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Genetika nadoru

Nador je genetické onemocnéni, které vznika

jako dusledek kumulace rady genetickych zmén

V CR je diagnostikovdno ro¢né vice jak 90 tis. novych nddort

(UZIS: V roce 2015 bylo do Ndrodniho onkologického registru CR (NOR) nové nahldseno celkem 94 462 pfipadii zhoubnych novotvarii (ZN) a novotvar(
in situ (dg. CO0—C97 a DO0-D09 dle MKN-10), z toho 48 666 pripadi u muzi a 45 796 pripadi u Zen.)

Novotvary mizni a krvetvorné tkané v Ceské republice

Poget piipadii na 100 000 osob

2010 2011 2012 2013 2014 2015 2016
Incidence 4341 4 345 4374 4410 4513 4661 4410
Mortalita 1965 2082 1972 1931 1934 1900 2068
Prevalence 26 405 27 597 28 847 30 055 31354 32746 33793
Incidence a mortalita Prevalence
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Zdroj: Narodni onkologicky registr, UZIS CR

Celkova incidence hematologickych malignit priiesahla v letech
2015-2016 hodnotu 4400 prilipadul] roclinel], prili
dlouhodobe!] stabilnim pru’imelIrnem rocnim rullstu +0,8 %.
Mortalita recentne] mirnel klesa (rocinel] 0,2 %) a dosahuje
hodnoty prilibliz[lneZ 2000 umrti roclInel]. DulJsledkem
odlistIneho trendu ve vyvoji incidence a mortality je prudce
rostouci prevalence telIchto onemocnelni, ktera v letech 2015—
2016 dosahla hodnoty témelir[] 34 000 osob a roclnel]
pru_lmelirnel] roste o +4,1 %.

Dusek et al, Transfuze a hematol.dnes, zdFi 2018




Nadorova cytogenomika

Charakteristickou vlastnosti nadorovych bunék jsou
chromosomové zmény : pocetni zmeény chromosomu

strukturni zmény chromosomu
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Historie cytogenetiky

Cytogenetics is the study of the structure and properties of chromosomes, their behaviour during somatic cell
division during growth and development (mitosis), and germ cell division during reproduction (meiosis), as well
as their influence on phenotype. Cytogenetics also includes the study of factors that cause chromosomal changes.
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The Normal Human Chromosome Complement

Albert Levan 1905-1998 \“‘~" Joe Hin Tjio 1916-2001
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Historie nadorové cytogenetiky

Philadelphia chromosome (Ph1)

Peter Nowell & David Hungerford ,,“f]\ - /7

Science 1960,132:1497




Historie nadorové cytogenetiky

Philadelphia chromosome (Ph1)

t(9;22)(g34;q911)
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Dr. Rowley received the Lasker Award, given for distinguished contributions to medical science; the National Medal of Science fror.
President Bill Clinton; and the Presidential Medal of Freedom from President Obama, among many other honors (1925-2013)




Nadorova cytogenetika

Zkouma ziskané chromosomove zmeny . |
nadorovych bunék -

Hodnoti pocetni a strukturni zmény “i A

chromosomu "
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Zakladni metoda — G-pruhovaci technika &
(rozliseni kolem 3-5Mb)

V jednom vysetreni analyzuje cely genom




Nadorova cytogenomika - metody
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Konvencni cytogenetika

Interphase

Bt o

Daugmer cells
@ oA
\ mphase

ﬂ\
o &
MITOSIS ) \\b!'#:h *""1&'1‘!

s
F Fy o8
17

e
The cell "double checks” the / 7
duplicated chromosomes for / / P

error, making any needed /}#/ ‘?//' .
/f pa :

s/ Cellular contents,
/ exdudiplng the chromosomes, > il
/ are duplicated. Telophase Metaph ’ J - 1
’ k 4/ NG ," -+, g
s. ‘ )
ec : Cell cycle arrest.
€ Clinical Tools. Inc.

