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Material pro cytogeneticke
vysetreni

periferni krev

bunky kostni dfen¢

vzorky ruznych tkani (biopsie kozni)

bunky plodové vody, choriovych klku, placenty
pupecnikova krev

vzorky solidnich nadoru



Metody vyuzivané na OLG FN Brno

t(11;14)

r. 1996
detekce balancovanvch 1 nebalancovanvch zmén

“ el 12000

”F. CG H/ HR-CGH (komparativni genomova hybridizace)

detekce nebalancovanych zmén v celém genomu
CGH (5-10Mb), HR-CGH (do 3Mb)
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Spektralni karyotypovani (SKY) r.2002

detekce balancovanych 1 nebalancovanych zmén v genomu

r.2008

Agilent’s Human CGH Microarray Kit
Detekce nebalancovanych zmén v celém genomu

Screening subtelomerovych oblasti
DiGeorge syndrom
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Umoznuje detekci balancovanych i nebalancovanych zmén
v interfaznich bunkach i1 v mitdézach

1969 Parduova a Gall - radioaktivni znaceni
1986 Pinkel a spol. - fluorescencni znaceni (FISH)

Hybridizace sondy (znac¢ené fluorescenénim barvivem) s chromozémy
na cytogenetickém preparatu

Zhotoveni kvalitnich preparatu
1. Denaturace sondy i cilového mista

2. Hybridizace

3. Odmyti

4. Barveni pozadi

5. Hodnoceni pomoci fluorescencniho mikroskopu
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FISH : Typy sond

Celogenomové
Celochromozomove
Centromerické
Sondy telomericke,

ramenove C1 pruhové specificke

Sondy pro jedinené sekvence:
_____a)plazmidové (500pb-5 kb)
b) kosmidové (20-50 kb)
c) bakteriofag lambda (8-15 kb)

d) YAC klony (50-1000 kb)
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Gene-specific Ceantromeric Telomerc Cheomoesome-painting
probe probe probe probe

L |
Repetitive-sequence probes

Examples of different types of fluorescence in situ hybridisation (FISH) probes
Expert Reviews in Moecular Madicing © 2000 Cambndge University Press
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FISH - vyuziti techniky
fluorescencni In situ hybridizace

klinicka cytogenetika

nadorova cytogenetika

evolucni studie karyotypu

studium architektury interfazniho jadra
mapovani lidskeho genomu

geneticka toxikologie

forenzni genetika

analyza virovych infekci
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SRDECNI VADY
ANOMALIE TVARE
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Vyuziti FISH: detekce numerickych zmén
Downuv syndrom

Karyotype from a female with Down syndrome (47 ,XX,+21)
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KlinefelterUv syndrom

LR 18 3% %8 26 wx
vysoka postava, AR BB 85 K5 8n wx un

Al Ab ap xx mn_sn
porucha rustu vousu, == ==
zenska distribuce

podkozniho tuku,PMR




Vyuziti FISH: detekce numerickych zmeén
Turneruv syndrom

45,X

chybi jeden chromozom X
1/2500 divek

95 % SA

mala postava, chybi vajeCniky az
sterilita




Vyuziti FISH: detekce strukturnich zmén
Balancovanée franslokace

vyskyt v populaci s Cetnosti asi 1 : 500

neovliviuji jednoznacne fenotyp nositele (5 x vyssi vyskyt v
populaci mentalné retardovanych pacientu)

vyznamna pfi€ina sterilit u pfenasecu

v dusledku aberantni meiotické segregace vznik gamet s
nebalancovanymi pfestavbami (duplikace, delece)
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Vyuziti FISH: onkogenetika
Chronicka myeloidni leukemie (CML)

Philadelphsky chromozom
translokace BCR/ABL (9934/22911.2)
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Vyuziti FISH:
Chronicka myeloidni leukemie (CML)

Ph obvykle ptitomen ve 100% mit6z v dobé diagndzy, ptitomen I
V prib&hu onemocnéni

nejlepsi prognoézu maji pacienti, ktefi maji v dob¢ diagnozy Ph
chromozom jako jedinou zménu

v dobé diagnozy u néckterych nemocnych krom¢ Ph dalsi
chromozémové zmény, jejich vyskyt je nepfiznivy prognosticky
Znak

v dob¢ blastickeho zvratu az 70% nemocnych ma ptidatné
chromozomové zmény, nejcastéji +8, duplikace Ph, +19, 1(17q)

FISH detekujeme prestavbu BCR/ABL, specificka sonda
umoziuje vysetfovat I interfazni jadra



Philadelphsky chromozom
translokace BCR/ABL (9q34/22911.2)

Chronic myeloid leukemia (CML)

ABL onfhromosome o

—x—
BCR on chromosome 22

Fusion gene on chromosome 22

.

