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CITOGENETICA

LA SITUAZIONE -
ATTUALE 3




ABERRAZIONI CROMOSOMICHE

Le anomalie cromosomiche interessano alla
nascita una persona ogni 150

comprendono:

ANOMALIE DI NUMERO
ANOMALIE DI STRUTTURA

| CORREDI EUPLOIDI hanno un numero cromosomico
corrispondente ad un multiplo esatto del corredo aploide
presente nei gameti (diploide, triploide, tetraploide, ecc...)




ANOMALIE CROMOSOMICHE
NUMERICHE

Cambiamento nel humero dei
cromosomi

POLIPLOIDIE ANEUPLOIDIE

Copie extra di tutti i cromosomi:

triploidie e tetraploidie Guadagno o perdita di alcuni cromosomi

MIXOPLOIDIE

Due o piu linee cellulari che differiscono
per il numero dei cromosomi

MOSAICO CHIMERA

Differenti linee cellulari che derivano da Differenti linee cellulari che derivano da
un'unico zigote zigoti differenti

MOSAICO POLIPLOIDE MOSAICO ANEUPLOIDE
(Diploide/triploide) (Normaleftrisomia 21)




ANOMALIE CROMOSOMICHE
STRUTTURALI

Prevedono rotture cromosomiche

SINGOLO EVENTO DI
ROTTURA IN UN
CROMOSOMA

DUE EVENTI DI ROTTURA

IN UN CROMOSOMA RO

DUE EVENTI DI

CROMOSOMI

TRE ROTTURE:
ALMENO DUE SUL
MEDESIMO

CROMOSOMA

TTURA SU DUE

DIFFERENTI

DELEZIONE TERMINALE|

|

Il frammento acentrico
viene perso

Scambio bilar

TRASLOCAZIONE
RECIPROCA

frammenti acentrici

1ciato di

INVERSIONI

DELEZIONE INTERSTIZIALE

La regione tra i due punti di
rottura viene persa e le estremita
cromosomiche si risaldano

La regione tra i due punti
di rottura ¢ invertita

TRASLOCAZIONE ROBERTSONIANA

Fusione dei frammenti centrici originati
da cromosomi acrocentrici

CROMOSOMA AD ANELLO

La regione tra i due punti di
rottura forma un anello risultante
dalla fusione delle due estremita

telomeriche

TRASLOCAZIONI INSERZIONALI

La regione compresa tra due punti di rottura di un
cromosoma si salda con l'estremita di un terzo
punto di rottura sul medesimo cromosoma o su un
cromosoma differente







TECNICHE DI BANDEGGIO

QFQ, Caspersson (1970)

GTG, Seabright (1971)




Risoluzione del preparato

“Modern banding allows precise identification of
each chromosome and missing or addtional
material of 4000 kb or greater can be visualized
on routine chromosome analysis”

JM Connor, MA Ferguson-Smith “Essential Medical Genetics”
Blackwell Scientific Publications, Oxford, 1993, p. 39




Risoluzione cromosomica
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Il cariotipo: una sola analisi
ver diverse
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DALLA CITOGENETICA CLASSICAALLA
CITOGENETICAMOLECOLARE

Risoluzione
mediante
bandeggio

FISH

\ ~3-10Mb ~40-100kb /

Visione d’ insieme Aumenta Ila risoluzione ;

dell intero genoma , ma | analisi diventa
ma bassa risoluzione locus- specifica




Quando utilizzare tecniche di citogenetica molecolare

* Per ampliare il numero delle cellule analizzate in caso di mosaici
sui nuclei in interfase)

 Per definire la ploidia sugli amniociti non colt

* Per definire la natura di un extra cromosoma

» Per definire lo stato di metilazione di
un marcatore (ad es. piccolo X ad ane

* Per caratterizzare un’anomalia di struttura, dopo avere studi
| genitori
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DP: approccio locus-specifico

Delezione 22q11.2

Sindrome Di George / Velocardiofaciale

Tetralogia di Fallot con atresia della polmonare
27%

Tetralogia di Fallot classica
26%

Alrre raordinnntio
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E(RI)VOLUZIONE DELLA CITOGENETICA:
DAL CROMOSOMA ALL'ARRAY

0000000000000 ©

oooooooooooooo
.2.0.0.0.' o o e

| a2:22:58802284288 s322252252225328
Chromosomal $332852832238528 Ses38052022585ss

Visione ia
Array-CGH:

d'insieme
dell'intero 40-100Kb Alta risoluzione

Aumenta la risoluzione, (10-12Kb) e analisi
ma l'analisi diventa dell'intero genoma in
locus-specifica un unico esperimento

genoma, ma
bassa
risoluzione




CGH -ARRAY

si basa sul principio della “ibridazione competitiva” di due campioni di DNA della stessa specie
marcati con fluorocromi diversi, utilizzando come base di riferimento migliaia di sequenze di
DNA (spot) ordinatamente fissate su un vetrino (microarray). Per ogni cromosoma i rapporti di
fluorescenza vengono trasformati su scala logaritmica e visualizzati su un grafico rispetto alla
posizione sul cromosoma.

valore = 0— normale
valore < 0— delezione

valore > 0— duplicazione

< ,\.‘\.ﬁ-

DUPLICAZIONE DELEZIONE




Una “rivoluzione” in corso

Table 1 Overview of the latest generation of commercially available microarrays for copy number variation (CNV) detection

Microarray vendor Catalogue whole genome array Technology Total number of copy number markers

Affymetrix Cytogenetics Whole Genome 2.7M array Single colour hybridisation, CNV and 2761979 oligonucleotides, of which
genotyping 400 103 are single nucleotide
polymorphism (SNP) specific
Agilent Human High-Resolution Discovery 1%1M Two-colour hybridisation, CNV only 963 331 oligonucleotides
Hurmina Human 1M-duo BeadChip Single-colour hybridisation, CNV and 1199187 oligonucleotides, majority SNP
genotyping specific
NimbleGen Human CGH 2.1M Two-colour hybridisation, CNV anly 2100000 oligonucleotides

Figure 2: A. Genome Coverage of Mapping 10K 2.0 SNPs by chromosome. Black
represent gaps in the human genome sequence, primarily centromeres and telorr
B. Genome coverage of 400 microsatellite markers from the CIDR panel, by chromosc

A. Genome Coverage: 10,204 SNPs
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UTILIZZO DEI MICROARRAY GENOMICI

*Possibilita di individuare sbilanciamenti di piccole dimensioni
(poche Kb).

