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ANOTACE

Bakd § Ssk§ prs&8§ce se zablTv§§ heredBd6ravm
onemocndiBd®e snk ®m v Ipkpisyje onkbgeretikida karcinogeneopisuje
podrobnhD jednotliv® syndromy chromozom§l
tak® amdl ekul §rnhND genetickou diagnosti kg

KLELOVC SLOVA

onkogeneti ka, karci nogmw,nedieggrmgeat,i kha,r

TITLE

Hereditary syndromes predisposing to childhood cancer.

ANNOTATION

The bachelorthesis deals with hereditary syndromes predisposing to cancer in
childhood, generally describes oncogenetics and carcinogenesis, describesl ithelet
individual syndromes of chromosomal instability and hereditary inheritdheéso deals

with molecula genetic diagnostics of hereditary syndromes and their treatment.
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SEZNAM ZNALEK

ADiautozom8l nD dominantn?

ARTaut ozoh8r ecesi vn?

AT T Ataxia telangiectasia

BSTBIl oomTv syndr om

BWSi WiedemanlBec kwi t hTv syndrom
CRTicyklick8 reverzibiln?2 terminace
ddNTPT dideoxynukleotid

DMSO1 dimethylsulfoxid

DNAideoxyri bonukl eovs8 kyselina

dNTP1 deoxynukleotid

FA'1 Fanconiho a® mi e

FFPET formalinfixed, paraffirembedded v zor ky tkg&n2 fi xov
uchovanlch v paraf2nu

FISHT f | u o r eis sitiehyblidizédce

FNiFakul tn2 nemocnice

IQTi nt el kvgcemt | n 2

LFST Li-Fraumeni syndrom

MLPA 1 Multiplex Ligation-depenént Probe Amplification mul tipl
amplifikace z8visl§8 na |ligaci pr-b
NGSisekvenovs8n2 nov® generace
PCRipol ymer §8zovsg§ SethNDzov§ reakce

Rb1 retinoblastom

SBLisekvenovs8§n?2 | igac?

SBSisekvenovs8n?2 synt®zou

SMRT1 single molecule redime, jedna molekavr e 81 n®m | as e
SNAipS2davek jednoho nukleotidu

ssDNAi singlest anded DNA, jednoSetNRzcov§ deo
TGFi transforming growth factor t r ansf or mal n2 r Tstovl
UViul traviol et ultrafialov® z§Sen?

XP1 Xeroderma pigmentosum
(zdrojonl i ne Vel kT hitp@lekarske.$lobnikg.dz o v n 2 k



TERMINOLO GIE

Alelazxk onkr ®t n2 f or ma genu
Amplifikace:z n §soben?

Apoptprzmag:ramovang8 bunBDl ng8 smrt
Benime2ho(urb&doorr)m§l n2 (variant a)
Diferenciacezn es peci f i k ov auR& ab usRokeyc i vazl niizko§ abn ¢
Fenotypsoubor vgech definovatelnlch znak]
Gen:iz8kl adn?2 jednotka dBDdi |l nosti
Homeost8dagovgn2 st8&losti vnitSn2ho pt
Chromozomb un N| n§ $8tdrSwek tewrkaa rky ot n2 ch bunh
Imortalizacemo gnost nekonel n®ho dNDI en?
Karcinogenezev 1 v 0 | ng8dorov®ho onemocnin?

Mal igmédubnl n8§dor, vytvg§S2 metastS§zy
Mutace:z m nraolekule DNA

Proliferace.c hor obnT r Tst tk&nhD, bujen?
Syndoms oubor pS2znakT

Zygota:b ukRsk o mpl et n2 sadou chromozomT

Se kv e nprvosenes , kJejrd np sRa &z 2rswiklivenw’? «h
(zdrojjonl i ne Vel kT hitp@lekarske.dovnikg.dzo v n 2 k



bVvOD

Bakal §Ssk§ pr&8§ce pojedn§8§vg predEspbdbob]
kn§8dor ov®mu  odnlkt nsokc®n) n ¢rokvoi§ e niNo8cdnold nd2Nt js & ®un
dosp2vaj2c2m vDRDkjui plom®dd m®dl erBcm&s lad Phdbwd -
kt ew8 pjee sonal i zugpwarnv@ viBeaddii m2er h Bacign@.o ka g d @

V¥%vodn?2 | 8§sti bakal §Ss k® eptri S8kcae, jket ea bge
ng§dorovim onemocniNn%&m.da%®t®a mmweurjoec nak o loivk
predi spozic? nebo | i je zpTsobeno negat
karcinogeneze, tedy vznik a r orzw2ogh nrd&da r
onemocniDn2 rozl i §uijlenm@sothildkidn ® kz amaulhn[N ddld!
typemneboaut ozom8l nN recesi vi®mot ppe&mi dPpci |
Knudsw a teorie dvou z8sahT, tedy hlavn?z te

Nej v IBtsg?2 Blak®l §r&§ce je zamhSena pSed
syndromT pred8sdpoou]j inc oadeltbsckn@m 2wmDkvu, kit
ng§dorovlich syndr omypr alrmbgpid ®@hmT pjbdo § peorg)s Spnr
zastoupen?2 @ \wlysnlkdyto md apoflacieSyndmooy] kit er ®
vbaka®§ psp@pis&ny, pat S2 me z i nej |l astnji
ng§dorovlich syndr omT dRetineblas®mosynsdrddvk Hfraurmedi,e d n §
Neurofi bromaa - - 2y taWepgentahAB e c kK wi t h Tv syndr ol

rozliguj eme moymoaB8dmy alksdedability, me z i
Fanconi ho an®mi e, Ataxia telangiectasia
Vkonel|l n® | 8§sti bakal §Sskl®yemre§ cgadstfkae d p

heredit&8rn2ch ng§8§dorovich meymdiyomnB.e MMaaiS a
sekvenovsg8n?z (N6GSy @ngg\ext Generatien Sequencing8 | e kapi |
sekvenolw@&Iniz ®anger ova nmedpadsal esdrkv ehadddd ni2
angl. Multiplex ligation-dependent probe amplificatipn
PpIlm z8vhDrem bakal §Ssk® prgce j e

predi spomg@ddcduf mk oné mbs k ®mR evj [TXpug.lk b olu® | €
chemoterapie, chirurgiCéRlen8&8HK ®d kb anabnm gma
dNt skTch pacientT.

