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ABSTRAKT

Mol ekul §rnD genetick§8 anallza pp683n@mwi urzl§
di agn-zy, progn- zAMla. |Wy dbeyr §madipeaunt Mmosy Ruj e zaS:
doz&8§kl adn2ch rizikovich skupin, mol ekul 8rnD gen
stratifikadaencpadgieadmtof Ilvvich podskupin, ale tak®
sl edovat pr Thbriehzi miugil m& lhm?2 hoon spnSocecdrsN ni 2h e MMPP®)e da 2 d a
relaps onemocnin?2.

C2lem t® ahpdBoei bypoognostickl viznam novIch
U paciAdit, T ze£j m®na u nemocnlich s pS2zen@®RLhu (aku
CBFAML) a wltiSedm%2 t(ofhMBastdiakméo@Eeneti ckou progn- zc

Pomoc? kvalitativn?2 PCR byl aPMLle/sRARMIB/ET pS2to
aCBF b/ MYRddehti § %z n2 mIAMLYETOpeboCBF b/ MYCBEA ML ) byl i ds§l
testov8ni pomoc?2 sekvenal n? anallzy, pS2padnn |
mut ac 2C-KirekdRAS N-RASa FLT3. U pacientT se stSedn2m pro
sl edovgna pS2tomnost i nt¢ % r n@ELFR (FLT& nldTeDno,v T artu t adcu
viyrozinkingzov® HIE&MBRKI) ta hodd lORBNNEAKSX(A) gamcT ent T
skompl ex n?2 mi zmbDnami karyoltP383p uMPG2bymoost echav 8n
kvantitativn2 real Ltymev®ICRvI INEgstBdhtDo bmol akwal §
aprogn-zu onemocniNn2 u jednotlivlich rizikovich s

Zcel kem 654 nemocnlich bwiNDktetf#1z(pto@nowstidekey
nzch PgMLW TRARU9 2 pAMEIEF@(R7)[ACB F b/ M@B.IPacienti$ uzn2 mi geny
PML/ RAMULETOMNI i viraznhD nigg2 riziko relapsu one
3 roky od diagn-zy AML. GadwemMLhRABOgeVaiha KER? tuo
FLT¥ | TD. U fpla@BFM/tM¥MLA pravdDpodobnost rel apsu \
t Dchto pacientT bylo pSibli gnOBRAML %.vylgonwiad @andgie
pS2tomnost sekurCKEKRASRLTITKDG?2 agenT pSHRO.vEvaj ?c

Do skupiny se stSedn2? cytogenetickou progn-zo
394 (60,2 %) paELTe@®FUTFITD, RITATKD) a DNMEIAT T r aznhD zvygov
pravdhDpodobnost rel apsu onemoc n [FaTRITDudosah®valo s k up
viraznn kratg2ho OS (3 roky po diagn-ze pSeg2val
inzerce ITD. Mutace gerdSXLIne mNDl'y na progn-zu onemocnhNn?2 ¢§8dn

Do skupiny mepS2znivou progn- A48y 2byl) o paafcebyTo L1 %P
detekovsg8§ny komplexn2 zmDny karyotypu. OS po 3 1|e

Vt ®t o pr&§ci byl potvrzRRH hEPSetaznetm®Bn Rl hebyplS2pr
dodatel nT vIivinzegr2c ed @l nkiy, prn?csetnat u8l n2 ho zastou
DNMT3Agenu na progn-zu onemocniDn2 AML. D8l e byl pr
na incidenci rC8F-AaMLs.T Buy Ipaa cziaevnetd[ensa a opti mali zov
MRO u panephadtBj g2 mi DNMy3dy mut ac2 genu

Kl 2] ov 8aksultonv2a:my el diadkmd nP e pk @miy & | o arne thiBdma 2 | eul
factor AMLT FLT3ITD i FLT3TKD i DNMT3Ai ASXL1i mutaceéf pr ogn - z a .



ABSTRACT

Cytogenetic and moleculayenetic analyses are necessary for precise assessment of diagnosis,
prognosis and treatment of patients wMkIL. The karyotypic analysis allows the distribution of
patients into the basic risk groups, while the methods of molecular biology offer furdssbifities to
stratify patients within particular risk subgroups. Moreover, using quantitative PCR, they enable to
follow the course of minimal residual disease (MRD) and foresee the eventual relapse of the disease.

The aim of this thesis was to analybe prognostic impact of new molecular markers in patients
with AML, particularly in those with favourable (acute promyelocytic leukemia (APL), -BBIE)
and intermediate (influence BLT3 mutations and others) cytogenetic profiles.

The presence of fusiomgenesP ML / R AMIUL/ETO andC B F b/ MYndsl tested by
gualitative PCR. Patients harbouring fusion geAbd_ 1/ETOor CB F b / MYOBEAML) were
further analysed using either sequencing or restriction digest analysis, for the pres@dkéTpf
K-RAS N-RAS and FLT3 mutations. Patients with intermediate cytogenetic risk were tested for
presence of internal tandem duplication$-bf3 (FLTJITD), mutations in tyrosine kinase domain of
FLT3 (FLTTKD), DNMT3AandASXL1mutations. Cases with a complex karyotypere screened
for TP53mutations. Real time PCR was used for monitoring of MRD. The impact of these aberrations
on disease progression and prognosis in particular risk groups of patients was analysed.

Out of 654 patients, in 141 (21.6%) one of the prodoalsy favourable fusion genes were
detected:P ML / R fOR phtients) AML1/ETO (27) andC B F b / M Y2H)1 Hatients carrying the
fusion gene® ML / Rdé RML1/ETOhad a lower risk of relapse and almost 70% of them were alive
3 years after the diagnosis of AML. The chance to reach CR in caseB With / R waR timinished
by the presence dfLTIITD. Patients harbouring B F b / M Yubidn had a higher incidence of
relapse and overall survival (OS) of these patients was arou¥d BBe relapse rate in patients
with CBFAML was increased byC-KIT, K-RAS and FLT3TKD mutations, as well as by the
persisting positivity of MRD.

According to the results of karyotypic analysis, 394 (60.2%) patients were included within the
intermediatecytogenetic risk group. BotALT3 (FLTYITD, FLTTKD) and DNMT3Amutations had
a strong adverse impact on the relapse rate in these patients. Those ¢drfa@hgD had a much
shorter OS (3 years after the diagnosis, only 17% of patients were alia}jlesg of the ITD length
and insertion siteASXL1mutations had no impact on prognosis of AML.

119 patients (18.2%) were assigned into the unfavorable risk group. In 60 of them, complex
karyotypic changes were shown. OS after 3 years within this gvasgelow 10%.

This study confirmed the unfavorable prognostic impadtlofF3/ITD (but no additional impact
of its length, insertion site and mutated allele burden was demonstrated)DIdMII3A
mutationsTheadverse impact ofC-KIT, FLT3TKD and K-RAS mutdaions on the relapse rate
of CBFAML patients was demonstrated. The methods for MRD monitoring were developed for cases
with the most frequent types BNMT3Amutations.

Keywords: acute myeloid leukemia acute promyelocytic leukemiacore binding factoAML
I FLT3/ITD i FLT3TKD i DNMT3AI ASXL1i mutationi prognosis.



1. bvOD

Pojem leukemig € souhrnnT snkm@izwve mome mo c n Nnre§ d ocr hoavrl ank
zmnogen2m b2kbshnkrdBaerk. vPr vinazh rpamidddyn 2 me mad A T
vkvipochsgpejdvizny 1%.r antcoluagtsk ,Dokhdwh &t AkT Fpat ol o

Benndt pozoroval. obraz podobrmalv®hoi $®m3 skaygdlert
vychi§zs8eéckl clheuskloosv (b2 1 T)bya pm@ipmgey 18¢7e @mec kT m
patologemR. Virchowve m, kterl ve svDteln®m mi kroskopu p

krvinek a spr8vnhi sussm?udidl,e ge naevhaeet @t DBV D n e Mm
| ®ka S P. Ehrlich vyvinul met odu barven2 Kkrevn?
a patologick® b2l ® krvinky. Do roku 1889, kdy
leukemie kodl i §en?2 rychl e pr ogr efdautj@lcrez mfi ornnBys | ed k w
spomal ejg2m pr TbNDhem, byl o onemmcerNh86 Poviame vl
E.Neumann poplkast m2mDaSe wi paci ent TevalikemrieakerSie a | ]

Vroce 1900 gvicarskl hematol mgelOoi rmegkeunhDIlpro® ¢

nazval myel obl asty. Od t® doby jsou | eudce mi e
1913 byly klasifikov8&my2 |ty8k pg8klzamdBmre thymy : |
| eukemi e (CLL), chronicks myel oi dn? l eukemie

aakutn2 myel oi dfl#4]. |l eukemi e (AML)

Objev struktury a f Cambrdge J.IDNWatsohenarra CrickBnbee i z
1953 an &8sl ednhD rozvoj cytogeneticklch a posl ®ze n
vmognodtaghostiky a | ®| by l eukemvBdciV P.oc€. 1N
aD.Hungerford prvn? rekurentnhD se objer§dpeo?%l mt
onemocnhNn2m, mall specifickl CMbhrohkd=zom pYy2t opno
filadel fskl chrroomoe o M9 7 P,eemndeje il kaks8l.g D. Rowl e
cytogenetich®Pubhecdnt kypupSesnil a, ge tento chro
mezi chromozomy 9 a 225]. Tat 8¢ geneti |l ka o 4 roky pozd
popsald balancovanou translokaci §1.7) charakteristickou pro pacientak ut n 2 promyel o
| eukemil6]. V(road?1979 pak J. M. Trujillo detekoval translokaci t(8;21) u 3246 paci ent
SAML [7].

V roce 1976 byla FrancouzskamerickoBr i t skou skupinou 7 rhwvenhat ol
kl asi fikace akutn2ch | eukemi?2,. Tato tzv. FAB
z8kl adn morfologick®ho a cytochemi eek3®h oa 8y gseut b&
AML (MO-M7) [8]. SvNDtovs8 zdravotnicHa&r ocgalkiodDadcer ¢ WHO
AML, kter§8 bere v potaz kromRD morfol og[®.cT&td ch n
kl asifikace byl aroce898. ednD revidovs8na vV



VihradnhD na cytogeneticklch a mozlael kougl eShryn Nn Moke
novDinjg?2 prognostick® strati éetialk[faOclela ANE | pavwDj & v
Evropsk® | eukenku®l®2s2thnD (ELN) z

AML je geneticky heterogenn? onemocniDn2, vzni
vhemat opoeticklch progenitorovich buRkS&8ch, naru
ng8sl ednihD i proliferace. Chromozomov® aberace (

monosomie a trisomie) bilvajnz TdezSekjoe@niyo piSd b | ma
geneticklich metod byla pops&na cel§8 Sada rTzn
genT, cog umogRuje dal g2 sesoram€ihPkma&ibryel k@esmk.!
novhD identifi&joivamliadahpaditm&2pr ¢ggn:-zu onemochnhn?
mar ker T pro sledov8§n2 minim8ln2ho rezidu8ln2ho
NRDkt @@ hto mutac2?2 se zdaj2 bilt dTlegitimi pro
mol ekul 8rn2 zmRny mohoyl3bdt c2l em specifick® t ¢



2.CéL PRCCE

C2lem pSedkl §dan® dizertal n? pr8ce byl o zhoc
geneticklich maAMEr Tzej mAca em$Zzmiocod ch st Sedn?

progn-zou:

1. u paRLientT s
u pEeERFHAERINt T s
s

3. u pacientT e stSedn? cyt odlklBae tdalkip2uc p)r.ogt



3. LI TERCRNE PP EHLED PROBLEMATI KY

3.1 AKUTNE MYELOI DNE LEUKEMI E

Akutn2 myeloidn2 | eukemie (AML) jsou heterog

transfor mac? hemat opoeti ck® kmenov® nebo proge

aapopt - -zy pSi za@liové@mé&ceschAlpwnmsllt ace | eukemic
fyziologickou krvetvorbu a vede &n ® mi i , neutropeni. a tromboc
vekt er ®marksf or maci doj de, a omezen8 schopnost
ovl i vRuj 2 fiearbdtlyiptouv[dsin evimeorc n N n 2

AML je nejlasthRjg2m typem leukemie u dosphI T«
ngdor T. Jej 2 i nkSAdenAuwstjre§lrnedj valtzg®p add nr? e nover nol peih

nal00000 obyvatel zarok as Nk earu ps& a7 ha0A5000 ve skupinBD na
fat§8l n2 mediidhham pBegitdhTll1PadTehedkwméelahsgnav |
(infekce[l6lkrv8cen?2)

VNDk pacientT je nejviznamnBDj g2 m pzdrganwer2i ckll
kontinu8lnlD se stoupaj2czm vDkem, ve skupinbhD
75% paci e40t%[zniacB5pSeg2vs§ 5 a v2ce |4565 magp S6Pad
am®nN neg 10 % nemocnieth. pBegpe§zmliaoméhaNz6j
komorbidit ak ont r ai ndi kac? intenzivn? cytotoxick® t
vzniklTch transformac2 =z myelodysplastick®ho
cytogenetickbtlaraghbofbigalci ent T

Di agnosti ka AML se op2r8 o morfologick®, cCy
amol ekul 8rnND genetick® vyget Sen? perifern?2 krv
stanoven? rozpol tu FaazkocyRiTagnosktriecwvkn® hp e op $2
myel oi dn2ch bl astT, meng2? polet zrallch neutro
|l eukemicus). pPelieted muklbrcyit Tbvvs obvykle zviger
Kdefint i vn2 mu stanoven? diagn-zy AML je nutn® vyg
pS2tomnoskostingstdiSewi dosahuj2c2 > 20 M.z cel
Okl asifi kaci AML pojedn8vs§ kap. 3. 2.

