYV KO
0 €heyy0oc Tov euPouinot DNA. Ot
QTTOLVTTOELS TOV YOWUOOMWLUKOU
EAEYYOV AVAUEVOVTOL O YOOVIXO
OLA.OTN U TTOV OVVNOWS VTTEQPALVEL TIS
7 NuUEEES, AOYw TNG POAOEINS
AVATTTUENC TMWV HVTTAQWYV OTO
ROAMEQYNTINO VALKO.

cfDNA: five to
seven days
from sample
collection to
receipt of final

report.
UpToDate
2022



H pehétn tTov ®uTTtdomVv TOU OUVIOHROU
VYQOU YLOL EAEYYO YOWUOOM UKDV
AVOUOADYV ROL O ELEYY OGS OVYYEVDV
OLOTAQAY MV TOU UETAPOALOUOU
ROTOAYOVV ONUEQTD. O OELOTILOTY)
OLdyvowon oyeoov oto 100% twv
neputtdoewv. I'evind, n amotuyio otV
ROAMEQYELOL TV HVTTAQWV ElVOL RATW ATTO
1%. Ze entéleon FISH (Fluorescence In
Situ Hybridization) 1) (QF)PCR
(Quantitative Fluorescent Polymerase
Chain Reaction) oto vAL®O 7OV
AauPdvetat, oL oTTOVINOELS ECVaL TTOAD
YONYOQOTEQX OLOOECLUES (OTIS ETOUEVES
>24 moeg [rapid]). 'Eva oo ta
ueyahivtepa puetovextnuoto s AK tou
O€VTEQOV TOLUN VOV ElVaL OTL TO
QITOTEAEC UL TNG OQLOTIXUNG OLAYVWONG ELVOLL
ovviOwc olaBéoLuo petd tnv 17-18n
gpoouaoa Tng ®HMoNC.

Overall turnaround
time 1s slightly longer
for ctDNA (five to
seven days from
sample collection to
receipt of final report)
than for serum
biochemical marker
screening (one to
three days).



Cases of trisomy 21, 18, 13, triploidies, double
trisomies as well as X and Y aneuploidies were
correctly diagnosed.

Rapid prenatal diagnosisjof common chromosome
aneuploidies by QF -PCR. Assessment on 18 000

consecutive clinical samples @

V. Cirigliano ™, G. Voglino, M.P. Canadas, A. Marongiu, M. Ejarque, E. Ordonez, A. Plaja,
M. Massobrio, T. Todros, C. Fuster ... Show more

Molecular Human Reproduction,Volume 10, Issue 11, November 2004, Pages 839-846,



Rapid test: A rapid test looks for abnormalities on (Qverall turnaround
specific chromosomes. This test 1s almost 100%
accurate. A rapid test can identify some

chromosomal conditions that cause physical and for ctDNA (five to

mental abnormalities. These are: seven days from

sample collection to
Down's syndrome: extra chromosome 21 . ¢
Edward's syndrome: extra chromosome 18 e e D OT )
Patau's syndrome: extra chromosome 13 than for serum

biochemical marker
screening (one to
ES— NCBI thl‘ee daYS).

The National Center for Biotechnology

Information
An official website of the United States government

IL.ast Update: September 9, 2022.

time 1s slightly longer




Rapid test: A rapid test looks for abnormalities on
specific chromosomes. This test 1s almost 100 %
accurate. A rapid test can identify some
chromosomal conditions that cause physical and
mental abnormalities. These are:

Down's syndrome: extra chromosome 21
Edward's syndrome: extra chromosome 18
Patau's syndrome: extra chromosome 13

NCBI
The National Center for Biotechnology

Information
An official website of the United States government

IL.ast Update: September 9, 2022.

Trisomy 21, 18, and

13 — cfDNA 1s the most
sensitive screening
option for these
aneuploidies. UpToDate
2022

Verifi Prenatal Test

Screens for:

Trisomy 21 (Down syndrome)
Trisomy 18 (Edwards syndrome)
Trisomy 13 (Patau syndrome)



Rapid test: A rapid test looks for abnormalities on ctDNA

specific chromosomes. This test 1s almost 100 % Trisomy 71 —
accurate. A rapid test can identify some

chromosomal conditions that cause physical and DR 99.5 %

mental abnormalities. These are:
To verifi® aviyvevel totoopnio (t.) 21,

. 1.18,7.13,1.9, 1. 16, povoowuia X, T.
Down's syndrome: Tl’lSOIIly 21 X, t0 00vOpouo Klinefelter (XXY) now
™ owatapay XYY. Téhog, aviyvelel
10 PUAO (XX N XY). Ymootneiytn»e
oTL 1] EVoeONoia TOV TEOT YA TNV
aviyvevon s t. 21 now tne . 18 now
eivan >99% now <98% avtiotolyo v

NCBI 1 ELOXOTNTO TOV TEOT €lVaL >99%.