12



1 ONKOGENETIKA
Onkogenetika je | ®aSskl. oBbremabdhai

por ozumit genet i crk@8o r opvrnidui s porelkanciaogendka 2
(kancerogenezg) e sl o§i v np konc8ad ovITvyojkea erT je pod

faktory. Roz v o j ng§dor T ovlifiakRwijrey ¢invidytgrp28ios eyl
nNkterTch n8&dor ovKk lc2h| raivhoeune dsnltdB¢ knah,r akjtee r o u
mut ace spetT(@(Hdfcrkdmcdchy §,en2013)

Vprocesu neoplastick® NDevodluicgn ®s et S [l

protoonkogeny atumas u pr es or Ge ®e tgiemky® z mNDny , jakT m
mutace, chrommo m8 | n 2 transl okace, del ec&k ®| iz mB|

chromozomPu mkti vovat gisfdhkcrpotodkogenupebav ® s t
kmutacitumorsupr esovich genT a (@Barret, 1RI) ztr §t N |
Protoonkogenyp o d poTrsutj 2n§dor T, j sou t evkgowc Rar c
knadmDr fegci. Hlaw?l f unkc?2 protoonkogenTijsoye Kk
dTl egit® pro regul aci rTstu, Bokud ¢edyedojaei a c
kmutaci vonkogenu, bjuenDpoiugelnst , i mor, t ag Sizlaer
doch m#i nk§ d ormutaci wnkogenu, a tedy joijrroua
bodovou mutac2, chromozom§Hof mpesBaviod
Tumor supresorov® genylivigaifaviiTheégor mé]l
prod i f erace, tedyi ppbakmgepiTot iPdRudfkudhkijcae
supresorw, ®hak gee pSe drpozkv gjdi§ , n §den relgolj @ied |
retinoblastomu. Tyto dlesny maak? nval ijve hjoa kvat
se vyug?2v §prgi SeSdd@mvgb2emu (Komtomanolis, 2020)C2 | em v 1 z k
t Dchifo jgemahradit jejich pogkozenou funk
znej zn8mNDj g2 ch ant i prl elkiufl gr akltnelY ®p Tsseo b @ & 2
TGF (z angl. transformirg qrowth factoy beta protein. Tento proteistimuluje ale i
inhi buj e r Ts.TGRbeu af proldpior uj e proli feraci b
a inhibuje proliferagin a p S . utbunBkn®bpou pB vioynwéiolrGly t T .
beta tak®fweywnlc§wgiduHbuumddhov&h 29pT)
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2 KARCINOGENEZE

Karcinogenez r ozwmhing a VvIvoj n § o oHrodf vi@ahnoo v
2013) PTvbdorie karcinogen eozbee csnaddmapt 9 icpki® omustr
Boveri mu, kterT rojcie A®AAv & &priesayetder Enstehung i
Maligner Tumoren®n t he Probl em of the Origin o
anglickl pSedkl ad rkoncieh y1l 9b2y9l jupddabobllomkBomegEen! kv
Boveri ho hypot®za vznneé&mo amallrig&g nmti mo SrE&hdir
a zahrnoval ae$®disepmé&dilledn N kwtk&zal g ¢ Ak
Boveri obecnD uzteoSek&anogerezBovaerkl19Bid at el e

N§dorov® onemocnhin? vzmiak & gemd\d8rhoy proe
i nhibi ] n2mi sign8l ynebali kproguogégy? s hedeamezest B
z8kl adn2ch pSedpokladT vRtginy v2cestupR
epigené i ck 8 alterace zahrnuj2c?2 v2aogeneeere8\Vi
popi sov§8na, ttSeedni fs§&z8déiimi Qirage.eser ompmd et
prozat?2m nebrnett 1993). anoven (Bar

KarcinogenezmeDksoel | kKlalegkéwS8o kA, skbe vz§gj e
TNDmi t ojsokinicakey tedy za® ] e n pagae @ pragreseviz Obr. 1(Pitot, 1981;
Choudhuri,2018) Ve f 8zi inici aceDNAchiERRywtke zmh
nevratng8 a je zpTsobena nDNA.aStrdkturam BNVAOje n a i
nar u gebrea a c 2 nebo c hy b nioreplikaciefpp&z ea ¢  r dmdAc
experiment 81 nN def i noev 8kntae rp&no cjees eimni cvi ov 8na
do viditelnlTch struktur n8dor gy @kkidjsouw n e n
papilomy.Ve f 8§z prograsesf do ombh 8rd?ob eining@n 2nh8ad on
nN8sl edn® metast8zy tneadlyi gmé& ot vnaeroup.| a@hman a
progrese jJjsou chromozom8lI| ntea &rdnsiobacaBareti t vy
1987; Hemings, 193; Choudhuri,2018)
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Mnohostupnovy proces karcinogeneze

(_progrese ]

:Iudt_agliny Negenotoxicke Genotoxické
— [aaece karcinogény + negenotoxicke
Virusy... faktory
Genotoxicita
r‘OD
CG)G)
Normalni Iniciovand 5 Preneopastické —a Maligni 5  Invaze
bufika bufika poruch nadar Metastazy
|
Aktivace proto-onkogend
Inaktivace nadorove supresor. gend
Inaktivace antimetastat. gend
Obrg82elnohostupRovl proces karcinogeneze