Konven]| n?2 cytogenebDn®k® Fy Felt Ssenna2l Tdigplj e ne
chromozom8ln2ch aberac?2. Chr onrso0z o%n8pl S122p aadbTn oA Mria. |
mutace ideAMLf mdagweare® rwzdDDI it do dvou skupin.

functionii @Gubktéeyujkit esi gngl n?2 dr 8hy vedouc?2
prodlougen®mu pSegit? |l eukemicklch progR®itora



C-KIT a FLT3. Druh8 skupina zahrnuje mutace posti hi
transkrp | n2 c h koaktival n2ch kompl exT. PS2kl adem
PML/ RARIWI/ETOaCBFb/ MWYH1Lle pak @ERPANRMILatamsPkace genu

MLL [13,14]

Mol ekul 8rnhD genetick® vyget Sen? p progoosticky P CR
pS2znivlimi HAMz/NRMARIAEEOagBFb/ MYHZ&j m®na pr Tkaz f
PML/ RAUnutnl pro pSesnou #&Pt|l aStamoditagudsu gp
geneticklch aberac?2, jako i RUTRFLTY¥ dA D) an dnama\c?c
NPM1, CEBPADNMT3Aa dal g2ch jednak pomTge bl 2g§ge url it
vpS2padh pozitivn2zho n§l e2CR wshegRwjad paMdd?h K
| ® by, popS2padh s pSedsfl2zWem pSedv2dat rel aps

L®| ba A ML m§ dv i hl avn?2 f 8ze. C2lem prvnz,
charakterizov8§na normalizac?2 hbodhotekkemnehdchl
hrani ci morfologick® kKesehtedSemiokpede®m Bl aLtR
terapie podaS$S80dds §hanoiugent ] 50 AML. Druhg8 f 8ze
sezamNDSuje na vymi zend SMR® aemobsel|l efat mof 8ke ze
| ® ebnlch postupT, od intenzivn? chemoterapi e
krvetvornTch kmend&lBchbdpRdks (HBCTRce a por emi
vyl ®|-40Bpad @t AMLs (s vIijimkou APL, kdedljbdd VAWMIg 2h)r.
monitorovBasdt MROd Seerii fad mre2bokrvvi , jednak pomoc?
cytometri e, ale zejm®na pomoc? mol e kul dmemID ge

RT-PCR umogRuj e sdietdloivvaagtMrReapHedsti hem ag 3 mDs
mol ekul 8r n?2 rel aps onemocniNn? a vlasnim zahgj
Kmonitorovg8n? MRO |l ze vyug2tmunRkterd@tek®viamhi®c |
onemocniNn2. U velk® | 8sti pacientT bez specifi
WT1, kter&8 biTvg& u vDtgindobne mbicadmrphpSyzyvd e & élj:
onemo §26-22h 2

3.2 KLASIFIKACE AML

Nejstarg2 a do n&daenédi hagpodlyi vAmeritkpBevi .t sKkr8a r
(FAB) kl asi fikace, j ej 2 goceplORB[B]2 Ver zal bykanapph
mor fologickTch, even tadefioujesubtgpddii: c kT ch met od§ch



Tab.1:Mor fol ogi ck8 FAB klasifikace AML a vIiskyt specif
s u b t[8;23,24]

FAB subtyp | Morfologie Cytogenetika
MO Nedi ferencovan8§ AML
M1 AMLsmi ni m81I| n2dinfyeerl eon di
M2 AMLsSvyzr 8vsg§n2m t(8;21)(922;922)
M3 Akutn?2 promyelocyt §r

shypergranul 8r n2 mi p r|t(15;17)(g22;921)
M3v Akutn2 promyelocyt 8r

shypogranul 8§rn2mi_  pr o
M4 Akutn2 myelomonocyt §i
M4eo Ak umg 2| omo nleukgmtess r @ z i|inv(16)/t(16;16)(p13;q22)
Mba Akutn? monoblastov8 Il _astnji Mugens
M5b Akutn2z monobl astov§g Inap(811)(pRt22;923)
M6 Erytroleukemie ZmDppydobn® ML
M7 Akut n2z megakaryobl ast

Srozvojem novich cytogeneticklch a pSedevg?2m

se klasifikace AML | 2m d§gl vZce op?2raj? o T
napr TbDh a progn- zu onemocnDiDn2. BMndeT | e gige DiSé
prognosticklch wukazatel T u AML. Cytoge@0e&d i ck®

pS2padT AML a maj?2 vysokou prediktivn2 hodnotu
viskytu relapsu onemocnhlDm®n#® eoékzkhawm®mdkpsedich:
aberac2 zTst[8)8&8 st8&le nejasnl

V roce 2000 publikovali Slovalet al. v sl edky studie Southwest (
Cooperative Oncology Group (SWOG/ ECOG), kter 8
abnoma |l i t na doc2| en?2 CR, d®l ku OS a pSegit?2 p
ml adg2ch [26e§g Na6 zIE&i1 adD visledkT byla vytvoSen:
doltyS kategori2? podle prognostick®ho rizika.

Ve skuppS2nmzhissgmopti ckim rizikem bylo 121 paci
278 (46 %), 184 (30 %) mNl o nepS2znivou progr
vyskytuj?2c? mi chromozom8Il n2 mi abnor mal it ami ne
Mezik upi nami byl sipgrmividiDpadiobhosd®d&d@st®d en2 CR i



Tab.2: Kl asi fi kace AML podle cytogenet ietak[®ho n8§l ezu pod
PrognosticklCytogenetick8 abnormalita
PS2znivs§ t(15;17)(q22;921)

inv(16)(p13922)/t(16;16)(p13;922)

t (8;21)(q22;9g22) s vijimkou pac
St Sedn? norm§l n2 karyotyp

] +8,-Y, +6, del(12p)

NepS2zni v§g [t8;21)(g22;922) s del(9q)

-5/del(5q)

-7/del(7q)

inv(3Qq)

abn 11q, 20R1q, 17p

del(9q)

t(6;9)

1(9;22)

kompl exn2 karyotyp (3 a v2ce zm
Nezn8§m® rizjpac. s chromozom8l n2 mi aber acemi

O dva roky pozd®tai[26pvulbslliekdokvya Isit uBdyired Cancer arl

(CALGB 8461) =zahrnuj2c2AMIL, 3¢ B idrokspd| tfaeslbkaopmatcT e 8
t(15;17) a t(9;22), kt eSz? jsou | ® eni speci fi
prognosticikddlhe sdk®@iIpSiwi sOSO s\ i na pS2tomnost.i j e
aberac?2:
Tab.3:Kl asi fi kace AML podle cytogenetetat[R6Pho n8&l ezu pod

Prognostick

Cytogenetick8 abnormalita

PS2zni vs§

1(8;21)(g22;922)
inv(16)(p13922)/t(16;16)(p13;922)
del(9q)

St Sedn?

nor m8| n?2
-Y, +13, +21
t(9;11), +11, del(11q)
del(5q)

abn(12p)

del(20q)

karyotyp

NepS2znivs§

kompl exn? v2ce zn
1(6;9)

t(6;11), t(11;19)

inv(3)/t(3;3)

-7

+8jakos amost at n§

karyotyp (3 a

aber ace, nebo s |




NejnovDj g? cytogenetickétalklllazsi fokace@ Opodl & al
anallze Kaerhyotwlpiuvua na pr TbRh a progn-zu onemo
rozdDl uj et Pacpreagryosivi ckTch skupin:

Tab.4: Kl asi fi kace AML podl e cytetmgglhet i ck®ho ng§l ezu,; Gr

Prognosi c k 8§ s|Cytogenetick8 abnormalita

PS2zniv§g t(15;17)(q22;921)
1(8;21)(g22;922)
inv(16)(p13q22)/t(16;16)(p13;q22)

St Sedn? norm§8l n2z karyotyp
n8l ezy neSazen® do dobr ® a
NepS2zni v §abnormality3q[s T j i mk ou -26;43835)5) ( q21

inv(3)(q21926)/t(3;3)(q21;926)

add(5q), del(5q)5

-7, add(7q)/del(7q)

t(119g23) [ s vI32;p23)kaedl;19)(429;pl3)
1(9;22)(q34;q11)

-17/abnormality 17p

kompl exn2 karyotyp (O 4 ab

Nej pol et nDj g2 s kumpdrnm§ | n¢ onS2k ap y oit g peim = pac
prognosticky pS2znivich nebo nepS2znivich aber
stratifikaci t ® 0 skupiny paci erktrdpskau leukgnickoz e n 2
s2t2 ( ELN) navr gena |kdtasi f idkad cgee, nkotleerk@i| Hrem@
nedetekovatel n® bRgnou cytogenetickou anallzou
podskupiny{12]:

Tab.5:Ri zi kov® skupiny AML podle cytogeneti clk2Pho a mol

Riziko CytogeneticklT/molekul §rnD gene

N2 zk® 1(8;21)(q22;022)AML1/ETO

inv(16)(p13;922) nebo t(16;16)(pl3;gXR)B FbH/ MYH1 1
nor m8Il n2 k amMNpMlbezRLTATDmMuU t a c 2
nor mg§l n2 karCEBPAyp s mut ac?
St Seldn? nor m§l n2 kampMiaFLp3IT® mut ac 2
nor m8Il n2 karegNeVapezRAEIFTD mut ac
nor m8Il n2 karegNeMspBLTHTEDz mut ac

St Selldn 2 £(9;11)(p22;q23MLL/AF9
ng§leme$azen® do dobr® ani gpatn
Vysok® inv(3)(q21;926) nebo (3;3)(g21;02RPN1/EVI1

1(6;9)(p23;934)DEK/CAN

transl okace | okMLs@Uus 141qj2i3 i KIBLAEY
-5 nebo del (5q)7; abnormality 17p

komplkeaxrn2ot yp (O 4 abnormality)




33AML S PTF € Z NCYWQ@GENETICKOUPROGN ¢ ZOU

Do skupiny AMLsp S2 zni vou progn-zou na z8kl adRBPLcytog
spr Tkazem ft%zins?;hiIBM/BARauU Ti t o pacienti -h5e ds thaoowu)
di agnosti kovanlch AMdAobPouhou opgad g &wmiebiading  a c i
factor AML (CBFA ML ) nesouc? buN t (ABLYETO)( vs kfl Lmn2crk T gén.
zahrnuj 2 czcehntpoudzoe 6placl et bTvg§ tNdMmMtvd 1®adcilenttT(
sf uzn2 mC@eEheée MYdta 5 % pacientT s AML) . Dohr oms
25% novhN diagnos[tl]l kovanlT ch AML

33.1AKUTNd® PROMYELOCYUKERIEE LE

APL je samostatnou podskupinour V8 mc i AML FAB klasifikace o02zn
M3v) . Jako zvl §gtn?z p 0 d ®mde U967 @ @o dlbuidu aobphyla spujeda p o [
sextr ®mnhD ¢ p af2f.dnoidemce AP se-pahghuje 0dl® % VUSAa®vernz Evro
pSex25%BBEVropnN st Sedn? laatiigsnk 84 alr&pcded i #oi v kT m
APL je t(15;17)(q22;921) 6 Yaz n2 mP e h & mRKIt er T bTv§ detekovs&n ac
Zbyl &8 2 % pSipaBhfZF/ RMRU) A HRB® q2%)e ( HRML RIAR®W p S
t(5;17)(q35;9g21) (0, 5 N MAP RMRIF)(qBjq2L)XBi TrAIT IS / RA RS
t(17;17)(q11;921)30,31], PRKAR®/ R A R17;17)(q24;921)32], F | P 1 L 1 K&RIA)RIR;q21)

[33], BCOR/ R(X;RA(p11;921)34] aOBFC2 A/ R #2RL0)(q32;q21]35].

GenRARUr etinoic acid relkrepm®mzo ml ns2em nparcuhh8uz 21 7vc
exony, k-duje protein o d®l ce 462 aminokyselin
UAPL. RARU patS$2 do rodiny jaderniRMRbr eec eRART )
ahraje dTllkgntoal ¢ optiolvi ferace a diferenciace |
Jet voBesoce konzervovanou, -sekebnboRdem@obbi ¢tlke
ak omp !l ex m2a zleibghaorud dom®n oow,Ndk®Berz8@ jheetrO0odpi mer i z
aktivaci. Protein RARU vytvgs? het er orda tmem o/i dsT
RXR (retinoid X receptors), co®NA.mo®Rojs e Sgckri
specifick® mBknw@ncdem®@®@MNyA se het er oRARE(etinoiRasiR U/ R X
response el ementpsr)omoltwk alvil dv -gopbEl waisfitiecckhl cRA R(? | o
Kompl ex RARU/RXR funguje jako univerz§8Il n? pSe,|
transkripci Vnep S2t omnost i l i gandu v8ge korepresory

knavg8§z8n2 koaktivsg8tor 36,3 sti mul aci genov® expre



GenPMLj e | okadhrzom@mom8l n2 m pr uMu elx5om2ZT4 . 1k,- dsukle
od®l ce 560nami jekynseglliast Nj g2 KA RWAPIn ProteinpPML fener e r
zapojen do mnoha rTznlTch bunhRDlnich procesT vle
regul ace transkripce a kontroly genesumylaxd-abi | i
PML proteinu wurluje jeho | okalizaci v charakt
tNDl2ska, Sagpol eldmD gBE38, pPMLE eipmPtein je tvoSen
funkl nzmi dom®narier monrgd enrsyj cVv8Baerb8 adhr bohat ou na

dg8l e tzv. RI'NG (really interesting new gene)
proteiny, ngsl edovanou dv Dmab omxa -hcayl silkesSilroR a cloii ¢
dom®nou pod?2drodinerizaéi a mutimenizaci PMLECer mi n81 n2 | 8st pr c

signgl pro jadernou | okal i zfaocsif oar yn aa | skehegiPRMLMe s ry
proteinu je co do dd&ll leyd kain all i 2 36,388t ii amizlhro?2 swest S

Ve f Y%zn?2 nP MLy RtARIBNtug v aj 2 zachov8ny vgechny dT
proteteTmi N§I n2RIINSG tf imMle rs d olm®ny-bh al Db PlreeiP Bc oi |
dom®nou j e spazebaols OdeRnoiun 84 n2C dedi@Rmw Vv a(j 22
interakci d i gandem a vazbu RXR) genu RARU. Aber ant |
(histondeacet yHDA@ vy g k2o mpl iexi t ou nedg nor m§l n?2

v acetylaci chromatinu al t er nati vn? konf o macnihi bbjy e mattriannus
regul ovanich norm8§ln2m proteinem RARU. T2m | e
kakumul aci abnorm8Il n2ch promyel ocyt Thistorickyp e ci f |
nejnepS2znivhDj g2 hnoej pyop & npfoMIP pjfec@e, 8 nsz t er apeut i
kyseliny transretinov® (ATRA). Ta mDn2 konform
komplexu, |2mg umogRuje transkripln2 aktivaci

PML/ RARU a otb2nm dweehka eknci ace I[B7ikemi ckTch blastT

Ke zlomu vgenuRARdJoc h § z2i ntgdoynuv 2, vIislednlT produkt
39 tohoto genugenuMLgeovakrombi vn2 a mTge blt | ol
oblastech.\p Si bl i § nddd B 5d & lpSB2ipn tkreorrd obnu( tvzv. becr 1 zl o
pak vzni k&8 spojRVL3en3. eganemeggri@ ARU dJe M0 % APL doch§:
voblastiintonu®MLgenu (bcr3), vznikIT f%zn2 trexonskr i p!f
PMLse 3. exonenrRARU Ve zbylTch pSiblignnD 5r P& npl S2hp and?Ts t]
exonu 6 a vislednl produkt[298%40potom variabil n?
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A + oA

ber3 ber2 bc_r1

Typ zlomu
a vysledny typ transkriptu

ber

dlouhy (L) typ
ber2

variantni (V) typ
ber3

kratky (S) typ

Obr.1:Schematick® zobrazen2 PMLanhdéb|l zdomewl EMizmRARU pe 0
[29].

