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¥ Genetika nadoru

= Nddor je genetické onemocnéni, které vznika
jako diasledek kumulace rady genetickych zmén

= Kazdy 3. clovek onemocni nadorovym onemocnénim
= V/ CR je diagnostikovdno ro¢né vice jak 70 tis. novych nddord

= Charakteristickou vlastnosti nadorovych bunék jsou
chromosomové zmény : pocetni zmény chromosomu

strukturni zmény chromosomdu
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90-95% nemocnych s CML
60-80% nemocnych s AML

60% nemocnych s MDS
50-80% nemocnych s CLL

60-90% nemocnych s NHL
70-90% nemocnych s MM
70-90% nemocnych s ALL



Cytogenetika

Klmlcka cytogenetlka

Vrozené chromosomové Zzmeny (cermiine alterations)
Postizené jsou vsechny bunky
Zmeény jsou stabilni

Nadorova cytogenetika

Ziskané chromosomove zmény (Acquired alterations)
Postizena jen cast bunék- bunky nadoru
Klonalni vyvoj nebo regrese
Vyznamna role citlivosti pouzité metody




Zkouma ziskané chromosomové zmeény
nadorovych bunék

Hodnoti pocetni a strukturni zmény — w} “a N
chromosom?U g lgs*‘g. '
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V jednom vysetreni analyzuje cely genom




Cytogenetické metody

Cytogenetika

FISH
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COLCEMIDE BLOKUJE MITOZY V METAFAZI
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ZPRACOVANI BUNECNE KULTURY

—— HYPOTONIZACE

0,075M KCI
PRIPRAVA PREPARATU < FIXACE ROZTOKEM
KAPANIM BB SUSPENZE KYS.OCTOVE A METANOLU
NA SKLO 1:3
BARVENI A HODNOCENI
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Molekularni cytogenetika

Denaturace ° L L
Metody zalozené na fluorescencni

in situ hybridizaci (FISH) vytvari
m spojeni mezi metodami molekularni
genetiky a klasické cytogenetiky
“TITITIITIT.

® Metody vyuZivajici zakladni vlastnosti
ﬁyEiiiiEace jednoretézcové DNA vzajemne se
vazat na zakladé komplementarity

bazi



Typy sond
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Mnohobarevna fluorescencni in situ hybridizace
(M-FISH)

Mnohobarevna fluorescencni in situ hybridizace (M-FISH) je
molekularné cytogeneticka metoda zalozena na hybridizaci 24
fluorescencné znacenych celochromosomovych sond, které dovoluji
soucasné obarveni vSech chromosomovych parui odlisSnymi barvami.
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Mband FISH

 Kombinuje paintingové
proby specifické pro danou
oblast chromosomu

e Sondy pripravené
mikrodisekci
chromosomovych oblasti

e Pruhovani pokryva cely
chromosom

Prevzato |.Chudoba
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arrayCGH —
komparativni genomova hybridizace

Nadorova DNA je
nybridizovana spolecné s
controlni DNA k
nybridizacnimu sklu, na
cterém jsou fragmenty
genomické DNA/
oligonukleotidy
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Z = a.e Cytogenetika v hematologii

1.Diagnosa

2.Prognosa

3.Lécebneé rozhodovani



Filadelfsky chromosom (Ph)

Prvni specificka chromosomova zména u nadoru cloveka
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Cytogenetika CML

Diagndza
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Chromosome 22 Chromosome 9
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Type of Response Definition
CHR Complete Hematologic Response Normal differential, WBC & platelets < ULN
MCyR Major cytogenetic Response 0-35% Ph+marrow metaphases
CCyR Complete Cytogenetic Response 0% Ph+marrow metaphases
MMR Major Molecular Response BCR-ABL/ABL < 0.1% (International Scale)
MR#4.0 BCR-ABL/ABL < 0.001% (IS) “4-log reduction”
MR#*> BCR-ABL/ABL < 0.003% (IS) “4.5-log reduction”

) s

CMR Complete Molecular Response Undetectable BCR-ABL (test of sensitivity 24.5

logs)




WHOQ Classification 2008

Edited by Steven H. Swerdlow, Elias Campo, Nancy Lee Harris, Elaine S. Jaffe,
Stefano A. Pileri, Harald Stein, Jurgen Thiele, James W. Vardiman
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'_[ ~ WHO Classification

= (Odroku 2008 je cytogenetika soucasti diagnostiky a
klasifikace fady hematologickych malignit