CNVs: Segmenti di DNA maggiori di 1 kb che variano per numero
di copie da individuo a individuo

*Ruolo delle CNVs (Copy Number Variations) in:

» Variazioni fenotipiche
» Patogenesi di un ampio spettro di patologie umane

mendeliane e multigeniche



Risoluzione: dipende dalla grandezza e dal numero delle sonde utilizzate
Aumentare la risoluzione -> incrementare il numero degli spot e ridurre
la lunghezza delle sonde

(NON E’ POSSIBILE SPOTTARE PIU’ DI 60,000 SEQUENZE)

TIP1 DI SONDE ARRAY:

_cloni BAC: lunghezza 80-200 kb. Buona copertura, forte segnale di ibridazione
__fosmidi e cosmidi: lunghezza 40 kb

_cloni di cDNA: individuazione di CNVs che coprono un singolo gene o parte di esso.
Copertura genomica non omogenea

__prodotti di PCR: risoluzione elevata. Segnale di ibridazione debole.
Produzione per copertura genomica costosa

OLIGONUCLEOTIDE-ARRAY:
fino a 244,000 sonde DIRETTAMENTE SINTETIZZATE SUL SUBSTRATO

SNPs array: Altissima risoluzione. Copertura non omogenea.
Possibilita’ di individuare omodisomie
Debole segnale di ibridazione:
Necessita di riduzione della complessita genomica tramite PCR




SFIDA MAGGIORE: difficolta interpretative

Come distinguere
tra CNV benignae
CNV effettivamente
implicata in un fenotipo patoloqico




1 ESTENSIONE DELLA CNV

anche in relazione alla risoluzione della piattaforma utilizzata

: : confronto con pazienti,
(PUbb“Che € anate) confronto con controlli,

studio della letteratura

2) UTILIZZO DELLE BANCHE DATI Valutazione del contenuto genico,

3 VERIFICA DELL'INSORGENZA Valutazione del pattern di insorgenza,

valutazione del rischio di ricorrenza,

(studi familiari) valutazione di sintomi minori
4 VERIFICA DELLA PRESENZA DI migliore comprensione della CNV
RIARRANGIAMENTI STRUTTURALI valutazione del rischio di ricorrenza,




Come procedere se la CNV non e’ descritta né in associazione
a fenotipi patologici né come variante benigna?

» Confermare il dato con altre tecniche
(FISH, RT-PCR, MLPA)

Verifica della localizzazione di una CNVs
(duplicazione in tandem, marker sovrannumerario, inserzione, traslocazione)

» Verifica del pattern di segregazione



» \erifica del pattern di segregazione

tenendo conto del fatto che

una CNV ereditata non sempre é benigna

__difetti di penetranza ed espressivita
_ fattori epigenetici
__ effetti diversi di CNVs del chr X tra maschi e femmine e tra femmine
con pattern di inattivazione della X differenti
una CNV insorta de novo non necessariamente ¢’ patologica

La verifica pattern di segregazione

aiuta nell’interpretazione di una CNV e

permette la valutazione del rischio di ricorrenza



Database Pubblici:

UCSC

http://genome.ucsc.edu/index.html

Ensembl

http://www.ensembl.org/index.html

Genome browsers

Valutazione del contenuto genico e della natura della regione in esame

UCSC Genome Bioinformatics

C E”SQIHbl‘mrmr|m\1wh\w|waw|aw|um
Genomes - Blat - Tables - Gene Sorter - PCR - VisiGene - Session - FAQ - Help

About the UCSC Genome Bioinformatics Site

Welcome to the UCSC Genome Browser website. This site contains the reference sequence and working draft assemblies for a large collection of genomes. It also provides
portals to the ENCODE and Neandertal projects

We encourage you to explore these sequences with our tools. The or zooms and scrolls over chromosomes, showing the work of annotators worldwide. The
r shows expression, homology and other information on groups of genes that can be related in many ways. Blat quickly maps your sequence to the genome. The
r provides convenient access to the underlying database. VisiGene lets you browse through a large collection of in situ mouse and frog images to examine
expression patterns. Genome Graphs allows you to upload and display genome-wide data s

The UCSC Genome Browser is developed and maintained by the Genome Bioinformatics Group, a cross-departmental team within the Center for Biomolecular Science and

Engineering (CBSE) at the University of California Santa Cruz (UCSC). If you have feedback or questions concerning the tools or data on this website, feel free to contact us
on our public mailing

News LJ

Nows Archives b

To receive announcements of new genome assembly releases, new software features, updates and training seminars by email, subscribe to the genome-announce mailing list

16 August 2012 - Announcing a Genome Browser for the Medium ground finch

We have released a browser for the Medium ground finch, Geospiza fortis, reknowned as one of naturalist Charles Darwin's Galapagos finches. This species, which has been
the subject of many evolutionary studies, is one of a group of birds that evolved over a few million years from a single ancestral species into multiple species whose beak sizes
and shapes are specialized for using different food resources. The phenotypic diversity of these birds contributed to Darwin's theory of evolution. The significance of this
genome assembly is described in the August 16, 2012, press release issued by the UCSC Center for Biomolecular Science and Engineering (CBSE).

