Non-invasive prenatal
diagnosis from maternal blood-
finally after 20 years of research
available in clinical practice
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Tjio JH, Levan A

(1956)

The chromosome

numbers of man.
Hereditas 42:1-6

... we do not wish to generalize our present findings into a statement

that the chromosome number of man is 2n = 46, but it is hard to avoid
the conclusion that this would be the most natural explanation of our
observations.

Lejeune J, Gautier M, Turpin R (1959)
Etude des chromosomes somatiques de
neuf enfants mongoliens. Compt Rend
Acad Sci 248:1721-1722
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Maternal age distribution in Switzerland; mean = 30.4 yrs
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Invasive Prenat. Dg

.. Steady

decline
Jahr ACs| |Jahr CVS
2006 80 684| |2006 8814
2007 77 042| (2007 0278
2008 71 092| {2008 0418
2009 60 936/ (2009 9534
2010 52 690]| [2010 0378




NTscreening in Austna, Germany and Switzerdand
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Table 1. False-Positive Rate and Odds of Being Affected Given a Positive Result to Achieve an 85% Down Syndrome Detection Rate™

Screening Test (All With Maternal Age) Trimester of Pregnancy FPR, % OAPR
NT 1st 18 1:132
Double (AFP, free R-hCG) 2nd 17 13125
Triple {(AFP UE4, hCG) Ind 14 1:100
Quadruple (AFP, UE5, hCG, inhibin-A) 7nd 84 161
Combined (NT, free 3-hCG, PAPP-A) 1st 48 135
Serum integrated (PAPP-A [1st] and quadruple test [2nd]) 1st and 2nd 43 1.33
Integrated (NT, PAPP-A [1st] and quadruple test [2nd]) 1st and 2nd 08 16

distribution of maternities in England and YWales in 1996 through 1998.

AFP indicates a-fetoprotein; FPR, false-positive rate; hCG, human chorionic gonadotropin; OAPR, odds of being affected given a positive
result, PAPP-A, pregnancy-associated plasma protein A; and UE5, unconjugated estriol.

*These estimates are based on screening parameters previously usedz(derived from 3 large data sets3‘5), except for AFP6 and the age




The NEW ENGLAND JOURNAL of MEDICINE

EDITORIALS

Screening for Down’s Syndrome — Too Many Choices?
Michael T. Mennuti, M.D., and Deborah A. Driscoll, M.D.




Teaching in councelling

A Accuracy of information
A Understandable language

A Feedback about councelli
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NT-measurement: The teaching problem
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MNT deviation [mm)

T [Now 00

Lerning curve: min. n=100 examinations

9/14 reached normal distribution after 80 examinations
12/14 reached normal distribution after 100 exams
Most frequent problem: measurements too small



NT-measurement: the teaching problem
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NT-measurement: the teaching problem
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Single gene

Heart




Some associations with ANuU

- Achondroplasia - Dandy-Walker syndrome

- Beckwith-Wiedemann Syndrome - Smith-Lemli-Opitz
syndrome

- Campomelic dysplasia - VACTER association

- Thanatopheric dysplasia - Zellweger syndrome
- Roberts syndrome - Fryns syndrome

- Jeune syndrome - Arthrogryposis

- Joubert syndrome - Fanconi anemia

- Partial trisomy 19q - Long-chain 3 Hydroxyacyl- -
- Meckel-Gruber syndrome coenzyme dehydro -

Noonan syndrome genase deficiency



UNI-FRAUENKLINIK BASEL C4-2 40R OB/HERZ1

Skalas

Dynam 50dB
Persist niedr

BF hoch
2D-Opt:Tiefe
Col84% Skalal
WF mittl

PRF 4500 Hz
Fluy-Opt:V mittl

Tik 1.0 MIO0.7
Bild #425.8 cm

C4-2 40R OB/Allgemein

Tk 0.2 MI0S
Bild #338.7 cm




Tik 0.1 MIO6 27 Nov 38 Tk 0.1 MIO06

Bild #708.0 cm 16:58:05 Bild #388.0 cm

Persist niedr
BF hoch
2D-Opt:Tiefe

Persist niedr
BF hoch
ZD-Opt:Tiefe

E 27 Nov 98

Hi

Skala$s
Dynam S50dB
Persist niedr
BF hoch
2D-0Opt:Tiefe
















Non invasive prenatal testing for fetal aneuploidies

New pyramide of care?
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Nicolaides KH, et al. Noninvasive prenatal testing for fetal trisomies in a routinely screened first-trimester population. Am J Obstet Gynecol 2012;207:374.e1-6.
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Procedure risk AC or CVS = 1%