PSi vl asn® di agnost i c einduktoryzdifdreBdiaeen(ATRA prseaik) f i ¢ k
achemotjeARLpvs dul asn® dobhN nejpSvyedokBugPmavdgpPe m
dl ouhodob®h oosapupee7®iOt 2% pGaRcicknt T, me n g 2 gance na
svygg2m pol t edmoblle ukidagd3Kyvel apsu onemo c-301¥n 2 do
p S2 p RO4TL,43] DTl egi t u e /il kodiu rvel apsT a vBt gey me
pravdbDpedédb  rel apsu onemocnhDn?2 -thmeFCRewpsTAlw §h®]|
ipo j ej 2?2 m[4dd8lonGenmwade a Lo Coco pozoroval. S
onemocnNn?2 quozpadivenrtn ns§l ezem f Y%z n2ahlon 2t [dkpvaSsek r i
Dl ouhodob® cel k oAPBse pdhybijjd ntezi 68 %[t0j1E4187] s

3.3.1.1 Mutace genlFLT3 u APL

I ntern? tandeamo b ®d odvu® It il e ¢ e kivn 8 z o v ®FLTB o m®n N
(FLT¥TKD; podr obnDj34dvijzsokuapnej | ast Dj g2 mi sekundS8rr

upaci eARLLALT351 TD se naSh®zpSupadT, | astNj g2 jsou
au nemocnl ch d44,4849) meidenueFlTY ITXD mutac?2 je nigg2,
ugs20 % APL. PS2tomnost tRchto aberac?2 je nez§vi

vedoukv ygg2 mu poltu | eukocyt Td oab Ih idg[d®4pb0]. Gajeetal. u t r o
[48lud8&vaj?2 vygg?2 riziko Yumrnéi bhedosadekITHhERLt @1
mutac? ,dPpxaltedcdu vvygg2ho poltu | eukocytT. Ost at
aberac? na pravdDDpd4bcd RLGIITD adi &ICT3/TKE n & maCjR? g8dnl

11



navl skyt rel aps Td ®b k@& modcorblyn2p Se gi t 2 bez TrAPL apsu
[41,48,49,51]

3.3.2 CBRAML

PS2t omnost t ( 8f i n?2 ko AMylgEKOa(dlee WHO 2008nazT van®ho
RUNX1/RUNXITL nebo i nv(16)CBIFib/ tMjelfojera® ) pS2 £ vdzvou pr
onemocnMDa?2 swr §umrak t ®t o s jednpkiva §v ims[Iges tlii gna typu
zej m@&hTas | &Rt o mn o srtni2 ¢ & e knuonl deSk u | C8KITnrA ucthaFLZHTOY a ¢ 2
FLTITKD aK-RASmu t )a ¢ 2

CBFje heterd i mer i ckT transkr ippoldnj2e dinommpelke xU sal-oby,e nk -
datelnlT pro norm8&ln2 hematopdMA(t a k@i nCaBeFriRa, rkl- c
RUNXL P E B)PAMIPRC B BLRUNX3, PEB@EBIBCBFRUNX, PEBP2UA, O:
bpodjednotka je k-doGWEBRREBR2W CBEOU2 modpedmot ka
naDNA,, zat 2 mco CBFb s DABI Ibiezzuj S 2jnegDRA (ckeoR)t ua k k u
Dimerizace £BFb z &§r oWeBFE Uc tpro8if2ednot ku pSed ubdketmpr adac:
proteazomov® dr &8hy. CBFU2 (AML) rozezn§v§ a v
regul aln2 el epmeonmotw$2otvdmha obl astech Sady spec
vhematopoeticklich buRkS&ch, -3n(&)Sgranupeytania kk -od Bjg2oov?l
kolonies t i mul uj 2 cCSF)frecéptoropro kqloGt i mul uj 2 c2 {C8R, ey 1 (
proreceptorya nt i gbennfDKT ( TCRs[p258)t d. (obr. 2)

- AMLI1
TF \ _—)

=
~ Cilové geny

—~TGTIGGT— MPO, CSF-IR, TCR
Rozpoznavaci sekvence IL-3,GM-CSF, CDK4

Obr. 2 Schemati ck ®t rzamn&zkorimpl m22 ho Kk interpduje xslta | ¢ B mi €peci f
transkripln2zmi faktory (TFDNAvedeakakhti K@amipl exanaMLIlp €8
[55].
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GenAML1l edz®¥¥ omozom8l n2m pruhu 21922.12 je tvo¢
vzni kaj ? Bl1fproyeiAMu o d®l ce 480, 453 a 250 :
aAML 1c, | s oRHD sHlastifranhlf®moiogy domain) atCer mi n81 n2 transkri
dom®ny. RHWDazebnoNNA dom®nou a z8roveR obsahuje |
CBFb podjednotky. TSet2 AML1la i zof oDNAaazeh®u po u z
afinitu, ale nen? s[®®hopna aktivovat transkripci

GenCBFjbe | okadhrzoma8znom8|l n2 m pruhu 16gRe&r mi m8Isk:
| §st CBFbjeprobveBena heterodi merizal n2 AMilo m®n o u

podjednotce transkripln2ho faktoru.
Nej |l astnDj g? transl okace postihuj2c? geny pr

ainv(16) nebo t(16;16)(p13;922) u pacientT S ( pAIMBL;,g2 2 ) 1248L12 Wt s k
at(3;21)(g26;921) u MD$56-58].

F%zn2AMIGLETOb T vE det 0o W8 p akNI® n(trife jsl ast Nj i u su
m®npnD | asto u M1 a M4) a v znAMLEst ®®pdjSe nczemh T pir v nB27¢
aminokyselin) geem ETO (obr. 3) Gen ETO (RUNX1T1, MTG8 CDR | €ed®a omozoms8l n:

pruhu 8qg21.3, je tvoSen 1MmoekomVych peRlk&phi mok
fosfoprotein pTsobzc2[5258koPrtotaenisnk r ARMLHAETTG gm§
kvazebnim m2stTm DNA neg norm8§ln?2 AML1 protei |
ai nhi buje di f66]lr enci aci bunBDk

AML1(21q22)

breakpoint region
~25 kb

ETO (8422)
1b 1a 2 3 4 5 1 7 8 Ja 9 10 11
—te] —————— cen—+

breakpoint region
~15 kb

5:12 3 4 5

503 542 796 952 108

Obr.3:Grafick® zn§8§zornhNn2 e AMLAdETQa rfoYazon2@htaAMIYEKDGUK ryi py e n

F%zZCe8BF b/ M$eHWskytue uB % padAiMent Theg | ast Dj i Uu subt
zS2dka u M2 &L£BMbD/ MieWibvkke (880eOn % pS2padT) tvoSen

13



5e x onTCBEdexony 1241 genuMYH11 Zby Flb®%h¥%A® vzni k§ m®nN |
viinTch | 8stech obou genT (obr. 4).

GenMYH11 (SMMHQ |l eg2 na chromozomu 16p13. 11, t vos
tNgk® SetNzce hladk®ho svalu. Protein MYH11 j
zedvoulwkTtcthg Set DzcT a dvou p8&rT neidbketik&lioh $eh
pSilemg |jedehisurpeaahWdrofobn2 a umogRuje din
azprost Sedkov§vEs§F%amr b@B Mitu/e M Yoldidgsr vizbun or m§1 n2 ho C
naDNA tvorbou multimerT, knef®niktoP g2k o@BFUE xpo d

type frequency
A é o e 12 12 1-@ A8%
370 474 1821 2134 2298
BS o o] " 12 i3 [142 1 case
1708
C é 4 o | 10 1 12 13 14-§ 1 case
1528
D é e w oo g o 10 T 12 12 14§ (78

ES =« v 7 8| @ 10 1 12 13 |14< 5o

Fé g ] 12 i3 [142 1 case

Gé Vo 8| o 10 1" 12 13 | 142 1 case

Hé R S 7|8 o 10 11 12 12 1-@ 1 case

|§ R 13 | 14< 1 case

IS ) — 0 10 11 12 i3 [14< 1 case

Obr. 4 Schemati ck @ Yzm®& h@Brigkn?™M¥MaH1110 zn&mich typT zI| omo\
transkripty A, D a ECBFbSEMPBHSLbIi gnn 98 % pS2padT
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Progn-za onemoc rCBRARML] ep S® zpnaicvilDg ngt2T nse§ u ost at
jednak vRDkem pacientT, ale do urlit® m2ry i ty
mol ekul 8rn2ch abe®8c2 p@RHDZD @ hAYIEHETEORS8090 %
sCBFb/ MVWH1I92 gance na doc?2l en?2 (QA®R59/6%63]lncidpnaec i e nt
relapsT seopmb4®BuPpddavOS po 10 | etech od diagn-
[11,62] Z8sadn? groli tWcptediplaci enelTabs@j BbMownilt ®Ir

ipo jej2m ukonl|l en2z, Pokl ekostumh2hSenPampakiiept T
terapii o 4 S8dy viraznhD snidguje pravd[B4ebldobno

Nigfg pokles MRO bTvg |sskondpon?eanld-KE65HBRAj®ge o s
mogn® sl edovat ve vzorc2ch koistoPRouWBEbDDRk@GRNS f
Senzitivita vyget Darnk §klovssda nwyegdSreaw n@D34 se vzol
krve. Naopak, vihoda vzmeh@2 peBifNginpakieat &
umogRuj e kratg?2 [RIB668)r v Oblyiewdeni poziactievita expr e
pSedchoz2m dos agaivity nebvodojédkiu| Br mEr fiegu exprese

01S8d u pacientT, kteS2 nedos&hli molekul §rn2 r
k®&mu relapsu onemocnin?2,. Doba mezi mol ekul §r n?
dvou tTdnT ag do 3 mhDs2AMTUETH21,20t76]2 j e u f Y¥%zn2ho g

3.3.2.1 Mutace genlC-KIT u CBF-AML

ProtoonkogenC-KIT (SCFR k - duj e receptor pro stem cell f
receptorovich tyrozinkin8eh arTaykrtoezriinsktiinc8kz® pt St tc
globulinupodobni ch v dem®nm acetliul §rjre2dndus transmembr §

j uxt ame mbdrognm®nvoowa cae |l uhgr n?2 tgom®naolj n8kztoevro8u | e
ki n§zov InnmaATR-zaeebnbwea fosfotrarsfr § zovou o[Fd.ast (obr. 5)
Extracelularni domeéna Transmembranova Intracelularni doména
(immunoglobulin-like) doména
Q
o
c
(0
s 2 o
SCF-vazebna oblast oblast g @ ATP-vazebna fosfotransferazova
dimerizace £ 5 oblast oblast
w T
_(YOYOY( Y :
=
=
23 76 85 165 181 266 279 333 356 431 520 542
577 685 763 925

Obr.5:Schemati ck® zn8zor nDnEKIT (podleBoissarabal/[®B])t yr ozi nki n§zy
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GenCKIT je Il okalizov8n na chromozomov®m pruhu
transmembr 8novl protein o -KIG®MN cjee 9e7x6p rai mionvoskny sred |
typT bunbDk: mastocytT, mel anocyt T aoviamlgaddw T c h
(SCF) receptor di meri zuj e, fosforhylayj2e zLes a@n?
vproliferaci, di ferenciaci a p Se {72, 73F Lignd mat op
independenGHiRPTwukmTyackhkt zpdk sobfeuinac(tgiaoci nn) mut ace
byly popsm@gacgirelnztn]l ms hemat ol ogi Z&74mi U o neemmooccnnld rx
SCBFAML se vyskytuj?2 zej mPna& xboeoh® 1mutaa cle8, ( naeg
vpozi ci A's p 8-ftam@ delece m tnreko@bvyklmvexonu 8, W0 % pS2padT p
kodon Asp419) a m®&nhND J asto intern?2 teaondB8jgoov ® doI
si |l nnN aspoS2itoovngnnoys t 2C B bz nMYhHL dg ez 24le % & N ht® pa
vijimelnmBl ohwaMhDETOR4 %) a t®mNS ni kdy se nevy
AML [72,75] NRkt eS2 autoSi wuv§dkelXonu e zw$2gtug nen opsrta
relapsu onemocnin? u CB&6i &N, T6] s tfa’iznn?2 mn egpernoekn§ z
prognostickl dd77,a) BpRdbhtv®kmmdbac?e Asp816 byly poc
upacientT se syst[®mowouAMha sbtlovc8y tn-ezjoluast Nj i det e
(85 % pS2padT), Asp81l6Tyr (8 %)llea Asp&LGPBgB®H. Hi s  (
Mutacevk odonu Asp816 -5& %yrs&midz T tu AllleDEEOa u7-16 %
CBFb/ MYpHolzli t i vn2 cMDkp &c i®e nd dl. g 2 dxana A% @Asn8P2Lysa c e
Tyr823Asp, Val 8251 1| e, Al a8 1l4cStker )p a ddrpd6yt8Blp op s 8 r
Unemocni %ARMLEETODbT v § pS2tomnost podico Asp8leR spojenat s& c e \
zvigenTim pol taombD edikogrytgZy,v zvigenim rizikem r
avygg2m viskytem ex[6%F7% #veBB4]|Aden et2al. u veSudki®jnmi evir azn
progn-zu onemoornyBrkIlTum pamblemi Tn ¢ as tCKIT gembBean mu t
ohl edu na ty8pl. f “azn2ho genu

3.3.2.2 Mutace genlkK-RASu CBF-AML

Ras rodina protoonkoge KKRRAZNIRABa H-RAS 3k t feu ®k | kn-2¢
pS2buzn®, vysoce homol ogn? proteiny | okalizove
proteiny se pod2l ej 2 na npdueknoovsaun Tecxht rrafcset!ouvlT8min 2f
zapoj emidond e vu® bdiinfdér enci a[B6g dPa odetimpyl aszamyl 2 pod

vysoce evolulnh konzermnovan @& uan NH md jcch 2§ oackrs2e crh

di ferenciace B7]. b uRAS n@r stmeitny j sou chamomakter:i
vheaktivn?2 formhN va&éakiGDWPovaannilmt erreacgeug t20 rse m. V a
doch&kiikaci receptoru, kter8 vede ke konfor ma
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|l 2mg je protein aktivov§gn, p $ & & §ehg inaktivagi [88. | ds§l
VdTsl edku nhRkterTch mutac2 doch8z2 k nparsménen
stimul aci rTstu a proliferace nez8visle na vii
u9 0 % p aadenekarcinpmes pankr eat u, u 50 % pacientT s Kk
nemocnkKarhcisnomem plic a ag u -BML % eAMio d2BASppmead ie
mut acemi pohybuje okol of2z n% mL BjEd & WyWiHd?e nio cnnel ntoh
sAMLsemu ace nej| ast Dj iINNRASaK-RASt uj &t 2vifiBf®bnipecsh u A ML
mut ovanil [§58%589])z SP Sliklal i gnhD 85 % t NDchto rkedonaah?2 se
Glyl12 a GIly13, zbl vkadorudin61[ael t aNciek t regbpbloeabul tAb|lS v

SRASmut ac?2 ni gg?2 kporsotcnendtaolsBbnl dai[9&t@Th -v4y n2 nezjistil
RASmMmut ac 2 na pr o g[n8;92] WAlleroat al }85]aunyFrd2Dj 2 ni gg?2 pol et
svysogimcentu8ln2m zasRASopenti mpahovaen®Tmil @exm mu

zastoupen2?2m mutace, ale §g8d[@®] vIiv mutac?2 na ri

3.3.2.3 Mutace genlFLT3 u CBF-AML

FLTITDse uCBFAML vyskytuj2 m®nn plTasAML .neBj vuaj®s tdae
| ast Dji O Yapat maAMLA/ETOme gCBUFb/ MEHLTE|l kov8 incidenc:eé
okolo 5 %[76,81,92] PodobnhD jako u AML se stSednAMLcyt og
nepS2znivhD ovlivRuj 2le Alenaegal,.zz2y m®Pmam@dSri N nv2y.g gPad
toupen2 mutovan® alely mTge DbTt[8L.ygg2 pravdhRDpoc

Naproti tomu mutacevy r ozi nki n 8 z oRLE3 (vit kam@.D) jsgueurCBAML
| astNjg2 neg u ngmogerhehi skT mt SednRemc Jejich
10% a | astBDji s e ViyvsgkByRbu/ j MY78 85198l a cJ ejnitcfTh sv I i v n:
onemocnhNn2 nen? eratpbaorz&ealmli ,ndsilgmi fi kygggam |

zastopen2 m mut @88lan® al el y

V roce 2013 popsali Opa#&t al. novou mutaci genELT3As n 6 76 Ly s u B Y2mn praci
genemAML1I/ETOau3 %CBFbH/ MWh&clerdtid out o mutac?2 mbDIli dep®g?2 |
diagn-zy a hTSe dosahov@4.i CR, neg pacient.i be:

34AML SE STiP EDNECNEOYTCIK@®U PROGNC ZOU
Nej pol etnhDj g2 prognostick8 skuwmmpiviDa dz algmmowsjta kK

AML . Tito pacienti nevykazuj 2 g8dnou cytogenet
sdobrou, respektive gpatnou cyt pgeueti ca 8 p e
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snorm8l n2zm karyotypem,llkt erToRhhj enpBobhiDgmidasdpe
t ®t o skupiny z8vis?2 | na pS2tomnRENTD, FETFEKD] ch m
mut ac2 NPl GEBPA DNMT3Aa dh) g2deet ekovatelnlch pomoc?
biologie.