(p Sev zHa f ona n2018Eps://is.muni.cz/do/rect/el/estud/prif/ps13/genotox/web/pages/01_naddr.html

21 HEREDI TCRNéEé N CONERMO/ECN™N N &
DRNdih®&ommednocnNnéoSthdo&BBLHn B novhD vz
ng§dorovl ch (Namd 409IcGarBer, 2005 Strahm 200§. No v Nj ¢ 2 pub
vgak poukazuj? na vygg? zast oupdet22 h(eKrneac
2012; Schiffman, 20138
Heredng88 gmRemae nNDn2ajed v ézdduDd DNn® mut ace
(Bignold,2020)N§8§ dor ov ® am[egyneo cvrzlhn 3dkamo®m, atj & lgd vk y t
ge NDtag idnnlBldP eTzapS2|l inNna z§&r od erl8n ovus tnouut pai
zygoty (Knudson,2001)
Roziegme nDkoli k vl as§d®Bsrinér,2007).di | n®ho
f autozom8&l nhN domi ntgpptSretno§sk;drou r ecesi v
T | asvidk vre&id kruov ®ho; onemocnhin?
T vygdaskyt mgfonvd cihni;
T bilbherBebo multifok8l n2 n8dory,;
f pS2 buzn?2stpurpvnni? hpoa p¥ d B P B%d o b MPstbt 0 ga o

mutaci

=

nevpl e8§r peoe a variabil n? expresi\

di agn:-zy n8dorov®ho onemocnin?
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211 AUTOZOMCLNNn DOMI NANTNéEé DnNnDILNOST
JohannGregorMendelvr oce 1865 popriv®&dmzd opmaviodla
podez8kona dominance a wuniformity se aut
projevz2, kdyg jedinec zdRd2 alespoR jedn
(Mendel| 1866. Autoz o m8 | nD dADpt gandMdi | hesgenype st in
stejnou pravdppotdodea osztazhr nujzeny, d8@ pehljav n
dNdi | nos't charakterizovg8na verfrtedy feotymsem
objevuje vk a gd® gendlr apostai gkeangi |j edi necprojpvd po
onemoc nljreid nat adld’md N a B tvia Obr. 2(Thkoipaon, 208@; Rueben,
2020).Aut ozom8Il nN do msemd gvgskytovatdvDad d i1 mB st oj ed

h ov o S #ziku d® novomutae. Kmut a de2novod o c h § z 2 rdeTjsiduees t I

chyby vi epl i kaci DNA, pSi chybn®m zall enhDn?
( S®g 2044¢ |
I B
1 2
1 2 3 4 5 6 7 ) 9 10
11}
N ‘ (g ¢ “
1 2 3 4 5 & K 8 o

Obr 82€eAktozom8Il nhN dominantn?2 typ dRdilnost.i
( p S e v geretikabiolpgie http://www.genetikabiologie.cz/typydedicnostiv-rodokmeni

212 AUTOZOMCLNNn RECESI VNéE DnDILNOST
Autozom8l nhN recediavmkt @bk wEEna mue oV ¢
genu zobour odi | T na potomka. P cikvied sd begunjegiond i |
potomek m § 25 % zrdizdi Nknc? obou al erlecaespwrvaopf e voun e
(Thompson, 2004Stoltenberg, 1997
Autozom8I nhD recesivn?2 typ dR#8i rovd®kime
postigen® rodi ngRdiplrmasotgie m& nd wT jt Bempotyp i c k
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http://www.genetika-biologie.cz/typy-dedicnosti-v-rodokmenu

alt osom8| ntib (AREcreesmo i Dy 3 k ysteu | e u v2ce n e
rodokmenu, obvykle u sourozencT prabehnda
jedn8 se o horizop®Siglemy GepydBAdimMundstjis o
pr avdDDp ouviz®brn3frsompson, 2004Gulani,2020)

I
RO
1 | 2
11
—O O
1 | 2 3 4 s | & 7 | 8 8 10
I
me
1Tz 3 4 5 & 7 8 9

Obr 83eAkt ozom8I nhD recesivn?2 typ dRdi |l nosti
( p S e vgeretikabiolagie http://www.genetikabiologie.cz/typydedicnostiv-rodokmeni

213 KNUDSOVA TEORIE DVOU ZCSAHS

Knudsova teooki ®7lpbydgh@zs8mza mpaozo§lolvdaP
paci emittTr o ol n 2 metinobBslomene MWKnudso(l971)z j i s tnigld,or @ @ «
0 N e mo cretifbhldgstomv z ni k8 n dvouzrdulk |l ch® J.ashd o mi nant r
dNDdNN® formhN se jedna mutace dRd2 z8rode
vsomati c&®( BuRhT z8sahned Pdiklnmdo §deo rjusdm§ ¢
mut ace psSé matmin®k Tv,wihObh 4(RnkdSan,h971)
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http://www.genetika-biologie.cz/typy-dedicnosti-v-rodokmenu

o S
ey I ara

Normal gene I

Ara Osorio
| B |

Obr §4«Kkudsova teorie dvou z8sahT
(pSevzat o o2013Mps#me®demiylissues/monographs/hereditancer.html
(hereditaryi d Ddi | nT typ, Ge8mbdepén®mumat aod ,somamatké

mutace,tumoin § dor , ispor adgdmorkdlgeinor m§l n2 gen)
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https://metode.org/issues/monographs/hereditary-cancer.html

3 HEREDI TCRN®OMYYND
Heredit8rn2 n8§dorov® syfmdntomymgsold de

dnNdi | n8 o0 mee¥gpcl anibguéysokeu penetrac 2 . Podl e Knuds«
dvou z8sahT vytveg§S2 zgemami ndSl npS2nsutuagcne® h p
pr av d Bgstondeobbo | i cel owz niok in 2 mPHdari Uealinc® hPoo

heredit8&8rn2 syndromy je typickIrodiskly,t ki
toto onemocndmtvi A kTY ep.SBYPdRodro n e diegrostikije 2
jig2@r vNDku 2018hr ugk a,