8.5 kb BCR/ABL mRNA

|

p 210 fusion protein
(constitutively active tyrosine kinase)
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Philadelphsky chromozom
translokace BCR/ABL (9q34/22911.2)

Two colour FISH for cancer
translocations (CML)

MNormal interphase

c-abl
oncogene
9 22

Normal metaphase t(9;22) metaphase




Philadelphsky chromozom
translokace BCR/ABL (9q34/22911.2)

Two colour (ES) FISH for CML

Larger probe — spanning the breakpoint

MNormal interphase

c-abl
oncogene
9 22

Normal metaphase t(9;22) metaphase




AML-M2

¥ i 3 i '
t(8;21) ved | - n
mapované geny ETO, AML1 [ r
predevsim U mladSich pacientu,
casto U déti 8 21

sekundarni zmény
-Y,-X, 9g-, 79-, +8
dobra prognoza AML1/ETO




Spektralni karyotypovani SKY

Umoznuje odhaleni balancovanych a
nebalancovanych ( 1 kryptickych )
prestaveb celeho genomu v jednom

kroku

 vyvinuta v roce 1996

* identifikace kazdého chromozomu pomoci

jedine¢né kombinace S fluorochromii
TexasRed

‘referencni spektra - pseudobarvy, prirazeny
kazdému chromozomovému paru na zakladé
méreni vinovych délek
Nevyhody - potreba kvalitnich mitoz
- uspésna hybridizace
- finan¢né nakladné



Chlapec, 1 rok, neuroblastom
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Mnohobarevné pruhovani
(M-banding)

Chromsom 1

|

Chromosom &

o

RN Gy — —

Chromosom 7

[ DEAC

EFITC

B Spectrum Orange
B Texas Red
Clcys






Komparativni genomova hybridizace (CGH)

= umoznuje béhem jediné hybridizac¢ni
reakce stanovit zmeény vedouci ke ztratam ¢i
ziskim sekvenci DNA v celém genomu bez

ohledu na mitotickou aktivitu bunék

=Kallioniemi A., Kallioniemi O.-P. a kol., 1992

=potrebny material: izolovana DNA
= rozlisovaci schopnost - 10 Mb

= klonalni zastoupeni - 50 %

Comparative Genomic Hybridization for Molecular
Cytogenetic Analysis of Solid Tumors

Anne Kallioniemi,* Olli-P. Kallioniemi, Damir Sudar,
Denis Rutovitz, Joe W. Gray, Fred Waldman, Dan Pinkel

Comparative genomic hybridization produces a map of DNA sequence copy number as
a function of chromosomal location throughout the entire genome. Differentially labeled test
DNA and normal reference DNA are hybridized simultaneously to normal chromosome
spreads. The hybridization is detected with two different fluorochromes. Regions of gain
or loss of DNA sequences, such as deletions, duplications, or amplifications, are seen as
changes in the ratio of the intensities of the two fluorochromes along the target chromo-
somes. Analysis of tumor cell lines and primary bladder tumors identified 16 different
regions of amplification, many in loci not previously known to be amplified.

Thhe discovery of genetic changes involved
in the development of solid tumors has
proven difficult. Karyotyping is impeded by
the low number of high-quality metaphase
spreads and the complex nature of chromo-
somal changes (1). Molecular genetic stud-
ies of isolated tumor DNA have been more
successful and have been used to detect

Minniomi 3 .P Kallinniami N Siwiar | W Crav

common regions of allelic loss, mutation, or
amplification (2, 3). However, such molec-
ular methods are highly focused; they target
one specific gene or chromosome region at a
time and leave the majority of the genome
unexamined.

We have developed a molecular cytoge-
netic method, comparative genomic hy-
bridization (CGH), that is capable of de-
tecting and mapping relative DNA se-



A takto to funguje...

1. Genomic DNA is
iIsolated and quantitated

Test Sah"uple Reference,‘ISample

2. Genomic DNA is labeled

with Cy3 or Cy5




A takto to funguje...

3. Labeled A |s digested
into smallef products that
allow optimal hybridization

www.abbottmoleculars.com




DNA extraction

e

competitor test
(M ‘m" {grees 4UTT)
Hybridisation for
48.72 hours
v

Normal metaphase chromosomes

Fluorescent

emhit i

f§ dim(iq3l)

Image through a triple-band filter

(reen: increase in copy number
Red; decrease in copy number
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interpretace vysledku

CGH




CGH interpretace vysledkii

Referencni DNA
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CGH cervenou...

