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CytogeneticsCytogenetics

Staining to look at Staining to look at 

banding patternbanding pattern

CanCan detect detect 

structural changesstructural changes



CytogeneticsCytogenetics-- BUT 3 issuesBUT 3 issues

TIME: 1TIME: 1-- 2 weeks for 2 weeks for 
resultsresults

Small deletions & Small deletions & 
duplications will be duplications will be 
missed (<5Mb)missed (<5Mb)

Living Tissue requiredLiving Tissue required
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Rapid Testing

Quantitative Fluorescence-Polymerase Chain Reaction (QF-PCR)

Multiplex Ligation-Dependent Probe Amplification (MLPA)
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MicrodeletionsMicrodeletions matter: matter: MillerMiller--DiekerDieker SyndromeSyndrome

deletion of 17p13.3deletion of 17p13.3

Approximately 1 in 25,000 birthsApproximately 1 in 25,000 births

Prenatal manifestations: none, Prenatal manifestations: none, 

IUGR, IUGR, polyhydramniospolyhydramnios

Postnatal manifestations: Postnatal manifestations: 

mental retardation, seizures, mental retardation, seizures, 

death before age 2.death before age 2.

WILL BE MISSED ON KARYOTYPE 
AND 

MAY BE MISSED ON ULTRASOUND





FISHFISH

Quick answer (24Quick answer (24--48 hours)48 hours)

ButBut……

�� Labor intensiveLabor intensive

�� YOU MUST KNOW WHAT YOU ARE LOOKING YOU MUST KNOW WHAT YOU ARE LOOKING 

FORFOR



NEXT GENERATIONNEXT GENERATION
MICROARRAYSMICROARRAYS



MicroarraysMicroarrays

BACsBACs

�� Bacterial Artificial Bacterial Artificial 

ChromosomesChromosomes

150 to 200 150 to 200 kilobaseskilobases

OligonucleotideOligonucleotide

�� Short DNA moleculeShort DNA molecule

25 to 85 base pairs25 to 85 base pairs



MicroarraysMicroarrays

BenefitsBenefits
�� Pick up problems not Pick up problems not 

seen on routine seen on routine 
cytogeneticscytogenetics or or 
detailed prenatal detailed prenatal 
sonographysonography

�� Do NOT need living Do NOT need living 
cells (e.g. stillbirth)cells (e.g. stillbirth)

DisadvantagesDisadvantages
�� Price (justified)Price (justified)

�� Must be able to Must be able to 
validate all validate all 
regions/probesregions/probes

�� May pick up May pick up 
unexpected findings unexpected findings 
and/or variants that and/or variants that 
are of unknown are of unknown 
significance significance 
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ACOG COMMITTEE OPINIONACOG COMMITTEE OPINION
NUMBER 446, NOVEMBER 2009NUMBER 446, NOVEMBER 2009

Recommendations:
Conventional karyotyping remains the principal cytogenetic tool in prenatal 

diagnosis.

Targeted array CGH, in concert with genetic counseling, can be offered as an 
adjunct tool in prenatal cases with abnormal anatomic findings and a 
normal conventional karyotype, as well as in cases of fetal demise with 
congenital anomalies and the inability to obtain a conventional karyotype.

Targeted array CGH may be useful as a screening tool; however, further 
studies are necessary and are underway to fully determine its utility and its 
limitations.

Array Comparative Genomic HybridizationArray Comparative Genomic Hybridization

in Prenatal Diagnosisin Prenatal Diagnosis



How to bring molecular How to bring molecular 

cytogenetic technology to cytogenetic technology to 

patients now so that it is patients now so that it is 

accessible to ALL pregnant accessible to ALL pregnant 

women???women???