The initial Medium ground finch genome assembly (GeoFor_1.0, UCSC version geoFor1) is the product of a collaboration between the Genome 10K project and Beijing

Genomics Institute (BGI) to sequence 100 vertebrate species, and Is the first to be released in the UCSC Genome Browser. For more information about the G. fortis genome,
see the NCBI w: te.

Bulk downloads of the sequence and annotation data are available via the Genome Browser FTP or the page. The browser annotation tracks were
generated by UCSC and collaborators worldwide. See the Credits page for a detailed list of the organizations and individuals who contributed to this release. We'd like to thank
BGI for contributing the data for this assembly and acknowledge the UCSC staff members who released this browser: Hiram Clawson and Greg Roe.

+ 2012 - rhannas to our website




Database Pubblici:

Database of Genomic Variants
http://projects.tcag.cal/variation/

Dechipher Confronti Fenaotipici
http://decipher.sanger.ac.uk/

DECIPHER Search DECIPHER:

GRCh37

)
Database of Genomic T ariants

A curated catalogue of structural variation in the human genome About Documents Help Syndromes
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Database Pubblici:

Pubmed

http://www.ncbi.nlm.nih.gov/pubmed/

OMIM

http://www.ncbi.nlm.nih.gov/omim

[ £ NCBI
iblfQec

PubMed

PubMed comprises more than 22 million citations for biomedical literature from MEDLINE, life science joumals, and
online books. Citations may include links to full-text content from PubMed Central and publisher web sites.

Letteratura scientifica

OMIM

Online Mendelian Inheritance in Man
PubMed Nucleotide

f/index | History | Clipbx

Jse Index to browse terms found in OMIM records.
Use History to retrieve records from previous searches, or to combine searches.

| oMIM®- Online Mendelian Inheritance in Man ®

Welcome to OMIM ® , Online Mendelian Inheritance in Man ® . OMIM is a comprehensive, authoritative, and timely compendium of human genes and genetic phenotypes. The
full-text, referenced overviews in OMIM contain information on all known mendelian disorders and over 12,000 genes. OMIM focuses on the relationship between phenotype
and genotype. It is updated daily, and the entries contain copious links to other genetics resources.

This database was initiated in the early 1960s by Dr. Victor A. McKu talog of mendelian traits and disorders, entitled Mendelian Inheritance in Man (MIM). Twelve
book editions of MIM were published between 1966 and 1998. The online version, OMIM, was created in 1985 by a collaboration between the National Library of Medicine
and the William H. Welch Medical Libra t Johns Hopkins. It was made generally available on the internet starting in 1987. In 1995, OMIM was developed for the World
Wide Web by NCBI, the National Center for Biotechnology Information.




Database Pubblici Nazionali:

Varianti

Database di Troina . .
Popolazione-specifiche

(http://dbcnv.oasi.en.it/gvarianti/index.php Dott. M. Fichera)

Database Interni: confronto con pazienti e controlli interni
Individuazione di artefatti sperimentali
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ORIGINAL ARTICLE

Eerrience with microarray-based comparative genomic
ridization for prenatal diagnosis in over 5000 pregnancies

lisa G. Shaffer' *, Mindy P. Dabell', Allan ). Fisher?, Justine Coppinger', Anne M. Bandholz', Jay W Ellison', J. Britt Ravnan', Beth S. Torchia',
Blake C. Ballif' and Jill A. Rosenfeld”
Prenat Diagn. 2012 Cct32{10):976-85. doi: 10.1002/pd.3245. Epub 2012 Aug 2.

Experience with microarray-based comparative genomic hybridization for prenatal diagnosis in over 5000
pregnancies.

Shaffer LG, Dabell ME, Fisher AJ, Coppinger J, Bandholz AWM, Ellison VW, Bavnan JE, Torchia BS, Eallif BC, Rosenfeld JA.

Signature Genomic Laboratories, PerkinElmer, Inc., Spokane, WA, USA. liza shaffer@perkinelmar_ com

Abstract
OBJECTIVE: To demonstrate the usefulness of microarray testing in prenatal diagnosis based on our laboratory experience.

METHODS: Prenatal samples received from 2004 to 2011 for a variety of indications (n = 5003) were tested using comparative genomic hybridization-
based microarrays targeted to known chromosomal syndromes with later versions of the microarrays providing backbone coverage of the entire
genome.

RESULTS: The overall detection rate of clinically significant copy number alterations {CMNAs) among unbiased, nondemise cases was 5.3%. Detection
rates were 65.5% and 8.2% for cases referred with abnormal ultrasounds and fetal demise, respectively. The overall rate of findings with unclear clinical
significance was 4.2% but would reduce to 0.39% if only de novo CNAs were considered. In cases with known chromosomal rearrangements in the
fetus or parent, 41.1% showed CMNAs related to the rearrangements, whereas 1.3% showed clinically significant CMAs unrelated to the karyotype.
Finally, 71% of the clinically significant CNAs found by microarray were below the resolution of conventional karyotyping of fetal chromosomes.

CONCLUSIONS: Microarray analysis has advantages over conventional cytogenetics, including the ability to more precisely characterize CNAs
associated with abnormal karyotypes. Moreover, a significant proportion of cases studied by array will show a clinically significant CNA even with
apparently normal karyotypes.