CVS: Risks

Table 17  Total fetal loss rate in four randomized studies comparing first-trimester chorionic

villus sampling with second-trimester amniocentesis

Study n Chorionic villus sampling Amniocentesis
Canadian study?! 2787 7.6% 7.1%
Danish study?!! 3079 6.3% 7.0%
Finnish study>'2 800 6.3% 6.4%
European study?!? 3248 14.0%* 9.0%

< (.01




Procedure-Related Complications of
Amniocentesis and Chorionic Villous
Sampling

A Systematic Review

Faris Mujezinovic, Mp, MSc, and Zarko Alfirevic, MD, FRCOG

OBJECTIVE: To compile a systematic review of compli- before 28 weeks and total pregnancy loss were 1.46
cations related to genetic amniocentesis and chorionic (95% ClI 0.86-2.49) and 1.25 (95% CI 1.02-1.53), re-
villus sampling (CVS) to provide benchmark data for  spectively.

counsteling and performance assessment of individual  coNCLUSION: Although the risks of pregnancy loss are
opera ors. _ b enleafe b S b Ll o Mol mndbuala bnnda b ssndne

DA .

or  CONCLUSION: Although the risks of pregnancy loss are
dat .

«t  relatively low, lack of adequate controls tends to under-
anc . . v .

w  estimate the true added risk of prenatal invasive proce-
2, dures.

“.  (Obstet Gynecol 2007:110:687-94)
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days was 0.6% (95% confidence interval [CI] 0.5-0.7),  ence of ultrasound markers of aneuploidy, or pos-

rising to 0.9% (95% Cl 0.6-1.3) for pregnancy loss  jtive Down syndrome screening tests. On average,

before 24 weeks and 1.9% (95% CI 1.4-2.5) for total

between 5% and 10% of pregnant women decide to

nreonancy loce Correenaondineg ficures for CVS were . Vo 2






esult of quantifying studies: One of every 1 Mio. cells in maternal blood is fetal

Holzgreve et al., Lancet 335, 1220-1221, 1990
-_ a0 G TP e SRR B
b0 0 o0 oV W YW ¥Yy o

13 272 DYS104
11 3

121

N22
123

Autoradiogram of a Southern hybridisation with DNA probe 27A after amplification of 222 bp Y
specific fragment

-~ - N . t ~ ¢ ™A A / “Al A 4 M " A A '
7)) M } ! t ratod ('R rnwyAr ~tc trny { I\ £ ! v oantro femala DNAYS T 1Yo ! + "Ne s
LLLDP L L INOUUCT IS 1NGICatled F U DIQQUCTS TOM N0 LINA, TIVE CONTFOIS (TeMale UINA ), TU 01U anutions ‘{

LA Temaie UINA WD corresponging amounts of agmixea maie UiNA, and one maie L_}F\-»\




Birth of

Luise Joy
Brown

July 1978

Report of

y

R. Edwards

und P. Steptoe
in The Lancet







THE LANCET Vol 343 » April 23, 1994
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Figure: Absolute enrichment of nucleated erythrocytes from
venous maternal blood at different gestatlonal ages (n=219)

Lmp = last menstrual period.



S. Hahn, R. Sant and W. Holzgreve, Molec.

Human Reproduction 4 (6), 515-521, 1998
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Figure 1. Male fetal cell identified by immunohistochemical

staining for fluorescein-conjugated anti-fetal haemoglobin (Europa,




NICHD NIFTY Study
1998 - 2003

ANIFTY - National Institute for Child
Health and Development Fetal Cell
Isolation Study.

A Large scale study (3000) cases to
determine efficacy of fetal cells for
detection of fetal aneuploidies.

A Comparison of FACS and MACS

A All lab results were compared to AC /
CVS



Intact fetal cells in maternal
plasma: are they really there?

Farideh Z Bischoff, Sinuhe Hahn, Kirby L Johnson,

Joe Leigh Simpson, Diana W Bianchi, Dorothy E Lewis,
William D Weber, Katherine Klinger, Sherman Elias,
Laird G Jackson, Mark | Evans, Wolfgang Holzgreve,

Felix ge la Cruz

Rare fetal cells can be recovered from maternal blood, which
suggests that non-invasive prenatal diagnosis is possible.
However, recovery and analysis of fetal cells from blood
is complex, and sensitivity is low because of the rarity
of these cells in the maternal circulation. An alternative
strategy, which suggested that intact fetal cells can be
found in maternal plasma by use of simple enrichment
methods, has been reported. We aimed to replicate this
technique. However, five independent laboratories were
unable to identify any intact male cells from the plasma
of 38 women known to be carrying male fetuses. Although
apoptotic intact fetal cells could contribute to the
detection of fetal DNA in maternal plasma, we believe
that recovery of these cells is difficult and not clinically
practical.