Normal DNA . Ratio of the

No[Change

from the

Ratio of the signals
from the test and reference

DNA with a _ greater than 1.0
termed a

DNA with a

Ratio of the signals
from the test and reference
less than 1.0

termed a www.abbottmoleculars.com




CGH

interpretace vysledku

heterochromatin
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cervena - ztrata

vysledny pomeér
__—fluorescence

15 [24]

hranice 0,8

hodnota 1

- /'“'ﬁiﬁ] \ / \
¢. chromozomu

LENIES Loz pocet hodnocenych

chromozomu

dim — ztraty, delece




Ukazka profilu CGH zpracovaného pocitacovou analyzou
obrazu u pacienta s neuroblastomem

1(21) 2 [18) 3(22) a(z1) 5(22)

REAN 3 { § L

13 [24) 14 (23] 15 (23] 16 (23] 17 [24) 18 [23)

HE{EWHHi%

rev ish enh (1q21-qter, 2p22-p24, 12q21-qter, 17q21-qter)
rev ish dim (1p31-pter, 10q22-qter)

enh — zisky, amplifikacie
dim — straty, delécie



- detekce numerickych zmeén v celém genomu v jedne reakci
- presna lokalizace zmen!

00000

t

— BAC, P1 klony, —
Solinas-Toldo a kol., 1997 oligonukleotidy ~ 35 kb

nahrazeni chromozomu separovanymi klony
BAC, PAC, c-DNA klony, oligonukleotidy ~ 35 kb

princip DNA/DNA hybridizacie, sondy fluorescencne znacené



Array CGH : rozdil je jen v podkladu

CGH Array-CGH

000000
000000
000000
000000
00000




GenoSensor
Array 300 V.1

www.abbottmoleculars.com

Valh

(T | MR

b)

www.affymetrix.com .
y www.agilent.com

Ukazky CGH cipu firmy a) Affymetrix a b) Agilent.



DNA mikrocipy vyuzivané na OLG FN Brno

v klinické diagnostice /2007

+2X +4X +16X
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Oligonukleotidové platformy (Agilent Technologies)
« Human Genome 4x44K CGH array, 8x60K CGH array
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Klinicka interpretace vyznamu detekovanych CNVs (copy

number variations)

PUvod CNV - de novo x familidrni vyskyt
Funkce genu uvnitf CNV - korelace genotyp-fenotyp

Informace v klinickych databazich — PUBMED, UCSC, OMIM, DECIPHER

Velikost CNV - je spolehlivym kritériem?¢

Array-CGH
) T # Polymorfismy/
Databaze znamych ano ne databa
- L ‘ CNV > atapaze
mikrodeleénich/ genomovych
mikroduplikaénich variant
syndromfi ano Kauzalita
_ ano
l CNV benigni

ne
Databdze OMIM P CNV patogenni
genu spojenych s ano CNV
fenotypem » |pravdépodobné | ™ D"e“j’,“.' nalezu

: u rodicu
patogenni
ne ano CNV
CNVzdé&dénda | . |pravdépodobné
benigni
Vysetteni rodich ano CNV nejasnéh dofeseny
jasného Nedofeseny
® | CNV de novo —————— ¥ |wyznamu pfipad
ne *

Gijsbers et al. Eur J Hum Genet. 2009, 17(1):1394-1402.
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Celkovy zachyt CNVs u pacientu s MR/VVYV
vySetrenych pomoci array-CGH 2007-2015

Celkové 275 vySetreni pomoci array-CGH
(144 chlapcu, 131 divek)

m 164 vysetreni s normalnim karyotypem

m 111 vySetreni s pozitivhim nalezem, tj. 40,4 %

Nalezeno:

> 51 patogennich /prav. patogennich CNVs (18,5 %)
> 10 CNVs nejasného vyznamu (3,6 %)

S > 36 benignich CNVs (13 %)

> 15 nalezu dosud nedosetieno (5,4 %)

2016 (I-X) 113 vysetreni / 26 patogennich CNVs (23 %)



Klinicky vyznam CNVs vzhledem Kk velikosti

Mikrodelece: 67 kb — 31, 03 Mb
Mikroduplikace: 107 kb — 26,70 Mb

pocet CNVs

30

25
20
. 95 % patogennich CNVs > 0,5 Mb
10
5
0 | | . [ I [ |

0-100 kb~ 100-200 kb 200-500 kb \( g 1-5Mb 5-10 Mb > 10 Mb

pravdépodobné benigni ®mVOUS = patogenni



: vyhodnoceni

Array CGH

aCGH Analytics Software, Agilent Technologies

18: 25017051-532088448, 28.1 Mb
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db indicates J L db indicates
recognised 2 overlap with
CNV syndrome e @ benign CNV
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compdre compare

imprinted,
recessive
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|b dcsage sensitive, d’
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Kazuistika .1

