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ult of early quantification studies: One in a million cells in maternal blood are from fetus

Holzgreve et al., Lancet 335, 1220-1221, 1990
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Autoradiogram of a Southern hybridisation with DNA probe 27A after amplification of 222 bp Y
specific fragment

222 bp PCR product is indicated PCR products from no DNA; five controls (female DNA); 10" to 10® dilutions of
1iig female DNA with corresponding amounts of admixed male DNA, and one male DNA
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Non-invasive prenatal diagnosis







Erythroblast used as the prefered
target cells

e Short life span
 Abundant in fetal
blood

1t Markers for enrichme
\and identification
Anti HbF stain

~———— Nucleus (DAPI) stain







"THE LANCET Vol 3473 + 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

Figure 1. Male fetal cell identified by immunohistochemical
staining for fluorescein-conjugated anti-fetal haemoglobin (Europa,
Cambridge. UK) and simultancous fluorescent in-situ hybridization
for X (pale blue) and Y (pink) chromosomes (Genzyme Genetics,
Framingham, MA, USA), following enrichment with anti-CD71 and
MiniMacs.







NICHD NIFTY Study 1998 -
2003

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

Large scale study (3000) cases to

determine efficacy of fetal cells for
detection of fetal aneuploidies.

Comparison of FACS and MACS

All lab results are 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 de la Cruz

i

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







Lo YMD et al., Lancet 1997
Presence of fetal DNA In
maternal plasma / serum
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RhD and Sex using fetal DNA

Gestational Age Sensitivity Specificity

PCR for SRY 11.5-34.6 94% 100%(n=52)
PCR for RhD 13-17 96%Nn=25) 100% (n=9)

SRY/RhD 13-17 92.6%n=27) 100%(n=7)

* Zhong XYZ,, Holzgreve Wiahn S
Lancet, 357, 310, 2001




E. Gautier, A. Benachi, Y. Giovangrandi, P. Ernault,
M. Olivi, T. Galllon, J-M. Costa:

Fetal RhD genotyping by maternal serum analysis:
A two-year experience

AJOG 192, 666-9, 2005

285 pregnant women

283 with a complete gene deletion
O false - positive
or
false - negative results







NIPD

in a pregnancy
at risk for
hemophilia A




Li Y., Holzgreve W., Page-Christiaens G.C.M., et al., Prenat Diagn. 24, 896-8, 2004




Li, Y. et al, JAMA 293,
843-9, 2005




Southern blot analysis Gel electrophoresis /
of circulatory DNA Tagman PCR
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Li et al., Clin Chem 2004.




Sequenom
Mass-Array
Analyzer

Real-time data
acquisition
analysis

Analysis of
over 3000
samples/day

Automated
data analysis




Fetal cells and fetal DNA: New markers fo
pregnancy related disorders??

Ganshirt et al.1994




Fetal DNA Is in Skin Biopsy
Specimens of Women with PEP

Aractingi et al., The Lancét998




Elevated Fetal Cell Traffic In
Preeclampsia
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Controls Preeclampsia Controls Preeclampsia
(n=8) (n=8) (n=8) (n=8)

Holzgreve et al. Obstet. Gynecol.
1998




Zhong XY et al., Am J Obstet Gynecol 184, 414-9, 2001



















Holzgreve W et al., Am J Obstet Gynecol 184, 165-8, 2001




The mature placenta contains:
879 Villi-Syncytiotrophoblast
13g Villi-Cytotrophoblast
9,000,000,000 cells
3,000,000,000 Mitoses/day

2,500,000,000 Fusions/day
3.6g new Syncytium/day

But: the syncytium‘s growth is only 0,6g/da

ca. 3g syncytial excess is
released every day into
maternal blood

villous stroma




The molecular Maschinery of apoptosis is
needed for

> syncytial fusion,
> MRNA-supply to the syncytium,
> non-inflammatory trophoblast-release.
Apoptosis

Sufficient energy
supply

Impaired energy
supply

When this process fails (Energy shortage, (Apo)Necrosis
blocked fusion), primarily

> necrotic or

> aponecrotic trophoblast

IS released into the maternal blood.




