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Non Invasive Prenatal Diagnosis
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Applications

Blood typing

— Antenatal RhD-ve screening

Fetal sexing

— X-linked disease (DMD, ALD, XSCID, Hunter, OTC..)
— CAH, AIS

De novo

— Ach

Paternal transmitted disorders

— DM (?size of material if expanded)

Recessive where high % compound heterozygotes

— CF, B-thalassaemia
(Aneuploidies)



Challenges

Sensitivity
early detection when fetal DNA at low levels (2gE/PCR)
suitable standards (plasmids, perfused placenta)

Specificity

Low amount of fetal DNA (1-12%) in high background of
maternal DNA

Universal fetal-specific markers
to confirm presence of fetal DNA

Validation
Dynamic range (1-560 gE/ml fetal, 70->4000 gE/ml total)

Technology / Platforms
Real time PCR, SABER MALDI-TOF MS



Extraction parameters

Separation (time, speed of separation, brake)
+/-formaldehyde

Serum or plasma

Methods (Qiagen midi, mini, DRI-CST, MinElute)
Volumes

Automation — time, cost, yield

Stability

Storage
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Comparison of cfDNA concentrations using Rhesus Dexon 7 RQ PCRfrom plasma
samples extracted after 1-3 days at RT

Sample storage

Extracts were successfully prepared up to 3 days after collection
and following several months storage of plasma at —20°C. However,
it appears best to separate the plasma and analyse the extract
within 24 hours.



Results
Of the total of 33 gels that were run, 10 (30.3%) were useable, 19 (57.6%) had male
contamination, and 4 (12.1%) were too faint to interpret.

These 10 gels represented 80 runs for 56 samples (27 female and 29 male fetuses).
The useable results were then divided into those for the AMELB and SRY probes, to test
the accuracy and efficiency of the test with these two probes.

Standard PCR

112 bp AMELB (Y)
106 bp AMELB (X)
93 bp SRY

Sensitivity Specificity PPV
Amel B 29/38 22127 29/34

76.3% 81.5% 85.3%
SRY 39/43 19/30 39/50

90.7% 63.3% 78.0%




Other attempts

Cystic Fibrosis (p.Asn1303Lys) -» ARCS
Apert (p.Pro253Arg) > RED

Thanatophoric dysplasia (p.Arg248Cys) — fluorescent
primer & ARMSs

Literature

Nested PCR (SRY, DM1, AmelXY)
Touch down PCR. 9mis plasma, 34/40 cut out (Ach)
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Real-Time PCR

Closed system - contamination

Probes — specificity, multiplex, sensitivity
Melt curve analysis - products, efficiency
Automation

Optimisation
Cost reagents
Multiplex



PCR Base Line Subtracted RFU
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Copy Number vs. C, - Standard Curve
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Logofcopy number (10")

The slope of the standard curve
can be directly correlated to the
efficiency of the reactions:

Efficiency (n) = [10(1/slope) ] - 1



ldentify primer-dimers by melt curve to
determine dynamic range
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Multiplexing - Didn’t work

Approach
Design assays for real-time PCR — primer and dual labelled probe
Check for secondary structure in product
Keep standard annealing temp
Set up individual assays and standard curves, 1st with Sybr Green then dual
labelled probes using male DNA diluted in female to appropriate concentration
range (0.01ng)
Combine as multiplex
Maximize Efficiency, Equalize Efficiency, Eliminate Cross-Reactivity
Problems
Increased cycles
Increase annealing time, try 3 step instead 2 step
Change Mg
Change reaction volume 25 to 50ul
Check multiplex with Sybr Green

Interaction between primers & probes when multiplexed reduced sensitivity



Fetal sex determination using
real time PCR-Tagman assays

Y specific Control
Platform . . Source
primers/probe | primers/probe
ICycler AMEL Y (FAM) AMEL X In-house
& SRY (HEX) (ROX) design
ICycler DYS14 CCR5 Published
(FAM) (FAM) sequences
AB 7300 SRY CCR5 AB Assay-on-
(FAM) (FAM) Demand Kits




AB 7300: Comparison of DYS/CCR5 assays
& AB SRY/CCR5 Assay-on-Demand Tagman-MGB Kkits
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Result validation

Positive result (PCR product with SRY)
4/5 replicates with Ct < 40 cycles
Negative result (no PCR amp with SRY)
all replicates with Ct > 40 cycles
Negative controls

no H20 control wells with Ct value < 40
Positive controls

all male replicates Ct < 40

Slope of standard curves

between —3.3 and —4.5

Repeat if discrepancies



« Test mother (& father) for "