31 HEREDI TCRNé NCDOROVE SYNDROMY DOSPH

DNDdi |l n® n8dorov® syndromy dospDhDlI ®ho v
dNt sk®ho vNDku t2m, ge majtgn®n®ymdsomy o
kng8dor Tm. 2Negymdadrtdny dos pKilcimpprwikua jGWw
adenomat -zn2? polyp-za a kolorekt8l n2z kar

na rakovinu po 20 ®m svDthD (Siegel,

32 HEREDI TCRDNORQYCE SYNDROMY DNTSKEHO V

Ve vDNDtgiTeed Spl Syshytapdu dMEANAdi $ nou prakospo
(Rednam2019)

Ter m2n dNdi | n8n §mroe ddivs®pnwz i eadraupo cnmolibn 2
fami | inSrdrprdih kt erTch mTgeme djiiasnostst aniovk
jasnhD pop&Emawlp edorisavie2011)

Me z i bNgn® heredit8rn?2 ng§dorov® synd:
syndrom LiFraunen i , neur of i br oWiad e man T vBesykmwd rt dhrr
2011)

3.2.1 RETINOBLASTOM

Retinoblastom(Rb)j e nej | ast NDj g2 opemmé&nNabBatoia| ? g
pSed dosage n®rtz, 2018)kTue N3 o | bayt§ d opro pr vi®ce PBOP S § r
skotskT m chi rWardgpemAlbati®873érmoce 1926 Ver hoe
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tenb druh n8deru miviinnnkIke hza2ptooje ® ] menov 8n
retinoblastom (Albert1987)

Retinoblat om mT g e me kl asi fi kovaf aniSeei@r ne "
sporadi ckl, jhkeidneotagrd®dm?l nheh®B0|seref®si D |
poug2vaj?2 prvnikaceqShialds20d7f soby kIl asi f

Heridit8rn2? Rb se vDtginou diagnostik
Druhou formou j e uWwmitliast® rv8Itny2i nfllo rpmpas tRbh,u j-
vyt vi8S2Ze pj ednloa d toldpkigulesustagye h dNt3. mreaker .\
(MacCarthy, 2006)Pacientisd r uhou f or RBdgie Rbmuntag V8 % d @ 10 @ \Z ¢
tk8ni . Ni citBR% D d Aksér edd t 8rn2 m retinobl as:
lokalizovar® p o jednem hwulbu, proto jistotu, jesti pae nt nese z8v ode
RBlgenu, @ 2m dogivotnhRD viznamnhD zvigen® ri z
genetick® vyget SenARbrapserm,200der n2 krve paci e

Gen retinoblastom(RBl) s e mrz&chng&a dl ouh®m r amen| ch
viz Obr. 5. PSedpokl| §d§8 seaumor§epgesorijeviregersi s
vi Tstu a ve vI vojrozvojbruentlikn o bA bays t banul, o mku s 2

viokusu 13q14 z n 8§ m®h &®Bljoadksd rgaendny, i nakt ijgjiohv 8ny
mutaci. Tyto dvhD mutace maj 2 (Knwudsonddvl)k e Kn
NN
S
BRCAZ izt

Autosomal recessive

Breast cancer neurosensory deafness

RE1 ATP7E
Retinoblastorna Wilson disease

Ob r § BieGenRB1retinoblastomu na 13 chromozomu

(pSevzato
http://eridanus.cz/id32402/ve(2da/pr(2i(1rodni(1_ve(2dy/biologie/genetika/_ostatni/Genes_and_Disease/Chr
omosome%2013.htm

(breast canceii rakovina prs, retinoblastoma retinoblastom, Wilson disease Wilsonova

choroba, autosomal recessive neurosensory dedfrresst o zom8I1 nlD recesi vn2 neur

2C


http://eridanus.cz/id32402/ve(2da/pr(2i(1rodni(1_ve(2dy/biologie/genetika/_ostatni/Genes_and_Disease/Chromosome%2013.htm
http://eridanus.cz/id32402/ve(2da/pr(2i(1rodni(1_ve(2dy/biologie/genetika/_ostatni/Genes_and_Disease/Chromosome%2013.htm

Nej bRgnnNj g2 pS2znakykoneet khebBasteonpr oj
odrazem viditel raistabismk r Xt 2of nmeiddmm®dj ak oy
oka, kdy ol i n e KDimards32019). M8 neo btNagkn® mT ge me na
v8penat NDn?2, kter® vid2me powpbbmookemagaet
rezonanceviz Obr. 6(Rodjan,2015)

A Glint or a Squint Should Make You Think!

Leukocoria (cat's eye reflex, white pupil) Strabismus (squint)

Ob r § BielLlkukokorie a stabismus
( p S e vWwald Eye Gancer Hoplttps://wechope.oig
(cabs eyédretfbrxkol il 2icbh? 0§ 2z o rvinkgiicled a psagmuiti )n t

DDt retsi nobl astomem jsou vystaveny t S

probl ®&®&mT m, kterl miet ijsoul amé oansit, § zientz akr
mal i gnita neboli trilater 8l n2 r2017) rPootol a s
nejdTl egithNjg2m c 2 lretimoblastomdnfje snkh® o do, abyapadieatn t
pSedgil ca? ljpzemwitvi€§m2 bul vy20aR®a (Shields,

3.2.2 SYNDROM LI -FRAUMENI
Syndrom LiFraumani (LFS) je syndrompsr edi spongdocfP opy®oo0nen
zpTs®zb8rnodel nou ThbBraahtomozgriipl3. By ndrom j e p
aut oz om§l nRtymadid dialndysokot penetmac ¢Correa,2016)
Protein k- dp53jepsB aceomeme z8&kladn2 bunh
kterT iniciuje proting8§dorov® reakce na b
2019)
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https://wechope.org/