Design CriteriaDesign Criteria

DisordersDisorders
�� Significant Morbidity and MortalitySignificant Morbidity and Mortality

�� Diseases should be relatively commonDiseases should be relatively common

�� Majority of cases actually caused by deletionMajority of cases actually caused by deletion

�� May be missed on detailed May be missed on detailed sonographysonography

PlatformPlatform
�� Low costLow cost

�� High throughputHigh throughput

�� Available in clinical laboratories Available in clinical laboratories 

�� Flexible Flexible –– can adjust disorders depending on settingcan adjust disorders depending on setting

�� Rapid resultRapid result

�� Can easily validate any resultCan easily validate any result



BACs on Beads™

xMAP (Luminex®) 

beads



Chromosome 21-DSCR
BAC derived DNA is immobilized on xMAP (Luminex®) beads



VCFS – 22q region

CAN USE SAME PROCESS FOR ANY CAN USE SAME PROCESS FOR ANY 

DELETION or DUPLICATIONDELETION or DUPLICATION ON ANY ON ANY 

CHROMOSOMECHROMOSOME



Add DNA to Beads –
controls and test samples

Add Fluorescence to DNA



Beads are read in the Luminex reader

BACs on Beads™



Ratiometric Analysis – Normal 
Sample

Sample

Reference

= 1 = 1 = 1



Ratiometric Analysis –
Chromosomal Gain 

Reference

≈ 1.5 = 1 = 1

Sample



Ratiometric Analysis –
Chromosomal Loss

Reference

= 1 ≈ 0.5 = 1

Sample

It’s all about ratios!!!!



Disorders Disorders 

Common Common trisomiestrisomies –– 13, 18, 2113, 18, 21

Sex Sex aneuploidiesaneuploidies (X and Y chromosome)(X and Y chromosome)

MicrodeletionMicrodeletion syndromessyndromes



MicrodeletionMicrodeletion SyndromesSyndromes

DiGeorgeDiGeorge syndrome syndrome 

WilliamsWilliams--BeurenBeuren

syndromesyndrome

PraderPrader--WilliWilli

syndrome syndrome 

AngelmanAngelman

syndromesyndrome

MillerMiller--DiekerDieker

syndromesyndrome

SmithSmith--MagenisMagenis

syndromesyndrome

WolfWolf--HirschhornHirschhorn

syndromesyndrome

Cri du Chat syndromeCri du Chat syndrome

LangerLanger--GiedionGiedion

syndromesyndrome

DiGeorgeDiGeorge Syndrome 2Syndrome 2

OVERALL OVERALL –– occurs 1/1600 deliveriesoccurs 1/1600 deliveries



Significance of 1/1600 DeliveriesSignificance of 1/1600 Deliveries

Down Syndrome occurs 1/800 deliveriesDown Syndrome occurs 1/800 deliveries

With 4 million deliveries in the US/yearWith 4 million deliveries in the US/year

�� Approximately 5700 DS births per yearApproximately 5700 DS births per year

�� Approximately 2500 Approximately 2500 microdeletionmicrodeletion syndromes syndromes 

per yearper year

Would increase detection of serious disorders Would increase detection of serious disorders 

associated with mental retardation or birth associated with mental retardation or birth 

defects by approximately defects by approximately 40%40%



Platform SummaryPlatform Summary

4-8 probes per disorder

Relatively small amount of DNA compared to CGH Relatively small amount of DNA compared to CGH 

(125 (125 nanogramsnanograms vsvs 10 micrograms)10 micrograms)

Turn around time: 24Turn around time: 24--48 hours48 hours

Price comparable between QFPrice comparable between QF--PCR and FISH BUT PCR and FISH BUT 

with additional information of with additional information of microdeletionsmicrodeletions

Clinical FISH probes are available to confirm all Clinical FISH probes are available to confirm all 

findingsfindings

No additional procedures required beyond No additional procedures required beyond 

amniocentesisamniocentesis



• “significant” deflections  = all the 
probes or all but one of the probes 
deflects beyond two standard 
deviations of the reference sample

Biotin label

Purify labeled DNA samples

Male & female reference 
genomic DNA

Amniotic fluid sample 
genomic DNAs

Hybridize to bead array

Wash, Reporter binding, Wash

Read on Luminex Reader

Data analysis and interpretation
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From R&D to Clinical StudyFrom R&D to Clinical Study

1) Validation Study 1) Validation Study -- MicrodeletionsMicrodeletions and and 

AneuploidiesAneuploidies

2) Prospective Data to confirm performance 2) Prospective Data to confirm performance 

of of BoBsBoBs in real time, in the fieldin real time, in the field



How to validate relatively rare disorders?How to validate relatively rare disorders?