Cases with Abnormal Ultrasound

« 2004-2011, 5,003 prenatal cases were analyzed by
microarray

« 2,859 cases had an indication of abnormal ultrasound
findings

* 6.5% of cases with a structural anomaly had an
abnormal microarray result

« 72% (2053/2859) had known normal fetal karyotypes;
the remaining cases had concurrent karyotyping. All
known abnormal karyotypes were removed

 Cases of fetal demise were removed to not bias the
detection rates



Nuchal Translucency

Increased Isolated Other Total
NT findings Abnormal

1/113 (0.9%) 1/7 (14.3%)  2/120 (1.7%)
6/96 (6.3%)  2/12 (16.7%) 8/108 (7.4%)

10/303 6/49 (12.2%) 16/352
(3.3%) (4.5%)

Detection rates in addition to those found by karyotyping



Anomalies in Isolation or with Multiple
Findings

Anomaly Detection Rate
Holoprosencephaly 9/85 (10.6%)

Posterior fossa defects 21/144 (14.6%)
Skeletal anomalies 15/140 (10.7%)

Ventricular septal defect 14/132 (10.6%)
Hypoplastic left heart 11/68 (16.2%)
Club feet/hands 19/194 (9.8%)
Cleft lip/palate 14/136 (10.3%)

Detection rates in addition to those found by karyotyping



Anomalies in a Single Organ System or
Single Anomaly

Organ System or Single Anomaly Detection Rate
CNS 25/381 (6.6%)
Heart 6/237 (2.5%)
Facies (dysmorphism) 6/88 (6.8%)
Diaphragmatic hernia 4/48 (8.3%)

Omphalocele 4/49 (8.2%)
Musculoskeletal 18/203 (8.9%)
Genitourinary 7/115 (6.1%)
Nuchal/other body fluid accumulation 27/628 (4.3%)

Detection rates in addition to those found by karyotyping



Chromosomal Microarray versus Karyotyping for
Prenatal Diagnosis

Ronald J. Wapner, M.D., Christa Lese Martin, Ph.D., Brynn Levy, M.Sc.(Med.),
Ph.D., Blake C. Ballif, Ph.D., Christine M. Eng, M.D., Julia M. Zachary, Melissa
Savage, M.S_, Lawrence D. Platt, M.D., Daniel Saltzman, M.D., William A.
Grobman, M.D., M.B.A_, Susan Klugman, M.D., Thomas Scholl, Ph.D_, Joe Leigh
Simpson, M.D., Kimberly McCall, B.S., Vimla S. Aggarwal, M.B_, B.S., Brian
Bunke, B.S_, Odelia Nahum, M.Sc_, Ankita Patel, Ph.D., Allen N. Lamb, Ph.D.,
Elizabeth A. Thom, Ph.D., Arthur L. Beaudet, M.D., David H. Ledbetter, Ph.D., Lisa
G. Shaffer, Ph.D., and Laird Jackson, M.D.

N Engl J Med
Volume 367(23):2175-2184
December 6. 2012



Frequency and Clinical Interpretation of Microdeletions and Duplications on Chromosomal
Microarray in the 3822 Samples with a Normal Karyotype, According to Indication for Prenatal
Testing.

Table 3. Frequency and Clinical Interpretation of Microdeletions and Duplications on Chromosomal Microarray in the 3822 Samples
with a Normal Karyotype, According to Indication for Prenatal Testing.

Total Known Pathogenic
Normal Common Uncertain Clinical and Potential for Clinical
Indication for Prenatal Diagnosis Karyotype Benign Pathogenic Significance (N=130) Significance®

Potential
Likelyto Be  for Clinical
Benign Significance

no. (%) no. (%) [95% ClJ T
Any 1234 (32.3) 69 (1.8)% 61 (1.6) 96 (2.5) [2.1-3.1)
Advanced maternal age 628 (31.9) 37 (1.9) 25 (1.3) 34 (1.7) [1.2-2.4)
Positive on Down's syndrome 247 (33.9) 13 (1.8) 9(1.2) 12 (1.6) [0.9-2.9]

Anomaly on ultrasonography 247 (32.7) 16 (2.1) 24 (3.2) 45 (6.0) [4.5-7.9]
Other§ 372 112 (30.1) 2 (0.5) 3 (0.8) 3 (0.8) 5 (1.3) [0.6-3.1]

* Total includes those predetermined as known to be pathogenic and those classified by the clinical advisory committee as clinically relevant.

T Cl denotes confidence interval.

I Includes 36 samples determined likely to be benign by the study geneticist and 33 determined by the independent clinical advisory commit-
tee on the basis of size, gene content, inheritance, the literature, and ultrasonography findings.

§ Other indications include family history, previous pregnancy with chromosomal abnormalities, and elective decision.




Clinical Indications for Investigation by Genome-Wide
Array

Fostnatal

Patients with:

clinically significant abnormal growth, for example, short
stature, excessive growth, microcephaly, macrocephaly, and
dysmorphism;
multiple congenital abnormalities;
intellectual disability, developmental delay, antistic spectrum
disorder;
suspected deletion/duplication syndrome;

+ X-linked recessive disorder in a temale.




Raccomandazioni sull’uso delle analisi d Chromeosomal Microarrays (CGH/SNP-array) applicate
alla diagnosi genetica del deficit intellettivo, dei disturbi comportamentali e dei difetti congeniti.

Documento del Gruppo di Lavoro di Genetica Clinica della Societa Italiana di Genetica Umana

1. ritardo psico-motorio/deficit intellettivo idiopatico

2. malattie dello spettro autistico idiopatico per la sensibile frequenza di CNV a
ruolo francamente causativo o predisponente (R. Toro, 2010)

3. due o piu malformazioni maggiori da causa non nota (Miller DT, 2010),
soprattutto coinvolgenti mani e cuore (UK Genetic Testing Network, 2009)
4. riarrangiamenti cromosomici apparentemente bilanciati con anomalie
fenotipiche

5. costituiscono una indicazione per 'analisi tramite CMA se si associano a
ritardo psicomotorio o a anomalie fenotipiche maggiori o0 minori le seguenti
patologie:

- disturbi comportamentali,

- deficit di attenzione-iperattivita (N.M. Williams, 2010),

- epilessia (E. Ezugha, 2010),

- microcefalia,

- malformazione maggiore,

- anomalie di crescita (deficit o eccesso)