3.4.1 MUTACE GENUFLT3

FMSike tyrosine kinase 3L T3)pat $S2 do t Set?2 tS2dy receptoro
sreceptorem stem cell faktoru KlTeceptoremfaktoru st i muhd kolprie €S F1 R a ir Tst o

faktoy pr odukodasi ml kaRli aP DBBGFRD. F L TrBinogjolauli-t v o Se
podobdd md®n ami v extirnadgeldnlod&r rn2dalm®me mbr BEogvamem
(J M) dom®nou a intracelul 8§rnt2ert8yrjozi nardlBlzerna

specifickim ki(obg@&OxBm i nzertem

Immuno- ‘\—'
globulin-like —
=

domény \
— 2 2
\‘ l‘ran gmembran ova
\umy / oména
Ce“ membfane | |
Tandemové ,~‘\ Juxtamembran ova
duplikace > 4 domena
{inzerce 3-400 bp)
| Tyrozinkindzova
Ve 1 doména 1
" 4
ggggv;ég?g tace ——— I~ Tyrozinkinazova
' o domeéna 2

-

Obr.6:Grafi ck® zn8zornhDn2 receptorov® tyroP8.nkingzy FLTS3

C-konec

Li ds k FLT3j een | o k mdhrormoaov88lnn 2 m 1@muikRy je tvoSen 24
t r ans me nppotei odo®ITc e 993 .anfArnootkeyisre | F InTh3e mjad o@ @t i
kmenovimi buRkami, buRK%8%100mozku, placenty a | ¢

U paciAMLt Tbysl y pops8ny &LT3E Npjsltalygéc 3y kgenuWRT B
vyskytuj?2 wPiabi AML [L01uNaxsh § z Zenjem@®nea u pacient T s
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norm8l n2pmell a§bak@®mocnlich s APL. Tyto mutace blv
l eukocyt T a vyédgFmsuvpnrRocae De reimznWjlo2l &IsTR | diDa gzrh-or g u
progn-zu onemocniNn2 vzhl edemuRFSa yzk® dae@d.skytu
Al kol i se d®l ka dupli kovan® obl asti l'ig? od 3
n8hodnhD viogenlch nukl eoiframp[l04vT ¥T sded kyrahkayj:
d®l ky, poltu rTznTch | Tgb z&MLns?es t zaa tj2em ircThz ni2n.z e ¢
studi.i zafT3huTPcdhod3bdivn2ch peaai[WtyfdnkEpsbokEra
vi znamnT inddenzidél awsT ani v d®l ce OS v z8§vi,sl ost
podobniB2jvaek oPadl{106 Pouze ir nT t r egredmuk ed osmd 2 n 2 CR
upacient T s KO5pt /2 dchmwldiDk asc 2t oetdl flO7]Jpar SirewaltetMle s h i n c
[108] u d 8§ v acelkemA7,uesp.48FLTIITD pozi ti vn2chj pati eet pPrasvding
dosagen? RER, akrhayrrgg®d | QY ug 2 c 2[10%168] d ®li hGu edikanid i e (
pouzes18FLTIITDp o z imipavgien t vr d2 opak: del g2z 09109 skup
Zat2m nejnovDNj g§?2 RFES§ ¢ eOSu kua zpug cei emety TKD 4&6Q $p),S e d n 2
zat 2 mcoa puogemacnlich s duplikac?2 kratg?2 neg 48
[1100. Tak® polet rTznTch | TDe ul ij@gidinotobdv]eln@a ¢
| tySem r OalMihKokafidsetalve sv® pr§ci ud§vaj?2 kratg:
jednou ITD[111], zat 2 mco dal g2 skupiny neprok8zaly ¢g8§d
o ne mo ¢165[107}

FLT3/TKD,z e j m®n a MAspg8Daleé8 86chj sou popi $p\B&mpya diSiAMIL
[112. Z8vagnost jejich viivu na pr  TbhnNHT3aI PPogoog
mTge SdttellnND d&no |jmjivisBkyeemBceMRkaz@gdr hor g
unemocnl ch[118115hu tdaacl2g2 naopak wud8§vaj?2 pS2znivhjyg
paci[@htelbo vTbec ¢g8&dnlT dopad p$R61d4%hnosti mutace

| TD lokalizovamn® @§?2%zKel vdéoenecknddFRTR/ITE [118]. Podle
Kayseraet al.[119]p Tsobt nt @®Pmoman®M dom®nu pjrolgmosep $kZni
zpTsobuj2c2 nigg? ganci [LE0]. Mapratiaogne mo v ORga kr 8¢t 0§

etal.[120lnezj i sti li vIiraznlTDnva ipwr @gne-ema mdm2 ho m2 st a

Posledn2m popsanl FLT, ygesmumdttaycSi gern® bodovE
zachycémpRacu enht TI21s122IAMVzhl edem k n2zk®mu pol tu

mutacez Tst §v8 jejich mognl dopad na prTbhRh onemoc

Vyugit?2z nALlTI3pcd® géerdov8&n2 MRO bhDhem |apdulley a p

dosti di s keudteanbi k nf gj ivethl potenci on8§8l n?2 nestabil
uld20 % pacient T s p 0 zKFLTIITD nnebo FLZ38TKCh yntl € enc 2 pSi di
nach§8a2omdd welapsu onemocniDn2z YplnhD jinou | TD (
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nebo TKD mutaci[123-126], cog |l imituje vyugit$8]l esdeonvz8nt2i v NF
zalogenlch na pougit?2 mutal nhD 8ppefeviofdinak T wdiz iptri
paci entr Bc2 t uWtod Naber apisuv %“pl nN, takg&R@nelze v pS

ophPNtowp$2t omnost zcelmveymoactiMintt ky viznamnim je tedy
pr TKFRTAITD ( pS2p. TKD) , kterlT znal?2 molekul §rn?
[123,127]

3.4.2 MUTACE GENUNPM1

NPM1j e mul ti funk| n2 fosf opbwnlelim®nm ojk&d $e,0 vjaaH o
spol2v§ v transportu ribozom§l28).2 chh§ |per ostee ivnalz bpou
supresorovl protein p53 podzin2Z m&ktieguwlyacir ejgal
centroxwmIvRuj e i [RYIBEciTrrainkpoamT2 funkce je ur
moti vy: di mer iNZeelrmti n@do m®&n ob |l wast i, nesouc? dv a
signg8ly (NESal,i ziaaldne2rrm Tsm gnogkl em sl ogenminm nBd ndv ou
obsahuj2c2 dva poygypcétane@d@®3bbeyORYy (0obr . 7)

DIMERIZATION NUCLEAR /\ wase
Wild-type NPM1 Y 'DOMAIN LOCALIZATION | Lgcuﬁm )
sssmy  SIGNAL _/'wooo

¥, ¥ -

CRM1

Mutated NPM1 . GMMRON Lozuuf% ) L&Acmn M
- — ) - /
©, ¥ ©

CRM1
Obr. 72Struktura NPM1 proteinu a vl il NeSnaaidekhéh empbDa
si g@8RMlsevol ul nhN konzervovanl exportn2 receptor.

GenNPMlj e l okadthzom@&@nom8l nzm pruhu2 5g86nT, askl
protein o] d®lIl ce 294 ami nokyselin. Dosud byl c
| tySnukl eot i do v oukleotidyn 36@61c febo IDGOR5) NP®Zdenu u paci €
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SAML , nejlasthDjg2z typ A (inzerce TCTG mezi nuk
pacientT nesouc?ch mutaci, 10 % pacientT m8§ mu
typB(inzerce CAMBzI t akk®l eoti dy 960 a 961) . Ostatn?z
[132]. VDt gina mutac? vzni k8 degohweX22C-treerbmd ni8th né r co?|
proteinu vedouc? ke ztr8&8thnD obou tmpyrti aef a®dWIl, c !
vzni k8 nov8§ exportm?sisedk@l| nhase e daeali&aNPMLIK ab
proteinuvc yt opl azmh | e yBEM3]ckl ch bunnk

MutaceNPMlgenu j sou det ek ovA§b fi31lea 3RFE % PpHaOCAME ptaTe i se
snorm8ln2m cytogeH332ckilmmsng| eszecemvyskyt uj 2 u
cytogeneti ckou pRLTD, DNMTBA IDloallBHRE mDt &c e mi pouze
smutacemi jinlchnugen NPVIRemiecemtsng§sz e dosahuj 2 k
0 ne mo c[IBAN1B4] V kombinaci segativiiou FLTY | TD do s a h uNPM1 npuatcai ce2n t i
signifikantnh del g2ho RFS iCBEMIL, tiored AMLsdoSaud 2 n a
progn-zou dl e [IR]l asleprkacet BEMN pS2tomnost obou
znamen§ pro pacienty[180[182432,1835] zhor gen2 progn-zy

Mutace NPMlgenu jsou vhodnTm markerem ke sledov
vpr TbNDhu onemocnBA3 | §DalfijlemNDjokol med 0 % pacient
onemocniDn2 zbytdelb NDp a @il eaptBIEM1 meataed (186138 ay pza dr uh<

protoneijgleas3t Nj g2 typy mutac?2 (A, muB aaxc 2D) pmadio§ zv
odpad8 nutnost navrhovat individu8ln2 specificlk

3.4.3 MUTACE GENUCEBPA

CEBPAprotein je transkripln2 faktor typu | euci
regul aci genov® eSppasdd®d, kpveltvbendch &duwmhDk za
konzervovanou @ er mi n8VvazelOMNAu a di mer maam®@hNDde&m®reeuVa
Ntermin8l nzZmi transak f{l3x4] n2 mi dom®n a mi (obr . ¢

GenCEBPAj e | okadhrzomazmom8!l n2m pruhu 19913.1 a |
kterT k-duje protein o «CEBEPAge n3u5 8] saomuii n@DB#dpts £d v §ir
pS2padT AML, jejich véekgtSeend¥yggdédgmu- Dne mpaadlid
se t®mNS nevyskdyaburjru ucyp @qgie e e3P, t4klddl Myjaceo $ENn - z 0 L
nach8grelTBNDwWu cel ®ho genu, hbhhenkohNbetmeh8l s¥% dad

se jedn8 o inzerce nebo delece (zpTsobuj2c?2 zm
a n8sleduj2c2m ATG kodopewmoSdrnyz op $nadlazen &head out
vzni ku Kkrat gpr opt3ed niuz o fkotremyl domi nantnhD negatiyv
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proteinusn or m8 1 n2 d®I k oGt e rpmi2n &1 nMu t cabahefasvedelecg/iszerce o b v )
VDNA~vazebn® nebo dimerizaln2 dom®nD br[83?c?2 vaz

aa (1 272 358
pd? p30 w single mutant
start start » double mutant

Obr.8& Schemat i ck ®@EBPAg8nusom2rsMry2 vi skytu mutac?-tfhaesa®t | vat
dom®na 1-trdAPakRtival nDNAomAaa 0d Seb ¥ afli5h2 do m®n

Pacienti mo h o uUCEBFAMutap (¢485z0e % epdancui ent T) , tito peé
snor m8l n?2 d®l kou (produkt dr uh®, nemutovan® a
aberantn2zm proteinem. Dr uhs§ S k u pN-tnear mp aa&il enr#t To |
adruhou vC-temmi n 81 n2 obl asti. Tyto mutace jsou obvykl

g8dnT CEBPA protein norm8ln2 d®I ky.hoWiojziymelt mP
CEBPAmut ac?2 n8sl edkem[l3d.r 8ty heterozygozity

Pacienti dialelickou mutat maj 2 soul asnhD NPMIst Ppbpakt m®a il |
unich vyskytujeFLTIITD vpor ovme&mdceponi zes j edn o uCEBPAMDWt ajcg2d n ¢
[142,144] Podle nRkterTch @EBRATUT acem& | p 82 titdjndsst a §
naproti tomu jin?2 ud8vaj?2 ni g@gdnganoaiebonag8aodsc
[143,144] Nemwdmd esi ckou mut ac? dosahuj 2 del g2 ho (
doch§231 apsTm opemo ¢ plienty peuze jednolCEBPAmMuU t a cpacienty s
bez mutacq139,142144]. Progn:-za onemdé¢mDred i ckpacimahhb§2z sj
un e mo ¢ nnhuctha cs2NPMlen w § IFIoT®9 & KT D n e ¢146]. Klasifikaae ELN je tedy
Sad®ML&p S2 zni vou[l2pbrogn- zou

3.4.4 MUTACE GENUDNMT3A

Geny DNMT1, DNMT3A a DNMT3B k - d uj 2 DNA metyltransfer §zy
pSemNDnu c ymetyleyionru BAMB1 jsou zodpovRdn® za udr ¢
vpr TbDhu bunhD|l n®ho dDI en?2. Naproti tomuenbwWMT3 A
metyltraankivgt ®8pej 2 hemi metyl odaomj®v | C8pkG o d i®n uCkN A
ud8vaj?2 <e8dkllocahdun 2 meplobhr] SAL[M7. BNAvVveR metyl ace DNA

z8sadn?2ch regulaln2ch mechani smT genov® transk
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jsou transkriplnhD wutl umeny. ZmDny v Yar ovoni me

pod2 lvenkdavh@aoji n8dor oMd8ch onemocnhn?2

GenDNMT3Aj e | okadchrzom@&@nom8l n2m pruhu 2p23. 3, j e
protein o d®lce 912 aminokyselin. DNMT3A je tv
dom®na (nakomn&r povdd re®@TrpsT-RPv e h ¢ e k P ehoi & t soen T8 gnee sko
metyl ovanl | ATRX, nDNMTB,D Bnd ONMT3Ltype zinc finger) d o m®n a

rozpozn8vaj2c2 nemetylovanl |lyzin hist@am H3 a

oY R - ] -
_ nemodifikovana DNA (1616aa)
Sl N ® hemimetylovana DNA —
_— ® piné metylovana DNA (391a3) MTases
DNMT3A I
DNMT3B .
%
—
C

DNMT3L

386
( ’a)