Ztr8ta funkce phliot¢inpowapsd&Inivedgievkt . M
slogen® ng&dory patS2 ng§dor mRkkTch tk§gn?
mozkov® tumory a tak® ka2ld) nom kTry nadl

NNK t publidcet ak ® ukazGHEK2 I m&k affemovanl na
22q12.1jakonar i zi koy T pf ak b gteo mud agasaciaci pradjspozici
kn§8dor ov®muFS.HlMutpce nt2o0mt o gen?n 8dmpdzslobup bil ¢
karcinomprsuy odi n8ch, kter® | sz&8u omed ant® WTRE3N i n a
viz Obr. 7(Vahteristo,2001)

S: Sarkom

- CEVY
nervy
muskuloskeletialni

- tuk

B: prsa

L: lymfa/Leukémie

Li Fraumeni Syndrome

Ob r § ZieLk-Fraurreni syndrom

( p S e vlgydunian Pablishinghttps://www.ivyunion.org/index.php/ajccr/article/vievaab)

323 NEUROFI BROMATC ZA

Neurokut §nn2 chor obaf eneo tsykpu pciknl am opnreonoe

5
o}

KTgi a nervov®m syst®mu. Jedn8 se o0 \

o
5

emocniNDn2 na podkladu postigen® nhnewyrnaoek:
Term2n neurofibromat -szdar,u grug ler o kSu t Sondnl 2i
nal ovan8 jako neuNFYf i brreounractf-izbar oA Bt ¥ p

N

hwannomat - za. Vgechny tyto geneti ck®
mi nami aémermpsekI m pod2 | em dennovomc? a rvizanh ikl
presivitou, pSilemg eu porpesBnan Yap2l nNF 1p ec
hwannomat - -zy | e zaznaameenanceyéLp NF28 p
soci onwveaunr®@ f9d bfsomazng8om® a potvrzuj? odl i
(Korf, 2013).

©Q »w O O »n O
O X O O
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https://www.ivyunion.org/index.php/ajccr/article/view/1365

323 INEUROFI BROMATC ZMFL)TYP 1

Neurofi bromat . -za 1. typkobyuat pepstv ®n
entita vr oc e 1882 Friedrichem voni pBmeendvdli ng
(vonRekli nghausen, 1882). Tento typ B8&KddiIr own&
porucha, kter8 posa500B006 jedaAaopo Icled WIhk &
pohl av2 ( Hudesonp T slo98e9nyas r multe & ogénu MFiL n i Kt evr T
nach§zhromazamu 1§ 1 1. 2 uja c ykt-adp | a z ma t mearéfibromip r ot
(Gutmann, 2012)U jedinc[, Kk t e daynostikjadoNFls e net vo$S2 pou:
malign2 n8dory CNS a perifer n2ihnol crhe rlv8osvt@
(Williams,20©). Jedn8 se pSedevg?2nmoms§|lqa&stmdmrt,e
glioblastoma karcinomprsu (Bems, 2003

Ni cm®nhN t ®mN Sn &Wr &4 ij berdo nMmactT- pzsozui tolinmaut2y p L
anampa@dyn §8dor ov® o0 n e geonovi(lBnp?o Nvtnagrini fléyes, 1994).
Upaci emitklr o dN¢l, gcn2al ®z 8§nat enwdeyrecne8 vzni ku
vdDt sk®&m v Dku. Tito jedinci maj 2o @ka®y a1y
maj 2 zvigen® riziko vzniku mahBRagnhbBov a8
obalu (Leppig, 1997).

Mezi 7 diagnostick ¢ kK r i2tp@rii hodnocen? neur ofi br
pSedevg2m n8l eprgmenhobkohll @k a-hudait spoty,
tzv. skvrRYyobNF® k8vyl znsamnmin ro§lperzT nBdra
jedincT pSed pecubeu tjoardiancrnfadpol ,psbubert N. C
neur ofi br omT ,\z Obrl8saGutmarm, 1998 mu

Diagnosticka kritéria neurofibromatoézy typu 1

Skvrny café-au-lait na kizi v poctu 6 a vice:
.  -udétiopriméru = 0,5 cm
- u dospélych o priméru = 1,5 cm
2.  mnohocetny axillirni a/nebo inquinalni freckling
dva a vice neurofibromti nebo jeden plexiformni neurofibrom
4. gliom optického nervu
typické kostni léze
(dysplazie kiidla sfenoidalni kosti nebo ztenceni kortikalni ¢asti dlouhych kosti s pseudoartrézou nebo bez pseudoartrozy)
2 nebo vice Lischovych noduli duhovky oboustranné
pribuzny 1. stupné (rodi¢, sourozenec nebo potomek) s prokdzanou diagnézou NF1 podle uvedenych kritérii

Obr §8ieSedmdi agnosticklch krit®ri2 NF1

( p Sabv ZInstitute of Health Consensus Development Conference
https://www.prolekare.cz/casopisy/cesslovenskadermatologie/203-3/neurofibromatoza-pohledu

dermatologes5781)
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https://www.prolekare.cz/casopisy/cesko-slovenska-dermatologie/2015-3/neurofibromatoza-z-pohledu-dermatologa-55781
https://www.prolekare.cz/casopisy/cesko-slovenska-dermatologie/2015-3/neurofibromatoza-z-pohledu-dermatologa-55781

Obr § 9iela fa®laita dr obn® skvrnit® hyperpigmentace

(pSevzat o o dnitps://wwh.profelkazejco/oas®pisy/cessiovenskadermatologie/2015
3/neurofibromatoza-pohledudematologa55787)