= dévce, rok narozeni 2002
= dg: stigmata - mongoloidni postaveni oci, hyperplasticka gingivalni

VIV

sliznice, soudkovity hrudnik, velké rozlité brisko

= matka 46,XX, inv(9), otec 46,XY,add(1)[87]/46,XY[13]
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Kazuistika .1

CGH: rev ish enh (11p15-pter) - nebalancovana translokace

111111111111111

88888

475/04

E E { FISH: der(1)t(1;11)
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Kazuistika .2

=chlapec, rok narozeni 2004

facialni dysmorfie, stigmata
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45 XY,-22,der(14)

46,XX,der(14)t(14;22)(q32.3;q911.2)




Kazuistika .2

del tel 14

1

t[?;22]+del 22q11

-

45,XY,der(14)t(14;22)(q32.3;q11.2) 46 XX,der(14)t(14;22)(q32.3;q11.2)
DiGeorge sy



Vysledky array-CGH
Pacient s der(14)t(14;22)(q32.3;q11.2)mat
del(22)(q11.2)del(14qter)

AVVol

GenoSensor™ Array 300
Genomic Analysis Report

Document: GATA. gps

Chip Name: GenoSensor™ Array 300 (rev. 1)
Analy zed by :

Chip #

Genosensor Report (22 of 287 targets)
only targets whose p <= 0.01

Tgt Name Location # Mass Ratio Mean Ref| NonModal | Mod
o Mean | CV(%) | (¢/s) | (nhp<x)
27 MSH2 KCNK12 2p22.3-2p22.1 3 1:25 0.4 233.6 0.002
137 stSG27915 3 0.81 1.2 531.1 0.002
138 10QTEL24 3 0.81 0.6 395.6 0.002
171 RB1 3 0.83 12 230.2 0.01
177 AKT1 3 0.68 0.6 308.7 0.0001
178 IGH(D14S308) 3 0.55 0.5 278.3 0.0001
179 IGH(SHGC-36156) 3 0.58 0.6 389.7 0.0001
265 D22S543 3 0.78 152 110.1 0.0005
266 GSCL 22q11.21 3 0.60 0.8 236.3 0.0001
267 HIRA(TUPLE1) 22q11.21 3 0.52 3.9 292.4 0.0001
268 TBX1 22q11.2 &l 0.64 115 434.7 0.0001
276 STS 3 3 0.67 25 126.3 0.0001
277 STS5 Xp22.3 3 0.63 3.7 267.6 0.0001
278 KAL Xp22.3 3 0.64 s 166.5 0.0001
279 DMD exon 45-51 Xp21.1 3 0.64 15 172.5 0.0001
280 DXS580 Xp11.2 3 0.77 0.8 133.9 0.0002
281 DXS7132 Xq12 3 0.75 1.0 245.8 0.0001
282 AR 3 Xq11-q12 3 0.65 27 46.7 0.0001
283 XST Xq13.2 3 0.72 0.4 258.5 0.0001
284 OCRL1 Xq25 3 0.62 24 81.8 0.0001
286 SRY Yp11.3 3 1:33 0.7 104.4 0.0001
287 AZFa region Yql1 3 1.36 151 126.3 0.0001




Klinicka interpretace vyznamu detekovanych CNVs*

* - b iant
Typ CNV - mikrodelece, mikroduplikace (*copy-number variant)
PUvod CNV - de novo x familidrni vyskyt
Funkce genu uvniti CNV - korelace genotyp-fenotyp

Informace v klinickych databazich - PUBMED, UCSC, OMIM, DECIPHER
Velikost CNV - je spolehlivym kritériem?

array-CGH

databdze zndmych ano 'L ne polymorfismy/databdze

mikrodele&niclrf <— |CNA > | 9genomovych variant
mikroduplikaénich ano

syndromu ano CNA negativni | &
\L ne CNA patogenni
\ 4

databdze OMIM ano CNA —

genu spojenych > |pravd&podobné | —s ovérfeni r]?!ezu

s fenotypem patogenni u rodicu

ne CNA
/, CNA zdé&déng | —>» |pravdépodobné

benigni
vyseffeni rodico
CNA nejasného nedofesSeny
ne ™ CNA de novo > vyznamu > pfipad
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