CMA as diagnostic tool for ID/CD in Italy. SIGU consensus statement
(clinical branch). Vers. 8.2.2.1, 29 Giugno 2011



2006: aCGH (1 Mb) Definizione nuove sindromi da geni contigui

Letter to the Editor
Nablus Mask-Like Facial Syndrome

Teebi AS




Teebi, 2000 Salpietro et al. 2003

Conferma della Sindrome di Nablus come distinta entita’ clinica

Eziologia non nota

v’ cariotipo alta risoluzione: NORMALE
v' Analisi delle regioni subtelomeriche: NEGATIVA

v Possibile modello di trasmissione: autosomico recessivo
probabile consanguineita’






TABLE I. Comparison of Clinical Features of Teebi’s Patient and
Present Two Patients

Clinical finding Teebi, 2000  Patient 1  Patient 2

Tight glistening facial skin
Abnormal hair patterning
Blepharophimosis

Sparse eyebrows

Abnormal ear configuration

Maxillary hypoplasia
Abnormal dentition

Long philtrum

Flat nasal tip

Acquired microcephaly
Hypoplastic genitalia
Submucous cleft palate
Displaced nipples
Contractures
Developmental delay

Nablus Mask-Like Facial Syndrome

Shieh JTC, Aradhya S., Novelli A., Manning MA, Cherry AM, Brumblay J., Salpietro CD, Bernardini L., Dallapiccola B., Hoyme H.E. (2006) “Nablus mask-like facial
syndrome is caused by a microdeletion of 8q detected by array-based comparative genomic hybridization” American Journal Medical Genetics Part A 140: 1267-
1273
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Original article

Confirmation of chromosomal microarray as a first-tier
clinical diagnostic test for individuals with developmental
delay, intellectual disability, autism spectrum disorders and

dysmorphic features ™~
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RP11-483E23 (15q13.1)

IPOTESI:

1) Interruzione genica in corrispondenza di uno dei due punti di rottura della traslocazione

2) Effetto di posizione di geni localizzati nelle vicinanze del punto di rottura e traslocati in
un locus non proprio




individuare anomalie cromosomiche criptiche
non evidenziabili con le tecniche di citogenetica
standard: utilizzo aCGH

» liquido amniotico
» cariotipo parentale normale

46,XY,1(1;2)(p22;913)dn
> rischio empirico 6% di malformazioni congenite

> alla nascita: ritardo di crescita, dismorfismi




individuare anomalie cromosomiche criptiche
non evidenziabili con le tecniche di citogenetica
standard: utilizzo aCGH

a) E’ stata evidenziata la presenza di due
microdelezioni sul cromosoma 1.

b) parziale della regione 1p32p31.3(~3 Mb)

c) parziale della regione 1923.3(~1,9 Mb)




Log2 Ratio Ch1iCh2

Oligo 4x44K del 2937.1-937.3 7.6 Mb | 235164577.5 242717042.5




arr 16023.39024.2(82,061,060-85,725,948)x1

RP11-150H19

All’'ecografia: NT >95 percentile, osso nasale
assente, sindrome del cuore sinistro ipoplasico,
distensione anse intestinali, lieve pielectasia
monolaterale

ARTICLE

Genomic and Genic Deletions of the FOX Gene Cluster - = harl o e e
on 16g24.1 and Inactivating Mutations.of FEOXF1 Cause
Alveolar Capillary Dysplasia and@ther Malformations

Sindrome del cuore sinistro
ipoplasico, atresia gastrointestinale
e malformazioni del tratto urinario

and Charle mith4-*



19 S.G. Amnio: 46,XY
Ecografia:igroma cistico,onfalocele,idronefrosi

Oligo del 16g924.1-
4x180K q24.2 1,9Mb 85,009,312 | 86,911,889

RP11-655C18
(16024.1-q24.2)

Gene FOXC2; Yu et al 2010 idronefrosi congenita




ALTERAZIONE PATOLOGICA MA NON ASSOCIATO AL FENOTIPO

RIS ORIGINE

START END
dup 16p13.12-p13.11 14,687,665 16,218,541
dup 15013.2-q133 28,801,629 30,494,145

Locus di suscettibilita
all'autismo e r.m.

Fenotipo variabile con penetranza incompleta:

21 SG: 46,XX
Ecografia: cardiopatia congenita complessa tipo troncoconale

Consulenza: ? Variante normale o locus suscettibilita’?
Gravidanza interrotta per malformazione fetale

Eccesso di info
50% di trasmissione prossima gravidanza ?




ALTERAZIONE PATOLOGICA MA NON ASSOCIATO AL FENOTIPO

RIS ORIGINE START END
dup 16p13.12-p13.11 pat 14,687,665 16,218,541

dup 15913.2-q13.3 mat 28,801,829 30,494,145

Locus di sucettibilita
alla schizofrenia

Fenotipo variabile con penetranza incompleta:

20 SG: 46, XY
Ecografia: NT alterata
Consulenza: ? Variante normale o locus suscettibilita’?

Informazione non richiesta sulla madre cosa comporta?
Insorgeneza tardiva



'analisi ha evidenziato due
riarrangiamenti:

Una microduplicazione di 1,2Mb in

posizione 4p15.31 di origine paterna

Una microdelezione di 86,8Kb su un
cromosoma 2 in posizione 2p16.3 di
origine materna

4:191,273



Array-CGH

Vantaggi

« Non ha bisogno di coltura cellulare
« Capacita di analizzare I'intero genoma in un esperimento

- Elevata specificita, sensibilita e risoluzione °0°98 283 eea2%2?
- Rapidita ‘

Svantaggi 228 S8 250500

* Incapacita di rilevare riarrangiamenti bilanciati e poliploidie

« Limitata abilita di individuare mosaicismi.