The National Center for Biotechnology

Information
An official website of the United States government

IL.ast Update: September 9, 2022.




Rapid test: A rapid test looks for abnormalities on ciDNA

specific chromosomes. This test 1s almost 100 % Trisomy 18 —
accurate. A rapid test can identify some

chromosomal conditions that cause physical and DR <98 %

mental abnormalities. These are: To verifi® aviyvevel Toromnia (T.)
21,71.18,71.13,7.9, 1. 16, pOVOOoW UL
X, T. X, T0 ovvopouo Klinefelter
(XXY) now tn ootapoyn XYY.
Téelog, aviyvetel To pUAO (XX 1)
XY). Yrootnoiytnze ot 1
gvoLodnoio Tov TEST YIOL TNV
aviyvevon te t. 21, e . 18 givou
>99% nouw <98 % avtioToLya eV M

NCBI ELOLXOTNTA TOV TEOT €lval >99%.
The National Center for Biotechnology

Edward's syndrome: ITrisomy 13

Information
An official website of the United States government

IL.ast Update: September 9, 2022.



Rapid test: A
rapid test looks
for abnormalities
on specific
chromosomes.
This test 1s

almost 100 %
accurate.

B= Nom

The National Center for Biotechnology

Information
An official website of the United States government

IL.ast Update: September 9, 2022.

cftDNA

A screen-negative result means
the fetus is at a reduced risk of
having one of the aneuploidies
in the test panel, but it does
not eliminate the possibility of
a fetus with a chromosomal
abnormality not targeted by
the screening test but
detectable with diagnostic
testing. Screen-negative
patients are not usually offered
invasive diagnostic testing.




, cfDNA
or postponed until Screen positive — Even with
ecks when the high performance of
amnioogntesis can be  ¢fDNA screening, invasive
performeds as diagnostic testing must be
analysis of offered to patients in order to
amniocytes is mere confirm the fetal karyotype.
There is some controversy
about whether an early
gestation cIDNA positive
fetal genotype rather een should be confirmed by

than the analysis of choxjonic villus sampling
placental cells (CVS)\..

definitive since 1t 1
representative ot the



e Amniocentesis

and di
testing

cftDNA

no result — There is no standard
approach. The patient has the
following options in this setting:

e Repeat the cfDNA test after
seven days

e Standard serum marker or
combined serum marker and
ultrasound screening, if not already
done.

e CVS and diagnostic testing

(karyotyping/microarray).



Rapid test: A
rapid test
looks for
abnormalities
on specific
chromosomes.
This test 1S
almost 100 %

\_ %
accurate. 507

cfDNA

Available Optional Offerings Include:
Sex chromosome aneuploidies
Monosomy X (Turner syndrome)

Q01000

Sex chromosome aneuploidies —
The cfDNA DRs for these disorders
are lower and FPR rates are higher
than for the common autosomal
trisomies. In the largest meta-
analysis that evaluated cfDNA test
performance for sex chromosome
aneuploidies, the DR for monosomy

X was >90%.



Rapid test: A
rapid test
looks for
abnormalities
on specific

chromosomes.

This test 1s

almost 100 %
accurate.

cfDNA

Available Optional Offerings Include:
Sex chromosome aneuploidies
XXX (Triple X)

Q01000

Sex chromosome aneuploidies —
The cfDNA DRs for these disorders
are lower and FPR rates are higher
than for the common autosomal
trisomies. In the largest meta-
analysis that evaluated cfDNA test
performance for sex chromosome
aneuploidies, the DR for XXX was
93%.



Rapid test: A
rapid test
looks for
abnormalities
on specific
chromosomes.
This test 1S
almost 100 %
accurate.

cfDNA

Available Optional Offerings Include:
Sex chromosome aneuploidies
XXY (Klinefelter syndrome)

Q01000

Sex chromosome aneuploidies —
The cfDNA DRs for these disorders
are lower and FPR rates are higher
than for the common autosomal
trisomies. In the largest meta-
analysis that evaluated cfDNA test
performance for sex chromosome
aneuploidies, the DR for XXY was
93%.