Anaphase

.jh )‘ 2‘ (( K ISCN .6

An International System for
1 2 4 5 Himan Cytagenomic Nomenclature (2016
» > .
- i 'y of ¥ _
- Editars
% - ‘ l J ‘ . Jean McGowan-Jordan
Annet Simons
6 7 8 9 10 11 12 Michael Schmid ;
a A \

W0 @ 3 e n R
13 14 15 16 17 18 2

2 - N
iy - A\ 1
= g
& m"‘ﬂ.r uﬂ“

18 17 18 18 0

KARGER




v’ kostni drfen
v’ periferni krev
v uzlina

v’ nddorova tkan

37°C/ 5%C02

Kultivace

2/24/72hod/tydny
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COLCEMIDE BLOKUIJE MITOZY V METAFAZI @

PRIPRAVA PREPARATU FIXACE ROZTOKEM
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Klasicka cytogenetika - karyotyp
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Molekularni cytogenetika

Denaturace ° L o
Metody zalozené na fluorescencni

in situ hybridizaci (FISH) vytvari
m spojeni mezi metodami molekularni
genetiky a klasické cytogenetiky
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o ® Metody vyuZivajici zakladni vlastnosti
Hybridizace

jednoretézcové DNA vzajemne se
LLLLLLLLL. vazat na zakladé komplementarity

bazi




Typy sond
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Mnohobarevna fluorescencni in situ hybridizace
(mFISH)

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 paru odliSnymi barvami.
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Mband FISH

e Kombinuje paintingové
proby specifické pro danou
oblast chromosomu

e Sondy pripravené
mikrodisekci
chromosomovych oblasti

e Pruhovani pokryva cely
chromosom

(MR

Prevzato |.Chudoba




~ Array CGH -
- komparativni genomova hybridizace

Nadorova DNA je
hybridizovana
spolecné s kontrolni
DNA k
hybridizacnimu sklu,
na kterém jsou
fragmenty genomické
“— 11—» DNA/oligonukleotidy

deletion amplification




arrayCGH/SNPs array
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Genotyping calls

Genotype
Intensity— copy number

GeneChip 6.0 (906 600 SNP sequences a 900 000 nonpolymorphic oligonu:

an average spacing of 0.7 Kb, tj 700bp).
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Cytogenetika v hematologii

1.Diagnosa
2.Prognosa

3.Lécebné rozhodovani




Filadelfsky chromosom (Ph)

Prvni specificka chromosomova zmeéna u nadoru cloveka
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Chromosome 22 Chromosome 9
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WHO Classification

Cytogenetika soucasti diagnostiky a klasifikace rady
hematologickych malignit

= Cytogenetika je soucasti WHO klasifikace AML

= Spolecné s cytomorfologii stratifikuje nemocné s MDS a
MPN

= Je soucasti prognostické stratifikace u CLL

= 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,® Jirgen 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)(q22,922.1); RUNXT-RUNX1T 1 Blastic plasmacytoid dendritic cell neoplasm
AML with inv(16)(p13.1922) or (16;16)(p13.1,q922);CBFB-MYH11 Acute leukemias of ambiguous lineage

APL with PML-RARA
AML with t(9;11)(p21.3;923.3): MLLT3-KMT2A
AML with t(6;9)(p23;q34.1); DEK-NUP214
AML with inv(3)(g21.3g26.2) or 1(3,3)(q21.3;q26.2); GATA2, MECOM
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
Provisional entity: AML with mutated RUNX1
AML with myelodysplasia-related changes
Therapy-related myeloid neoplasms
AML, NOS
AML with minimal differentiation
AML without maturation
AML with maturation
Acute myelomonocytic leukemia
Acute monoblastic/monoeytic leukemia
Pure erythroid leukemia
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

Acute undifferentiated leukemia

Mixed phenotype acute leukemia (MPAL) with t(9:22)(q34.1;q11.2); BCR-ABL1
MPAL with t{v;11923.3); AM T2A rearmanged