292 350 482 614 623 912

| J

DNMT3A

Pl e
—
—
—
—
—
—_
—
L
—
—
—
—
— -

O missense mutace © frame shift mutace

[
| | ADDdoména
L4

metyltransferazova doména

() nonsense mutace ® delece

Obr.9:Struktura a funkcHde OINAnimemys tDEAshetr glzace (A), s
struktury DNA metyltr abDNMTBAUBML (C)R37]. somati ck® mutace

Vroce 2010 byly dvhDma genuDNMTBAUMI2 5p op sdSrsyp N tcahe
SAML a u mal ®ho pr o[t46-161]&® oz a ddgce 2011 Jbylysabeva@EMT3A
genu zachycenypri m&r npfacmeeltdfisbrozou (cca 15 ¢
upaci epmotllycy t hemi a vae rtaa k(&7 u%)e samoz HEdk 2 s[t52lo mb o c
Mut ace se exwaecchh®23ej i sou t®mNS vihradnREGhét er oz
p S2 pmas[t) kotlon Argd82 (br. 9C). Pacienti snutacemiDNMT3Amaj 2t anko® m§d st2 o
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karyotyp, FLTY | TD a muNPMg éE©HlgaelDHR, naopak v ethtoninutaceS2 d k a
vyskytuieu pacipeSetzThi 1 mi c gberacgne[148,158,154 Nmimo c ma t asc 2
DNMT3Am2 vaj 2 vygag? pol edob8uidoaygyihT zg de vhpsgtigk pv
dSeni. PS2tomnost mutace neovlivRuje ganci pac
p ac i [&54-157]

Vyu@ONMBAmut ac2 pro sl edov8&§n2 MRO zat 2enal.nen?
vesv® pr 8ci uvg8dnj 2 ,raje | 29 pdaoidedt TnuzacB4 p st (
paci ekt €r T cuhr edloagplsou konemocnhn?2, byl adoétNek@&chrya
o n e mo diva) Makitaet al udgSajémnost sttodRN®dimagacey va |

onemocnhNn2 u 7 ze [1B8.sl edovanlch pacientT

3.4.5 MUTACE GENUASXL1

ASXL1 je vysocy SkiSrez e royoteirima o daradiyETP (enhancer
of trithorax and polycemb)yepedbtelghop@abhbionksk
prost Sednictv2m zmDn 188 Pt GuktpwSe comb o ma toiurpy
shi stondeacetyl 8§8zami, | 2 mgomw txG |(tithorfax geowpp pretesny g er
asochuptonsn acetyl 8z ami a funguj? jako zesilova
dom®t:er mi n8l n?2 ASXerdno m&@8iynw2a PAED (plain homeodo
d o m@&169].

GenASXL1 | okaltckoomotom8l n2m pruhu 20q11.21, j
protein o d®Il ce l154lexamiunolk2y sebhot o Mgéemaegce byl
pS2 pMDEM6L], 10 % peasceinecrit§ nd trombocytemild2] a pr
auld3 0 % pakMle.ntlJasst Dj i se VWAMLytsujaeuw ameé mé enn Ic ¢ h
N8l ezem (ve srnoovrnmn&8ni2n2sn KKk y &d$Xyiseem)pr oMuwt ag®eu z e
nachg8zej?2 unmutagemicNPEIT) tDREMT34 FLTITKD a FLT3 | T D, kter ®
charakteristich®rmEbndmemptofenesi ckim n8&l ezem
mutac? jsou frameshift poutiade 64r69j, | ars®RnlY) ij ei nrece
vijimelnn jde o miASMdIrydeg muisadlgy Mucthaeg2ch pa
a u 63466 ASXLlpozi ti vn? pacient. maj2dobRykBehwni
0 n e mo qIBIN65166] naproti tomu Chowet al.[164nezj i st i | i g8dnlT viiv
napol et | euk oxwtt o[Si Vgh @wdmD uv § dIASXLImae gchd $ ¥ M é n 2v |
ad®| ku OSetaMblaelSehnietdl f@&fzgvig&st i | i z8roveR i kr
smut ac?2. J1i641%6] naeupt c0zSoir o v al i g8dnl viiwv npustTa c 2

onemocniDn?2 .
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Pougi tA8XLbhnousttac2 pro sl edovg&§n2 MRO byla dosud
paci emrt§fciv Sc lemal [163g e rkalve® aut oS ud8vaj? znovuob
sl edovanT crhe | paapcsi eenm toTn esmoc nNn?2 .

3.4.6 MUTACGHIL&SIBDHRS

Geny i zocitriBHldehyxdhr ogmre®®am8| n2ADKM2 oI 226 219)3 3k 3
enzymy katalyzuj 2c2 oxidaketveng| poteEivad hbuowkcyil tarc8it oiv

(obr . 10) . | DH#t ojpd alzonlda lai zpoevr 8o itvo@c hentd,r i PDH2 O
vyug2vaj?2 nikotinamid adenin dinukleotid fosf §
dTl egitou roli pSi ochr af67168Ju RRyv piSlea et aradiw
pod i huj 2 nej | ast Nj IDHlkaoAdgd4d ya Ar§l7 dedlRH2 ga& ktui vn2z m m?2 .
enzymu, |l 2mg znemogRuj2 vazbu kofaktoru NADP.

katalytick8 funkce, a nav2c enzym BRestk&yl§u tnar D

2hydroxyglutar 8§t . T2m je narudgena energeticks:s
nejviraznhDp$2pammM§viDetver ozygotn2ch mutac?, kdy
Uketoglutar8t, kterl | & 8mulnwmd@akygkodl®n§ah kobwe
Clitrate
Isocktrate

Krelds

. @za 2-Hydroxy-
Succinyl-,_— glutarate glutarate
CoA ~ \

Co-substrate

for dioxygenases, Metabolic

other enzymes chaos
Obr. 1 VI i v mutiBH4A,2n ag efnu[n k c i IpDH bddhay KT ebsova cykI u. Mu
konveUbkeatjdglinat2ay @t ox y gk et arg§sutoaurg®t j ako substr §t ne
metabolicklch funkc?. Na jeho dostateln® produkci |

a histondemetyl 8z, pod2lej2c2cHhléed e na epigeneti ck® |
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IDHmut ace bypy8&mpy vaoDglapicomyntd 1 ac 8z 2%en gneo cinl L
SAML , zejm®na u pacientT se stSedn2m cytogenet
pS2padT. Pouze vIijimelnh jsomS2zyniovonutcayteo gdeent eet
[167,172173]) U panoem8lnsm cytogeneldH mktl anc en §ll @zteon §
spS2tomnosNPMlLanDNME3A @ aopak t ®mNS ni kdy sneutmevys
CEBPAgenu. Nemo ¢DHgesu thap®N diagn-zy vygg? pol et
avygag? proclemd ton 2H67H®A™M vPr ognos itDHait addp paddl e
publi kovanich studi? do wur|it® m2ry z8vis? j e
zem® nNPM1 mu t a ELETYITD, jednak na typu mutace. Mutace gelRkHL ne mNDIl a v I i v
dosagegdg8d@6R publ [1&7dT3478]® mer®gid Jganci na Dbz agen?
mutac2 pr olkt@lziiZ2laullB@Asp &7 2 t atkl@l76Fa Marucciet al. [173].
NepS2zni viiDHIBIDM2nmau ti anac2 denc i relapsT a OS byl p
mn1 i z §r ov e RIPMhw komhbniaci syregativitolFLT/ITD [167,172,175] Krat g?2 C
avygg?2 viskyt rehapsmfl n2memptadehetsilDHR I m§ Igjl 2 z
Boisseletal [172]a pouze UDHEAspP 40 Tmuet aetal[lT6hk® Gr een

PodobnhD jako mutace u epitagenetthclg@nTeqgualpagie
(DNMT3A ASXL1 TET2 by i IDH1 alDH2mut ace mohly DblTt vhodnim c?

MRO, alkoliv se zat2m pS2lig nevyug2vaj?2 a |e
souboru pgediem® PpubVYi kovan® pm@riDElE?ydab 0 di agn 4
tato mutace prok8z8&n®8.i pSi relapsu onemocnin?

3.47 ABERACE GENU MLL

Protein MLL je vji §d Se l okali zovan transkripln? reg.l
viegul aci gemrov®N ke prreems@h ov vI voij er ani Im&hta &) oefx at ®vzoy:
DNA vazebnou mdtoim®nmu 3 s AT hg8l kT umogRuj 2c2ch
dvojgroubovice DNA, dvilDma jadernT mi l okali zal
Prost Sedn?2 | §st tvo$S2 4 PHD (planakhbmabdd maiom
kter8 v8ge histonacetyltransfer 8zut earemibry§inmau
tvoS? S E 19, Bnlsoe( of aastg, Jrithorax protein D. melanogastes) m®n a v 2dn o
zahi stonmetyl tr apl3Al®) 8zovou aktivitu

GenMLL (KMT2A ALLL, HRX TRX)j e | okadhrzom@nom8l n2m pruhu
tvoSen 37 exony a k-duje protein o d®l ce 39609
MLL genu. NejlastnDj gz j sou bal anc bdhlagne&n ut rka-ndsu jo?|
Nterming§ln2 konec MLIgenpMLlod ®é m&iz 2( kte ® mibBstindiézh rva d n
exony 5 a 11) s et esrenki vne8nl cn22  kk-odnuejs2ociri a@®h o s tpir o e i
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t ®mNS 100 f YenuwMAlcah vplacrezmrieed] 7@ charakterizovgno
Translokace genMLLs e vyskytuj 2 ag u 2122 %6 pAaML ,e nnt €]j vsy gAgL?
vobou pS2padech u dRtsklTch pacientT do jednohct
t(4;11)(q21;023) § Yaz 2 MgLeARr4Ta t(11;19)(g23;p1l3) 6 Yaz n 2 m MgleENle m Nej | ast D
transl okace u AML | sou t (f6/%zinl?)hMig A6, {21XP21;,023 d 0 U C *
d8vaj2c?2 MELAEIN §10;14)p12;q23) & Y2z n 2 m MileArEra t(11;19)(q2313)
vedouc?2 ke vz MLKENLnEDSMUL/ELL RrargslekacBMLLgenu (zej m®na t
s e nejv2ce vyskytuj 2 u AML s e subtypem M5 a
senevyskyt uj APL{179180t Paeientt TS ess t Mulbganmim j 2 kr at g2 RFS
riziko rel appwr onm@dowrecBiami v bez t Dchto transl
onemocniNn?2 se do8wirdlids®t im2ma HKamkr &MbL2 Pacienttaz n 2 m
sf Yazn2 mMigLAAR9ema j 2 vy g go?c 2gdaemci ChRa ad rovnhNg dosahuj
s kup beDa Midranslokacemi.Z ohot o dTvodu jsou ve vDtginD
AML se stSedn?2m r i zoskteanMbL?2zsi¢ ¢ mzwb prmici emadaijs?2 d
svys okl ml[ld,1225%,26,68h182]

Druhou abnormalitouMLL g e n u j sou i ntern?2 par (MLLEPTD) 2 t al
zahrnuj2c?2 n-@neboa®).tMDy/ PTOx ey vHs Ry tAML2 we3d m®na U
snorm§8§l n2m karyotypem (Mld/ FTB) %a t D@ hotoipzadmip26t J
jako samostatnou chromozom8I| n?2 FaTRIED aELTITKDL ast o
mut acemi, naopak nebyylrygnachy cdyyz nd mEMLEBWMEM T s
AMLYVETO, CB FMYH11 NemotlAPTH m2vaj?2 kpatg?¢n®RESDSt B v OPSM
pacienty[{177,183186].

35AML S NEPIiI CZNIOGEMECY CKOU PQRIOGNC Z

Do t®to prognostick® skupi%pyacp @tn$?] ankelswajcza
zt Dchiytoogeneti ckl zh r&t mo rcrhaloimozomT 5, 7 nebo 1
17p, inv(3) nebo t(3;3), 1(9;22), a t(11g23y$ j i mkou transl okac? t (9; 1.
zaSazeny mezi WMbgeretsit Slkeldm?2 mi zk kreprl, e xan 2dn§ | kea rpyac
(4 a vZ2ceabadqdlor mal i t; t

Vt ®t 0 skupinhD | sowt aadametuitdk Iprici @mer a cse mi c h:
jako jsou ztr8&8ty celTch c¢chrmram®nemk] 55 an e’b of d7 ea k
etal. [187]j sou tyto AML -rredaltwe®nyAMAMDS Tyto abnor mal
UAMMLspSedchoz?2m viskytem MDS a tak® u starg2ch
svhkem nemocnlch)yt oAMIMNDngs dudw?2aj® obvykle chen
odpov2zdaj?2 na | ® bu a jsou ch@B/akteristick® | ac
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Dal g2 pod8kepi n ®tw prognosti klo@mpkaetxxedomr ikar tyw
jichg mTge bm®nBAgnegapdDo% ma jich dbkaompPexR2m
karyotypem geaylP53 mkttaeoce® W8l e zh®2tguj2 jejich pr

Nej vRDt g2 gancri 8mai dbo®t bep? oGRoSt ipSk® tsakbmiunyg
MLL t(11g23) az §r ove R ml adg2 neg 60 Il et (ag 80 % jic
n e mo c ninv@Hh(3;3) a del(5q) se dostane do CR.

Hodnoty RFS a OS po 5 letecetpSéanidviamncyy ouw
N8l ezem | s[B8. pod 10 %
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4. PACIENTI A METODY

4.1PACIENTI

KanalTz8&8m byly pougity vzor ky kost nAML d Senr.
di agnosti kovanT chHKT nebbet @ eniebBlvag 2012. Ce
pS2padT AML, 392 muwldk ua paco ke d;, vqediz gn byl 54
16,090,1). Vzhledem k o mu , ge mutal n? anagrl ZlyNDhbuy | 5/ Izeptr aa

zanal Tz byla pougita m2rnhD odligng§sphupicnampae
dal gBT zaynaa naopak, pSi byl novhD diagnosti kove
testovanlich pacientT uvedena vgdy Vv r §mci vi sl
podepsal.i i nf odronboly adniTa gsno- uzhgbutmdn $Maisn s k Bn2 de k| ar ac ?2
4.2METODY

4. 2.1 SEPARACE BUNNK

BuRKky kostamébodSpehi fern? krcveent biyl ygasceépamayv
Histopaquel077 (SigmaAldrich, St. Louis, MO, USABy | a od®mro&mu&l e8rn2 fra
(prstenec) dv akr 8§ troztokemoPBS {tab6) a pS2padn® kontaminuj
odstraniDny |l yzac? pomo®.2BulRk ¥ albny2lhyo asipook t2atkSanvy g r
pomaxi mg8Il nD 10 milionech. Se par mxekinTRIzobRedy&hy by |
(Invitrogen Carlsbad, CA,USpal yz§ty z a-B0ALgeny pSi

Tab.6:S1 ogen?2 roztokT pro separaci bunhDKk.