* Presenza di polimorfismi del numero di copie (CNV), di difficile
Interpretazione
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The future of prenatal
diagnosis: karyotype,
microarray or both? Technical
and ethical considerations

Expert Rev. Proteomics 10(2), 131-134 (2013)

Evaluation of: Wapner RJ, Martin CL, Levy B ef al. Chromosomal microarray versus karyotyping
for prenatal diagnosis. N. Engl J. Med. 367(23), 2175-2184 {2012).

Prenatal diagnosis is now offered to high-risk pregnancies, including advanced maternal age,
ultrasound anomalies and positive Down's syndrome screening, and karyotype on cultured fetal
material is the test of choice 1o screen these pregnancies. However, microscope analysis can only
detect gross chromosome abnormalities, highlighting the need for more sensitive technigues.
It has recently been established that the higher resclution of microarray-based platforms can
increase the diagnostic yield, offering more information to couples, and it is being discussed as a
replacement to the standard karyotype. Conversely, the very high sensitivity of microarray-based
analysis allows us to detect small microdeletions/microduplications (copy number variations)
with unknown functional role and difficult genotype/phenctype correlation. In addition, the
new copy number variation syndromes are often associated with variable outcomes, ranging
from normal to severely affected individuals. This means that the microarray-based analysis
introduced routinely in prenatal diagnosis needs to answer the question: are laboratory staff,
clinical geneticists and counselors really experienced enough to manage these new scenarios?

Kevwonrps: copy number vanations » genetic test » karyotype » microarray-based analysis » prenatal diagnosis
& uncertain clinical significance
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The Future of Prenatal Cytogenetics:
From Copy Number Variations to
Non-invasive Prenatal Testing

Paul Brady, Simaon Andul, Jorls Robart Varmsesch

Abstract

The conventional mathods of prenatal diagnosis ars baing challenged by recent technologles.
Chromosomal microarrays already in malnsiream use for posinatal genetic diagnosis are
inoreasingly usad for prenatal diagnosis, mainly in pregnancies with sonographlc anomalles but also
for routine screaning aftar any Invasive procedure. Arrays have demonstrated the ability to detect
submicroscopic copy number variations, providing an approximately 2.1 % Increase In the
detaction rate of pathogenic copy number variations regardless of the referral indication, and rising
to an approximataly 5.3 % Increass above conventional karyotyping in the presence of sonographic
anomalies. Mors recently, novel technologies and methods of non-invasive prenatal testing am
reaching clinical applications beyond fetal sax detarmination and rhesus blood group genatyping.
Massively parallel saquencing methods have been shown to confidently detect trisomy 21 from
cell-frea DMNA Isolated from a maternal plasma sample and ans rapidly antering clinlcal usa. Targetad
maethods Including aplganatic differances batwean the fatal and maternal ganomes such as
differantial methylation are also being applied for non-invasive aneuploidy detection. it can be
anticipated that vary soon chromosomal microarays will bacoma the first-tiar test for iInvasiva
prenatal diagnosis. In addition, we balleve that non-invasive pranatal testing will gradually replace
the nead for invasive prenatal dagnosis with the associated risk of pregnancy loss.
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Recent advances in the prenatal
interrogation of the human fetal

genome

Lisa Hui"? and Diana W. Bianchi’

TMaother Infant Resesrch Instituts st

Tufts Medical Center, 800 Washington 51, Box 384, Boston, MA 02117, USA

“Diacipline of Obatetrica, Gynacology and Meonatalogy. Faculty of Medicing, University of Sydney, Sydney, MSW 2006, Australiz

The amount of genetic and genomic information cbtain-
able from the human fetus during pregnancy is accelerat-
ing at an unprecedented rate. [wo themes have
dominated recent technological advances in prenatal di-
agnosis: interrogation of the fetal genome in increasingly
high resolution and the development of non-invasive
methods of fetal testing using cell-free DNA in maternal
plasma. These two areas of advancement have now con-
verged with several recent reports of non-invasive assess-
ment of the entire fetal genome from maternal blood
Howewver, technologcal progress 15 outpacing the alahity
of the healthcare providers and patients to incorporate
these new tests into exmsting clinical care, and further
complicates many of the economic and ethical dilemmas
in prenatal diagnosis. This review summarizes recent
work in this field and dscusses the integration of these
new technologes into the clime and society.

A new era of prenatal genomic diagnosis: desper, faster,
and risk free

was shortly followed by the first prenatal diagnosis of
trisomy 21 (Down syndrome Hin 1965 [3]. For both clinical
and technical reasons, prenatal disgnoesis has historically
forused on fetal chromosome abnormalities, which sre an
important cause of perinatal morhdity and mortality, and
are relativel v easily detected from cultured fetal cellsusing
standard cytogenstic techniques. Thagnosis during esrly
pregnaney gives women the choiee of terminating an af-
fected pregnancy, or continung to birth with better prepa-
ration for the postnatal needs of the chald,

Classical eytogeneties (e, manual microseople exami-
nation of banded metaphase chromosomes ) 1s now rapidly
being superseded as the gold standard of chromosomoal
assessment. A 2010 international consensus statement
recommendad that chromosome miroarrays (ChAs) re-
place metaphase karvotyping as the first-tier test for chil-
dren with unexplained multiple congenital anomahies or
-:]-:=1.'-:=|':rn1-'=nr~a| delay [4]. ChlAs detect genomic gains and
sses by hybridizing fluorescently labeled sample DNA
onto targets with known genomic coordin ates that are fixed
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The European Society of Human Genetics concluded that
arrays were of proven value for mmvestigation of fetal
abnormalities and encouraged the establishment of local
guidehnes for the use of genome-wide array analysisinthe
prenatal setting [9]. They also recommended that pretest
counsehng, incduding written 1nformsation and parental

L "l N - - -

e 5
)

service. Inits 2012 position statement, the [tahan Society
of Human Genetics recommended that CMAs only be used

for specific diagnostic purposes in selected pregnancies and
‘never’ as a substitute for conventional karyotyping [10].
Thiz 15 in hine with the recommendations from the Ameri-
can College of Obstetniaans and Gynecologists, which has
not vet altered 1ts 2009 recommendation that conventional
karyotyping remain the principal evtogenstic tool 1n pre-
natal diagnosis [11].