Rapid test: A
rapid test
looks for
abnormalities
on specific

chromosomes.

This test 1s

almost 100 %
accurate.

cfDNA

Available Optional Offerings Include:
Sex chromosome aneuploidies
XYY

Q01000

Sex chromosome aneuploidies —
The cfDNA DRs for these disorders
are lower and FPR rates are higher
than for the common autosomal
trisomies. In the largest meta-
analysis that evaluated cfDNA test
performance for sex chromosome
aneuploidies, the DR for XYY was
93%.



Chromosomal microarray analysis/avaivon
uwgoovatoytov (used for the detection of
clinically-significant microdeletions [involving

several contiguous genes] or microduplications (too

small to be detected by light microscopy), with a

high sensitivity for submicroscopic aberrations/single

gene disorders will not be identified using this

technology) can detect chromosomal abnormalities in
<2% of patients with a normal karyotype and normal

ultrasound examination findings. Chromosomal
microarray analysis (for microdeletions or
microduplications can detect chromosomal

abnormalities in approximately 6% of the fetuses with

normal karyotype and structural abnormalities on
ultrasound. Hence, all women opting for invasive
prenatal diagnostic testing should be offered

chromosomal microarray analysis (microdeletions

or microduplications). Ef— NCBI

Information

Theoretically, cfDNA can be used
to screen for genetic disorders other
than the common aneuploidies
discussed above (eg, other
aneuploidies,
microdeletions/microduplications,
single gene disorders). Currently,
none of the professional
guidelines recommend routine
expanded screening for any of
these genetic disorders. UpToDate
2022

The National Center for Biotechnology

An official website of the United States government

IL.ast Update: September 9, 2022.



Chromosomal microarray
analysis/avdAivon
uzpoovotTotov (used for
the detection of clinically-
significant microdeletions
[involving several contiguous
genes]|

Chromosome 22

A
Q(‘:2 Microdeletion

(missing genetic
material)

Theoretically, ctDNA can be used
to screen for genetic disorders
other than the common
aneuploidies discussed above (eg,
other aneuploidies,
microdeletions/microduplications,
single gene disorders). Currently,
none of the professional
guidelines recommend routine
expanded screening for any of

these genetic disorders.
UpToDate 2022




Chromosomal microarray
analysis/avdAivon
uzpoovotTotov (used for
the detection of clinically-
significant microdeletions
[involving several contiguous
genes]|

Chromosome 22

< Microdeletion
(missing genetic
material)

Several laboratories offer
screening for select
microdeletions. These
include:

22q11.2 (DiGeorge syndrome
[xowuoocwua 22),

SP (Cri-du-chat syndrome [a
variable portion of the short
arm of chromosome 5 1s
missing or deleted]),

In chromosome 15
(Angelman and Prader-Willi

syndromes)




Cen

Chr15 vV NIPA1

15q11.2

...00VOQOUOL TTOV
odelhovtal o rEA
Copy Number Variants
(CNVs) 6momc
DiGeorge, Prader
Willi/Angelman, %.A7t.

15q13.1

SNURF-SNRPN
SNORD107, 64, 108, 105A

SNORD116
IPW

SNORD115
SNORD10SB

UBE3A
ATP10A
GABRB3
GABRAS
GABRG3
OCA2

O Biallelic expression
: HERC2
@ Paternal expression - BP3 2 T
N
@ Maternal expression Qz\ Qe\
AV A R

Transcription orientation




AvarolOPTNHE TN 0eRaETIO TOV '60 OLTTO TOV
Angelman. I'to. TOMEC OERAETIES, OL YEVETIREC
avaADOELS 0€ ATouo Le ovvopouo Angelman Oev
AVOOER VLAV HATTOLOL LV UOALCL 0TV HOTOYQ AP
TOV YEVETIXOU VAM®OoV. H yaptoypoddnon tov
avOMITLVOU YOVLOLWUATOS, WOTO00, fondnoe va
avaroAvQOel puiow TOAD KrENS EXTAOMC
«OLOYQOPT» TTOV OYETICETAL UE TN LOQLOAT) OOUN
TOV Yowuoomuatoc No. 15 (Aelmovv mAnpodoptec
TNG LOQLOXTNS OOUNG, ONA. VITALQYEL HEVO OTNV
ROATAYQOPT) TOV YEVETLLOU VALKOD).