Roztok S| ogk Vlastnosti Mnogst

PBS (Phosphateuffered saline), pH 7,61) |NaCl 409
KCI 1lg
Na,HPO,.7H,0O 5,759
KH,PO, 1g

aut okh®@owman A Si 1|HCI (titr.) 1M

Lyzaln?2 roztok nal)e|NH/C I 82,99
NH4HCGO; 7,99

sterilizovam3es filtrmSt ¢EDTA 0,379

Tris/EDTA (TE) pufr (200ml) EDTA 0,5M, pH 8,0 200>
TrisCl 1M 1ml

EDTA (500ml) Na,EDTA.2H,0O 939
NaOH (titr.) 10M
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4.2.2 IZOLACERNAADINA, PF ¢ EDORAVA

RNA a DNA bypygmoco!| TREnmwddI|Re amgRinltaugen®ho man
r oz pu ¢gre pufriatab6), vmn o g sg¢ lvaiméonbunNDk. RNA byl a zamrag
pST0 AC, DNA pSandl ALy Wylexhpyov8§dhDny nasg DNA,
cel ROWA® Ta byla inkubovg&na s 25 )pB8bA®BEhodnbdwh

mi nut . Po zAGI| eyPiradkSena lss|miBsb s ahuj 2 ¢ 2 200 € mol d
dithiothreitol, 1x First Strand Buffer, 100 U Superscupt (Invitrogen), 10 U Rasinu (Promega,
Madison, WI, USA a st edo | hénelod®ho objemu 10 ¢l .i Reak

42AC po hodiun yl2 minuycbe at ur @3ACna PpSSipravens cDNA b
p SA0A C.

PSi z8chytu onemocniDn? byl i vgi chni pacienti
mol ekul 8rn2ch mar kRMUR A R WMLVETO &2 BIANBYH1) genal] d§ 1 e
zji gSovELAYITD skyt

4, 2. 3 DET E K C EGENWRMI/RARD

PS2tomnost PMYRARNee | wégE®m pomoc?2 | ednBRKRCBRKkov ®
Zlomyv oblasti bcrl abcr2ger®MLby |l y det ekov8ny pomoc?2 gblastii mer T
bcr3 byl pougit Rpiabmer M4 spol el nhD s

Tab.72PSehl ed pougitich primerT. Sondy pouzyna®@eddr o r ea
n a -kén& aBHQ-1 n-koncB MukeotidysL NA modi fi kac2 jsou vyznaleny | e

(F%zn2) gen |[n8§zev pilsekvencet3 citace
PML/ RAR hyt |M2 AGTGTACGCCTTCTCCATCA [189]
M4 AGCTGCTGGAGGCTGTGGACGCGCGGTAC( [189]
R8 AGAACTGCTGCTCTGGGTCTCAAT [189]
P ML/ RAVRO Q1,2 GTCTTCCTGCCCAACAGCAACC [190]
Q3 AGCTCTTGCATCACCCAGGGGA [190]
R5 CCCCATAGTGGTAGCCTGAGGACT [189]
sonda CAGCCCTCCCTCGCCACCCCCTCTA [190]
AML1/ETO-z §c hyt |AM ACCTCAGGTTTGTCGGTCG [191]
ET ATTAGTTAACGTTGTCGGTG [191]
AML1/ETO- MRO QAM AATCACAGTGGATGGGCC [192]
QET TGCGTCTTCACATCCACA [192]
sonda CTGAGAAGCACTCCACAATGC [192]
CBFDb/ MYzH8lclth y |prl CAGGCAAGGTATATTTGAAGG [193]
pr2 CTCCTCTTCTCCTCATTCTGCTC [193]
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Tab.7:PSehl ed pougitlch primerT (pokralovgn2).

(F%zn2) gen

n § zpeieru

sekvence 5' 3'

citace

CBFb/ MYzH8Lclh y|pr3 GTCTGTGTTATCTGGAAAGGC [193]
(pokral ov8niprd CGTATCGCTGGGTGAGGTTCT [193]
CBFb/ MYMRD1 QFi AGCACACCCGAATTTGAA [194]
QRIA TGGACTTCTCCAGCTCATGGA [194]
QRID TGTGACGCTCTCAACTTCAT [198]
sonda AGACAGGTCTCATCGGGAGGAAATGGAG| [194]
ABL-z §chyt ABL-F CGTCCTCCAGCTGTTATCTGG [198]
ABL-R CTCAGCCAGTAGCATCTGAC [198]
ABL-z§chyt QABL-F TCCTCCAGCTGTTATCTGGAA [198]
QABL-R TGGGTCCAGCGAGAAGGTT [198]
sonda CCAGTAGCATCTGACTTTGAGCCTCAGGQG [195]
FLT3 835 for CCGCCAGGAACGTGCTTG [113]
835 rev GCAGACGGGCATTGCCCC [113]
R5 TGTCGAGCAGTACTCTAAACA [96]
R6 ATCCTAGTACCTTCCCAAACTC [96]
C-KIT E8-9 for ACCGAAGGAGGCACTTACAC [81]
E89 rev TACATTCAACCGTGCCATTG [81]
E1011 for AAACTCATCTGGGCCACCGTTT [198]
E10-11 rev CACTCGGCTTGAGCATCTTT [81]
E17,18 for CCGACAAAAGGAGATCTGTG [81]
E17,18 rev GACCGGCATTCCAGGATAG [81]
K-RAS K-for CATTTCGGACTGGGAGCGAG [198]
K-rev CTATAATGGTGAATATCTTCAA [198]
N-RAS N-for CTGTGGTCCTAAATCTGTCC [198]
N-rev CAGTGCAGCTTGAAAGTGG [198]
DNMT3A-z §c hy't DNMT3A forl | GGAGCTGGTGTGGGGGAAACT [196]
DNMT3Arevl |TGGTAGCCGTCGTCGTCGTA [196]
DNMT3A for2 | ACTGCAAGAACTGCTTTCTGGA [196]
DNMT3A rev2 | CAGAAGAAGGGGCGATCATCT [196]
DNMT3A for3 | TACCGCCTCCTGCATGATGC [196]
DNMT3Arev3 |TGTTTAACTTTGTGTCGCTA [196]
DNMT3A- MRO P843 for GCACTGAAATGGAAAGGGTA [198]
P843 rev GGTGGCGGATGACTGGCA [198]
sonda P843 ATGAGCCACTTG [198]
R167 for TGCTGTCTCTCTTTGATGGA [198]
R167 rev ACCATGCCCACCGTGAT [198]
sonda R167 TGGGCAGTCAG [198]
P638 for TTCTTCTGGCTCTTTGAGAA [198]
P638 rev CCTGTGTGCAGCTGACA [198]
sonda P638 ACATCTCGCAATTTCT [198]
sonda P288 ATGAGCTGCTT [198]
ASXL1 ASXL1 forl ATTCAACTTTCACGTATCA [198]
ASXL1revl TTGGCCAGTTCCTTTCTCT [198]
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Tab.7:PSehl ed

pougitTch

primer T

(pokral ovgnz).

(F¥%zn?) gen |[n§zev pilsekvence53 citace
ASXL1 ASXL1 for2 AGCAAGGACCCACCGTTCCTG [198]
(pokral ov§gn?3ASXLlrev2 |TGCAGCAACTGCATCACAA [198]
ASXL1 for3 AGATTCCCTACTGCTGGCCA [198]
ASXL1 rev3 CCAGTCTTCCCTTGGAGTCT [198]
ASXL1 ford TGAGATCCCTCCAGTTTTTC [198]
ASXL1 rev4 AATACACAGAGCTTTGAGG [198]
MLL translokace z § ¢ h | MLL for CTCAGCCACCTACTACAGGAC [199]
AF9 revl AGCGAGCAAAGATCAAAATC [199]
AF9rev2 GATTTGCTTTGCTTTATTGG [199]
AF10 revl CCTGGAAATTTGCATTTGTAA [199]
ELL rev CCGATGTTGGAGAGGTAGAA [199]
ENL revl GGACAAACACCATCCAGTC [199]
ENL rev2 GGCGCTGTTGTCACTCTC [199]
ENL rev3 TTGAAGGTGAGCTTCTCGCA [198]
ENL rev4 GTGCTCCTTGGTCACCTTGT [198]
MSF rev GCGCCAGGTCCTGGAATTT [198]
MLL translokace MRO QMLL forl GCAAACAGAAAAAAGTG [198]
QMLL for2 TGCTTTCTCTGTGCCAGTA [198]
QAF revl GATTTGCTTTGCTTTATTGG [198]
QAF rev2 TTGTTGCCTGGTGTGGGATGG [198]
QAF10 rev TTCTGTAGTAACAGTCAAGGA [198]
QENLrevl ATGCCCCAGCTCTTAACCTCA [198]
QENLrev2 TTGGCTGTGGTTCTGGGAT [198]
QMSF rev GACCTCCTCGACCTCAAAA [198]
sonda MLL CTCCCCGCCCAAGTATCCCTGTAAAA [198]
sonda AF9 AGCTGGCAGGACTGGGTT [198]
sonda AF10 AGGTGATGGTTCTGGCTGCT [198]
sonda ENL TCAGACTCCAGCTCAGACT [198]
sonda ELL TGGCCTCAGTGAAACAGAAT [198]
TP53 P2 CCCCTCTGAGTCAGGAAACA [197]
P18 GCCCATGCAGGAACTGTTA [197]
P4 ACCCTTTTTGGACTTCAGGTG [197]
P16 GCGATGGTCTGGCCCCTCCTC [197]
Kvalitai zol ovamr®pBNAraven® cDNA byl a

Z a

genABLbyly s | oygewngdy ¢l
dNTPs, 1x PCR reaction buffer, 1 mmol MgCl 1 U

asteriln2 do

(tab.8).

vody

vzor ku c¢DNA,
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Tab.8&PSehl ed pougitlch programT PCR.

Yav 0 d n primer mNSen pol

program denaturace denaturace annealing elongace fluorescence| ¢ y k
z8chyt |95AC; 5| 95AC; 58AC; 3 72AC; X 40
FLT3/ITD 95AC; 5| 95AC; 56AC; 3 72AC; . X 10
95A C; 52AC; 3 72AC; . X 30

rez 60 95AC; 5 95AC; 60AC; 3 72AC; . FAM 50
rez 53 95AC; 5/ 95AC; 53AC; 3 72AC; FAM 50
DNMT3A62 |95AC; 5 95AC; 62AC; 3 72AC; . FAM 50
DNMT3A66 |95AC; 5 95AC; 66AC; 3 72AC; FAM 50

Pro ovRSen2 spr8&vnosti pS2pravy miuxd8na tp®@G[b

pozitivn? kontrola s vyugit2zm pl azmi d,uresps e za
kontroln2ho genfual eRm® \ylzadlienz y zphysabeng |
amplifikov8na negati vn? kontmtaltad wzp&idiredhail
produkty PCR byly vizualizov8ny pomoc &thidgml| ov ®
bromidem. PozitivaoabBl a$si eb&ly2cled N @oR vioabela) y
byly verifikov&ny ppmogkt 2pns 2 sn®kBeedkevTemfiahtae kitk i t u
v. 3.1 Applied Biosystems, Branchburg, NJ, USA

500 bp —>

Obr. 11: Od | i g e n 2oblaztiboriniespvbcr2 gemML, u p afchzem?t nfTPMiemART Zat 2 mc o

pacienti se zlomem bcrl1 maj?2 produkt PCR o fixnz2 d®|
bcr2 maj2 rTznhD dlouh® produkt yz 8vGRs |(ooshtviy kataelomkS east ng&
vr 8 mci 6dvicobrulnastr. 1), a j sou oznal| eni gi pkami . Gl utou ¢

pacienta se zlomem bcr 2d T sjleedokju pirnozdeurkotrentlP2OgBNUR AeR Udeeol t gi 2
M-marker, N-negati vim2 kontro
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4, 2.3.1 MoRMLRARWo®meé2 kvantitativn2 PCR

MRO bylo sledovg&§no ve vzorc2ch kostpnj2ej®Sennh
ukonlen2 v t S2mhDs2 | ntine RFPICRt erav plSé sl rmg mo R t roe &l
PCR cycler Corbett ResearchSydney, NSW,Australig . Pro kvantitativn?
navrgeny primery poskytuj2c2 PCR produkt o d®l
geny bylfyl ubu &lsrci2 nG-FnAM  znekenti5efBWQ1L n&on®3 E Pr o kagd]
zl omT becr 1, resp. b pr$3® ddawaild) pimern(Q1l{p aasp. @Dz ati F mac & 1
rever zn®5arliunmerre s c en| n Itab.z7hbayll eyn 8p rsoo nadbaa z | omy s p
smNDs obsahoval a: @nmellobav zparjkme 6ADNMAMoI50sondy, 20
1x PCR reaction buffer, 8imol MgCh, 1 U AmpliTaq Goldpolymer§ z {Applied Biosystems)
asteriln2 vodu do konel n®ho obj emu PprOgramlez60Pr o r

pro bcr3 rez 53 (tab.) 8 Vgechny vzor8kny vyltyr igndeaeltwuzovaby b

pi petovac? chyby. Ke kagd®mu VvABlbs & us tbeyjl n Tanimprl € ¢
mixem (sv T j i mk o u sgndy), kamplifikacid y | vyugit t®g proéduazam r e
ikontroln2 gen byla amplifikovs§madkal)i k€pttwdsS &t
SedhNn2m ptakmomdavarel m f Y%zn2m, resp. kontrol n2n

Rel at iprexs eex | edovany@h ov yfplddiistvom reyexprase ' A8 176

kde Ct pa$%adaPjCRy,klwe kter ®m exprese genlue duovs§&dh:
pr TmNRr zekad@d®hoo dinroitpl et u, FG oznaluje f Yazn? C
SednNDn2 mcdkil @ dhn ovsztoir k F propPMI/R 2RV Tr obzyefeazP0’. Mol ek ul §r
remi se byla definov8§na jvakwounemg@at sobtDa nBROe diue
zamol ekul §rn2 relaps byly pad®Sedsmow advoamiSporonzzi t i

42 . 4 DETEKCE GEDANAGH 1/ EDMYHAL CBF

PS2tomnost f VaAMLA/ETO a € B BEMYBI KLV | pdtolb D dil agn-esyt ob g
pomoc? kWR&PCR.atReaR| n2 mAMLI/ETOobsaHovalt ne¢ 1 gemor ku ¢
250 nmol pri meT7)T, AMOa csEibI| ( tda\Nblr.Ps , 1x PCR1Ueactd.i
Platinum Tag DNA plyme8 zgy st er il n2 vodu do &mplfilkati po®chwk toTb j €
PCR byl vyuSgcihty tp rAo8phl8 @uth &tsbyl a pSipravena poziti
se zaklonovanim PCR produkt em, resp. sterilnz

Dva p8ry primerT byly navQBjFebn/yMYadriady zedchytile k c i
vgechny dosud popsan® zI|l omy.byIlry meoyg ipjedhoms mpal2e
reakl n2zZm mixu s nBstbkedwjzdcikm <IDINSPAE M 22p8r02 Gr@mofl mo |
dNTPs, 1x PCR reaction buffer,5 mmol MgCh, 1 U Platinum Taqg DNA@yme8 zay st erai | n?2
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do konel|l n®ho. ofbozeinmur eh% ckibsahoval a 2 plazmidy
PCRsnej |l astDj g2 mi typy zl omT, tj. A a D. P-CR pr
choz2ch f%zn2champdnT ilkwlci pa@augiltslkdn® produkty
gel ovRokede®Rty. PS2pad®Pkpozipriodmnikton§PERyY osll i gn
kontrol byly verifikovg8ny pomoc2 pS2m® sekvenacd

Obr.12Gel ov§ el @KAMYHIflmwo Diztai vn2 c Tzph mi e megeriuglYH2l o mu v
A-pacientisnej | ast Nj g2 m t-ypguienthsezlbneem D; EAaciend se zlomem E (viz obr. 4,
str.13); M7 marker; N-negati vn?2 -lportitdlvaplRkmi dgl! saes zakl onovan
produktem PCR.