"= Cytogenetika je soucasti WHO klasifikace AML

= Spolecné s cytomorfologii stratifikuje nemocné s MDS a
MPN

= Klasifikace lymfomu- histologie, cytogenetika a FISH
potvrzuji klasifikaCni zarazeni

" Je soucasti prognostické stratifikace u MM



WHO klasifikace AML

The 2016 revision to the World Health Organization classification of
myeloid neoplasms and acute leukemia

Daniel A. Arber,! Attilio Orazi,? Robert Hasserjian,? Jiirgen Thiele,* Michael J. Borowitz,®> Michelle M. Le Beau,®
Clara D. Bloomfield,” Mario Cazzola,® and James W. Vardiman®

Acute myeloid leukemia (AML) and related neoplasms

AML with recurrent genetic abnormalities WHO myeloid neoplasm and acute leukemia classification
AML with 1(8;21)(g22;g22.1); RUNX1-RUNX1T1 Blastic plasmacytoid dendritic cell neoplasm
AML with inv(16)(p13.1922) or t(16;16)(p13.1:q22),CBFB-MYH11 Acute leukemias of ambiguous lineage
APL with PML-RARA Acute undifferentiated leukemia
AML with t(9;11)(p21.3;q23.3);MLLT3-KMT2A Mixed phenotype acute leukemia (MPAL) with t(9;22)(q34.1;q11.2); BCR-ABL1
AML with (6;9)(p23:q34.1): DEK-NUP214 MPAL with t(v;11923.3); KMT2A rearranged
AML with inv(3)(a21.3926.2) or 1(3:3)(q21.3:026.2); GATA2, MECOM MPAL, B/myeloid, NOS

MPAL, T/myeloid, NOS
B-lymphoblastic leukemia/lymphoma
B-lymphoblastic leukemia/lymphoma, NOS
B-lymphoblastic leukemia/lymphoma with recurrent genetic abnormalities

AML (megakaryoblastic) with t(1;22)(p13.3;q13.3);RBM15-MKL1
Provisional entity: AML with BCR-ABL1
AML with mutated NPM1

AML with biallelic mutations of CEBPA B-lymphoblastic leukemialymphoma with 1(9:22)(q34.1;q11.2);BCR-ABL1
Provisional entity: AML with mutated RUNX1 B-lymphoblastic leukemia/lymphoma with t(v;11923.3); KMT2A rearranged
AML with myelodysplasia-related changes B-lymphoblastic leukemia/lymphoma with t(12;21)(p13.2;g22.1); ETV6-RUNX1
Therapy-related myeloid neoplasms B-lymphoblastic leukemiallymphoma with hyperdiploidy
AML, NOS B-lymphoblastic leukemia/lymphoma with hypodiploidy

B-lymphoblastic leukemialymphoma with t(5;14)(q31.1;q32.3) IL3-IGH
B-lymphoblastic leukemia/lymphoma with t(1;19)(q23;p13.3); TCF3-PBX1
Provisional entity: B-lymphoblastic leukemia/lymphoma, BCR-ABL 1—like
Provisional entity: B-lymphoblastic leukemia/lymphoma with iAMP21
T-lymphoblastic leukemia/lymphoma
Acute monoblastic/monocytic leukemia Provisional entity: Early T-cell precursor lymphoblastic leukemia
Pure erythroid leukemia Provisional entity: Natural killer (NK) cell lymphoblastic leukemia/lymphoma
Acute megakaryoblastic leukemia
Acute basophilic leukemia
Acute panmyelosis with myelofibrosis
Myeloid sarcoma
Myeloid proliferations related to Down syndrome
Transient abnormal myelopoiesis (TAM)
Myeloid leukemia associated with Down syndrome

AML with minimal differentiation
AML without maturation

AML with maturation

Acute myelomonocytic leukemia




WHO prognosticka stratifikace AML

Genetic group Subsets

Favorable t8:21)(q22.q22); RUNX1-AUNXTTT
inv{16)(p13.1922) or 1{16;16)(p13.1,q22); GBFB-MYH11
Mutated NPT without FLTSHTD (nomal kanyotypea)
Mutatad CEBPA (normal Katyotype)

Intermediate-I* Mutated NPM1 and FLT2-TD (normal karyotype)
Wild-type NPM1 and FLTHTD (nomal karyotype)
Wild-typs NPM?1 without FLTZHTD (nomal karyotype)

Intermediate-il £{9;11){p22:q23); MLLT3- MLL
Cylogenetic abnormaliies not classified as favorable or

adverset
Adversa inv(3)q21G26.2) or 1(3;3Nq21:926.2); RPN1-EVI1

HE:)(p23:034); DEK-NUF214
tiv:11){v;g23); MLL rearranged
-5 or delisq); —7; abnl{17p); complex karyotypet