NIPAT 1s highly expressed
in neuronal tissues

NIPA2 Non-imprinted in
Prader-Willi/Angelman
syndrome

CYFIPI A large
chromosomal deletion
including this gene 1s
associated with increased
risk of schizophrenia and
epilepsy in human patients

A N Xu

Chr15

Qﬁqllz

15¢13.1

=

Biallelic expression
Paternal expression
Maternal expression
Transcription orientation

Cen

SNURF-SNRPN
SNORD107, 64, 108, 109A
SNORD116

IPW

SNORD115
SNORD10SB

UBE3A
ATP10A
GABRB3
GABRAS
GABRG3
0OCA2
HERC2

N\

\

< <



TUBGCPS high
expression 1n
cardiac and skeletal
myocytes

MKRN3 located on

chromosome
15g11.2, 1n the
critical region for
Prader—Willi

syndrome

O Biallelic expression

@ Paternal expression

@ Maternal expression
AV Transcription orientation

SNURF-SNRPN

SNORD116
IPW
SNORD115
SNORD10SB
AV UBE3A

ATP10A
GABRB3
GABRAS
GABRG3
0OCA2
HERC2

- BP3

Tel

SNORD107, 64, 108, 109A

L L
& Q‘?’\
EN NP



Prader-Willi syndrome (PWS) 1s
the most common syndromic
form of obesity and 1s caused by
absence of expression of the
paternally active genes in a
discrete region on the long arm
of chromosome 15, either due to
deletions from the paternal
chromosome or maternal
disomy. The vast majority of
cases occur sporadically.

O Biallelic expression
@ Paternal expression
@ Maternal expression

AV Transcription orientation

Cen

SNURF-SNRPN

SNORD116
IPW

SNORD115
SNORD10%58

UBE3A

ATP10A
GABRB3
GABRAS
GABRG3

Tel

SNORD107, 64, 108, 109A




CLINICAL
MANIFESTATIONS

Prenatal — Affected pregnancies
often exhibit reduced fetal
activity (later perception of
movement, historically known as
delayed quickening, as well as an
overall reduction in the vigor of
the movement)

Chr15

QISQII.Z

15013.1

O Biallelic expression
@ Paternal expression
@ Maternal expression

AV Transcription orientation

Cen

Tel

SNURF-SNRPN

SNORD116
IPW

SNORD115
SNORD10%58

UBE3A
ATP10A

SNORD107, 64, 108, 109A




Chromosomal microarray
analysis/avdAivon
uzpoovotTotov (used for
the detection of clinically-
significant microdeletions
[involving several contiguous
genes]|

Chromosome 22

< Microdeletion
(missing genetic
material)

A

7,
=
-

ctDNA testing for
microdeletions
cannot be used
alone to make
decisions about
the pregnancy;
confirmatory
diagnostic
testing is
required



Chromosomal microarray Theoretically, cfDNA can be
analysis/avaivon used to screen for genetic
mxoouoTor LV (used for the disorders other than the common

detection of clinically-significant — :
: . LB aneuploidies discussed above
microduplications (too small to be

detected by light microscopy), (eg, other aneuploidies,
Duplication mutation microdeletions/
& i microduplications, single gene
; 5 disorders). Currently, none of
N T the professional guidelines
:\: ! recommend routine expanded
T .} screening for any of these
T g genetic disorders. UpToDate

% 2022



Molecular amniotic fluid testing Theoretically, cfDNA can be

helps diagnose single-gene used to screen for genetic
conditions, including X-linked,  disorders other than the common
recessive, and dominant aneuploidies discussed above
conditions. Parental mutation (eg, other aneuploidies,

should be known betore offering microdeletions/

prenatal molecular testing (looks microduplications, single gene

for changes in genes) for a fetal  disorders). Currently, none of

diagnosis. the professional guidelines
recommend routine expanded

1/ screening for any of these

The National Center for Biotechnology g en eti C dis or d ers. UpT OD ate

Information
An official website of the United States government 2 O 2 2

IL.ast Update: September 9, 2022.



Molecular amniotic fluid testing Although Screening for

helps diagnose single-gene . .
conditions, including X-linked, Si&le gene disorders

recessive, and dominant using ctDNA 1s

conditions. Parental mutation commercially available,
should be known before offering routine clinical use

prenatal molecular testing (looks

for changes 1n genes) for a fetal remains largely

diagnosis. investigational and 1s not
currently supported by
E 1"l\jlijeBI\IIational Center for Biotechnology leading medical SOCietieS .

Information

An official website of the United States government l | p I OD at e 2022

IL.ast Update: September 9, 2022.