4241IMoni t o AMM/ETC?aCBFb/ MYPHInbc2? kvantitativn2 PCR

PodobnhD jako u pacientT s AMWETORCBH/MYHLIL ne md
sledov&no MRO po &ppdPmmcykbol é®] by t S3eniDen | p&
primerT byl AMLVYETQ pacienps8 FMYHils e zIl omy A aalesd ed
souboru mDI i shodnT pSedn2?2 primer a fluorescen
specificReaktab. mix. byl s vijimkou pAMLMETOT a ¢
iproobaz | o my f Y%zZCBRO/NMYHl1kp@bsahoval ezdérku cDNA 500nmolobou pr i mer
250 nmolf  uorescen| nl 20 @dNéRs @ PCRreadtipn buffer4 mmol MgCl,,
1U AmpliTaqg Goldpolymel8 zay st er i | n2 v ojemu 20dl.dP r coe lakmopvd ®@ f d kaabe i
programrez60(tal®) . Ci tl i vost detekce uzosrlkVamaéc iSerdtDh?s
genuAML1/ETOpohybovala mezi0*a10°, u o bCBRB/MYHZEpak bylald. Z&r oveR b
porovng§vgna cityd vwzsdr ad?dreklcestMR20O dSenhD a perif
u stejnich pacientT. Definice molekul 8rn2 remi:
s APL
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4.2 5DETEKCE FLT3/ITD

PS2tomnost THKDdm®&nM c&-14)(genubliybyll2za testov§na
kval i RTaPtGRv nz2a p o u ¢ iFiLTB a R6r(tabf)e.r TReRBk | n2 s mNs obsah
cDNA, 500 mo | kagd®ho2 @ iamaolu dNTPs, 1x PCRyIXWactic
PlatinumTaq DNA pal ymedd@ 2¢héd konel n®Rooodmeimuf 2kaci .
PCR program FLT3/ITD (tab.,&tr. 33. Amp | i f ipkroovdaunk&@ v PCR byly sep:

gel ov® el e Baargafrorz®@zvy®m ag ed u . Pozitivn2 pacienti
dl oupt otRAR(oAT. 13)

500 hp —>

Obr. 13 Vi sl edek gel o#l@YTd| Rakienti s ipt ®kgc2 jsou oznal eni

ukazuje pacient a-wtalelyFLTB $1t+ maskkern e mut ovan®

Abnor m8l nnD dl obly® ypmpaudukti koRGRY =z g@IAquickp o moc
Gel Extraction Kit (Qiagen Hi | den), aNDm&slkeod npddisegiekoen8hp2 ho
Big Dye Terminator kilv. 3.1 Z 2 s @sakwence bylp o r o wsmeéinutovanos e k v e n ELZT3 genu
pomo chitp://blast.ncbi.nim.nih.gov/Blast.cgi byl a ur | ena d®I ka | VD

a ]
TK dom®nid))Pr(oobarnal Tzu vlIivu d®l ky | TD na progn-
d®l ka | TD = ®Gadnsi&d eot pdd! ivk ov aetalflosh r aPa 20 cRtnit rues

zast oupen? mutovan® alely Dbyl o kvantAlphaviewo v 8 no
(ProteinSimple, Santa Clara, CA, UBA
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Obr. 14 SekvenceFLT¥ | TD a jej2 vyhodnpdemPi kdwam§ olBlmedtek n

dvounukl eotidovsg inEerce, | ervenl r8&mel ek

4.2.6DETEKCE FLT3/TKD

K detekci mutac?2 v kodonech Asp835 a |1 e836
RT-PCRspougit2m primerT 7BR&&rntay B@Bg 2idp realvaconzao rzk
cDNA, 250n mo | kagd®ho pri meru, 200 ¢ r@donmol MGCE, B &, 1x
Platinum Tag DNAplyme8 zy a s tdea ik onrte |vro®hyoProoampliftkaciy 12 5p ced ¢ i t
ampl i fi kal8ch yptr oAgR)L¥ i(stkaebd.n ® pr o du Kitpye nFC R obmolcy r
endonukl e8zy EcoR V,Béewlg MABSA Il amRe aBil mBalssnDs obs
produktuP C R, 1,5 ¢l pufru NEB3, . 1N@% nl pBDh2&HadpldP
tepl oA 3Produkty restri k]| n2 Hwoaggtribpzeonv2® mb ygleyl ua n
m2stozpozm®Bwuadm® ou ,rneesster i rkea rfwmoaelaa R ® t o byly vyS$
nerozgtNDpeh®r @rbglukt pps @kivedabkrenohzl goelltu speci f
typ mutacgobr. 15)

500 bp —>

Obr. 15 Vi sl edek gel ovg® NpRAEBRKDr Db e @B ®Cce | sou oznal en

M - marker.
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42.7DETEKCECKI T MUTACE

Mutace vgenuC-KITbyl 'y vy get Sov §ngBFAMILZ e Po mp-BEGRbyyiSe T RS
amplifikov8§ny exony 8, 9, 10, 11, 17 RedBBl, n2ve
mi xy byly yeapj p®tFpT&BD (vip kap.4.26)svi j i mkou pri merT.
byly ampl i fi kov §8n y-9foE8Imav,c éxonyp 10i adé rsfouEH8 t 2 m pr i
E1011for/E1G11rev a exony 17 a 18psimery E1718for/E1#18rev(tab.7, str. 3632.Pr o v gec hn
t Si reaklnz mixy byl pougit B.C RZrrm®r kaag roadnu kz § ¢ hPyCt|
pSeli gtNny pomo-tT2(USB €arporatiopuCleetars, SOhiB, USApod !l e i nstr
vmanu@l upot ® vs8enkilserdn® sekvence wbylsye kpe®E n Hreyn L
PS2tomnost mutac2 Asp8l6Val a Asp820Gly byl a
restri k| n? endonukl e 8inbaby, thibryf bly |l § Nezevac Bgglkeapgd p

sn2zkT mt pnBfbzearst oupen?2 m, kter® nebyl o mogno det €

428DETEKCE MU-RASCACNRKS

PS2t omn o skbdoneah Glgl2,2Glyd8 a GInél e IKIRASaN-RASbyl a test ov§n
pouze u @EBFAMLe bva PCRsmixy sprimery K-for/K-rev a Nfor/N-rev (tab.7) byly
pSipraveny pro kagd®ho pacienta. Reakl|l nz podm?2
jako pSCKTdmuteduizXkap.427). Vi sl edn® produkty PCR byl
roztoku ExXoSAR T, s e k vreuntoavc8enyi daent i fi kov8ny porovng8n2nm

429DETEKCE MUTACAK DNMTS3

Vy getnfugrma2c 2 DNMTGAbnyul o prov&§dhDno u pacientT se
rizikem.Prod et e k c i mutac?2 byly navrgeny t 28 [k&rey @ rbiy
pougkbybivnac2ch DNMT3A DNMT3A/fRIMNMT3Areve @ DNIMT3A
for3/DNMT3Arev3 (tab.7) PS2prava reakln2ch mixTjn®tpeakotnp
vy getCKi@nhut guizkap.4.27). Ampl i fi kovan®bylrydpBeyi PICRny
roztoku ExoSAFR T , sekvenov8§ny a mut asewli deENM3&n&dDVvV E8ny

4291Moni t o DIMT8Ap?°0o moc? kvantitativn?2 PCR
Lasov® sch®ma odbDr T vzorkT pro sledov8§n?2 MR
pomoc? f Yazn2ch genT. Specifick® primery byly

Arg882, kterlT je nejDNMI3AHBepinu mat a\gd rdnttp o sdf vemkp
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mut ace u nemocnlch, u kterTch nebylo mogn® sl e
Pro vgechny sl edovan® mutace byly navr gllNAy spe
(locked nucleic acldmodi fi kovanT mir ® uukmoegoRuij®y , d ektiteek ci | e
z§mMMMNA je analogem nukl eov ® Tk ynsTes ti2hRya4d¥eTsito u c 2 m
bicyklick8 struktura u3-amndé kodormadddbo 26) P o u § isAk2u p L N
monomer T Vv ol i ggoiylkdlemérindeahi lzivt 8a ghleGse rkoadqudpd e

zaSazenou modifikac?2, | 2mg je vi[2082001N zvigena :
LNA DNA
é Base g Base
8] 8]
d o
O:IL—D- o=P—0
5 3

Obr.16Roz d 2 | ve struktuSROILNA a DNA nukleotidT

Sondybyy fluorescé6RANMDNnamndEiechgnac3 Byl pSifdojen
Reak|l npremPER byl d p$i ypzowsmancDNRa gd ®2BGnmplr i mer
fl uor escenlNAIRBondy & I0e ndiids, 1x PCR reaction bufferu,ntimol MgCl,
1U Platinum TacONA polymergs zy a stdea i nrfe lvio@lgdP.odlj ee muy Ru sl e
mut ace byl pro amplifikaci pougit buN program
vzorky byly &a&amppieikow8nbyylw sestrojenoskylbylal i br
amplifikovg§n tAB& kaerdtatdlvm2Z @gxmrese mutovan®
stejnlich pravidel jako u fY¥zn2ch genT.

4210DETEKCE MUTACE ASXL1

Vy getnSuetng2c 2 ASXLgeyluo proogdD@ awpopuazcei ent T se
cytogeneti ®loimocri it kSnkm&rbT nmrci2menr ASWKL1 for 1/ AS
for2/ ASXL1 rev?2, ASXL1 for3/ASXL1 rev3 a ASXL1
cel T ex®2npria2va reakln2ch mixT i ® ppkot p&KIpuoymen
mut 4viz kap.4.27). Ampl i fi kovan®byplryodmukelyi getOQRry p-timo c 2 |
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sekvenougmyeai dent i fisk om § nsyeSKplRrBEWMEIM2®M pol ymor f
vyl owlueNnywyget SeCR?2 ippdoNkanal T zonebBNA plalpyyen & 7®
pSes noc iOnlkvurbztokuithigthreitolup Si  t e p | oitZ)o16a5c i AADNAK byl
Ql Aamp DNA Bl ood Mini Kit (Qiagen) a izolace b\

4.2.11DETEKCEF DZNCH GENS S P OJHANSLOKACEMI GENU MLL

Na z8&8kladnhn visledkT vyget Sen?2 kar MolLtggnphyli a F 1
pacienti t es tPoOG/RE nria pm3%rotc 8 mnRoTs t konkr ®t n2ch f Yz
genu MLL. Pro amplifikaci produktT PCR bylMLLpougi
areverzn? pri mer odpov2daj?2cB382) %En} ;ma®mar poepo
karyotypuan 8§ s | ed nR&e aKkl| ShH. podm2nky (PCR migsteja®p)] ako
detekci C-KIT mu t dviz2kap. 4.27). Z2 skan® produkty PCR byly se
el ektrofor ®zgel popwryiSPizkhawut&ny a sekvenowBooy pr c
genech MLL i jeho f %zn2ho @am® merva)h,noaly sikpywlca f mec k ®
MROvpr TbRDhu | ®| by.

4211. 1 Moni toraos Mobdganagomoc? kvantitativn2 PCR

Lasov® sch®ma odbRr T vzorkT pro sledovgn2 MR
pomoc? f Y4AMLA/ETO a @B FNIYH11 Byly navrgeny 2 rTzn® p
MLL, 2 reverzn? ARraEMrar §j eglre gewyr zn2 AFIOBWETr pro
aMSF(tab. 7),vz 8 vi sl ost i na identifikovanlch m2stech
byly navrgeny specifick® sondy pro ®etekdReakde
smhRNs byla pSipravenaAWVEQaOBF MEHLD(vizkapod. 2B Yy apd ge n
amplifikaci produktT PCR byl pougit program |
amplifikovphgtw a byla sestrojena kalibraln? k
kontr oABL2a gerd ateiswen?2f Ygxxgprho genu byla vypoltena

uostatn2ch f %zn2ch genT.

4212DETEKCE MUTACE TP53
PS2t omnosgenuE3tbyda Y estov8&nanep8zeniuvipmcdéyeinao d

ng§l ezem a z8roveR s ko mpvioceux n &t Tk aprryiomeyrpTe m{. t aPbo.m
Y“osek genu zaHORegqaRIcA2 epoam2 Bky (PCR mix i amp |
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j ako p SOKITdnutt éaiz®ap.4.27).Z2 skan® produkty PCR byly sce
el ektrofor®zgel popwiyiSPizhat 8ny mutasebyyveeaov §my ko R
porovse8wtmsekVP&hc? genu

4213DETEKCE MUARWL@EEBPA

Vyget Sen? p $S2gemechNRM3aCEBPAuY lad 2prvovedena na 0Oddr
geneti ky DHKT pod veden2zm I ng. Ot WPMAEbghspom&&t
RT-PCR amplifikov8§n YWisek zahrnuj 2c? exony 11 a
CEBPAbyl amplifik ov&n ve dvou samostatnlich reakc2ch a |

pS2m® sekvenace. Podr o[B02R03lpopi s metodi ky viz ci

4214KLASI CKC CYTE®GEMWETRILG ZA

Vgechna cytogenetick§8 vyget Sen? (vlietnB FI St
ticklTch skupin byla prov8§dhDna a vyhodnocov§&na
Kyr a Mi chal ov §, Dr Sc. ) . Cytogeneti ka®t n2nat Berx
kul tivovanT ®RBMI 2640 niedild 1I0% f @t 8§l n2m tel ec2m s®r em,
cytokingy. Chr omozom81| n? prepar 8§ty byl ypouSjiptreamw ek gl cs
ahypotoni ck®ho roztoku. P o kydelinouaoctovou foyloegroaedehido T m
Gpruhov§8n? barven2m dle Wrighta. MAROS zamaging y | 'y
system for karyotyping (EtaSystemdiltlussheim, GermanlyZ2 skan® karyotypy byl
mezi ngr odn?2 (Imeonatiena kystan af Human CytogaieNomenclature ISCN 2013)

[204. VIisledky anallzy karzdyOtepd bwctyvemptoDThgdby pk
pougita byl a kIl asdtd.zregka20801d.odl e Gr i mwad a

4215F1 SH ANALKhZA

FI SH anlad Tgpraow§dNna naprz§hko m@wgive sheldkie rGl nNn
sond, podle doPpPoouldenz2ekulr pmwde.t n2ch zmhDn, f Ya:
pSestaveb a delec?, i nzerc? nebo ampl i filykac?
chromozom8Il n?2 DNA sondy hybr i di zablpst ccéntronsee Sp
(Chromosome enumeratiope®NAIi pk ® BiEdtMMoldcolar, Dgsk (1 s
Plaines, IL, USA a Kreatech Diagnostics, Amsterdam, Holand$k& e s n N igc?i dsetfriuk t u
pSestaveb umognily cel oc CAMBIG Cambrioge®K AKrmanpd ean? fi
aberace byly detekov8ny pomoczmBmh®SHpbar emwno®olfat
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pruhov8n? ( mut mBAND) Is o rp o lulgin @B4K@yig color kita XCyte color kit
(MetaSystems)FISHanal Tzy byly prov8dNDny podl poupdriott2onk ¢
softwau ISIS (MetaSystemsPr avi del nn byly metodou FI SH. vyget

4216STATI STI CKE METODY

Vztahynezi namRSenimi parametry v kont iches®e.n| n?2
Pro hodnocen?2 kvantitativn2ch dat vV e 2 skupi
astatistickg8 anallza byla provedenaWhjneyhootesti. nep e
Pro hodnocen? (cOS)koa®pSemSa@bylbezugietl-Mapksy | @ RE\
regresn? metody hodnocen? kSivek pSedganktesju od]| i
MantelaHaenschel ov®e Pt & & esakiwiipk unvgpcghtogrank tespna treipd. t
Vgechny statistick® te%tnwtbylgal prepebtehyi nas i
(odpovzdaj2c? mognost.i chybn®ho odm2tnut 2 nul
GraphPad Prism verze03 (GraphPad SoftwarSan Diego, CA, USA
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5Vh SLEDKY

Vietech19922 012 byl o di7r&g@nopatédiMeay §®&@& byl o mugT, 3
vDkwdobnND diagn-zy 9l 154, Metlieg§n (A6, Ou | eukocyt
12,1x1071 (02488, 0). Pro zaSazen2? pacientT do proghn
anal lzy loskydtnyug® PddhNl en2m cytogeneti ky DBHKT,

upaci em$[znd vou progn-zou. RozdnDIl en?2 do jedno
kl asi fikace pub letiak[dlyvarno& eG r2iOniwa d eThy t dispoziciod 654 d k y t
nemocnich, u nRkterTch kpaarcyi cetnytplu )( sn enb8yl leoz emop ¢On @

prognostick® skupiny. 141 (21,6 %) pacient T mr
bylo zaSazeno do skupiny: -seusasSddm®mz (dgt @g e tr
karyotyp (obr. 17).