Déhner H.et al. for the ELN, Blood 2010



Stratifikace podle cytogenetickych nalezu

% alive

{15 :17) (n=607)
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—_— t(9:11)(n2261) -

MRC/NCRI AML Trials: Overall Survival |~ [v){(5:9 (n=6)

Ages 16-59 — 1(9;22) (n=44%)
9 — Other t(11323) (n=60%)
-5/del(5q) (n=258%)
=7/del(7q) (n=336%)
AML with other MDS-related (n=343**)
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Grimwade D et al. Blood 2010;116:354-365



APL 1(15;17)(q22;912) / PML-RARA

15/17 TRANSLOCATION, A CONSISTENT
CHROMOSOMAL CHANGE IN ACUTE
PROMYELOCYTIC LEUKAEMIA

SirR,—We have described a similar chromosomal abnor-
mality in two patients with acute promyelocytic leukemia

Department of Medicine,
Franklin McLean Memorial J ANET D. ROWLEY

Research Institute,
University of Chicago, Harvey M. GoLous
Chicago, Minois 60637, US.A. CHARLOTTE DOUGHERTY

A i

t(15;17)(922;q12)

PML-RARA

Janet D Rowley et al. Lancet 1977
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AKUTNI LYMFOBLASTICKA LEUKEMIE (ALL)

ALL — heterogenni onemocnéni s monoklonalni proliferaci a
expanzi nezralych lymfoidnich bunék v KD, PK

a dalSich organech

“Cytogenetika ma prognosticky vyznam

“Diagnosticky vyznam - imunofenotyp

TABLE 2: WHO 2008 classification of acute lymphoblastic leukemia |ALL)
Precursor lymphold nesplasms

B-cell ymphoblastic leukemla/lymphoma, not otherwise specified

B-cell lymphoblastic leukemia,/lymphoma with recurrent genetic abnormalities
B-cell ymphoblastic leukemia/lymphoma with t{9:22)034:011.2); BOCR-ABL1
B-cell ymphoblastic leukemia/ymphoma with tv; 11g23); MLL rearranged
E-cell lymphoblastic leukemia,/lymphoma with 1{12:21)pl3q22);
TEL-AMLI (ETVE-RUNKI)
B-cell lymphoblastic leukemia/iymphoma with hyperploidy
B-cell lymphoblastic levkemia/ lymphoma with hypoploidy (hypodiploid ALL)
E-cell lymphoblastic leukemia/ ymphoma with t(5:14)q31:032); IL3-HGH

B-call lymphobdastic levkemia/lymphoma with t(1:19)023:p13.3);
E24-PEX1 (TCF3-PEX1)

T-cll lymphoblastic leukemia,/Tymphomi
WHD = Workd Health Ovgasiration

Swerdicw SH, Campo E, Haris HL, ot al (edskc WHO classiication of tumours of Basmatopoletic and lymphokd
tisfues. Lyon, France: ARG Press; 109-138, 2000,




Détske ALL Tvori 30% viech détskych nadord

A IGH@-cRLF2 L

ETV6-RUNX1
25%

1(17:19)

T High
Hypodiploid 9
yp‘:;ﬁp : hyperdiploid
30%
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70% - W CRLF2
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50% - . . m Hap/hypo
40% - m Other MLL
30% - mt(4;11)
20% I I I mt(1;19)
10% - W t(9;22)
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Christine J. Harrison Hematology 2013;2013:118-125
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Distribution of cytogenetic abnormalities from data collected from UK childhood ALL treatment trials.

©2013 by American Society of Hematology



Frequency of cytogenetic subtypes of pediatric ALL.

1YL Other; }/T-ALL)
1.4% TLX1 i

ETV6-RUNX1
22%

Others (B-ALL)
10%

IAMP21
.t o3 1%
Hypodiploid
yp 1%p Hyperdiploid
0
BCR-ABL1 o
2%
Dicentric ERG
3% 3%
CRLF2 ; (CRLF2)
0 0
¥ rcra-pexi (Othery ~ >%*
4% MLL 9.5%  BCR-ABL1-like
rearrangements 9%
0,
6% . B-ALL
. T-ALL

Charles G. Mullighan Hematology 2012;2012:389-396 ,_.’k .‘:?;?