3232NEUROFI BROMATCGC ZMWF2TYP 2

Neurofi bromat:-za dr uh®ho pli8jiepTentgsegndreny n d
j e zpTs olgenuNRRwtm& c®h iarchromozomu 22912 kter T k- duj
z v amerlin neboschwannominTato porucha se wkytuje u1:2 5000 ¢gi vD na
dnNazj e dpNDdNNn8 | ako aut eekoundhdtypddu drabilitoma nt n
t ®mNS 10088 pkmed® al et v Nk;uRouleaud 1987 A 50(%E v a n
jedincT tut de novoatsa ceij n2)2oseke@j e® zprfsobeno sy
mutacemi kt er ® se mozhSoruo dvey snk yctho vraotd i ¥V sk B d |
sporadi ck® mutace mTded hbaldtu jie md s&iyk a ,n au 2

Kluwe, 2003).
U NF2 se n8domyrak?scklpitd&] spivn8l n2ch ob
perifernz2ch nervech, k dz8 viiprageithuum?2 s tddanl 2

Vnitrolebn2zm prostoru mo hou ngdory zpT
abnor mality ¢ h(Patrenas, a200).8 meov &1 pr omathozny bl
fenotppopk®y naOldghniBA jo& o hky t NFRastkivwy ny
aevmnohem meng? rmBdafsel9®MuehekobastDj g2 kog
jsou neurofibromy, nodul 8rrm? ssec howajnenvouny?
definovan® hyperpigmentovan® | ®zie Obr. @b vy k
(Mautner, 1997).
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https://www.prolekare.cz/casopisy/cesko-slovenska-dermatologie/2015-3/neurofibromatoza-z-pohledu-dermatologa-55781
https://www.prolekare.cz/casopisy/cesko-slovenska-dermatologie/2015-3/neurofibromatoza-z-pohledu-dermatologa-55781

Obr § 208 NF2 plaky

( p S e wvdzMaRuggieri
https://www.sciencedirect.com/science/article/pii/S1071909115000 7&3Bgf0

3.2.4 WIEDEMANN-BECKWI THSV SYBODHROM

WiedemanmlBec kwi t hTv syndrom byl p oskupin o v §
spopul @l skmt e marlaviBBdmi@stoupehmi mugT a gen (
1970).Tent o syndr om bly®k afs®jeBé n hwhHri agackwgita | i
v roce 1963 a Waldemann woce 1964 (Beckwith, 1998).

BWS je komplexn2 multigenn2 porucha z
gen T na chr omozomuVell lkp8l 5 §(sLti ,p S129p9a8d)T. B WS,
spor agn arikmM8karyotypemcog znanfeeogel Mie m8ljsou j ec
detek@ab®my mal ity na chr omo-2350mup S2 bmdg. BR
popsw§adioc Tast ozom8|l nid tdypme ma dotsd ¢l lemogs tui r o d ¢
nal @z8nf er enl| nénosmatpe Dslol jeS rodinng histo
hodnogAramnest ik Adddchajneo v at porodhamhimo§r
historii dekk t u bSi gn? stNDny, zviDtgenou velikdc
abnormal ity béksbgrg 2009. org8&nT (W

VpozdDhDj g?2 f 8zi j e tentpossyadglom2 nt hp
hypotoni2, hypopl §zin% palinilJeme jpei®t j meowvz Il ®INgry\
ag fi al o® I®zznbaa tzivesleves flammeus | i d om M hA @Rassa,
2016).
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https://www.sciencedirect.com/science/article/pii/S1071909115000753#f0010

4 SYNDROMY CHROMOZOMCLNE NESTA

Syndromy chmemakziom8t n2j sou tak® zn§m®
chromozomT panyS2getnedoclkslkalpi poruch, kKter
autozom8l nhD recesivn2zm cthyrpoenmo zdMnEil Inf o sntes.

vedou ke zvirgemnwojteenuwrelnictilTch typT ngdor

nNkoli k poruch c¢hadraknye rcihzroovimeonziocnhs | jna@2 k on ess
Bl oomTv syndr om, Fanconi h o Xeade@mpigmenrdosuanx i a

(Taylor, 2001).

41 BLOOMSY SYNDROM (BS)

Bl oomTv syndrom | e anemaomBhHhD zp Eseck
genuBLM, Kkt er Tnnpehromozodms 15826 Tent o gen RécQLBuj e
z a p o j BNA teplikaci a reparadqiKaneko,2004; Karow, 2000).

Kv Tl i giesnteatbiiclki®@ N na mol ekuBSrwnys dk®vn
vzni ku n8dorow®Ilod ndneée mdasanratiznlt &ssttii ng 1 n2 h
mol ov®ho traktu majkiTgev I gWinmou s jwibtetd ,t | & m
plodnosti munodeficiencid8Blea matbymock®T proj e
tzv. poikilodermy, z mND n a mi  hykolhyperpiggrent ac 2 giemilaa n@t ect
(Belmant, 2013; Taylor, 2019

Pacienti 81 oomovIim syndlmamakt emaijs?t i ck® rys
vysokT hal ahsubema8l postava, dHtbobh®®&oal prohy
ob Il idreg mianog yizZObr? 11(Arora, 2014).