MPAL, B/myeloid, NOS

MPAL, T/myeloid, NOS

B-lymphoblastic leukemia/lymphoma

B-lymphoblastic leukemialymphoma, NOS

B-lymphoblastic leukemialymphoma with recurrent genetic abnormalities
B-lymphoblastic leukemialymphoma with t(9;22)(g34.1;q11.2);BCR-ABL1
B-lymphoblastic leukemialymphoma with t(v;11g23.3); KMT2A rearranged
B-lymphoblastic leukemialymphoma with t(12;21)(p13.2;q22.1); ETVE-RUNX1
B-lymphoblastic leukemiadlymphoma with hyperdiploidy

B-lymphoblastic leukemialymphoma with hypodiploidy

B-lymphoblastic leukemialymphoma with t(5;14)(q31.1;q32.3) IL3-IGH
B-lymphoblastic leukemialymphoma 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

Provisional entity: Early T-cell precursor lymphoblastic leukemia

Provisional entity: Natural killer (NK) cell lymphoblastic leukemia/lymphoma




WHO prognosticka stratifikace AML

2017 ELN AML Recommendations Page 47 of 55

Table 5. 2017 European LeukemiaNet risk stratification by genetics®

Risk Category® Genetic Abnormality

Favorable 1(8;21)(q22;q22.1); RUNX1-RUNX1T1
inv(16)(p13.1922) or t(16;16)(p13.1;922); CBFB-MYH11
Mutated NPM1 without FLT3-ITD or with FLT3-ITD"°*®
Biallelic mutated CEBPA

Intermediate Mutated NPM1 and FLT3-ITD™"?
Wild type NPM1 without FLT3-ITD or with FLT3-ITD®*® (w/o adverse-
risk genetic lesions)

Cytogenetic abnormalities not classified as favorable or adverse

Adverse t(6;9)(p23;q34.1); DEK-NUP214
t(v;11923.3); KMT2A rearranged
t(9;22)(q34.1;911.2); BCR-ABL1
inv(3)(q21.3926.2) or 1(3;3)(q21.3;q26.2); GATA2,MECOM(EVI1)
-5 or del(5q); -7; -17/abn(17p)
Complex karyotype,® monosomal karyotypef
Wild type NPM1 and FLT3-ITD"9"®
Mutated RUNX1°
Mutated ASXL1°
Mutated TP53"

Frequencies, response rates and outcome measures should be reported by risk category, and, if sufficient numbers are
available, by specific genetic lesions indicated.

Prognostic impact of a marker is treatment-dependent and may change with new therapies.

Low, low allelic ratio (<0.5); high, high allelic ratio (>0.5); semi-quantitative assessment of FLT3-ITD allelic ratio (using DNA
fragment analysis) is determined as ratio of the area under the curve (AUC) “FLT3-ITD” divided by AUC “FLT3-wild type”;
recent studies indicate that acute myeloid leukemia with NPM1 mutation and FLT3-ITD low allelic ratio may also have a
Qgre favorable prognosis and patients should not routinely be assigned to allogeneic hematopoietic-cell transplantation.*”

The presence of t(9;11)(p21.3;923.3) takes precedence over rare, concurrent adverse-risk gene mutations.

Three or more unrelated chromosome abnormalities in the absence of one of the World Health Organization-designated
recurring translocations or inversions, i.e., t(8;21), inv(16) or t(16;16), t(9;11), t(v;11)(v;q23.3), 1(6;9), inv(3) or (3;3); AML
with BCR-ABL1.

Defined by the presence of one single monosomy (excluding loss of X or Y) in association with at least one additional
monosomy or structural chromosome abnormality (excluding core-binding factor AML).""®

¢ These markers should not be used as an adverse prognostic marker if they co-occur with favorable-risk AML subtypes.
TP53 mutations are significantly associated with AML with complex and monosomal karyotype.*”%¢%
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ZAVER

=Cytogenetika je nedilnou soucasti diagnostickych a prognostickych
stratifikaci hematologickych malignit

=\/ jednom vysetreni analyzuje cely genom

*Dovoluje potvrdit klinickou diagnosu nalezem specifickych
chromosomovych zmén

*Nenahodné rekurentni zmeény urcuji prognosu onemocneni

=Urceni zmeény dovoluje monitorovat ucinnost |éCby