133 P <0.0001 Prognéza
g 80 === piizniva
= 70 =l stiedni
;ﬁ 60 = ia1 | —— nepfiznivd
'S 50
‘% 40
= 30+
o 20-
Q 104 n =394
0 rrrTTrTTTTT T T T T T T T T T T T T T T T T T T T T T T
0 48 % 144 192 240 288 Obr. 17: OS pacizgwt Bl osti
Mésice anallzy karyotypu.

5.1AMLSPF € ZNI VOU CYTOIGEWEAROGNC Z0OU
51.1 APL
51.1.1Char akteristika pacientT

APL byl a di a®red $R2i Kdeg§rna w) cpabiyénowt B9 mugT a
vDkdobnND z8chytu APLIB6hI) ,46ned@ilBat po /M(QBL14®)u Kk ocC y
Medi 8n sl edovg8n? paci ent FTPCR gehuPMLR ARLYIm Prevedenp . Vy

ug 2. Medi 8n v IDku opdcaisent Tbcsrel zal o2myb yv 41,0 let,
51,3 | et . RNWKTYFD hylakdyi gseptoxeinc2ci u 79 nemocnlch.
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5112Z1 omov® m2sto a jeho vIiv na progn-zu o0nhemoc

Vzhledem k? zk®mu pol t u nemo cPMLwbblassi bcr2zbylictito @anient e n u
anal yzjoe@m® sphciemyidndr 5. P&FBRcDyRD vyget Senclo 82 |
mNDl o zl omov® m2sto typu bcrl, 32 mRlo bcr3 a zl

CR dhwse582 (79,3 %WPLpadM2entoT zd omu nemBDl o ¢g8&§dn
viobnN diagn-zy APL, medi &§n poltu | eukodkybcd byl
pozitivn?clh (2P 4= x0,ldW&) . s Rwridrr8pcrha vndelbpyol d odmio s t i
CR. CR dos@h(8040 %) pacientT se zlomy bcri1, 2
sbcr3.

Ze 65 pacientT, kte$S2 doc2lili CR, byl celk
klinickT) onembahnmMnst. rPalaavpdddp byl a vygg2z ve sk
relaps byl di &®no(s2d .kbv®n paclient T, kteS2 pSe
VeskupinhD bcrl,2 byl rel appacnemo dnliazre?2 420a c(hlyoc, e0
(obr.18) . Vygg?2 polet relapsT al e083)Zdcbal®@ N neovl i

504 100
: P=0,030 B rclape 90 P=0,654 ——bcr,2
' Il bez relapsu =
L 4 = BO-LM, e n=5 | ——ber3
is- = 704 o )
5 30 @ 601 n=32
2 '8 50
3 2w
& 2 30
g 20
10
0 ——————r——
bert,2 ber3 0 48 96 144 192 240 288
Mésic
Obr. 18 VI i v m2 st a PMLI(mma, Obr. 19VI i v m2 st aPMt (balpuresp.
resp. bcr 3) na incide bcr3) na OS pacientT.
klinicklch).

5.1.1.3APL a FLT3/ITD

PS2t oftfBokTD byl a test,uI§266 %un i7c0Oh phaycli &/npsrkoykt§ z §
FLTY I TD byl nesignifi kant n tblagstibs3t 128312 (u3 5p,abc i %)n tpla
vt ®t o skupinbhD byl o pozitivn?2 dotrl,20P=00075) (obt. 20).ze 48

Pacienti APL neRTBulcFD mnDI i viraznnhD vygg?2 polty |e
(medi §n 6, 1% ¢ p o tnie B &HQOLN(obCHL).
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507 P=0,075 W FLT3ITD pozitivni __ 1000, P <0.0001 )
W FLTHTD negatii o n=21 ' n=238
407 =
3 = 1004 * -
t o= 1 ':0 G
g 30_ % 0:. 0..0’
E. g 10—_ ey -
,§ 20 E ¢ 0330::o
o e 1_ ".. _:_:_L...'.;.....t.'+:_
104 ,8 i e ::'0000'3
o} teese
o -
0- 0.1
ber1,2 ber3 FLT3NTD pozitivni  FLT3/TD negativni
Obr.20: VI i v m2staPMthamuwl Obr. 21 Vliv pozitivity FLT | TD na
FLTIITD. l eukocytT pSi di agn- z«

Pozitivita FLTITD nep S2 zni vhD ovl i vRovala | akikgancpr apa

podobnost relapsu onemocnin?2, ni cm®nN tyto roz
15z21 (71, 4 LTI A a #9ez58t(8B,4%) nemocnl ch b e=z00%6P®t o a
(obr . 22) . Mol ekul 8rnz | kLEni{2BT 7r eflT@PB®, c APh't
kt eSz? doc2 1 il CR, a pouze u 6 FeT&TDA(P =0,489), 2 %)

(obr.23).FLTY | TD pozi tupweici aRLvE/mdad &l Sy = 0,435pbr. 24).

M dos:hli CR 60 P =0,089 B relaps
I nedosahli CR 50 I ez relapsu

Pocet pacientt
w &
o o
Pocet pacientu
w
o

- ™
o o

0
FLT3/TD pozitivni FLT3/TD negativni FLT3/ITD pozitivni FLT3/ITD negativni

Obr. 22: Vliv pozitivity FLT3 | TD na do Obr. 23: Vliv pozitivity FLTITD na incidenci
relapsT (mol ekul 8§rn2cl

P=0,435 == FLT3/ITD pozitivni

= n=58 —— FLT3/ITD negativni

iti [%]
=

rezi
(=2
[=]
1
3
n
~

Celkové p
&

109 Obr. 24 Vliv pozitivity FLTITD na OS
0 48 9% 144 192 240 288 pacientT.
Mésic
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5.1.2CBF-AML

51.21Char akteristika pacientT

CBFAML byl a diagnost i k &mnSonval cth 495 2 plagliTe b i % e
vDlpwmci ednotbTND vd ibvh gtn®tzoy K& 7ulgs (1&5/ 0, 6 ) , pomRDr mugT a
PSevaha mugT byl a paAMIUERO poejim@va2ed plhecpiemdD T
uCB FMYH1lb y | pomiDr pohl av2z vyrovnanQij g?2 (12 mugT
pacientT byl 38 AMILYETO:NEt §. 2 F Y%nmeamo gzaahcchhy, ¢ eun  2f 2V4z )
C B FNdYH11 VDt gina pacientT mbDla zlom typu A, pou
zlom J (viz obr. 4,str. 1 4 ) . U 46 padspozieiRNA zdbplya dkagn-zy ©pr
sekund8rn2zch mo | FRRKUTD, SFLTI®TKeDh,  anbuet r adCderT, (RAS.TMRO
pomoc2 Kkva+#tCiRt byl wns| RBov&no celkem u 39 paci el

5122PS2t omnost sekund8rn2ch mol ekul 8rn2ch aber ac

Sekund8rn?2 aberaci mnDI|I o YAMLA/ETON® | ( a4t B) §3 9pal
a b e byyanttace genC-KIT, zachycen® ve 4 pS2pade&LT®ID,U 2 p
r ov n IFTITKD2mutaceK-RASb y | a d e tjeekdonvoSm ap 2 padhD (tab. 9) .

U paci erCtBFM¥H11fb2 3y sekund8rn2 aber aMdVeVETGast NDj ¢
Vyskytovaly se u 13 ze 20 (65,0 %) pacientT (
sekund8rn2 abe&kKAC?Z2Zmhud ajcie gnichta byly datetelinzefceexobu z
10). U 2 paci efT3[I PP) av z & cap $kept nedkeocvHE MBAKDawe a ¢ e
2K-RASmut ace. Dva pacienti mhDIi viD)ce nedg jednu se
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Tab. 9: Char akteri sf ika? mabil@Bm] psSehl ed

sekundbym2 ch m

testovS8mehyINOA anal yzovgno (u pacientT, kteS?
I~
o g = E 2
gl ¢ |- OS E Q E o %
Sl _|=| T8 = P < x &
§lola| 2|2 & g g | &
> o) L ) 5
112837 G| 67| 0 0 0 o| 1|0
2 118,47 M| 128| 0 0 0 0| 1|0
330874 M| 690 0 0 o| 1|0
4 132,12 M |10,29 O 0 0 0| 1|0
5 136,32 M| 13,0] 0 0 0 o| 1|0
6 3480 M| 42| 0 0 0 0| 1|0
7 (41,20 M| 213| O 0 0 o| 1|0
815433 G| 22| 0 0 0 0| 1|0
9 (43,40 G| 136| O 0 0 o| 1|0
102505 G| 13| 0 0 0 0| 1|0
11(54,50 M | 109, O 0 0 o| 1|0
12131,58 M| 8,44| 0 0 0 0| 1|0
13(4784 M| 58| 0 0 0 o| 1|0
14|37,19 M | 15,8| O 0 0 O(1|1
15(3748 M| 86 | O 0 0 0|11
16(38,70 M| NT | O 0 0 0| 1|1
17167,10 M| 355| 0 0 0 0| 0 |NA
184522 M| 14,3| 1 0 0 o110
19/66,54 M | 15,19 O 0 0 11110
20(40,52 G| 91| 0 0 del. 816 GAC,inz. 816 GGG(J 0 | 1 | O
21(37,49 M| 7,3 | 0 | 835 GATGAG 0 o| 1|0
2212192 M| 19,7 O 0 820 GATGGT 0| 1|0
23120,42 M| NT | O 0 816 GACAC 0|11
2414251 M| 32,3] 0 | 835 GATGAG 0 0| 1|1
25(40,53 M |102,0 1 0 0 0| 0 NA
26(54,31 M| 159| 0 0 ITD 57585 (39 nt) 0| 0 NA
27 143,06 M| 7,5 | NT NT NT NT| 1] 0

a7

nedos §h



Tab.10: Char akteri st %.km2 pegéEbéamMEHPSehl ed sekun-h@wlm2 ch n
testov8§no. 1 = ano, 0 = ne.

= >

v g = = 2
=la|l_|B|gle Q N o
c — - A4 %) : n
2 <l Tl2l5 = o Xl | &
ol x| o o NP ™ Pt Q0|
clela| 2|8l - & 3 i

> o | F L S 5

| > S

28|662| G| 282 D| O 0 0 oj1|0
291368 M| 73| A | O 0 0 oj1|0
30(383| M| 50,2| A| O 0 0 oj1|0
31|374| G|114§ D | O 0 0 0110
321234 M| 39| A | 0 0 0 oj1|0
33(291| M| 30,5 A | O 0 0 0|11
341297 M| 310l A| O 0 0 0|11
35(223| G| 54,7 A | 0| 835GATAT 0 o0|1]|0
36(583 M| 1,7 | A | 0| 836del. ATC 0 o|1]|0
37|52, G| 115 A | O 0 del. 418119 TAC GAC o0|1]|0
38(56,2 M| 829 A| O 0 0 1111
39(29,6 M |101,7 A | 0 | 835 GATGAA 0 0|11
401304 M |1053 A | O 0 del. 418 TAC, inz. 418 GGG TTT TTC 0|11
41146,5 G |1850 A | O 0 inz. 419 TTTTTC 0|11
42158,8 M (1614 A | O 0 0 1111
43137,2 G |1445 A | 1 0 0 0|11
44158,4 G |198,d A | O | 835 GATGAG | del. 419122 GAC AGG CTC GTG, inz.419TACTq 0 | 1 | 1
451309 M 256,44 A | O 0 inz. 419 TTC CTC 0|11
46|367| M |151,8 A | 1 | 835 GATTAT del. 416119 CTG ACT TAC GAC,inz.CTCCT| 0 | 1 | 1
471585 G| 29| A | O 0 816 GAGTC NT| 1| 1
48706 G| 94| J | O NT 0 0|11
491670 G| 338/ A| O 0 0 0|1]1
51.23Pol et | eddkmi@ ydiTagn: zy

Medi §nl pokodygbl diagn- 2zl bylviicaBn ik §bd slliogsitli
typu f%zn2ho gena§viosblrost25)na jpeSi2ntackmnvo s t i seku
polty |l eukocytf TazmBmiC@p/MeHileg Pt i= sO, 004) a pacien
mutac2 (.P = 0,010)
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Obr. 25 VI iv typu f ¥zn? Obr. 26 VI iv pS2tomnost.i
|l eukodgblD diagn- zy. napol et | edwkbdd ydti Tagwm - z

5124CR a mol ekul 8r n2 remi se

CRdos8hl i v § i spdrzitivitou @ BENMYHIitai 2 4 ze 27 (88, 9
SAMLYETO. Mol ekul 8r n?2 remi se (molekul 8rn2 negat.
odbNr T kosminki mg$amam s$ntervalem 2 mNRs2cT) byl
sl edovanT cfh¥zpnazcm AMEBTOBs 7 ze 16 (43, @BEWYHILaci en
(P = 0,166) (obr . 27) . Doc2| en?2 mol ekul 8r n?2 r

zesl edovanich sekund8rn2ch aberac?2, bez ohl edu |

Obr. 272 Vlivt ypu f Y%zn2ho ¢ Obr. 286VIiv pS2tomnosti
mol ekul 8r n2 remise. na doc?2| en? mol ekul §r

5.1.2.5Relapsy a RFS

Mol ekul 8rnz | klinickl rel ®53%bypapioegdf| kit d
mol ekul 8r n? remi sepacaePAmfp keeSXKumohOkUBEr n?
(60,0 %) r el apsgodo3)oobe 20RESOIWNT r gdZen 1) 2 usCPFAMEL,e nt T
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