Bishoff, F.Z. et al., Lancet 361, 139 - 40, 2003
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Figure 5. DNA fragmentation in late erythroblasts

A - TUNEL-positive NRBCs in fetal blood; B — ISOL. (In situ Oligo Ligation assay)—positive NRBCs in cord blood,

note the ISOL -positive enucleating NRBC; C - TUNEL-positive NRBCs in bone marrow

D - TUNEL -positive/ Annexin V-negative NRBCs in maternal blood
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Elevation in erythroblast count in maternal blood before the
onset of preeclampsia

Wolfgang Holzgreve, MD,? Jin Chun Li,* Andrea Steinborn, PhD,® Thomas Kiilz, MD,*
Christof Sohn, MD,> Markus Hodel, MD,* and Sinuhe Hahn, PhD®

Basel, Switzerland, and Rostock and Frankfurt, Germany

~

OBJECTIVE: We recently showed that both maternal and fetal erythroblast counts are elevated in the pe-
ripheral blood of pregnant women with preeclampsia. The purpose of this study was to examine whether this
elevation actually occurs before the clinical onset of the disorder.

STUDY DESIGN: Erythroblasts were enriched and enumerated in 97 maternal blood samples obtained in
the second trimester, and results were subsequently correlated with pregnancy outcomes.

RESULTS: Significantly higher quantities of erythroblasts (mean, 6041.7 vs 928.9; P = .008) were detected
in blood samples obtained from women who later acquired preeclampsia (n = 15) than in blood samples from
the control cohort (n = 72). Intrauterine growth restriction (n = 10) was not accompanied by a similar rise in
erythroblast count.

CONCLUSION: Because a large proportion of the erythroblasts in maternal blood are fetal, our data suggest
that fetal-maternal cell traffic is affected early in pregnancies that are later complicated by preeclampsia but
not in those affected only by intrauterine growth restriction. (Am J Obstet Gynecol 2001;184:165-8.)

Key words: Erythroblasts, fetal cell traffic, preeclampsia,




Cells Exchanged During
Pregnancy Live On

Microchimerism, viewed at first as an oddity, has been linked to autoimmune
diseases and complications of pregnancy

A mother’s love is enduring. But most
mothers would be surprised to discover
that there’s a similarly enduring physical
bond: Cells from a fetus can live on in the
mother’s body for decades after pregnancy,
a situation called microchimerism. Like-
wise, a mother’s cells can also survive for
many years in her child.

When this phenomenon was first report-
ed in the mid-1990s, scientists scoffed at the
notion that these cells could persist for so
long, tolerated by their host’s immune sys-
tem. “Everyone said it can’t be true,” says
rheumatologist Michael Lockshin, director
of the Barbara Volcker Center for Women
and Rheumatic Disease at the Hospital for
Special Surgery in New York City. “But now
everyone who looks finds it.”

In some cases, the cells might be benign
guests: self-perpetuating lines of stem cells
that can reproduce and even give rise to
other types of cells, all without harming their
host. But a growing body of research, still
preliminary, suggests that the cells might
also be at the root of some autoimmune dis-
eases and other conditions.

Indeed, microchimerism might help ex-
plain one of the puzzles about autoimmune
diseases: why many of them strike more wom-
en than men. No one knows how many wom-
en carry foreign cells around from past preg-
nancies, but several studies have shown that
women with certain autoimmune diseases are
more likely to harbor such cells than healthy
women. “When you see that this is a real phe-
nomenon, it gives you a different perspective,”
ays pediatric hematologist William Reed of

the Children’s Hospital Research Institute in
Oakland, California. “You begin to ask your-
self whether a disease might have a pathogen-
esis that you’ve never considered before.”
And it’s not only the iong-iived celis that
might be making mischief. Reproductive bi-
ologists have known for some time that fetal

cells course through the bloodstream of

pregnant women, but in the past 4 years re-
searchers have discovered that this tempo-
rary invasion might be implicated in two
common complications of pregnancy.

Inner turmoil
Fetal microchimerism was uncovered quite
by chance. In 1992, medical geneticist Diana
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Under mom'’s skin. A cell with a green-stained Y chromosome, pre-
sumably from a son, was found in a skin biopsy from a woman with

systematic sclerosis.

www.sciencemag.org SCIENCE VOL 296 21 JUNE 2002




Lo YMD et al., Lancet 1997
Presence of fetal DNA in
maternal plasma / serum
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