Trends in Genetics February 2013, Vol. 29, No.

Maternal venipuncture

Amniotic sac

»
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”
Cell-free fetal
Fetal DNA DNA in maternal

plasma

Placenta

Amniocentesis by Chorionic villus sampling
transabdominal via transabdominal or
needle aspiration transcervical catheter

TRENDS in Genetics

Figure 1. Sampling methods for genetic assessment of the fetus. Invasive methods carrying a risk of miscamiage include amniocentesis and chorionic villus sampling.
Sampling of call-free fetal DNA in maternal plasma iz non-invasive and risk free to the fetus.




NEXT-GENERATION SEQUENCING (NGS)

E possibile leggere I'intero patrimonio genetico di
un individuo in un esperimento




DNA Libero nel Sangue Materno

*II DNA libero (cfDNA) é costituito da piccoli frammenti di DNA

*In gravidanza, il cfDNA sia della mamma che del feto é presente nel sangue
materno

* La quantita di cfDNA fetale presente é una piccola frazione rispetto al
cfDNA materno




WHAT ARE THE CURRENT LIMITATIONS OF NIPS5?

|

Risk assessment is limited to specific fetal aneuploidies (tri-
somy 13, 18, and 21) at this time. Some platforms also screen
for sex chromosome abnormalities. Approximately 50% of
cytogenetic abnormalities routinely identifed by amniocen-
tesis will not be detected when trisomy 21, 18, and 13 are
the only aneuploidies being screened. When patients <35
years or =35 vears are considered separatelyv, 75 and 43% of
cytogenetic abnormalities will be missed, respectively!1?
Chromosomal abnormalities such as unbalanced translo-
cations, deletions, and duplications will not be detected by
MNIPS. Therefore, when fetal anomalies are detected, inva-
sive diagnostic testing and cvtogenomic microarray analy-
sis are more likely to detect chromosomal imbalances than
INIPS and mayv be a better testing option.”

MNIPS is not able to distinguish specific forms of aneuploidy
For example, NIPS cannot determine if Down syndrome is
due to the presence of an extra chromosome (trisomy 21),
a Robertsonian translocation involving chromosome 21, or
high-level mosaicism. Identification of the mechanism of
aneuploidy is important for recurrence risk counseling and
emphasizes the importance of diagnostic testing following
NIPS

NIPS does not screen for single-gene mutations
Uninformative test results due to insufficient isolation of
cell-free fetal DNA could lead to a delay in diagnosis or
eliminate the availability of information for risk assessment
Biologic factors associated with reduced available cell-free
fetal DNA include a high body mass index and early gesta-
tional age (<10 weeks gestation). 14>

Currently, it takes longer for NIPS test results to be returned
than for test results on maternal serum analvtes. Providers
should keep this in mind when offering patients NIPS if
timing is important for reproductive decision making. In

most cases, M netween 10 anc
tion, which allows time for follow-up of positive test results
It is reasonable to offer NIPS after 20 weeks if an expectant
women desires information regarding risk, reassurance, or
knowledge in order to intorm obstetrical management and/
or preparation for birth

NIPS does not screen for open neural tube defects. Maternal
serum a-fetoprotein testing should still be offered at 15-20
weeks gestation to screen for open neural tube defects even
when NIPS is performed.!

NIPS does not replace the utility of a first-trimester ultra-
sound examination, which has been proven to be useful
for accurate gestational dating, a ment of the nuchal
translucency region to identify a fetus at increased risk for
a chromosome abnormality, identification of twins and
higher-order pregnancies, placental abnormalities, and
congenital anomalies. 1

Limited data are currently available on the use of NIPS in
twins and higher-order pregnancies. Utilization in these
clinical settings mav depend on specific laboratory plat-
forms, proprietary bioinformatics, and clinical validation
studies

NIPS has no role in predicting late-pregnancy compli-
cations

s gesta-

SHOULD PRETEST OR POSTTEST GENETIC

COUNSELING ABEOUT ANEUPLOIDY SCREENING

EE PERFORMED?




POSITION STATEMENT

Position statement from the Aneuploidy Screening Committee on

behalf of the Board of the International Society for Prenatal
Dic:gnosisJr

Prenatal Diagnosis 2013, 33, 1-8 © 201 3 John Wiley & Sons, Ltd.




Best Ethical Practices for Commercial Test Providers

Companies offering non-invasive prenatal testing should:

1.

Offer testing only through licensed clinicians and not directly to
consumers.

Seek oversight to validate the safety and effectiveness of genetic
tests from relevant regulatory agencies.

Do their best to comply with national and international regulations
and laws regarding the results that can legally be returned to
patients.

Implement proficiency testing procedures verified independently
by a third party to ensure analytic validity. Set transparent
standards for data interpretation and error rates.

Require verification of comprehensive informed consent from
clinicians before testing is conducted. Companies may wish to
provide clinicians with appropriate informed consent forms in
order to facilitate this process.

Obtain written consent for the storage of samples and genetic data
and any research conducted using samples or test results. Samples
should not be used for research without explicit consent separate
from consent obtained to use samples for clinical purposes, and
samples destroyed after clinical testing unless specific consent for
future use has been obtained. .

Provide the capacity to return selected results based on the wishes
of the patient.

Provide genetic counseling resources to assist clinicians in
facilitating the informed consent process .

Design marketing and advertising materials to promote values-
based decision-making and avoid advocating for specific actions on
the basis of test results.