©2012 by American Society of Hematology
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Myelodysplasticky syndrom (MDS)

WHO klasifikace

=Refractory cytopenia with unilineage dysplasia (RCUD)
*Refractory anemia with ringed sideroblasts (RARS)
*Refractory cytopenia with multilineage dysplasia (RCMD)
*Refractory anemia with excess blasts-1 (RAEB-1)
=Refractory anemia with excess blasts-2 (RAEB-2)
=Myelodysplastic syndrome, unclassified (MDS-U)
»Myelodysplastic syndrome associated with isolated del(5q)

Klinicka heterogenita MDS je odrazem heterogenity
ziskanych somatickych genetickych zmén

Chromosomové zmény u MDS

0 de novo MDS 40-60%
=  t-MDS nebo sekundarni MDS 90%
=  SNPs+arrayCGH 70%



Very good
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n=1844 (65 9%)

Intermediate
n=578(20.7%)
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\

Poor
n=101(3.6%)

Very Poor

L™

n=196 (7.0%)

Prognostické stratifikace MDS
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MedianOS
60.8 months
HR
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Single:

Normal
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46,XX,del(5)(g31)

¥ on ou e om

4 5 X
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CYTOGENETIKA CLL

Prognosticky vyznam chromosomovych zmén u CLL

Dohner H, Stilgenbauer S, Benner A, Leupolt E, Krober A,
Bullinger L, Dohner K, Bentz M, Lichter P: Genomic
aberrations and survival in chronic lymphocytic

leukemia. _ =
CLL and genetic abnormalities:

N EngIJ Med 2000; 343:1910-1916. PrObablllty of survival
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CLL and genetic abnormalities: Probability of survival









Döhner et al. N Engl J Med 2000
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Patients surviving (%)

0
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13q deletion



17p (p53) deletion

11q deletion

12q trisomy

Normal












Chronicka lymfocytarni leukemie (CLL)

Mutacni a cytogeneticky model

g """’h... -
del13ql c . Wiy, ¥
;;: == Matched general popul.
£ s = el13q14
0 = Normal/+12
F3B1I M 3
"BIRC3 M NOTCHI M/SF3B1 M/
dell1q22-q2 YD88 M ° del11q22-q23
% N 88 = TP53DIS/BIRC3 DIS
del17p13 BIRC3 del <
+12 0 2 4 6 8 10 12 14

Years from diagnosis

Rossi et al. Blood 2013



CLL — prognosticka a lécebna stratifikace

Associated

Category i i
ategory senetic factors Therapeutic strategies
del(17p)* /TP53 p>3-independent drugs,
o tation BTK inhibitors
Very highrisk ™ =
ery Agh Hs and/or allogeneic stem cell
BIRC3 mutation transplantation
del(11q)" FATM
mutation
L d/or
High risk 3“
' TS NOTCHI mutation | %
and/or
SF3B1 mutation
Trisomy 12
Intermediate risk Normal karyotype  Not recommended
and FISH
Low risk Isolated del(13q)” Not recommended

Puiggros et al, BMRI 2014



Nehodgkinské lymfomy - NHL

=  Maligni lymfomy jsou heterogenni skupina nadorl lymfatické tkané

= Vznikaji na zakladé genetickych zmén v plvodné normalnich bunkach
= Klasifikace lymfomuU- histopatologie - WHO klasifikace lymfom( 2008
= Cytogenetika a FISH potvrzuiji klasifikaCni zarazeni

MALT; 8% Follicular: 22%

Folikularni lymfom (FL)

Marginal zone; 3%..

CLLtype; 7%_—, /Others; 6%

indolentni B bunécény lymfom
Mantle Cell 6%/ )

Anaplasticlarge
T/null-cell; 2%

~20 % vsech lymfom(

heterogenni klinicky pribéh , os nékolik rokd az 20 | " S

, , . 1% N Angioblast
90% nemocnych ma translokaci t(14;18)(q32;g21) PIBCL 3Lk Pttt a:gr:f,zmarfcgle,
8 . ‘
8 P 1 EN: .
4 ]

\ég aB., 14t (14.18) 18

Faze IGH/BCL2
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MCL (mantle cell lymphoma)
lymfom plastovych bunék

= Agresivni onemocnéni (OS 3-5 let)
~ 6 % vSech NHL
Diagnostika:

Morfologie
Imunohistochemie
Imunofenotypizace
Genetika:

= cytogenetika
= FISH

MALT; 8%

Marginal zone; 3%-,

Mantle Cell, 6%/>

Others; 6%

_— Anaplasticlarge
T/null-cell; 2%

Peripheral T cell;
7%

Lymphoblastic; 2%

DLBCL; 31% Burkit/Burkitlie, -Angi0blastic/

% angiocentric; 3%

= molekularni genetika - PCR



MCL (mantle cell lymphoma)
lymfom plastovych bunék

Konvencni cytogenetika

 KISH

dual color dual fusion probes

t(11;14)
nn’si;— 2 /—
" " l l MYEOVM DLASEIIE
' ' l' l IaG2
1 2 3 4 5 X iz 510 KB .
/ = -
. RH 87810
l' l ’ IGHD
LI | N | | [ LA ‘m
FGF3
' 11 RH 42108 —] 14 IGHV I W 600 KB
/ g .
1 L 16 16 17 18 _
Ll (1] 49 4 N
1 2 21 2 Y mar

IgH/CCND1 DC
DF Kreatech




Musz, 1938, dg. 11/2009

Leukemizovany lymfom
Mol.biol:
— negativni pro IgH/CCND1 v MTC
— Potvrzena hyperexprese cyklinu D1

i

sim

Cytogenetika a FISH: Komplexni karyotyp A SEEEI SN L SN A .
— pozitivni t(11;14) — zmnoZeni signald
— Amplifikace genu MYC (8qg24)

— Delece ATM (119g22)

chemoterapie: R-CAOD a 5xR-CHOP, PR

10/2010 relaps onemocnéni, komorbidni

1/2011 dalgi komplikace. Umrti 1/2011

LRI (] 170

CCND1
DC DF Abbott



Nehodgkinské lymfomy (NHL) u déti

= 4-7% nadort u déti a mladistvych

= incidence vzrista s vékem

= zvysené riziko déti s imunodeficitem (napr. AT)

= WHO Kklasifikace 2008

= Frekvence histologickych subtypti odlisna od dospélych

(R) Follicular DLBCL (B) vk

Burkitt's 1% 20%

| _ALCL

10% DLBCL
o
ALCL
1%
0-14 year 15-19 year age group

Prevzato: Hochberg et al, BJH 2008



BURKITUV LYMFOM (BL)
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MNOHOCETNY MYELOM

MM je B-bunécné nadorové onemocnéni, charakterizovane

nekontrolovatelnou proliferaci abnormalnich plasmatickych bunék v

kostni dreni.

BONE MARROW

Transition 1% per annum

PERIPHERAL BLOOD
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i Hypﬂtﬂlpkﬁldv : ----------------------- (PCL}
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abnormality v karyotypu
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MNOHOCETNY MYELOM

Revised International Staging System for Multiple Myeloma:

A Report From International Myeloma Working Group

Multistep Pathogenesis of Multiple Myeloma

Multistep. MGUS Intramedullary
progresshe mulipls
disease myeloma
Hyperdiplaidy
l__timufpmm}
e . i
: Mis fitics l_'nndmﬂm
: o Mon-hyperdiplaidy
(50% of patients)
Increased
b= expresssan of cyehin
: e A 01, 02, and D3
Marmlaﬂhr M Oncogenic
alterations on o :
(RAS, FGFRI)

_ MTCpogulnion.
TIP3 mutaton

N Engl) Med 2011; 364:1046-1060 March 17,2011

2015
Talde 1. Standard Risk Faciors for MM and the B-IES
Prognostic Factor Crifterna
55 stage
1 Serum Br-microglobulin < 3.5 mgf'l, s=rum
albumin = 35 gidl
n Mot 155 stage | or I
1] Serurn By -rmicroglobulin = B.5 mgiL
St by iFIEH
High risk Prasemos of del{17p) andior translocation
thd; 14} and'or transhocation £14;16)
Sendard nsk Mo high-risk CA
LDH
MNormal Serum LOH = the upper imit of normal
High Serum LOH = the wpper mit of ncemal

& revw mosde] for risk
stratification for MM
RASE stage
|

I55 stage | and standardrisk CA by iFISH
and rarmal LOH

Mot B-55 stge | ar N

I35 stage Il and either hagh-risk CA, by iFISH
or high LDH

Abbraviations: CA&, chromosomal abnonmalties; iIFISH, interphase fluares-
cent in sity hybridization; 155, International Saging System; LDH, lectate
debpdrogenase; MM, muliple mysloma; BHES, mvised Int=mational

Staging Sysiem.
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=Cytogenetika je nedilnou soucasti diagnostickych a prognostickych
stratifikaci hematologickych malignit

=\/ jednom vysSetreni analyzuje cely genom

=Dovoluje potvrdit klinickou diagnosu nalezem specifickych
chromosomovych zmén

sNendahodné rekurentni zmény urcuji prognosu onemocnéni

=Urceni zmény dovoluje monitorovat ucinnost |éCby
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