[ e = »
. - - g8

ey 0
- Bloomiiv
N ;_T’ syndrom
. e " 4
Obr 8§21 Bl oomTv syndrom projevy
( p 3atovod MUDr. E . K 0 n uhttds: Bwww®.priznakyprojevy.cz/genetick@emoci/1390

bloomuwsyndrompriznaky-projevy-symptomypricinalecbg
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https://www.priznaky-projevy.cz/geneticke-nemoci/1390-bloomuv-syndrom-priznaky-projevy-symptomy-pricina-lecba
https://www.priznaky-projevy.cz/geneticke-nemoci/1390-bloomuv-syndrom-priznaky-projevy-symptomy-pricina-lecba

42 FANCONI HO AM®WAMI E

Fal coni hovzaS8na®nkioez ojme8 | n N r e cae Bomaezygdhéo n e
nodJilpatogenn?2 var ivystowkbkyltv §vrwizle@®id gvadl c h
(Fanconi, 1927).Fanc oni ho an®mi e j e nej bNDnNg &gl2h 8t
vyzr8vsnkobduniNk dg&8 dSe Roav § ihtyop oppsysakoe net) i
predispozicike vzniku | e u k ®mi e . Pr TmRras T ¢ k ® k(adnS8esi oevpau
“ut | yeBUe.tFA se vyskytuje ve vogrewohfreevtemicek T1ct
ale tato fréekwahel® wgde?2 b{Auerbach, 1991;

U paciFmbmNi o an®mi 2 se nej |,gaka jEby i Vv
myel oi dn?2 |l euk ®mi e, myel odysplastick®
orofaryngu,gastri nt esti n8l n2ho traktu a gynéd&kol o
je slogitg8 kuTltierapemti ke@m®un i ndexu pro
prot oge papgi iemigtabiftueDNA(Alter, 1996).

4.3 ATAXIA TELANGIECTASIA (AT)

Ataxiatelam i ect asi a | e t a kB&o \nsgndronv. ent§ syndark 0
poj menoval. El ena Boderrocal9B/gpbpsaiBbderS1®Oi¥)y wi c |
At axia telangiectasia je autozom8l.nhD
Toto onempphNaben@®ATvMgerawu? lvokali zovan®m
11g22-23, kterT k-duje proteinovou kin§8zu s
po cw&IN®@dd hsadovanou prevalenc2 od 1:40000
Pacienti AT ma | 2vyklzwR Bthjedstnai oni zuj 2c2 z§Sen?
nestabilitu,d § 1 e zkaj§c en®a stelm mMmepFeedh@sn® st §r nu
opravydvow Ik v T ¢ h DNA ¢Smiph, 2001)Maj 2 t ak® ¢girokou

proj ¢kiTmi prsogr ecseirverb?el 8r n? ataxi e, okul
variabil n2 imunodeficience, radi osenzit.i
U paciAd@dntbyly zjigtDny i dal g2 abnormal it
vivoj, C nesdr orvkza rsa i nzul 2 n, gonads8l n?2 i

abnormality ak ar di ovaskul 8r n?2 onemo c n201b2 Schalthi s s «
1970).
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4.4 XERODERMA PIGMENTOSUM (XP)

Xeroderma pigmentosum gD d ialun ®@ zom8Il nND recesi vn?2 ¢
mugi pjosotu geni. rooutnoamdidmenmocniNDn2 seroydklynd
prevalzeSmpca2d,n2v EvrophD je vIiskyddt2, :KI Gkl

Xeroder ma pi ment os u mocdIT4aermpatolpgem Rapgsimp s
uskipi ny pstceineknotuT, sumaghktuek®ghbyl ya pigmentace,e | n
mal ® dilatace c®v a vIivoj n&doru kTge (H

XP je poojgko socvEhivost Wy SekomelmAina g v in
pokowywol ahlobkp $e deUVg28rire @itivost na slunce se projevuje
tvorbou puchT ST na kT¢gi nebo eryt ®me m,
pacientT tak®& & §m@pRt ynas poopjaikvoevka a f ot of obi
vdNt sk®m wkup Sed 10Mezriokpem n§i vsdysopamEermy p
pigmentov® skvrny na KkTgi, kter® maj,? r-
viz Obr. 12(Jung, 1986)D a lath2or mal i t y , kter® jsou tak®
0,2 ktero@meygen® pSedeévgs?tmm ama % &) ohévkdaea | s
spojivkavy st aveny . UW p&Ieme2nt T se t ad®tilmBt &s
nej | ast Nj i(Stda@nd 2008; Rarnakanyak 2011).

Ob r § 228 Keroderma pigmentosum

( p S®v zhife Force https://www.askdrshah.com/blog/everythingedknow-xeroderma
pigmentosuny/
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5 MOLEKULCRNMN GENETI CKC DI A
HEREDI TCRNéECH NCDOROVHhCH SYND

Mezimoder n?2 genetick® metody, kter® se
metody sekvenovys8rcelmge® ogn®nwve®r sc&y & noivd In 2
genomovich PésléleT soul asnich znal ost 2 m®
neoplastickinzhsodeimS8enRliefi novanT mi dnNdi
(Pagon, 2021)Ni ¢c m®n N podobnhND vysok® | 2sl o je st
vzgrodiel n®sviNd| 2c2 o dRIdislund® neetdied li ongivia,n T |
k1 i nivdkinm meinger(2B1% Peariman, 20072 sld@asp2 vaj 2c? a
popul aci jsou jegthD znhnatzéldgedkd vikggkr ®tbd 22
n8dohoorm &®mo ¢MoIR,12G15.

Vivoj a zaveden? kongplegSemkio ¢ en &NGiSc k(
nov® ¢g,eanglmMNaxt&eneration sequenclhgWGS 6 ekvenovsgn2z ,cel ¢
zangl Whole Genome Sequending zv 1 gi |y chgp $dicikd mdl eaksupl
rodi mldoh sy h d KRippefger, 2017).

51 METODY SEKVENOVMODEE GENERACE
Met ody sekvenovg§n2 ak® @ agé vama®c enasi v n?

(MPS), ] sou nov D Dg@Ev odent2odgut omati zovan®je San

nzVan§ metedkd/eenprvvemz2 g@mBr ancd .0ody j sou Ya
zhl edi ska j2ecjhi cérn zzySrkoll aodgnT g k b c mo ¥ ®k Imed p.dy
nNDkolik rTznlTch strategi2?, kter® se spol

zobraze n a zarovng§veggn2 growv®ugeHémang §eékhwvwa
rel altéewmiD Wwowpatodenogmh¥rPDkdtagr.T cvh pS2padec
pSel2st i jednu mijedematezvcbud pStrojg tTatd fortkce tedye n 2
roz$iuj e oblast experiment ov §n28.2n alda kr®§ nuenco (
sekvenovg§nhzs agnineno T TDNA betzi pfSre@Vadypd0BP z n
Kamps, 201Y.