. Design intellectual property and licensing regimes to facilitate

access to and enhance quality of prenatal testing. To maximize
equality of access and care, data from tests should be available in
the public domain.

NIPS
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ACMG POLICY STATEMENT
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ACMG statement on noninvasive prenatal screening
for fetal aneuploidy

Anthony R. Gregg, MD', 5.J. Gross®, R.G. Best®, K.G. Monaghan®, K. Bajaj®, B.G. Skotko®,

(011 B.H. Thompson® and M.S. Watson®; The Moninvasive Prenatal Screening Work Group of the American

College of Medical Genetics and Genomics

Disclaimer: ACMG position staternents are developed primarily as educational resources for medical geneticists to help thermn provide quality clinical laboratory
penetic services, Adherence to this statement is voluntary and does not necessarily assure a successfill medical cutcome. This position statement should not
be considered inclusive of all proper procedures and tests or exclusive of other procedures and tests that are reasonably directed to obtaining the same results.

In determining the propriety of any specific procedure or test, the clinical laboratory geneticist should apply his or her own professional judgment to the specific
circumstances presented by the individual patient or specimen. Clinical laboratory geneticists are encouraged to document in the patients record the rationale
fior the wse of a particular procedure or test, whether or not it is in conformance with this position statement. They also are advised to take notice of the date amy
particular positions statermert was adopted and to consider other relevant medical and scientific infor mation that becomes available after that date, It also would be
prudent to consider whether intellectual property interests may restrict the performance of certain tests and other procedures.

Moninvasive assessment of the fetal genome is now possible using
next-generation sequencing technologies. The isolation of fetal DIMA
fragments from maternal circulation in sufficlent quantity and sizes,
together with proprietary bioinformatics tools now allows patients
the option of noninvasive fetal aneuploidy screening. However,
obstetric care providers must become familiar with the advantages
and disadvantages of the utilization of this approach as analysis of

results contain key elements and that laboratories adhere to estab-
lished quality control and proficiency testing standards. The analy-
sis of cell-free fetal DINA in maternal circulation for fetal aneuploidy
screening is likely the first of major steps toward the eventual applica-
tion of whole fetal genome/whole fetal exome sequencing.

Grenet Med advance online publication 00 Month 2013




NIPS
Non Invasive Prenatal Screening

145 {z3;
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=1 health

Natera's Verinntals verif Sequenom's Ariosa's
Panorama MaterniT21 PLUS Harmony
13, 18, 21, sex 13,18, 21, sex
chromosomes chromosomes
Monosomy tested X X X
Single nucleotide ~ Massively parallel Massively parallel Chromosome-

polymorphism sequencing sequencing selective sequencing

Sensitivity 92-99% 87-99% 92%-99% 80-99%
Accuracy 100% 100% >99% >99%

Earliest gestational age 9 weeks 10 weeks 10 weeks 10 weeks
Price $1,495 $1,500 $2,762 $795

Trisomies tested 13, 18,21 13, 18, 21
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Abstract

Fetal DNA is present in the plasma of pregnant women Massively parallel sequencing of matemal plasma DNA has been
used to detect fetal trisomies 21, 18, 13 and selected sex chromosomal aneuploidies noninvasively. Case reports desoibing
the detection of fetal microdeletions from matemal plasma using massively parallel sequencing have been reported
Howewer, these previous reports were either polymorphism-dependent or used statistical analyses which were confined to
one or a small number of selected parts of the genome. In this report, we reported a procedure for performing noninvasive
prenatal karyotyping at 3 Mb resolution across the whole genome through the massively parallel sequendng of maternal
plasma DMA. This method has been used to analyze the plasma obtained from & cases. In three @ses, fetal microdeletions
have been detected successfully from matemal plasma. In two cases, fetal micoduplications hawe been detected
successfully from matemal plasma In the remaining case, the plaama DNA sequencing result was consistent with the
pregnant mother being a camier of a microdupliation. Simulation analyses were performed for determining the number of
plasma ODMA molecules that would need to be sequenced and aligned for enhancing the diagnostic resolution of
noninvasive prenatal kanyotyping to 2 Mb and 1 Mb. In conclusion, noninvasive prenatal molecular karyotyping from

maternal plasma by massively parallel sequencing is feasible and would enhance the diagnostic spectrum of noninvasive
prenatal testing.
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Lo scenario
futuro

* [l genoma umano e
stato in pratica
decifrato

Le nanotecnologie

potranno consentire
lo studio di decine di |
migliaia di geni

La diagnhosi prenatale
potra essere

disponibile per tutte
le malattie genetiche
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Take Home Message
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Article

Molecular testing: improving patient care through partnering with
laboratory genetic counselors

To maximize the quality of the
service, it is important to establish an understanding of what can be expected of both the
practitioner and the laboratory genetic counselor. Although some complications in the
laboratory cannot be anticipated, discussing the case with the |laboratery genetic counselors
beforehand may avert certain problems. This article discusses real cases from laboratory
genetic counselors to illustrate issues that arise due to technical difficulties and the inherent
limitations of molecular testing. The summary describes practical ways in which clinicians
and |aboratory personnel can work together to either avoid or, when unavoidable, better
manage problems and delays. The responsibilities of genetic counselors working in
molecular diagnostics are discussed.

Un analisi genetica

deve essere

e NON essere un

test di laboratorio




-

conclusiont

Un test di laboratorio deve essere sottoposto ad
una valutazione clinica prima di venire trasferito
nella pratica.

ogni test medico viene definito in base ad alcune
caratteristiche, tra le quali sensibilita, specificita,
valore predittivo positivo e negativo.-

non esiste un test migliore: esiste Il test
appropriato per la specifica condizione clinica,
discussa dal paziente e dal medico nell'ambito
di ogni singola e specifica situazione.

Nel caso del test genetici la consulenza genetica
deve essere inserita nel percorso diagnostico.
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