8 bi allelic makers ol — el
e Re-test mother and e

cfDNA for informative _ _

markers Maternal marker informative (-ve) S03,4,5,11
 If no SRY in cfDNA but o s o

positive non-maternal 3

marker assume evidence :

of ffDNA in cfDNA i

Paternal marker informative (+ve) S01 (8, 10)



SAFE Workshop 2:
Showing the quality of performance of non-

Invasive prenatal genotyping in Europe

« 0.6 mlplasma (16/40) sent out at RT
e 18 partners received 5-6 samples
e Tested for RhD & SRY

Results on 105 RhD and 109 SRY
e Correct results: 193 (90.2%)

e False results: 10 (4.7%)
6 false positive and 4 false negative

* Inconclusive results: 11 (5.1%)
8 In positive samples and 3 in negative samples



Case 1. Male cfDNA — PND for ALD
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Case 2. Marker provides evidence of ffDNA
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Case 3. Duchenne muscular dystrophy

Mutation not known

Consultand would like PND S m o o

Affecteds deceased

Gm won'’t give sample

e Options
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Prenatal Request

|

10-20 mis EDTA, >7 weeks gestation plus partner’s blood

Parental DNA

W

Spin 35009 within 48 hrs

—

MinElute cfDNA extract

H

8 In/del polys SRY, CCR5
Uninformative Informative 4— 1st _P Repeat Predict male
Sex not confirmed polys Sex not confirmed . Extract/sample
A Absent ?
Informative Inconclusive 2"d sample Fall

Predict female

Consistent with female




Summary of challenges

 Robustness (multiplex)
 Fetal Markers

e Future
— Enrichment of <350 bp cfDNA (microfluidics)
— Quantitation (management of delivery)

— Panel of disease-specific markers (cardiac,
renal, skeletal)
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Pregnant Women
10-20mis venous blood n
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A compieted DNA request
cand should IccompaImy
all sEampes.

Patient details

Cell-Free Fetal DNA Sex Determination

Introduction

Free fetal DMNA may be detected in maternal plasma from sarly in gestation
and used for determination of fetal gender. The sex of the fetus is determined
by the presence of Y-specific sequence for a male fetus and the absence of ¥
specific material but presence of a fetal (nom-maternal) genotype in the cell
free DMA sxfract in the case of a female fetus. This technigue is still relatively
new to clinical practice and the results from a Ewropean Union gquality
assurance programme have reported the rare occurrence of a false positive
result for 3 male fetus. In view of this we currently recommend that fetal sex is
confirmed when ultrascund is performed at 20 weeks. Our local data for this
assay shows a sensitivity, specificity and positive predictive value of 100%
(m=20).

Service offered

We offer this service fo pregnancies at risk of X-linked disorders or congenital
adrenal hyperplasia. It is pot available for non-medical indications. The resulis
should be confirmed by ultrasound to avoid the very small risk of an ermonsous
result. This test may not be applicable in multiple pregnancies.

Male fetuses are detscied by the presence of SRY-specific sequence. The
pressnce of fetal DMA is detected using a pansl of eight bi-allelic polymorphic
markers [chromosome location); 201a (17q), 303 (Bq). 304a (8), 5050 (20),
506 {1p). 3080 {1g), 510a (18], S11a (11). These markers are usually
informative.

Referrals

All referrals should be made via a Clhinical Genefics Department or through the
Fetal Medicine Unit at UCLH (see left). Samples are accepted from patients at
owar 7 weeks gestation at which time there should be a sufficient concentration
of free fetal DMA in the circulation. Samplas may be sent by post to amive in
the laboratory within 24 hours of sampling if possible. The laboratory must be
advised in advance because of the need to process the samples as rapidly as
possible after collection. & patermal blood sample may aid in the interpretation
of the polymorphic markers and should also be sent when possible.

Technical

10-20 mis matemal EDTA blocd is separated as rapidly as possible after
collection. Cell free DMA is extracted from the plasma and maternal DMA is
extracted from the lymphocytes. Molecular analysis is performed using real
time PCR and Tagman assays for the SRY marker and a3 CCRE contral
marker. The detection of 3 mals fetus can be reporied at this stags. In the
case of detection of total cell free DMA but absence of the SRY marker,
indicative of a female fetus, further real time PCR analysis of the ¢fDMNA and
parental samples is performed with a panel of eight bi-allelic markers to
discriminate betwesn fetal and maternal DNA and reduce a false negative
result. This second stage will take additional ime fo complete.

Target reporting time

The results of the Y-specific probe should be available within 4 days.
Reporting time in females will be longer as the results form the bi-allelic
markers may take a further week dependent on informativity.

To facilitate accurate testing and reporting please provide patient demographic details (full name, date of

birth, address and ethnic ongin), details of amy relevant family history and full contact details. for the:
referming clinician
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