5.1.1 Next Generation Sequencing (NGS)

PS2chod technol ogi 2 NMEGBEmnavadadguwj ezmelno |
pS2st uzp8ekclha dwn 2 m, aplikovan®mDD&t & dach je o ® Ir
potenci 8§l NGS podobnlT ppom8tkTImomMEREeNP S|
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pSedstavivost | lovhRka. PSi apl ivkskabycholGS
| ®pe pochopili, jak g e nenoci Met&err2019)d2 1y o v |
UNGSlzer ozl i git nhRkolik platforem a pS2.
Nanopores, PacBio nebo Roche
Aktug8lnhD se NGS techwbmbgje dBk¥%¥enav§
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sel ten2m kr at,giZQbr. BEgmpsS BAJ). b p

rozitépend DNA konec konverze konec konverze
(Cira) Master Mix (modry) reakéni mix (svétle modry)
DNA-adaptér mix beski i N
* =3 {zelend) igafni master mix

-,' {Eervena)

+ - ¥ '
—

4

adaptéry s dvojitym indexem  mix ligaéni reakee

(Zluta) (fialova) cistici kapka

+ ‘l?

l' piedisténd DNA
N (€ira)
€isténi po ligaci na
magnetickém stojanu g -
c¥
Obr 8§23 Kn§zornNn2 pS2pr avpr o eskyseima@m nl2l lkni hovny

(pSevzato od T h e r mo httpsFhventthermofish&.comiaien/homéfite
science/sequenuj/nextgeneratiorsequencing/ngBbrary-preparatiorillumina-systems.htnl

Sekvenovg8§n?2 dlouh®ho | ten? se prov§gd?
n8&kdn § t e czlanglo dinglg imelecule redime (SMRT) neboli | t ejedA®
molekuly vr e 8 | ns® owvelikoatidel g2 m bh&gk2e B0 k8 n?2 dl oul
vhodnDjog3d nm®o hmapl ot ypov 8nédetektieDbld dviar fi &dbo \ §
chronpzono v s&uktuS éKamps, 2017).

Sekvenal n?2 technol ogi e zahrnuj? eSad
charakterizovsgny jednot!l ivl mi kroky,n?z kt
vizualizace a anallza dat. Uni kWBjten 2] e&kdmdb

technol ogi e NGS a ur | ujkea g td ® p p, vz Obra KMmy a1
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(Fan,2006; Metzker, 2010).Tyto metody mohou kbbasi fi kov§gny ]
reverz bi | n2 t er adicejednobo ngk@éd®du)(SNAzangl. Singlenucleotde

additon a sekwerdw®m? |lmse. Je tak® pops8no
pS2stppi kter®m je DNA polymer8§8za nahra

spoje® tddmi t o strategi emi sekvenovs8§n? 9ahaj
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Obr 8324 kasov8§8§ osa |tec?2 kapacity pro rTzn® met

( p S e v AlnaetiaoUniversity zhttps://doi.org/10.3390/s17030588
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Technol ogi e sekvenov8§n?2 se oukpbizln8 nj?a
poSad2, ve DkNAer @3 tjosmonuy VlitageSin, cytosink uanintai dy
thymin.Zj i gt Nn?2 paSadp Tebobhh®l akewlod runcdid ibd 2or 12
genomi ce a pS2PuxmPBPeomh oolgamné simem, omjylho ¢
s e k v e nroce 897 7Frederickem Sangerem by | b a kXl#®&(Sarmér,8.977)P h i
Tentogenom mDlI pouhTlch 5386 nl kgdneclio, tale gefio d i
sekvene §n2 byl o veHlkdvm2migletvkeskh. w2 ¢ h prefcthmiod
let vedikvT voji novich a vylepgenich platfor.
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spolusr Tzniingol etn2mi n§stroji pro anallzu
porozum D t genomTm rTznlch e laminsomd.c k y® dTolbeyg
sekveygenomy vel k®ho poltur doaes hZQO0 la gp heaky
n8vr h | i ds kizDhrol5(haaderp 20QVerma, 201Y.

Obr 8§2ekasov8 osa sekvenov§8§n2 DNA

( p S e vHhtpst/dbi.om/10.3390/517030588

(18551 Mendel publi koval X00Bateoon ipoudgNdipopist®, s
Johannsen vyn&iSAVe rpyo,j eMa cglee o d , McCarty identifik
pSesngenet i ck ®fi Watsor§roijcek, dledf5i3noval i struktuiu DNA
Nrenber g, Khorana def i iiBangelvynaleglemetodu sekvieont %k - DIN A ,1 97 ¥ 8 6
Hood zautomati zoval i WAtAs e k 2ke¢maglz e j| 198 &T genom
Venter zapolal ®ru masiibiyd h @ S epstvenv?e vn§&v2r hD NAi, d s2k0&
2008ipoprv® je sekvenov§ihogeraom npaké8wmi hy, g20Ll2 sch
m®nN nedg 1000 dol arT)

Dokonlen2? sekvenov§gn? l i dsk®h o greghno@®uj abky
Sangerovadideoxymetoa nebo met oda enzymati ck®ho ul

5.2.1 SANGEROVAMETODASEKVENOVCNGE

Sangerova metoda byla vyvinuta Frederickem Sangeremoev1975 ale na trh
bylauvedena voce 1977 (Zimmermann, 1988).

Al kol i vtechniks ¢ k v @ jeczed8an 2o0d | i gnT ch, jeji ckh
do obecn®ho pracovx8d8hadn2topuo dosadeifiemi
ng§klady a vysokoovalkehost?2 se8argev§n?
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