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Non-invasive prenatal diagnosis by 
plasma nucleic acid analysis



Non-invasive prenatal diagnosis?



Plasma



Placenta as a 
Pseudomalignant Tissue

• high mitotic rate
• invasive
• expression of certain proto-oncogenes
• apparent immune privilege

?presence of fetal DNA in maternal plasma



Lo et al. Lancet 1997; 350:485

Y chr



Lo et al. Am J Hum Genet 1998; 62:768
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How long are the circulating 
DNA fragments?



Size of DNA fragments

P11P1P2 P3P4P9 P8 P7 P6 P5P10

SRY: Fetal
Leptin: Total (predominantly maternal)



total (mainly maternal)
fetal

Chan et al Clin Chem 2004

Potential method for fetal DNA enrichment



What happens after delivery?



Rapid Fetal DNA Clearance

No persistence after delivery

Lo et al. Am J Hum Genet 1999



Prenatal Diagnostic Applications



Fetal Rhesus D 
genotyping
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Universal fetal DNA control
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The Pseudomalignancy 
Analogy

• Does this extend to the epigenetic 
level?

• Tumour suppressor genes (TSG): 
hypermethylated in cancer

• Are TSGs hypermethylated in placenta?
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Methylation-sensitive 
restriction enzyme analysis
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Can this method be used for the detection
of Down syndrome?



Plasma

Maternal DNA
Fetal DNA

Total amount of chromosome 21: 
largely reflects maternal chromosome status



Plasma

Fetal DNA



Plasma

Fetal DNA



Summary of Difficulties
• Low fractional concentration of fetal 

DNA
• Need of a method to determine 

chromosome dosage



A proposed solution



Low fractional concentration
• Target a subfraction of plasma nucleic 

acid that is completely fetal-specific
• RNA markers



Stability of Plasma RNA



Rapid degradation of free RNA in 
plasma
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Maternal whole bloodMaternal whole bloodPlacental tissuesPlacental tissues PAIRED
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Mine for chromosome 21 transcripts

PLAC4



Trimester

Non-pregnant 1st 2nd 3rd
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Before delivery After delivery
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How to derive chromosome 
dosage information?



The RNA-SNP Approach
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PCR amplification
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Lo et al. Nat Med 2007



Digital PCR 

Vogelstein and Kinzler
PNAS 1999
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Conclusions

• Fetal DNA/RNA molecules are present in 
maternal plasma

• Sex-linked disorders, RhD status
• Fetal epigenetic markers
• Aneuploidy detection: RNA-SNP, high 

accuracy, heterozygosity requirement 
• Digital PCR: high precision, recent automation
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