AmniocytesAmniocytes (and other cells) removed from (and other cells) removed from 

amniotic fluid by centrifugationamniotic fluid by centrifugation

Fluid samples then Fluid samples then ‘‘spikedspiked’’ with cells from with cells from 

known deletion syndromes and known deletion syndromes and aneuploidiesaneuploidies

(200,000 cells/2mL)(200,000 cells/2mL)

Proxy for natural samplesProxy for natural samples



ResultsResults

AneuploidiesAneuploidies and and MicrodeletionsMicrodeletions

�� At least 2 different cell lines per disorderAt least 2 different cell lines per disorder

�� 48 samples48 samples

�� All samples were identified correctlyAll samples were identified correctly



Data Output Data Output –– Normal StudyNormal Study



38M Normalized Autosomal Ratios
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Prospective StudyProspective Study

MulticenteredMulticentered studystudy
�� 5 5 mlsmls of amniotic fluid collected from women of amniotic fluid collected from women 

undergoing clinically indicated amniocentesis undergoing clinically indicated amniocentesis 

under an IRB approved protocolunder an IRB approved protocol

�� Results confirmed with:Results confirmed with:

routine routine cytogeneticscytogenetics performed on the amniotic performed on the amniotic 

fluid samplefluid sample

newborn follownewborn follow--up dataup data



Prospective Prospective MulticenteredMulticentered StudyStudy

ResultsResults







Assay LimitationsAssay Limitations

A negative result does not fully exclude the diagnosis of 
any of these syndromes (other etiological mechanisms for the 
disorders such as point mutations cannot be excluded)

Rigorous criteria calling a sample “positive” means that 
there may be false negatives

Such as other quantitative molecular approaches, balanced 
translocations or inversions cannot be detected



Assay Advantages

all regions covered by the assay have been validated AND 

associated with significant newborn morbidity and mortality

quick turn-around time

relatively small DNA requirement

does not require a blood sample from either parent

bead-based platform already used effectively in other clinical 
settings



Develop a New ApproachDevelop a New Approach

DisadvantagesDisadvantages
�� Price (justified)Price (justified)

�� Must be able to Must be able to 

validate all validate all 

regions/probesregions/probes

�� May pick up May pick up 

unexpected findingsunexpected findings

BenefitsBenefits
�� Pick up problems not Pick up problems not 

seen on routine seen on routine 

cytogeneticscytogenetics or or 

detailed prenatal detailed prenatal 

sonographysonography

�� Do NOT need living Do NOT need living 

cells (e.g. stillbirth)cells (e.g. stillbirth)



The FutureThe Future……

BoBsBoBs should be made available to ALL should be made available to ALL 

women who are undergoing invasive women who are undergoing invasive 

testingtesting

There is potential that There is potential that BoBsBoBs could be could be 

‘‘diagnosticdiagnostic’’

�� However However –– at this point, MUST await at this point, MUST await 

prospective data prospective data –– SCREENING ONLYSCREENING ONLY

�� ONLY ACT ON CONFIRMATION of ONLY ACT ON CONFIRMATION of 

FINDINGS BY FISHFINDINGS BY FISH



The The BoBsBoBs TeamTeam
Human Genetics Lab @ Jacobi Med CenterHuman Genetics Lab @ Jacobi Med Center
�� Dr. Susan GrossDr. Susan Gross

�� Dr. Nicole SchreiberDr. Nicole Schreiber--AgusAgus

�� Jenny ZhanJenny Zhan

Department of Obstetrics and Gynecology, North Bronx Healthcare Department of Obstetrics and Gynecology, North Bronx Healthcare 
NetworkNetwork
�� Dr. Barry Dr. Barry KarpelKarpel

�� Dr. David GarryDr. David Garry

�� Dr. Brian WagnerDr. Brian Wagner

Division of Reproductive Genetics, Division of Reproductive Genetics, MontefioreMontefiore Medical CenterMedical Center
�� Dr. Susan Dr. Susan KlugmanKlugman

�� Dr. Anne Marie RoeDr. Anne Marie Roe

North Shore Long Island Jewish Health SystemNorth Shore Long Island Jewish Health System

Bronx Lebanon Hospital CenterBronx Lebanon Hospital Center

�� Dr. Dr. AleksandrAleksandr M. M. FuksFuks

�� Sara SaidSara Said--DelgadoDelgado