Hahn S, Huppertz B, Holzgreve W, Placenta 26, 515-26, 2006




Hahn, S., Huppertz, B., Holzgreve, W.,

Placenta 26, 515-26, 2005




Platelet activation Neutrophll elastase
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Periph. neutrophils treated with bact. endotoxinamfin. cytokines (IL8
or phorbol ester (PMA) rapidly formed intricate extracakktworks,
termed

Neutrophi extracellula traps NET<




STBM induce NETSs

Gupta, A. K. et al. Human Immunol. 66, 1146-54, 20 05




Gupta, A., et al. Ann N.Y. Acad.Sci. 1075, 118-22, 2006




Presence of NETs in PET

Control




In-vitro preparation of STBM

~










Can CF-DNA be used to study
other aspects of placentation?

How about pregnancy at high altitude?




Effect of preeclampsia at high-altitude

on release of cell free fetal DNA
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Zhong et al.,, Clin Chem 2004
Zhong et al,, Ann. NY Acad Sci 2004




Preeclampsia: ,The disease of theories*




Does the concept of the
placental apo/necrosis fit to the
Epidemiology of preeclampsia

*Disease of first pregnancy
eFamilial tendency, recurrence risk
Underlying vascular disease

e Multiple pregnancies

* Placental disease, e.g. Molar pregna










Placental Particles and CF-DNA:
IS there a connection?

Hahn and Holzgreve, Human Reproduction Update, 2002




Evidence for “tolerance” In preeclampsis

 + First pregnancy/paternity (Robillard, J Repr Inmal)

* + When condoms were used (Klonhoff-Cohen, JAMA)

 + With ovum donation (Sonderstrom,Acta Obst GyBeand

 + After surgically obtained sperm (Wang, Lancet)

o - After “extended length of cohabitation before ception”
(Robbilard, Lancet)

- After prior blood transfusion (Feeny, Lancet)

o - After “the practice of oral sex” (Dekker, AJOG)







Doppler Waveform varies anatomically

From Harrington & Campbell 1995




Doppler -Ultraschall Messung
der Arteriae uterinae
als Fruherkennungsmarker einer  verminderten
plazentaren Perfusion

Dopplersonographische
Hullkurve gibt die
Widerstandsverhaltnisse im
nachgeschalteten
Gefassabschnitt wieder

Pulswellenreflexion flhrt zur
postsystolischen

Inzisur = |,

Sens. 37 % (95% CI 14-60),
Spez. 89% (95% CI 83-95)
Im 2. Trimenon

Cnossen JS. Use of uterine artery Doppler sonography to predict pre-eclampsia
A sytematic review and bivariable meta-analysis
CMAJ. 2008;178(6):701-11













Levine, RJ et al., AJOG, 190, 707-13, 2004




Levine R. et al NEJM 355, 992-1005,2006







Model of the interaction between placental “toxic” factors and maternal cells

Fetal Placenta Maternal

Normal < p Mild inflammation
pregnancy

Overt inflammation

O,

stress \

Preeclampsia — angiogenic factors

cytokines




Multicenter (Argentinia, Thailand, Italy, Switzerland): Angiogenic factors and Cf DNA




Riskscreening for Down syndrome

NT, serum markers, age J'

NT, ageJ'

Triple (AFP+) Test

Maternal age




Levine, RJ et al., AJOG, 190, 707-13, 2004




Preeclampsia may never
be totally predictable,
but better prediction
would help to focus on

antenatal care more
effectively

e Chris Redman, Reykjavik, May 26, 2007




Fetal-maternal traffic has clinical importance for non-
Invasive prenatal diagnosis and for understanding better
and hopefully predicting preeclampsia —

Basis for new intervention concepts

THANK YOU TO A GREAT TEAM IN BASEL —
There is much more to come...




