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



���� ����	
 ��
	���� 	

���	� ����
���
�����������

������	�� ������ ������	� �	���
 ����� ����
��
�



Non-invasive prenatal diagnosis





Erythroblast used as the prefered
target cells

• Short life span
• Abundant in fetal
blood
•Markers for enrichment

and identification

Anti HbF stain

Nucleus (DAPI) stain











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









Maurice Anker & Philippe Stroun
Uptake of foreign DNA (Nature `66, `67)
Metabolic DNA (Nature `67 & `71)
Transcession (Nature `70; Science `73)
Nature Medicine 1996:2:1033-35.

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





RhD and RHCc/Ee Locus

CcEeD



RhD and Sex using fetal DNA

Gestational Age Sensitivity Specificity

PCR for SRY: 11.5-34.6      94% (n=185) 100% (n=52)
PCR for RhD: 13-17            96%  (n=25) 100%   (n=9)

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

* Zhong XYZ,, Holzgreve W, Hahn S
Lancet, 357, 310, 2001



E. Gautier, A. Benachi, Y. Giovangrandi, P. Ernault, 
M. Olivi, T. Gaillon, 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 

0   false - positive
or 

false - negative results
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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
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Southern blot analysis 
of circulatory DNA

Gel electrophoresis /
Taqman 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

Results within 
24 hours



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

Gänshirt et al.1994



Fetal DNA is in Skin Biopsy 
Specimens of Women with PEP

Aractingi et al., The Lancet1998
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Elevated Fetal Cell Traffic in 
Preeclampsia
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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



ButBut therethere isis muchmuch moremore proliferationproliferation and and productionproduction of of trophoblasttrophoblast
thanthan neededneeded forfor thethe growth of growth of thethe syncytiumsyncytium ((HuppertzHuppertz and and 
Kaufmann):Kaufmann):

villous stroma

~   9,000,000,000 cells

3.6g new Syncytium/day

The mature placenta contains:
87g Villi-Syncytiotrophoblast
13g Villi-Cytotrophoblast

3,000,000,000 Mitoses/day
2,500,000,000 Fusions/day

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

ca. 3g syncytial excess is
released every day into

maternal blood



TNFTNF�� TNFTNF--R1   R1   

caspasecaspase 8         8         PSPS--flipflip

bclbcl --22

caspasecaspase 33

laminlamin transglutaminasetransglutaminase

DNA DNA cleavagecleavage

AnatomicAnatomic evidenceevidence ((HuppertzHuppertz , Hahn, Holzgreve, , Hahn, Holzgreve, PlacentaPlacenta 26,515, 26,515, 
2005) 2005) thatthat a a disturbancedisturbance in in thethe

trophoblasttrophoblast --apoptosisapoptosis isis thethe basisbasis forfor thethe preeclampsiapreeclampsia --
pathogenesispathogenesis ::The molecular Maschinery of apoptosis is

needed for
> syncytial fusion, 
> mRNA-supply to the syncytium,
> non-inflammatory trophoblast-release.

ApoptosisApoptosis

Sufficient energy
supply

When this process fails (Energy shortage, 
blocked fusion), primarily
> necrotic or
> aponecrotic trophoblast
is released into the maternal blood.

Impaired energy
supply

((Apo)Apo)NecrosisNecrosis



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



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

Placenta 26, 515-26, 2005



vWF
EndothelinFibronectin PAI-I¯ NO 

¯ PGI2

TXA2

Platelet activation
Neutrophil elastase

Leucocyte activation

Cellular   Dysfunction

TNFa

­ VCAM
-1

The Endothelium in  Preeclampsia

IL-6

Oxidized LDLShear, ACh, 
BKX



Periph. neutrophils treated with bact. endotoxin, inflamm. cytokines (IL-8),
or phorbol ester (PMA) rapidly formed intricate extracell. networks, 
termed

Neutrophilextracellulartraps (NETs)
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STBM induce NETs

D

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

STBM
STBM

DNA: Major component of NETs
(sytox green DNA binding dye)

Untreated neutrophils



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



Presence of  NETs in PET

Control PET
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In-vitro preparation of STBM



Gupta, A.K. et al., Placenta2006



Gupta, A.K. et al., Placenta, 2006



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,, 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

•Familial tendency, recurrence risk

•Underlying vascular disease

• Multiple pregnancies

• Placental disease, e.g. Molar pregnancy







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

Hahn and Holzgreve, Human Reproduction Update, 2002



Evidence for “tolerance” in preeclampsia
• + First pregnancy/paternity (Robillard, J Repr Immunol) 

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

• + With ovum donation (Sonderstrom,Acta Obst GynecScand)

• + After surgically obtained sperm (Wang, Lancet)

• - After “extended length of cohabitation before conception” 

(Robbilard, Lancet) 

• - After prior blood transfusion (Feeny, Lancet)

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





Doppler Waveform varies anatomically

From Harrington & Campbell 1995



Doppler -Ultraschall Messung 
der Arteriae uterinae

als Früherkennungsmarker einer verminderten 
plazentaren Perfusion

� Dopplersonographische 
Hüllkurve gibt die 
Widerstandsverhältnisse im 
nachgeschalteten 
Gefässabschnitt wieder

� Pulswellenreflexion führt zur 
postsystolischen 
Inzisur = „Notch“

� 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





Fetal Maternal

O2
stress

cytokines

angiogenic factors

STBM

Normal
pregnancy

Preeclampsia

Placenta

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

Mild inflammation

Overt inflammation



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



0 10 20 30 40 50 60 70 80 90 100

Maternal age

Triple (AFP+) Test

Detection rate (%)

NT, age

NT, serum markers, age

Riskscreening for Down syndrome

FPR = ~ 5 %



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

• 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…


